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Abstr a c t  

The productivity of lake Qarun i s  declining rather quickly and the present work was 
undertaken as a preliminary contribution for explaining the causes of the prevailing 
conditions in the lake. 

The important physico-chemical factors affecting thebiological productivity in lake 
Qarun were studied. Water samples taken from 13 stations, chosen to represent in a 
general way the different regions in the lake, were analysed. Salinity, pH, alkalinity and 
oxygen content, as well as nutrients including nitrates, nitrites, phosphates, 'silicates' and 
iron were determined in these samples. The fact that the lake is a closed basin for drainage 
water is responsible for the observed increase in salinity with the lapse of time due to the 
accumulation of salts conveyed into it. The seasonal salinity variations are controlled 
by the fresh drainage flood invading the lake in autumn and early winter on the one hand, 
and by the excessive evaporation caused by high temperature in summer on the other 
hand. Minimum and maximum salinities of about 18 °/

00 
and 25.5üJo

0 
respectively were 

recorded in the year 1954. The pH of water did not show marked seasonal variations, 
oscillating all the time around 8. The pH values of the sediments were slightly lower than 
that. During autumn this decrease in pH was more eminant (pH 7.1) apparently due 
to the products of fermentation formed in that season. This process of bottom sediments 
fermentation causes an oxygen-deficient bottom during autumn, while during the other 
seasons the bottom is well aerated. The lake was found to be of the bicarbonate type, the 
concentration of carbonates present is rather low. The factors affecting carbonate
bicarbonate intertransformation is discussed. The lake was found to be very rich in 
nitrates and organic nitrogen. These substances are conveyed into the lake annually by the 
drainage water coming from lands fertilized with nitrogenous manure. The fact that the 
income of these nitrogenous material exceeds the arnount utilized, caused the accumu
lation of these substances in the lake. On the other hand nitrites were occasionally 
present as a link in the nitrogen cycle discussed. Phosphates in water was found in low 
concentration in winter, spring and autumn while completely absent in summer. A 
correlation between phosphate content and phytoplankton production was observed. 
Since a big decrease of phytoplankton coincided with the period of the absence of phos
phates probably indicates that phosphate is a limiting factor in phytoplankton pro
duction in the lake. The silicate cycle in the lake is discussed, and it appears that silicate 
content does not represent a limiting factor in the life of the lake. The seasonal changes 
in the concentration of the nutrients in the surface water was found to follow the distri
bution of drainage water in the different parts of the lake. On the other hand, the in
crease in the concentration of the bottom water nutrients was found to be during the 
time in which the fermentation of the bottom sediments took place, and that happens in 
autumn, as indicated by the low oxygen content and high organic production in the 
bottom water, as well as high sulphide formation in the sediments during that season. 

Quantitative examination of the alimentary canal contents of the four species of fish 
predominating in the lake showed that these fish depend, to a certain extent, on a 
planktonic diet. Defficiency in the planktonic crop, whether phytoplankton or zooplank
ton, together with the other direct limiting, and sometimcs lethal faclors as: changes in 
salinity, high summer temperature, deficiency of oxygen, etc., as is discussed later, seem 
to be responsible for low fish production in the lake. 

Gen e r a l  Consi  dera  ti ons 

Lake Qarun is one of the five large lakes in Egypt. lt is the only lake in Upper Egypt. 
It is an inland lake of about 200 square kilometers in area and lies in the Faiyum province. 
The Faiyum province is nearly a circular depression in the Lybean (Western) desert, that 

188 



lies about r oo kilometers to the southwest of Cairo. lt is separated from the Nile valley by 
a narrow low ridge that varies from 4 to r 2 kilometers in width. This depression has 
access to the Nile through the 'Ha warn' channel which is now occupied by 'Bahr Y ousef'. 

Lake Qarun, the present-day remnant of a once larger lake, the historic lake Moreis, 
occupies the lowest part in the Faiyum depression and lies between 30° 34' and 30° 49'E 
longitude and 29° 25' and 29°34'N latitude. lt has a length of 40 kilometers at its langest 
stretch from the southwest to the northeast. lt has a maximum width of about 5 kilometers, 
however constricted at about its middle. 

The lake has open shores. lt is bordered from its northern side by the desert, and by 
cultivated lands fron its south and southeastern sides. The lands surrounding the lake 
slope gently towards it. In about the middle of the lake there is a sandy island 'Gesiret el 
Qarn' with an area of about three square kilometers. 

The line of demarcation between land and water is not definite. Generally the beach 
zones show a gradual slope towards the basin, specially the northern sandy shores. lt 
follows that the lake margins shift with changes in lake elevation. 

The lake is a closed basin with no apparent outlet. lt receives the drainang water 
through twelve drains, two of which represent the main channels of IO meters in width, 
while the others are less important of 1 to 2 meters in width. The two main channels of 
drainage are the 'Bats' and the 'Wadi' drains, which join the lake at the east and middle 
south sides respectively (Fig. r). 

The lake shores are unprotected. However, the weather is generally calm and the wind, 
when occurs, blows in every direction, the most common of which is the north ancl 
northnortheast, in the form of a gentle breeze, rarely exceeding a velocity of 20-28 
kilometers per hour. 

Lake Qarun is of the lentic type, i. e. of the standing water series, in which the water 
motion is not that of a continuous flow in a definite direction. Essentially the water is 
standing, although a certain amount of water movement may occur such as that caused 
by flowage in the vicinity of inlets, wind action and internal currents. 

The water of the lake is brackish, alkaline, turbid in the vicinity of the drains and 
almost clear else where. There is no pollution due to sewag material. Occasionally there 
are some vegetation beds on the bottom. 

Lake Qarun is relatively a shallow lake, with an average depth of about 4 meters. The 
lake can be looked upon as having two basins, one in the east and the other in the west, 
marked by the middle constriction in the region of the 'Wadi' drain. The eastern basin 
is a shallower one, the depth ranging from one to 5 meters, with an average of 3 meters; 
the shallowest part lying around the mouth of the 'Bats' drain and the deepest at the far 
western part of this basin. On the other hand, the western basin is deeper, ranging in 
depth from 2 meters at the mouth of the 'Wadi' drain up to 8.5 meters in the regions 
lying west of the 'Geziret el-Qarun'. 

The drainage water froms about one fifth of the total irrigation water entering the 
Faiyum, the remaining water being consumed in crop production and lost by eva
poration from the canals and from the land (BALL, 1939). The surface level of the lake 
varies around -44 meters below sea level (Fig. 2). This variation is mainly controlled 
by the amount of drainage water poured annually into the lake during each flood season 
and by evaporation. Figure 2 shows the annual rythm of the surface water level during 
four successive years (1952-1955). lt is obvious from this figure that this rythm is more 
or less the same during these years, though of different magnitude. The magnitude of the 
fluctuations is dependant partly on natural causes such as variations in the available 
Nile supply in different years; but mainly on the degree to which the flow ofthe available 
Nile water into the depression is artificially controlled. At present, such control is so 
carefully maintained that the amplitude of the annual oscillation of the lake averages 
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about 70 cm. However, it happens that under extraordinary high flood, the drainage 
water being inevitably more than usual, tends to be so high that it overflows the sur
rounding lands. Such uncommon phenomenon occurred during the autumn of 1954 and 
winter 1955. A similar condition in the same lake was reported by Belzoni in 1822. The 
highest level is always attained during late winter, the lowest during summer (late 
August and September) (Fig. 2). The high summer temperature is mainly responsible 
for lowering the lake water level (BALL, 1939). This latter author reported similar 
seasonal oscillations during the period from 1928 to 1935. 

The minimum water level reached during 1954 was -45 meters, whereas -44. 12 
meter was the maximum level reported, with a difference of about 90 cm. From a 
tabulation given by BALL, the minimum lake level ranged from -43.65 to -45.29 meter 
and the maximum from -42.42 to -44.72 meter, during the successive years from 
1890 to 1935. lt is quite remarkable that the mean level of the lake, since 1890 (-43.03 
meter) till 1935 (-45.02 meter) changed by about two meters. 

From data obtained from the irrigation department in Faiyum, it was calculated that 
the average drainage water (annual average) entering the lake during the period 1952 to 
1954 was about 349,214 million cubic meters. The mean water level during that period 
was about-44-95 meter; a level which corresponds to a total volume of water in the lake 
of about 824 million cubic meters, according to calculations presented by BALL. Since 
the mean level of the lake remained sensibly constant during these years, it follows that 
a like quantity of about 350,000 million cubic meters should annually be removed, 
either by evaporation alone or by eveporation combined with an outward seepage of 
water from the lake. lt was calculated (from data of the Irrigation department) that the 
volume of water evaporated had an annual average volume of 454,486 million cubic 
meters, which exceeded the incoming water recorded through the drains. The rainfall in 
this region is almost negligible. During 1954 the rain was only recorded during Fe
bruary and December, with a total value of 9.0 and 16.0 mm. respectively. BALL is 
inclined to suppose that the lake receives water in other ways than through the drains. 

The following features characteristic of lake Qarun, that deserve notic, are: 
1. The presence of large quantities of filamentous algae, red and blue green, specially

abundant on the northern shores. 
2. The presence of molluscs; gastropods and lamellibranchs, in large quantities and in

the form of beds on the bottom. During the summer season, where large area of the 
periphery of the lake is exposed, masses of filamentous algae perish and large embank
ments of mollusc shells are brought in view. 

3. Occasionally large masses of Ballanus species stuck to stones and bottom of the boats
are present. 

In the shallow regions, in the neighbourhood of the northern sandy shores, submerged 
plants, sporadically distributed, are present. Y oung fish and fish larvae abound the 
shores in big numbers and thrive on the algae that cover the stones and mollusc shells in 
this region. 

Although no detailed examination of the bottom of the lake was planned, yet from 
field observation it could be stated that generally the lake bottom is made of grayish 
slimy clay which is sometimes black. The sediment is rich in filamentous algae and shells 
of molluscs. Towards the north this clay sediment is blankted with a wind blown layer 

Legende zu der n eb en s t eh en den Abb i ldung (Tafel 23) 

Fig. I, showing lake Qarun in the Faiyum province, receiving a series of drains of which the "Bat s" 
and "Wadi" drains a re the main channels. The dotted Iine represent s the Iimit between the 
cultivated land and the western desert. 
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of sand. At the mouth of the drains, the sediments include a higher percentage of silt and 
sand which is brought by the drains. 

There are three predominant genera of molluscs that thrive on the bottom of the lake: 
Cardium Spp., Mactra spp. and Pyrenella spp. The shells are more abundant in the clay 
sediments of regions away from the drains. lt is worthwhile to report that during the 
autumn the molluscs perish leaving behing their shells. The bottom of the drains is free 
of the shells of these species, but specimens of the gastropod genus Bulinus were observed. 

Microscopic examination of the sediments revealed the presence of three main genera 
of filamentous algae: Lyngbya and Oscillatoria spp. of the blue green algae, and Polysi
phonia spp. of the red algae. The Lyngbya and Polysiphonia form dense beds along the 
waters of the southern shores. 

Fishes of the lake : 
Thirty years ago lake Qarun was characterised by four main specis of fishes: Tilapia 

nilotic, T. zilli,Lates niloticus andAnguilla vulgaris. Today the onlyspecies dominating is T. zilli 
while the others have almost vanished. Authorities of the Fisheries department, trying to 
remedy the situation, used to transfer young fish breeds to the lake. The main species 
introduced are: Mugil cephalus, A1. Capito, Anguilla vulgaris and Solea vulgaris, caught from 
Max near Alexandria on the Mediterranean sea. The Solea sp. was introduced only 
once and it flourished successfully, whereas it was necessary to transfer the other species 
regularly each year. Apparently they did not reproduce in the lake. The young fish 
breeds are transferred alive in tanks within water from their original habitat. The 
microfauna and f lora are, therefore, unavoidably transferred to the lake ( discussed later). 

The Mugil species are found both in fresh and sea water and are apparently capable 
of tolerating variations in salinity. However during breeding season they migrate in 
swarms to the sea. Such phenomenon does not occur in lake Qarun being a closed lake 
with no connection to the sea and the fish, therefore, does not propagate its kind in the 
lake but has to be transferred yearly. Anguilla species are found both in fresh and sea 
water during different stages of their life cycles. Since eels undertake lang migratory 
routes during their life cycles the forms that are transferred to the lake are brought up 
for total consumption. Solea species are mainly marine forms. lt flourished reasonably 
weil in tbe lake. Tilapia species, on the other hand, are almost fresh water species in
habiting the Nile and some fresh and brackish water lakes. Apparently T. zilli is more 
capable of tolerating higher salinities than T. nilotica, since the latter species could not 
withstand the increased salinity of the lake during the successive years. Lates niloticus is a 
fresh water form inhabiting the Nile, most abundant at the mouth of rivers. Apparently 
this species was not capable to continue its toleration to salinity after it has increased 
in the lake. 

In trod u c  tion 

Lake Qarun has attracted the attention of naturalists and engineers for a lang time. Ex
tensive literature exists as to its former extent, pre-history, fluctuations in its level and 
the control of inflowing water for irrigation purposes (BRUGSCH, 1891; BROWN, 1892; 
GRENFELL, HUNT and HoGARTI-r, 1900; CATON THOMPSON and GARDNER, 1934; BALL, 
1939, etc.). Little, however, is known of its hydrography as well as its physical and 
chemical conditions, inspite of the fact that it represents one of the most important 
fishing grounds in Egypt. LucAs (1906), AzrnIAN (1931) and BALL (1939) reported 

Legende zu der nebenstehenden Abbi ldung (Tafel 24) 

Fig. 2, showing the monthly variations in the surface water level of lake Qarun during the years from 
I 952 to I 955· 
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thorough climatological studies on the lake, salinity distribution of the water and some 
fragmentary data of chemical analysis. WIMPENNY (1936) presented a somewhat de
tailed account on the tow-net plankton of this lake. 

Since lake Qarun is an inland lake that has no outlet, its physico-chemical conditions 
has expectedly changed over the years. Doubtless the original fauna have suffered 
intensily and many species has disappeared. This lake, once known for its high fish 
production and relatively numerous species, has for the last thirty years declined in 
production and in the number of the species thriving in it. No plausible explanation 
has thus far been introduced. The authorities of the Fishing department thought, as a 
remedy for the deterioration of life in the lake to introduce young breeds of new fish 
species into the lake, on the assumption that such introduced fish will thrive in the lake 
and add to its production. Although this was practiced since 1928, yet no appreciable 
improvement was recorded. The introduction of a new species into a new enviroment 
is a delicate process, which needs in the f irst place a thorough knowledge of the physica 
and chemical conditions of this new enviroment, togetherwith a detailed knowledge o 
the biology of these introduced fish. Unfortunately such knowledge is almost completely 
lacking. 

Indeed the lake has a unique set-up where by the influx of salts is continuously being 
accumulated year after year, with the result that this basin represents an everchanging 
medium. This fact about the lake seems to be the main factor responsible for the unique 
physical and biological conditions existing in the lake. 

The present work is a contribution towards the understanding of the physical and 
chemical conditions existing at present in lake Qarun. lt is hoped that once these con· 
ditions are clearly understood, would help on establishing a sound scientific basis for 
future measures to be taken for improving fish production in the lake. Thus far, rather an 
exhaustive analyses of the most important possible factors operating in the lake were 
undertaken with the view of trying to understand the interrelation of these factors and 
their effect on aquatic life. The following was investigated for both surface and bottom 
wa ter samples : 

1. Temperature
2. Salinity
3. Hydrogen ion concentration
4. Carbonate and bicarbonate alkalinity
5. Oxygen saturation
6. Nitrogenous compounds: nitrates, nitrites and organic nitrogen
7. Phosphates
8. Silicates
9. Iron

IO. Sulphides in bottom sediments and hydrogen sulphide in bottom water

Particular emphasis was directed towards the measurement of the important nutrient 
elements and their cycles in the lake, for their importance in relation to organic pro
ductivity. 

lt was found interesting to find out to what extent the existing fish make use of the 
present plankton population. A seasonal qualitative analysis of the alimentary canal 
contents was performed. Moreover, a quantitative analysis is given of the zoo- and 
phytoplankton, which form an important item in nutrition in the lake. 

Because of the diversity of conditions existing in the different regions of the lake, 13 
stations, distributed allover the lake were chosen for sampling (Fig. 3). 

Analysis was undertaken during 8 successive seasons from the summer of 1952 to 
spring I 955. 
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Material  and Technique 
S t a tions: 

13 stations distributed allover the lake were chosen for sampling (Fig. 3). Station I is 
in the 'Bats' drain while stations 2 and 8 are at the points where the 'Bats' and 'Wadi' 
drains enter the lake respectively. Other stations lie within the lake proper along its 
longitudinal and transverse axes. 

Collectio n  of samples: 

Regular visits were made to the lake each month, begining from August 1953 to 
May 1955. During each visit water samples as well as sediments and plankton collections 
were taken. 

1. W ater samples:

The Nansen reversing bottle was used for taking water samples; the temperature of 
the water being recorcled by the reversible thermometers fitted in the same frame of the 
reversible bottle. Surface and bottom water samples were obtained from each of the 
stations mentioned. In stations I o, 12 ancl 13, where the depth of the water was found 
to be more than 5 meters, samples of water from the miclclle layers were also taken. 
The samples to be analysed for nitrite were first filterecl, and these together with the 
samples to be analysed for oxygen content were immediately treated, in the fielcl, with 
the suitable reagents. The rest of the samples, collectecl in 'chloricle' bottles made of 
resistant glass (ATKINS, 1923), were preserved with crystals of thymol. These water 
samples were first filtered and these together with the formerly treated samples were 
analysecl instantaneously on the immediate arrival ashore. Filtration of water samples 
was cartied out using Whtaman paper No. 43. 

2. Sed iments:

In the present investigation where the secliments in the superficial layers were only 
needed, the Petersen-grab, developecl by PETERSEN (1918) was found to fit well the 
purpose. 

3. P l a n k ton:

At each station surface horizontal hauls (including the upper subsurface regions) 
were taken, using a Nansen plankton net of silk No. 25 ( 200 meshes/square inch), since 
it was required to have a collection of both zoo- and phytoplankton. A mechanical water
current-meter was fitted to the frame of the net, in such a way that allows the propeller 
during horizontal collections to face the current of water filtering through the net. 
The turns of the propeller were recorded on 2 dials (in miles and feet). After a suitable 
time of collection the net was pulled out, its sides washed with distilled water and the 
reading of the current meter recorcled. The volume of the water filtered through the net 
could be calculated, hence a picture of the quantitative distribution of the zoo- and 
phytoplankton, through microscopic analysis, could be obtained. 

Methods  
T h e  determina ti o n  of sa l inity: 

The salinity of water was determined following the Mohr's method, in which titration 
of duplicate samples, each 15 ml., was executed with silver nitrate solution standardised 
against "eau de mer normale" having a chlorinity value of 19.386°/00 and supplied by 
the Hydrographical laboratories in Copenhagen. Salinity, expressed as grammes per 
kilogram ,-vas derived from the Knudsen's hydrographical tables (1901). Knudsen's 
tables were used after it was ascertained that the salinity values derived from these 
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tables are generally in agreement with salinity determinations estimated from the dry 
salt weight of the water samples. 

De ter m i nat ion  of pH: 

The pH values of the water samples as wellas of the sediment were measured electro
metrically, on the spot, using the glass electrode.
De terminati on  o f  a lka l in i t y:

Phenolphthalein and methyl orange alkalinity were determined. Carbonate and
bicarbonate concentration could be calculated as mg/1 CaC 03 • From this the bound and
half-bound carbon dioxide could be determined.
De ter minat ion  of d i s so lved  oxygen:

On account of the presence of a considerable quantity of organic matter in the lake 
water, the Rideal-Stewart modification (1901) of the Winkler method was used. Results 
were calculated in terms of percentage of saturation. For the difference in altitude be
tween the lake water level and the sea level, corrections for barometric pressure were 
made. 

Esti mat ion  of 'nutr ient  sa l ts': 

I. Nitr ogenous  compounds:

A. Ni tri tes: The method adopted in the present investigation is that of Gries
Ilosvay as modified by ROBINSON and THOMPSON ( 1948). The nitrite concentration is 
expressed in (.Lg-at./1. of N0

2
-N. 

B. Ni tra tes: Harvey's method as modified by RocHFORD (1947) was used. lt was
of primary importance to calibrate the reduced strychine reagent prepared for the use in 
the present work in order to identify it optimal dilution, development time and working 
range (where Beer's law is applicable). The nitrate values were calculated as !.Lg-at./1. 
of N0

3
-N. 

C. Dissolved organic  n i  trogen: Analysis of the total organic nitrogen in the
lake water was carried out by the use of the micro-Kjeldahl method. Absorption of the 
liberated ammonia in boric acid-indicator mixture was carried out according to SoBEL, 
MAYER and GOTTFRIED (1944). Preliminary experiments showed that when a sample 
of lake water is treated with sulphuric acid for the digestion of the organic nitrogen a 
precipitate, mainly of calcium sulphate, is formed. This precipitate interfers during the 
further treatment of the digested sample for the liberation of ammonia (KRoGH and 
KEYS, 1934). To avoid this difficulty the initial precipitation of calcium salts was exe
cuted by the drop-wise addition of a concentrated solution of sodium carbonate. The 
filtrate was used to carry out the experiment. Results are expressed as t.Lg-at./1. N. 

2. Phosphate s:

The method used was that of Deniges, detailed and thoroughly studied by ROBINSON 
and THOMPSON (1948). The phosphate concentration is expressed as (.Lg-at./1. P04-P.

3. "Si li c ates'':

The method described and detailed by ROBINSON and THoMPSON ( 1948) was used. 
Results are expressed as (.Lg-at./1. Si 03-Si. 

Legenden zu den neben s tehenden Abbil d ungen (Tafel 25) 

Fig. 3, showing the stations from r to r 3, from which different samples were collected . 
Fig. 4, showing the variation s in the average monthly temperatures of the surface water and the air, 

in the morning (8 A.M.) and at 2 P.M. (designated as noon temperature). 
Fig. 5, showing the variations in temperature of the surface water and the air during the different 

hours of the day. lt is clearly shown that both surface water and ai r temperatures reverse each 
other after 10 A.M. 
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4. Ir on:

The method of Moss and MELON (1942), using a-a-dipyridyl, was used in the present 
investigation. Results are expressed as µg-at./1. Fe. 

De term i nation of su lphides: 

The method used was that of the iodine titremetric method detailed in the "Standard 
methods for the examination of water and sewage" published by the American Public 
Health Association" ( 1955). Water samples from the bottom layers were obtained, 
filtered directly and then preserved with 24% zinc acetate solution (2 ml.zn acetate for 
250 ml. water). A weighed sample, about 5 grams, from the bottom sediments was also 
taken and similarly preserved with zn acetate solution. The dissolved sulphides in the 
water samples could be estimated and consequently the un-ionized hydrogen sulphide 
content could be determined by using a suitable factor depending upon the pH of the 
sample, a<; detailed in the original method. The total sulphid content of the sediments 
could be estimated and expressed as mg. sulphide / rooo gm. sediments. 

Some Phys ico-Chemical  Condi  t ions and Rel a  te d Phenomena of the  Lak e  
Results and Discuss ion 

T emperature: 

Temperature records for morning air temperature (8 A.M.), morning surface water, 
2 P.M. air temperature and 2 P.M. surface water, were obtained during the successive 
months of the year r 954. Such data were checked by similar data obtained by the 
Meteorological department, Ministry of Marine and War. Such records are shown in 
Table r and graphically represented in figure 4. 

Table r 
Monthly  average air  and surface w ater  temperature  a t  8 A.M.  and 

2 P .  M.  during the  year  1954 

Month 
Morning air 2 P.M. air 2 P.M. surface 

10.0 10.7 
12.7 13.4 20.5 18.9 

Mar. 14·7 16.7 25.2 23.7 
Apr. 18.0 18.7 27.8 24.6 
May 21.4 21.9 33.5 28.7 
Jun. 25.2 34.7 3r.5 
Jul. 26.8 26.5 36.9 31.5 
Aug. 26.2 26.7 37.5 32.0 
Sep. 24.4 24.2 33.3 27.9 
Oct. 23.6 29.7 26.6 
Nov. 18.5 18.2 24.0 23.2 
Dec. 12.0 18.1 

lt is clear that during the different seasons the mean air temperature in the morning 
is lower than that of the surface water temperature, while for the mean temperature 
taken at 2 P. M., for air and surface water, the reversc was found true. 

Legenden zu den neben s teh en den A b b i l dungen (Tafel 26) 

Fig. 6, showing the average monthly salinity variations in the surface and bot tom water of the lake 
proper (in regions away from the drains). 

Fig. 7, showing the average monthly salinity variations in the surface and bot tom water of the lake 
in the regions at the mouth of the drains. 

Fig. 8, showing the variations in the monthly average values of carbonate, b icarbonate and pH of 
surface and bottom water; as well as the variations in the pH values of the bottom sediments; 
in the lake proper ( regions away from the drains). 
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During the day, from sunrise to sunset, it was noticed that the temperature of the air 
is lower than that of surface water till about IO A.M. after which time conditions are 
reversed. This is clearly shown in figure 5, data being presentecl in table 2. 

Table 2 

T h e  air  ancl surface  water  temperature  recorcl ecl each hour  o n  th e 
25th. o f  O cto b e r  1954 

Time Air temperature 
Surface water 

temp. 

6A.M .. 22.0 23.4 

7 23.0 23.6 
8 23.6 24.0 
9 23.0 24.2 

IO 24.0 24.0 
II 25.0 24.6 
12 25.3 24.8 

I P.M . . 26.0 25.2 
2 26.8 25.6 
3 26.5 25.0 
4 26.3 24.9 

Vertical temperature measures from surface to bottom at clepths one meter afar were 
observed during the different months. Such observations inclicated clearly that lake 
Qarun did not show a proper thermal stratification. 

Accorcling to the classification of Forel (1894-1904) and whipple (1898) and later 
moclifiecl by BrRGE ancl J UDAY ( I 9 II) and THIENEMANN ( 1922)' lake Qarun is to be 
considered as a tropical lake of the third order. 

The absence of the stratification phenomenon in lake Qarun may be clue to two main 
factors: the first is the absence of strong wincls (PAUL HOLMES, 1936), the breeze pre
vailing can initiate a thorough mixing, the lake being a shallow one; the second, though 
slowly acting, is caused by the high summer temperature which through the evaporation 
of the surface water causes the concentration of salts in these surface layers and conse
quently to obtain osmotic balance will cause slow vertical mixing. 

Remarkable enough is the slightly higher temperature of the bottom water than the 
overlying layer, particulary in the months of November and December. However the 
difference clid not exceed one degree centigrade. This high temperature may be cor
related with the biological processes taking place in this bottom layer. As will be shown 
later, these two months are characterised by great decomposition of organic matter 
with the eventual consumption of oxygen and the liberation of energy. This increase in 
oxidation processes might be correlated with the noticed increase in bottom temperature. 
A similar phenomenon was noticed by EuGENE (1950) in the water of the Western 
Oklahoma. 

Apart from the possible strain to which the fauna and flora of lake Qarun are probably 
submitted and "forced" to tolerate a difference in temperature of about 22° C, it was 
observed that the temperaturc of the shore water was higher than that in the body of the 
lake. While the maximum surface temperature was about 32.0° C in August, shore water, 
at the same time, reached more than 45° C. This may have fatal bearing on the biological 
activity of the inhabitants of the shore regions. The magnitude of such big temperature 
difference in lake Qarun could be seen when comparison is made with data given for 
other lakes (RAwsoN, 1950; CuFFORD, 1953; WALDO and HAsLER, 1953; etc.). 

Heat budgets have received far too little attention, and so few lakes have been studied 
with regard to this matter, that dependable conclusions of a general nature are still 
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lacking. The annual heat budget, defined as the amount of heat necessary to raise the 
water temperature from the minimum temperature of winter to the maximum summer 
temperature, was calculated for lake Qarun during 1954, according to the formulation of 
BrRGE ( 1914-1916) and was found to have a value of about 6,000 gm cal. per sq. cm. 
Data concerning heat budgets of lakes with conditions similar to lake Qarun are lacking. 

The summer heat income, defined as the amount of heating above 4° C, of about 
10,000 gm. cal. per sq. cm. could be calculated for lake Qarun. There are no available 
data for tropical lakes for comparison. 

S a l ini ty: 

The salinity of the lake water is controlled by the amount of fresh water drained 
annually into it through the "Bats" and "Wadi" drains. The quantity of drainage 
water determines not only the surface level as refered to the sea level, as shown in 
figure 2, but also the chemical concentration of the different salts. 

Table 3 shows the changes in salinity (measured in gm/kg.) in the different stations 
during the successive months of the year 1954, as well as that during summer and autumn 
of 1953 and winter and spring 1955. The following table (table 3A) gives the monthly 
mean values of the salinities measured at the different stations excluding stations 1, 2 
and 8 i. e. those of the drains and the mouth of the drains, to show a general picture of the 
salinity distribution in the lake proper. These data are graphically represented in figure 6. 

From these data it is clear that the salinity of the bottom water is higher than the 
surface. However, during summer months the differences is minimum. This might be 
correlated with the high temperature of the summer months, which through the eva
poration of surface water causes the concentration of the salts in the upper layers. Even
tually, to maintain osmotic balance will cause vertical mixing leading to a more or 
less uniform salinity distribution. Surface water show a lower salinity during the winter 
months, mainly because of the drainage water supply flooding the lake. 

The monthly average values of the salinity measurements at the mouth of the drains 
(stations 2 and 8) are given in table 3 Band graphically represented in figure 7. 

Table 3 A 
Monthly sa l in i ty averages  of  t h e  lake  (average of a l l  s tations  e x c luding 
1, 2 and 8). Th e surfa c e  w ater temperature  i s  a l so  g iven  for compar ison 

Year Month S 0/00 surface

1953 Nov. 23.26 
Dec. 21.94 

1954 Jan. 21.24 
Feb. 22.13 
Mars 2r.77 
Apr. 21.50 
May 22.50 
Jun. 24.1 l 
Jul. 25.14 
Aug. 25.46 
Sep. 25.34 
Oct. 23.23 
Nov. 19.33 
Dec. 17.86 

1955 Jan. 17·97 
Feb. 18.33 

See also figure 6. 
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S O / 00 bottom 

24.14 
23.41 
22.35 
22.43 
21.85 
2 r.94 
22.86 
24.23 
25.19 
25.53 
25.55 
24.15 
22.47 
2!.02 
19.63 
20.38 

------- --- -----

Surface water 
temp. 

16.4 
18.9 
23.7 
24.6 
28.7 
31.5 
31.5 
32.0 
27.0 
26.6 
23.2 
18.1 



Table 3 B 

Mo nthly  sa l in i ty  averages  a t  the mouth o f  the  drains  (stat ions  
2 and 8) 

Year Month S O / 00 surface S °loo bottom 

1953 Nov. 9.02 22.30 
Dec .. 10.92 20.28 

1954 Jan. 5.45 20.75 
Feb .. 8.04 20.94 
Mars 7.80 21.75 
Apr .. 7.24 rg.70 
May. 7.52 22.03 
Jun. 8.38 22.67 
Jul. 7.65 25.09 
Aug .. 7.74 25.35 
Sept. 7.48 22.95 
Oct .. 6.43 23.54 
Nov .. 6.06 22.62 
Dec .. 6.17 rg.81 

1955 Jan. 17.10 19.08 
Feb .. 13.83 20.08 

See also figure 7. 

lt is clear that the fresh water tops the mouth of the drains. Here, the seasonal change 
of salinity of the bottom water is almost the same as that observed in the bottom water of 
the lake proper. However, it was noticed that during the early winter months, especially 
during December, the surface water salinity showed a comparative increase. This 
phenomenon may be due to mixing of the water layers caused by the rush of the drainage 
water into the lake, thereby bringing the bottom salinity to the surface. During J anuary 
r 955 the flood was higher than usual and the drainaige water consequently flooded the 
levees of the lake and covered large acreage of land on either side. The rush of water, 
being higher, is responsible for the remarkable increase in salinity of the surface water 
due to its "ploughing" effect. Even within the drain itself the surface water was slightly 
more saline than usual (see table 3). 

From the data represented in table 3, it seems that the water from the "Bats" drain, 
which flows westwardly into the lake, fans out evenly all along the eastern part of the 
lake. The "Wadi" drain on the other hand, enters the lake from its midsouthern shore, 
also invading the southern and northern regious and its water fans along the southern 
shores as well as directly to the north. In other words, the regions about the 
middle of the lake, in the neighbourhood of stations 4, 5 and 6, receive a double supply 
of fresh water from both drains, while regions in the far east or far west receive a fresh 
water supply from one drain or the other. Therefore, stations 4, 5 and 6, which lie in the 
middle of the lake, have the lowest surface salinity during drainage season (average: 
15.85%). lt may be convenient to divide the lake into regions which receive a "double" 
fed of fresh water and those which receive a "one fed" of fresh water. On analysing the 
data in table 3, it would be seen that this phenomenon just described manifested itself 
very clearly in the surface water. The surface salinity, depending and following the 
drainage diffusion in the lake, began to decrese in November in the regions of the stations 
nearest to the drains (stations 3 and g). Further gradual lowering in salinity observed in 
stations 5, 6 and 7 till J anuary, is due to the continuous arrival of fresh water from both 
drains. 
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The surface salinity in the "one fed" stations depend upon its distance from the drain. 
So while stations 3 and g have the minimum salinity in November, stations 10, 11, 12 
and 13 that lie in the far western part of the lake have their minimum salinity inJanuary. 
In general, the water in the western part has a relatively higher salinity than the cor
responding surface orbottom salinities of the eastern sides. 

Station 7, though lying close to the "Wadi" drain, showed a minimum surface salinity 
in December. This region is a very shallow closed basin, its depth does not exceed half a 
meter. The fresh water invading this region in November is mixed with the underlying 
more saline water, with the eventual decrease of bottom water salinity and a relative 
increase in the surface water ( cf. station g on the other side). 

The factors that cotrole the salinity distribution, as weil as the "position" of lake 
Qarun as a "highly brackish" water lake, is further discussed later in the "general 
discussion''. 

H ydrogen ion  concen tra  ti on: 

The average monthly pH values measured at the different stations for the surface and 
bottom water, excluding stations I, 2 and 8, are given in Table 4 A. Variations in the pH 
of the surface and bottom water at the mouth of the drains is given, as mean values, in 
Table 4 B. The average pH values of the sediments are also included in these tables. 
These data are graphically represented in figures 8 and g respectively together with the 
curves showing carbonate ancl bicarbonate alkalinity (vide infra). 

Generally, both bottom ancl surface water have almost the same pH, ranging from 
8.o to 8.2. However, a slight clecrease in the pH values of the bottom water was observed
in late autumn and early winter, but also on the alkaline siele of neutrality ( ± 7.5).

The pH of the surface water of the drains did not exceed 8, whereas for the bottom 
it was slightly higher. This is different from the pH of the rest of the other regions in the 
lake which is almost always above 8 for the surface and bottom (however, the latter 
decreasecl cluring late autumn ancl early winter). The clecrease in pH of the fresh water 
coming from the drains to the lake might be due to the absence or insignificant presence 
of carbonate in the drainage water (see table 5). It is interesting to note that the surface 
water at the mouth of the drains showed a surface drop in pH cluring the time of car
bonate-free high drainage flood (October, November ancl December). lt is clear from 
figures 8 ancl g that the drop in pH was associated with a similar drop of carbonate 
concentration. This is also clear for the bottom water at the mouth of the drains in 
December. The drop in the pH value in this last case mentioned, cannot be assumed to 
the accumulation of products of oxidation ancl fermentation, onaccount oftheshallowness 
of this part and the subsequent :washing caused by the rushing influx of drainage water. 
This assumption is supported by the fact, to be mentioned later, that organic matter, 
sulphide production and oxygen deficiency were not prominent. 

The surface pH of the entire body of the lake was slightly higher in summer than in 
the other seasons, apparently clue to the increasecl concentration of carbonate observed in 
that season (vide infra). During late autumn and early winter, the pH of the bottom 
water showed a slight clecrease. This might be explained as being due to carbonate 
decrease and to the accumualtaecl products of fermentation at the bottom, which ac
cordingly showed oxygen deficiency in that season, as will be shown later. 

The pH of the secliments at the mouth of the drains was almost uniform throughout 
the different seasons, its value amountecl to an average of 7.5. Away from the drains, the 
sediments showecl a decrease in pH during late autumn ancl early winter. This may be 
due to, as is shown later, the oxiclation and fermentation processes taking place during 
such months, with the accumualtion of organic matter and sulphides. Such products may 
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result in that decrease in pH. Stations 4 and r r did not show such decrease in pH. In 
these t wo stations the bottom is superficially covered with sand which is better aerated. 

Table 4 A 

Monthly average pH values  of the l a k e  proper  (average of all stations  
excludi ng I, 2 and 8). 

Year Month av. surface pH av. bottom pH av. pH of 
(water) sediments 

1953 Nov. 8.21 7.78 7.04 
Dec. 8.13 7.80 7.II 

1954 Jan. 8.12 7.80 7.16 
Feb. 8.oo 7.98 7.25 
Marsh 7.95 8.05 7.58 
Apr. 8.07 8.04 7.64 

1 May 8.09 8.1 l 7.69 
Jun. 8.20 8.22 7.65 
Jul.. 8.25 8.28 7.81 
Aug. 8.23 8.23 7.85 
Sep. 8.16 8.19 7.9o 

: Oct. 8.13 8.25 7.80 
Nov. 8.25 7.94 7.18 
Dec. 7.98 7.72 7.09 

1955 
1 

Jan. 8.03 7.79 7. 11 
1 Feb. 8.09 7.82 7.15 

1 ! 

See also figure 8 

Table 4 B 

Mon thl y a verage pH val ues of the w a  ter  a t the mou th of the drains  ( s ta tions  
2 and 8) 

Year Month av. surface av. bottom av. pH of 
water pH water pH sediments 

1953 Nov. 7.50 8.07 7.61 
Dec. 7.89 7.50 7-43 

1954 Jan. 8.IO 8.16 7-49 
Febr. 8.IO 8.23 7-49 
Mar. 7.88 8.02 7-48
Apr. 8.19 8.19 7-49 
May 8.oo 8.14 7.35 
Jun. 8.21 8.31 7.32 
Jul. 8.20 8.23 7.35 
Aug. 8.03 8.31 7.45 
Sep. 8.09 8.26 7.5o 
Oct. 7.54 8.25 7-46 
Nov. 7.62 8.09 7.63 
Dec. 7.67 7.17 7.41 

1955 Jan. 8.12 8.18 7.42 
Feb. 8.09 8.21 7-48 

See also figure 9 

The pH values of the fresh drainage water in lake Qarun was found to be lower than 
the lake proper, not exceeding 8. Similar observations were reported for some fresh 
water bodies (JEWELL, 1922; SHELFORD, 1925; CREASER and BROWN, 1927; etc.). No 

200 



significant seasonal variations were found in the drainage water of lake Qarun. CAMP
BELL and FUNK (1953) seems to notice a similar remark in the Black river. However, 
wide seasonal variations of pH in many fresh water bodies were reported (PoWERS, 1921, 
1929;JuDAY, et al., 1924; BROWN andjEWEL, 1926; SHELFORD, 1929; C REASER, 1930; 
ELLIS, 193 7; etc.). 

The average pH oflake Qarun during 1954, being about 8.2, resembles that observed 
for the Ocean (SouTHGATE, 1948), as well as most of the drainage lakes decribed by 
JuDAY, BIRGE and MELOCH (1941) having a range from 7.3 to 8,4, However, in the same 
year JuDAY and BIRGE reported very low pH values for drainage lakes (1.0-5). For lake 
Sweeny, a drainage lake, W1LSON (1937) reported a pH of 8.2. For lake Idko, SALAH 
(1947) found a pH ranging from 8.o to 8.8. A pH range from 7.7 to 8.3 was reported 
for the surface water of Great Slave lake by RAWSON ( r 950). C LIFFORD ( 1953) found an 
average pH value of 7.4 (7.0-7.8) for Cowichan lake. The expectation in most ordinary 
lakes is a range of about pH 6.5-8.5. lt may happen that the diversity ofwaters may be 
such that the extremes of even a wide range (3.2-10.5) may be almost realised (WELCH, 
1935). 

The bottom water layers in lake Qarun showed a slight decrease in late autumn and 
early wimer. A similar rythm was noticed in the pH ofthe sediments. For lake MENDOTA, 
JuDAY, F RED and WrLSON in 1924 reported an almost uniform surface pH throughout the 
whole year (8.3-8.8), while the bottom layers showed remarkable decrease in winter 
and early autumn (7.4-8.2). SMITH (1952) found for most ofthe Charlotte County lakes 
he studied a bottom water pH lower than the surface in] uly and August. 

The fluctuations generally observed in the pH are usually correlated with certain 
factors. The increase is correlated with the photosynthetic activity (JunAY, at al. 1924; 
PHILIP, 1927; JunAY, BLAIR a;nd WILDA, 1934); with increased carbonate concentration 
(SMITH, 1940); while the decrease is found to follow the decay in the bottom (JunAY, 
r 924); decrease in oxygen content (WA TTENBERG, 1933; REVELLE, 1936; SMITH, I 952; 
etc.) and sulphide accumulation (STRÖM, 1936). All these factors affecting pH were 
found to be operative in lake Qarun. lt should be memioned that Sverdrup et al. (1949) 
emphasised the importance of the total carbon dioxide content or its partial pressure 
as a predominent factor affecting changes in the pH values. The biological significance 
of the pH on the survival of the aquatic inhabitants, is dealt with later in the general 
discussion. 

C arbonate and bicarbona te a l k al in i  ty: 

"Bound a n d  half-boun d  c arbon dioxide" 

Table 5 gives the values of carbonate and bicarbonate in terms ofmg. CaC0
3 

per liter, 
measured at the different stations during the period in which these experiments were 
conducted from summer 1953 to spring 1955. 

In order to give a general picture of the distribution of carbonate and bicarbonate in 
the different seasons, the mean values calculated at the different stations for surface and 
bottom water, excluding stations 1, 2 and 8, for each month is taken in consideration. 
These data are represented in table 5 A and graphically in figure 8. The values calculated 
for the water at the mouth of the drains are represented in table 5 B and figure 9. 

From these data and from the corresponding curves it could be seen that: 
r. The amounts of carbonates were always less than the bicarbonates.
2. The seasonal changes in the bicarbonate concentrations whether for surface or

bottom water, showed an inverse relation to the carbonate concentration. In other 
words, in late autumn and winter where bicarbonate concentration showed an increase, 
a corresponding decrease was shown by the carbonate, the reverse was true during 
summer. 
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3. The surface water bicarbonate was higher than in the bottom, particularly in the
regions a t the mou th of the drains ( fig. 9). 

4. The carbonate concentrations in the bottom water were generally higher than the
surface, though the difference was not so significant. 

5. The carbonate concentration in the surface water in the mouth of the drains
showed minimal values during autumn and winter, apparently following in this respect 
the invading drainage water. 

6. During summer month5, the carbonate concentrations of the surface and bottom
waters as well as that of the bicarbonate, followed the same pattern. This was especially 
obvious in the regions away from the drains. 

The water flowing via the drains were almost free of carbonate but rich in bicarbonate. 
The same condition was prevailing in the surface water at the mouth of the drains 
(stations 2 and 8). The gradual invasion of drainage water in the lake in the subsequent 
months is responsible for the ob,erved carbonate-bicarbonate corresponding relation. 
In the double fed regions (stations 4, 5 and 6) the bicarbonate concentration was higher 
than the surrounding one fed stations. The occasional presence of carbonate in the 
surface water layers at the mouth of the drains was due to the mixing of the rushing 
drainage water, during winter, with the underlying watet'. However, during the summer 
month5, the carbonate concentration increased following a corresponding decrease in 
bicarbonate. 

Water charged with carbon dioxide is an active agent in converting mono-carbonates 
in the ground soil to bicarbonate (WELCH, 1935). This explains why drainage water was 
almost free of carbonate and rich in bicarbonate. However, during the summer months 
the high temperature causing excessive evaporation may be regarded as an active agent in 
the detachment of the half-bound C0

2 
in the bicarbonate with the eventual formation of 

carbonates. This carbonate formed is either excluclecl out of circulation if precipitated 
or else remain in solution. The vertical process of mixing, to maintain osmotic balance, 
in summer may be regarded as responsible for the almost uniformly observed homogenity 
of surface and bottom water layers. 

In the shallow stations (4, 7, g and 11) it was noticed that because the summer tem
perature was more pronounced the concentration of bicarbonate was comparatively less 
than in the other regions. 

During late autumn and early winter it was noticed that the carbonate in the bottom 
layers decreased with a corresponding increase in bicarbonate. ALLGEIER, PETERSON, 
JuDAY and BrRGE (1932) demonstrated the liberation of C0

2 
during fermentation 

processes. Such process, as is shown later, occured during late autumn and early winter. 
The C02 evolved, coming in contact with carbonate may be regarded as the cause for 
the transformation of carbonate to bicarbonate during this period. 

The values of carbonate and bicarbonate, estimated in terms of CaCÜ3 mg./1. for 
surface and bottom water in lake Qarun, ranged from 27.0 to 60.5 mg./1. (average: 
43.8) and 143 to 175 mg./1. (average: 159) respectively; corresponding to 19.3 and 
42.3 mg./1. bound and half-bound C02• For bottom water, from 24 to 64 (average: 44) 
and from 137 to 168 (average: 15'.i.5) mg./1. CaCQ3 were found for carbonate and 
bicarbonate concentrations. These values correspond, on an average, to 19.4 and 
41 .2 mg./1. for bound and half-bound C0

2. Therefore it could be seen that the changes in 
carbonate and in bicarbonate concentrations for surface and bottom layers occured 
within almost similar limits; the change in the bound and the half-bound C02 being
almost the same. 

The possible factors which might be responsible for the changes in carbonate and 
bicarbonate concentrations and their intertransformation in the lake will be dealt with in 
the general discussion. 
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Table 5 A 
Month l y  a verage val ues of carb onate a nd bicarb ona te c once ntration 
in terms of mg. / l. CaC 03 , of the l ake pr oper ( a verage of al l s t a  tions  

e x cl uding I, 2 a nd 8) 
---

Surface Bottom 

Year Month 
C03" HC0

3
' C0

3
" HC03' 

1953 Nov .. 32.56 153.7 25.50 158.4 
Dec. 28.12 163.7 24.46 166.9 

1954 Jan. 27.57 169.5 23.59 168.0 
Feb. 24.13 l 72.8 24.93 167.7 
Mar. 23.35 18r.5 32.88 166.9 
Apr. 27.40 18r.9 40.23 164,4 
May. 44.98 162.7 49.68 158.8 
Jun. 56.32 150.2 56.56 150.4 
Jul. 60.52 146.0 63.65 142.2 
Aug .. 47.00 142.3 52.73 137.2 
Sep. 43.18 145.4 43.83 144·9 
Oct. 36.62 151.7 42.55 147.3 
Nov .. 32.17 163.6 26.80 158.1 
Dec. 26.82 175·3 24.54 166.6 

1955 Jan. 25.12 182.6 22.04 177.3 
Feb. 22.40 186.8 27.95 175.4 

See also figure 8 

Table 5 B 
Mon th l y a verage val ues of car b ona te and bicar b ona te c once n  tra tion 
in terms of mg./1. CaC03 a t  the m ou th of the d rains (St. 2 and 8) 

Surface Bottom 

Year Month 
C03" HC03' CO/' 

1 

HC03' 

1953 Nov .. o. 197.9 15.53 177.2 
Dec. 5.85 200.0 3.57 184.6 

1954 Jan. 10.05 198.8 13.18 184.9 
Feb. 15.13 197.1 17.86 185.6 

1 Mar. 21.92 193.5 21.55 182.8 
i Apr. 22.92 180.2 20.87 172.0 
! May. 24.13 170.5 47-44 155.0 

Jun. 47.96 165.7 54.04 143.4 
Jul. 54.86 156.4 62.74 142.3 
Aug .. 43.18 149.5 46.94 135.8 
Sep. 35.08 147.3 48.00 143.5 
Oct. 00 173.0 38.84 152.2 
Nov .. 00 198.0 20.40 173.3 
Dec. 6.72 199,4 0 183.7 

1955 i Jan. 14.04 200.2 15.34 182.7 
Feb. 18.37 203.5 20.81 

1 

178.7 

See also figure 9 

Oxygen: 

Table 6 gives the oxygen c ontent in percentage saturation, estimated a t the different 
stations during the period of the present study. The monthly average values of the 
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percentage oxygen saturation were calculated and presented in table 6 A for all stations 
except I, 2 and 8. The monthly average values estimated for the water at the mouth of 
the drains (stations 2 and 8) are given in table 6 B. Data of the tables 6 A and 6 B are 
graphically represented in figures IO and II respectively. 

Table 6A 

Monthly average va lu es  of p ercentage oxygen sat uration of the 
lake prop er (av erage of a ll stations exclud i ng 1, 2 a nd 8) 

Year Month 
Surface o

2 Bottom o2 

saturation saturation 

1953 Nov .. 92.74 44.71 
Dec. 100.38 59.55 

1954 Jan. 99.44 65.3 1 
Feb. 94.8 6 84.65 
Mar. 90.04 89.52 
Apr .. 8 7.2 7 92. 68
May. 85.15 9 6.65
Jun. 8 1.2 1 ro3.1 6
Jul. 75.12 109.48
Aug. 71.43 1 12.89 
Sep. 82.6 6 I0 1, 64
Oct .. 90.23 83.99 
Nov .. 92.69 44.73 
Dez .. 103.9 7 58.90 

1955 Jan. ro 6.4 1 64.15 
Febr. 100.83 84.15 

See also figure 1 o 

Table 6 B 

Monthly average va lu es of percentage oxygen saturation of 
oxygen at the mouth of the d rains (Stations 1, 2 a nd 8) 

Year Month 
Surface o2 Bottom o 2 

saturation saturation 

1953 Nov .. 90.0 5 7.7 
Dez .. IOI.5 76.6 

1954 Jan. 98.0 88.9 
Feb. 95.5 88.o 
Mar. 88.I 8 6.4 
Apr.. 83.9 8 6.3 
May. 80.6 85.2 
Jun. 76.1 82.7 
Jul. 71, l 8 I.7 
Aug .. 69.2 80.3 
Sep. 76,3 76.3 
Oct. . 8 6.1 71.8 
Nov. 88.6 58.3 
Dec .. 105.9 69.7 

1955 Jan. ro3.5 88.1 
Feb. 100.6 8 7.0 

-��---

See also figure II 
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From these data and from the corresponding curves, it is clear that the percentage 
oxygen saturation of surface water was maximal in winter and minimal in summer. 
The reverse was found for the bottom water; though the summer maximum was less 
pronounced at the mouth of the drains. 

The main factors influencing oxygen concentration are: the temperature, salinity and 
the photosynthetic activity of the phytoplankton and the submergecl plants (WELCH, 
l 935) 

During the summer months it was found, as expectecl, that the oxygen saturation is 
less than that in the other seasons, mainly clue to the effect of high temperature responsible 
for the clecreasecl solubility of oxygen. 

The percentage oxygen saturation of bottom water was founcl to be comparatively 
high in summer. This runs in harmony with the observed facts that the phytoplankton 
in the surface, which tencl to sink in escape of the high summer temperature (WELCH, 
1953), carries its photosynthetic activity, since light penetrates easy to the shallow bottom, 
thereby increasing the oxygen content of the bottom water. Moreover, the photosynthetic 
activity of the submergecl plants and the blue-green algae in the bottom add to the 
oxygen content of the bottom water. A similar remark was given by RAwsoN ( 1950). 
SM1TH (1952) from his stuclies on the Charlotte County lakes, conclucled that summer 
oxygen cleficiency in bottom water is generally minor in the shallow lakes. CLIFFORD 
( 1935, even for deeper lakes, clid not cletect high oxygen cleficiency in the bottom water, 
the minimum value he founcl was 40%, 

For the regions in the neighbourhood of the drains, the bottom water is less rich in 
oxygen, but clicl not show a summer maximum. The aeration of the bottom noticed in 
these regions may therefore be clue to the photosynthetic activity of becls of sessile plants 
common in these regions. The scarcity of phytoplankton in these regions might explain 
the less markecl bottom water oxygen saturation as founcl in the other regions of the lake. 

During late autumn and early winter, the bottom water was founcl to be poor in 
oxygen content. In some regions in the neighbourhoocl of stations 3, 5, 6, 10, 12 and 13, 
the bottom water was, in some months during that period, almost depletecl of oxygen. 
As will be shown later this clecrease in oxygen content was accompaniecl by a high 
concentation of soluble organic nitrogen, apparently formecl as a result of oxidation and 
fermentation processes of organic matter in the bottom secliments. Such processes seem 
to consume all the available oxygen in the bottom water.· In such oxygen deficient bottom 
anaerobic bacteria, as the sulphate reducing bacteria, are active in sulphide production. 
However, stations at the mouth of the drains showed an aerated bottom cluring winter, 
apparently on account of the rushing influx of the drainage fresh water, causing agitation 
and mixing of the water. 

During the summer and early winter continuous supply of fresh water through the 
drains seems to leave the surface layer, being lighter, on the top of the lake, with the 
result that no turnover takes place and consequently the bottom is stagnated. In such a 
medium of bottom bacteria's action is felt, particularly the sulphate reclucing bacteria 
which cause the bottom sediments to stink. 

The Alsterberg's and the Kusnetzow ancl Karzinkin theories in 1927 and 1931 re
spectively, for the explanation of oxygen depletion in the hypolimnion are cliscussed 
later in the general discussion. 

The water of the shallow parts of the lake is easily mixed and the bottom is aerated, 
andin that respect they differ from the rest of the lake. This is apart from the effect caused 
by the photosynthetic activity of the submerged plants rich in these vicinities. In the 
region of the station 3, the oxygen cleficiency in the bottom clid not last for long as the 
case observecl in the regions lying in the far west, because its position in the way of the 
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rushing drainage water allowed for some turbulent movements with consequent gradual 
aeration of the bottom. 

The minimum oxygen saturation for surface water was 71.5% and the maximum 
average was rn4%. For the bottom water it was 45 and 113% for minimum and maximum 
average saturation values respectively. However, in certain regions, particularly in the 
western side (stations IO, 12 and 13) and in the eastern side (station 3) the bottom was 
found to be almost completely depleted of oxygen in November. The low values for the 
surface were during summer, whereas those for the bottom were during late autumn and 
early winter. In the series of studies onjapanese lakes reported by M1YADI (1932) and 
previously examined by YosHIMORA (1928, 1930, 1931), HANDA and ARKI (1922, 1923), 
TAKA YASAN and SAWA (1931), it is quite noticable to find that some lakes have deficient 
oxygen bottom while others have an almost oxygen saturated bottom. No plausible 
explanation was given by these authors. HASLER (1947) andjoHNSON and HASLER (1954) 
reported a mid summer oxygen deficient deep water layers in Zürichsee and some 
dystrophic lakes: Perter, Paul and Petrea respectively. Also SMITH (1952) found a 
deficient oxygen-bottom water in John lake in November 1942. HEINRICH (1934 ) found 
proof relating oxygen consumption with decomposition of organic matter. WELCH ( 1935) 
mentioned that the decomposition of organic matter might cause the entire depletion 
of oxygen. Later, SEIWELL and SEIWELL (1938) found evidence relating the oxygen 
deficiency with increased decomposed organic matter. A similar phenomenon was ob
served in lake Qarun during late autumn and early winter. 

Further discussion concerning the biological influence of oxygen on the distribution 
and survival of the aquatic inhabitants is given in the general discussion. 

Nutrien ts: 

Historical Account: 

BRANDT (1899) was the first to suggest and to draw the attention of investigators to 
the importance of certain nutrient substances that diatoms utilize in the lighted waters 
of the sea. He anticipated the importance of compounds of nitrogen and phosphorous as 
substances, which according to Liebig's law of minimum, might be limiting factors. 
Nathanson's theory (1906) forms a complement to Brandt's theory in the explanation of 
irregularities in distribution and periodic fluctuations in phytoplankton production. 
Particular efforts have been devoted to the study of the so-called nutrients. Their distri
bution is profoundly affected by biological activity, their concentration are virtually 
independent of salinity and they are commonly referred to as "nonconservative", in 
contrast to those elements that bear a constant ratio to the total dissolved salts. Plants 
are the most important consumers of the inorganic substances, their activity is restricted 
to the upper layers of water, the euophotic zone, where there is adequate light for them 
to carry on photosynthesis. (SVERDRUP et al., 1949). 

Brandt's hypothesis anticipating the importance of nutrients was supported by the 
investigations of subsequent workers. The importance of nitrogenous substances, especi-

Legenden zu den nebens teh enden Abb i l dungen (Tafel 27) 

Fig. 9, showing the variations in the monthly average values of carbonate, bicarbonate and pH of 
surface and bottom water; as well as the variations in the pH values of the bottom sediments; 
in the regions of the mouth of the drains. 

Fig. rn, showing the variations in the monthly average percentage oxygen saturation values of the 
surface and bottom water of the lake proper (regions away from the drains). 

Fig. II, showing the variations in the monthly average percentage oxygen saturation values of the 
surface and bottom water in the regions at the mouth of the drains. 
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ally the nitrates, has been demonstrated by many authors (WrnBE, 1931; WELCH, 1935; 
CHU, 1943; RoDHE, 1948; McCm-rnrn, 1953). The importance of nitrite seems to establish 
itself as a link in the nitrogen cycle. However, its distribution has received special con
sideration in the works ofHARVEY (1926), ATKINS (1930), SooT-RYEN (1932), VERJBINS
KAYA (1932), CooPER (1933, 1937), RAKESTRAW (1936), PmFER and THOMPSON (1937), 
REDFIELD and KEYS (1938). Its importance as a nutrient was demonstrated by SCHREIBER 
(1927), BRAARUD and FövN (1931), ALLISON (1931), HARVEY (1933), ZoBELL (1935) 
etc. Attempts of earlier workers to solve the problem of the possible importance of 
dissolved organic matter to the nutrition of higher aquatic organisms have lead to much 
controversy. PüTTER ( 1907-1909) in a series of papers, attemped to show that an 
abundant supply of food is available in the dissolved organic matter in the water. Vi
gorous opposition to Pütter's conclusions arose at once and continued actively for some 
years. Moore and his coworkwers in 1912, made some interesting and far reaching 
contributions to this subject. They even repeated Pütter's experiments, but interpreted 
their results as opposing that arrived at by PüTTER. DAKIN and DAKIN (1925) failed to 
support the findings of PüTTER. KRIZENECKY and PoDHRADSKY ( 1934); KRIZENECKY and 
PETROV (1927); EsAKI (1926); RAusoN (1926-1927); NAKAJIMA (1927); KosTOMAROV 
(1928); KOLLER (1930), etc. tried to test the availability and the actual utilization of 
dissolved organic matter by various animals. Many workers claimed positive results. 
Other evidences were presented to prove direct utilization by absorption. New investi
gations on plankton production (GAARDER and GRAN, 1927) and on growth and develop
ment of mosquito larvae (MATHESON and HmMAN, 1931; HINMAN, 1932) seem to supply 
additional evidence of the direct utilization of dissolved organic substances. KROGH and 
LANGE ( 1931) have performed a series of critical experiments bearing directly upon 
certain vital aspects of this problem. KROGH ( 1931) has concluded that a few animals, as 
Protozoa and possibly sponges, live mainly upon dissolved substances. He, however, 
suggested the possibility that higher animals absorb insignificant quantities of the 
dissolved substances. BOND ( 1933) concluded that in general, marine invertebrates are 
permeable to water, salts and organic solutes, but that teleosts and fresh water inverte
brates have very slight permeability. Notwithstanding such controversy regarding the 
direct utilization of organic matter, its presence has been detected by many authors, as 
thoroughly reviewed by WELCH (1935) and SvERDRUP, at al. (1949). 

Much work has been clone on the nitrogen cycle in the sea to determine the forms of 
nitrogen that can be used by plants, and the agencies which return the organic nitrogen 
to inorganic forms. In the surface layers, prior to the vegetative season, the most abundant 
inorganic form of nitrogen is nitrate, and the same applies for deeper water, where 
nitrite and ammonia are negligible. Bacteria play important roles in the mineralization 
of organic nitrogen by acting upon detrital material, excreta and dissolved organic 
matter, and in the intertransformation of ammonia, nitrites and nitrates. The very 
large literature bearing on the nitrogen cycle in the sea has been reviewed by CooPER 
( I 93 7). In general, it is believed that the nitrogenous material gives rise to ammonia, 
which, in turn, is converted to nitrite and then to nitrate. Certain agencies are thought 
to bring about the oxidation of ammonia to nitrites: photochemical oxidation 

Legenden zu den n eb ensteh enden Abb ildun gen (Tafel 28) 

Fig. 12, showing the variation in the monthly average nitrate concentration, expressed in µg-at./ 1 • 
N0

3
-N, in the surface and bottom water of the lake proper (in regions away from the drain). 

Fig. 13, showing the variation in the monthly average nitrate concentration, expressed in µg-at./r. 
N0

3
-N, in the surface and bottom water in the regions at the mouth of the drains. 

Fig. 14, showing the variation in the monthly average nitrite concentration, expressed in µg-at./r. 
N0

2-N, in the surface and bottom water of the lake proper (in regions away from the drains). 
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induced by direct sunlight (ZoBELL, 1933), through the activity of nitrifying bacteria 
(ZoBELL, 1935a). However, CAREY (1938) stated that the presence of nitrite, which can 
sometimes be detected near the sea bottom, as in the English Channel in certain seasons, 
may indicate either oxidation of ammonia or reduction of nitrate. Hence the detection 
of nitrite may indicate active production of this substance, which is present only as a 
transitional stage in the regeneration of nitrate. Brandt's hypothesis ( 1899) was based 
on the discovery of marine bacteria, which under laboratory conditions were capable 
of denitrification. However, it is now considered that under the conditions prevailing in 
the sea or any water mass, there is little or no loss of fixed nitrogen, although it has been 
shown that reduction of nitrate to nitrite may occur. This reduction may also be carriedout 
by diatoms (ZoBELL, 1935). SvERDRUP, et al. ( 1949) sum up the different steps taking 
part in the nitrogen cycle in the sea. They pointed out that the cycle is composed of six 
transitions: ammonification, nitrification, nitrogen assimilation, nitrate reduction and 
denitrification and nitrogen fixation. Through bacterial agencies the complex protein 
molecule in plant or animal undergoes a process of ammonification, resulting in the 
formation of ammonia. The process of nitrification includes the formation of nitrates 
from ammonia and nitrite. Through the action of nitrifying bacteria ammonia is con
verted to nitrite, which through the agency of another group of bacteria oxidises to 
nitrates. The process of nitrogen assimilation is primarily a function of the plant, the 
phytoplankton and benthic algae, but bacteria also assimilate nitrogen. This process is 
important for building-up the amino-nitrogen of the protoplasm. After assimilation 
these plants may die and be associated directly by bacteria, or they may be eaten by 
animals which require nitrogen from the plant directly or indirectly. In any event, a 
return to the inorganic nitrogen compounds is eventually affected by bacteria. As regards 
nitrate reduction and denitrification, GRAN (1901) and BAuR (1902) showed that the 
denitrifying bacteria also exist in the sea. The3e denitrif iers and nitrate reducers 
produce the effect just opposite to nitrification. Accordingly nitrates are reduced to 
nitrites (CAREY, 1938), and other bacteria, the true denitrifiers, may Experimental work. 

I. Nitrogenous  compounds:

A. Nitrates: Table 7 gives the nitrate concentration in microgram-atoms per
liter of NOs-N, estimated at the different stations during the successive seasons of the 
present study. The monthly averages for the values estimated at the different stations, 
except those at the drains and the mouth of the drains (st. 1, 2 and 8), are given in 
table 7 A and graphically represented in figure 12. The average nitrate values estimated 
at the mouth of the drains (st. 2 and 8) are given in table 7 B and fig. 13. 

lt could be seen from these data and from the corresponding curves that: 

1. In the region of the mouth of the drains, the surface concentration of nitrates was
higher than the bottom. In the lake proper, away from the drains, this were true during 
spring but the reverse was found during autumn and early winter; exceptional were the 
high winter values of the year 1955, apparently due to the high drainage flood. During 
summer, almost surface and bottom nitrate concentrations were similar. 

2. The seasonal surface nitrate fluctuations in the lake proper and in the mouth of the
drains followed almost the same pattern although the latter values are usually higher (as 
shown in figs. 12 and 13). This pattern exhibited gradual increase during winter and 
early spring following by a decrease during summer, then increased again gradually 
during autumn and the following new year winter. 

3. The bottom nitrate concentration showed a marked increase during autumn and
early winter, began to decrease gradually during spring and summer and tended to 
increase again in the following autumn. 
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The nitrate concentration in the water within the drains was high (Table 7), remark
ably higher during winter 1955, because as mentioned before, the drainage flood during 
that time was exceptionally high, which correspondingly increased the surface nitrate 
concentration in the lake, particularly at the mouth of the drains. 

As the invading drainage water, rich in nitrate was distributed into the lake, it could be 
seen, on analysing the data in table 7, that there was a progressive increase in the one-fed 
stations (e.g. 3, 9, 10, 11, 12, and 13) whether east or west, depending upon its relative 
distance from the fresh water supply; whereas the double fed stations (sts. 4, 5 and 6) 
showed remarkable high nitrate surface values than in the neighbouring regions. 

As regards nitrate concent:ration in the bottom water it was found to show remarkable 
increase in autumn and early winter, this could be correlated with the decomposition of 
bottom sediments occuring during these months (see later). 

During summer, away from the regions of the drains, the bottom and surface nitrate 
values were more or less similar. This may be due to the process of vertical mixing, 
discussed previously, to maintain osmotic balance in the different water layers. In the 
region of the drains this was not the case, the bottom layers behaving differently from 
the surface on actount of the fact that no such mixing occurred, as the fresh water 
remained always on the surface (PITCHARD, 1952). However, during january and 
february 1955, the bottom nitrate values showed an incresae, because during these two 
months the rushing influx of drainage water caused a sort of turbulance resulting in 
the admixture of surface with bottom water. This is also obvious in salinity curves 
(fig. 7). 

Table 7 A 

Mon th l y a verage  n i  tra te va l  u e s  in µg-a t. /1. o f  N0
3

-N o f  the 1 a k e  
proper  (average  o f  a l l  s tat ions  e x cluding 1, 2 and 8) 

Year Month Surface Bottom 

1953 Nov .. 36.83 52.30 
Dec .. 37.39 49.20 

1954 Jan. 39.90 46.87 
Feb. 42.58 44-47 
Mar. 47.08 42.49 
Apr .. 49.53 41.56
May. 41.70 38.95
Jun. 41.31 39.15
Jul. 42,42 40.99 
Aug .. 43.73 43.59
Sep. 42.88 43·19 
Oct. 41.32 43.09
Nov .. 42.62 53.90 
Dec .. 44.69 51.56

1955 Jan. 51 .56 46.18 
Feb. 55.92 45.00

See also figure 1 2 

In stations 4 and 11, being shallow, the surface and bottom nitrate concentrations 
were almost the same, due to the mixing of the water. 

To sum up, the surface nitrate concentration was almost entirely supplied within the 
invading drainage water, whereas the bottom nitrates resulted from the fermentation and 
decomposition of the bottom sediments. This assumption is supported by the data 
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Table 7 B 

Mon thl  y a verage  n i  tra te v a l  ues  i n  µg-a  t. /1. of N0
3
-N a t the m o u  th 

of the d r ains  (av erage of  stations  2 a nd 8)  

Year Month Surface Bottom 

1953 Nov .. 59.0 54.0 
Dec. 64.0 45.0 

1954 Jan. 67.0 39·5 
Feb. 68.3 35.0 
Mar. 65.2 32.0 
Apr. 55.r 32.5 
May. 49.0 30.0 
Jun. 45·1 27.5 
Jul. 42.3 26.5 
Aug .. 37.5 25.5 
Sep. 34.0 31.5 
Oct. 45.1 42.0 
Nov .. 55.0 54·5 
Dec. 75·1 52.0 

1955 Jan. 97.1 64.0 
Feb. 90.r 63.0 

See also figure r 3 

presented in table 7, which show that the middle water layers in the western deeper 
regions (stations 10, 11 and 13) showed lower nitrate values than the surface and bottom 
water in the same region, indicating the independence of the source of nitrate referred to. 
When one reflects that surface water nitrates formed one of the main sources of nitrogen 
to surface water plants and animals, one finds that when such organisms die and settle 
to the bottom and then undergo fermentation liberating nitrate again, one feels inclined 
to consider the surface water nitrates, on the long run, to be the main source of nitrates 
in the lake. 

The nitrate values varied on an average cluring the year I 954 between 39 and 54 
µ-at./1. of NOs-N. This is remarkably high when compared with the range in the 
oceans being from o. 1 to 43.0 (J.-at.1, as given by SvERDRUP et al. ( 1949). Also the water 
in lake Qarun is rather rich than other lakes, e. g. lake Mentota, as reported by DoMo
GALLA, JuDAY ancl PETERSEN in 1925 400 mg. nitrogen /m\ i.e. 30 [J.-at./1.), and the 
series of 17 lakes studied by the same authors in 1925 (8.3-51 mg./m3 , i.e. 0.6-3.7 
(-Lg-at./1.). 

The rich nitrate content in lake Qarun is due to the nitrate-rich supply of clrainage 
water of lands fertilized with nitrogenous manure, which cluring the successive years 
accumulated to such high values. This nitrate, which is normally consumed by plants 
(WELCH, 1935; CHD, 1943; Romm, 1948) and denitrifying bacteria (GRAN, 1901 _; 
BAUR, 1902; BRAARUD and KLEM, 1931; WELCH, 1952) seems to be present in such 
quantities that are not totally utilized by these consumers. 

B. Nitr i tes: Table 8 gives the nitrite concentration expressed in microgram-atoms
per liter of N02-N of the surface and bottom water estimated at the different stations 
during the period of the present study. The monthly average values for all the stations, 
except those in the region of the drains (stations 1, 2 and 8) are given in table 8 A and 
graphically represented in figure 14. Table 8 B gives the monthly average values measured 
at the mouth of the drains (stations 2 and 8) which data are presented in figure 15. 
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lt could be seen from the3e data and from the corresponding curves that: 

1. The amounts of nitrites were exceedingly small when compared for example,
with the nitrates dealt with before. 

2. The surface nitrites were higher in the region of the mouth of the drains. They
showed maximal concentration during late autumn and winter, and minimal concen
tration during summer and early autumn. Away from the region of the drains, the 
nitrite concentration was almost negligible showing slight increase during spring. 

3. The bottom layers, throughout the whole lake, were almost depleted of nitrites,
except during the summer months. At the mouth of the drains, there was an occasional 
increase during winter 1955. 

The concentration of nitrite in the drainage water was relatively high, specially during 
the drainage flood. The surface water of the mouth of the drains was consequently 
relatively rich. There was a continuous advance in nitrites following the distribution of 
the drainage water in the regions away from the drains. However, the case was different 
from that of nitrates, the surface nitrites failed to reach the far west stations, in which 
regions the surface, almost during the whole year, was entirely depleted of nitrite. The 
surface nitrite showed its progressive appearance in the one-fed stations near the drains 
and in the double-fed stations in the middle of the lake. 

The nitrites present in the bottom water layers behaved differently from the nitrates. 
The nitrites showed appearance only during the summer months, its magnitude was 
however, less in the region of the mouth of the drains. The occasional presence of nitrite 
in the bottom water during late autumn and early spring was in negligible traces, 
whereas that found in the region of the mouth of the drains was due to the mixing up 
of the surface and bottom layers caused by the rushing drainage water into the lake. 

The fact that during summer the bottom nitrite concentration was higher than the 
surface indicated that the nitrites were produced at the bottom (see general discussion). 

The nitrite concentration in lake Qarun varied from o to o. I 25 µ.g-at./1. N02-N, and 
it was slightly higher in the regions of the mouth of the drains being from o to 0.28 
µ.g-at./1. 

Table 8A 
Monthly average  nitr i te values  e x pressed i n  [J.g -at./1. of N02- N  of the 

lake  proper (average  of  a l l  stations except stations 1,  2 a nd 8) 

Year Month Surface Bottom 

1953 Nov .. 0.008 0.005 
Dec. 0.018 0.006 

1954 Jan. 0.017 0.007 
Feb. 0.016 0 
Mar. 0.019 0 
Apr .. 0.044 0.005 
May. 0.035 0.013 
Jun. 0.023 0.066 
Jul. 0.023 0.124 
Aug .. 0.021 0.087 
Sep. 0 0 
Oct. 0 0 
Nov .. 0.01 l 0.005 
Dec. 0,01 l 0.006 

1955 Jan. O.OIO 0.006 
Feb. 0.006 0 

See also figure 1 4 
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Nitrite is not a stable end product, its absence or presence in small quantities might 
not be so peculiar (HARVEY, 1926; RAKESTRAW, 1936; REDFIELD and KEvs, 1938). 
SvERDRUP et al. (1949) gave, as estimated by previous authors, a range of 0.01 to 3.5 
µg-at./1. for nitrite nitrogen in the sea. 

In view of the ease with which nitrite determination could be made, it is surprising 
that there are not more data on its occurrenece in sea water, and still more scanty in 
lake waters. RABEN (1914-1918) and BRANDT (1927) were among the first to report 
data concerning nitrites, but their data were only scattered and fragmentary. Particular 
emphasis was focused on nitrite determination in sea water in the works of ÜRTON 
(1924), ÜRR (1926,) HARVEY (1926), ATKINS (1930), ScoT-RYEN (1932), VERJBINSKAYA 
(1932), CooPER (1933, 1937), RAKESTRAW (1936), PHIFER and THOMPSON (1937), 
REDFIELD and K.EYS (1938), MALDURA (1952). In few cases data for nitrite have been 
reported incidently or in connection with other chemical studies of sea water as by 
BRAARUD and KLEM (1931), RAKESTRAW (1932, 1933), ROBINSON and WIRTH (1934a), 
MATSUDAIRA and YASNI (1932, 1933). 

Table 8 B 

M onthly  average nitr ite  va lues  expressed  i n  µg-at ./1 . of N02-N at  the  
m o u t h  o f  the  drains  (average  o f  s t .  2 and  8 )  

Year Month Surface Bottom 

1953 Nov .. 0.2 05 0.0 21 
Dec. 0.26 0 0.030 

1954 Jan. 0.265 0.0 26 
Feb. 0.280 0 
Mar. 0.180 0 
Apr . .  0.065 0 
May. 0.057 0 
Jun. 0.054 0.067 
Jul. 0.054 0.074 
Aug .. 0.046 0.1 29 
Sep. 0.043 0 
Oct. 0.081 0 
Nov .. 0.147 0 
Dec. 0.255 0.063 

1955 Jan. 0.295 0.1 0 0
Feb. 0.305 0.055 

See also figure I 5 

C. Organic  nitro gen: Table 9 A gives the monthly average concentrations of
soluble organic nitrogen in the surface and bottom water of the lake, expressed in µg
at. /1.-N, (monthly average values for all stations excluding r, 2 and 8) and is represented 

Legenden zu den nebenstehenden Ab bildungen (Tafel 29) 

Fig. 15, showing the variation in the monthly average nitrite concentration, expressed in Ug-at./r. 
N02-N, in the surface and bottom water in the region at the mouth of the drains. 

Fig. 16, showing the variation in the monthly average soluble organic nitrogen concentration, 
expressed in Ug-at./r. N, in the surface and bottom water of the lake proper (in regions 
away from the drains). 

Fig. 17, showing the variation in the monthly average soluble organic nitrogen concentration, ex
pressed in Ug-at./1. N, in the surface and bottom water in the regions at the mouth of the 
drains. 
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graphically in figure 16. The monthly average data estimated at the mouth of the 
drains (stations 2 and 8) is given in table 9 Band figure 17. lt was found unnecessary to 
give a detailed tabulation of the soluble organic nitrogen estimated in the different 
stations, as it showed almost the same rythm, though of different magnitude, as the 
nitrates already described. 

lt could be seen from these data and from the corresponding curves that: 

1. The organic nitrogen concentration, in both surface and bottom water layers, was
markedly higher than nitrites and nitrate nitrogen (see figures 18 and 19). 

2. In the region of the mouth of the drains the surface water concentration of organic
nitrogen was almost always higher than the bottom. In the other regions away from the 
drains this was true during spring but the reverse was observed during autumn. The 
higher organic nitrogen surface concentration during winter 1955 could be correlated 
with the exceptionally high flood which occured during that period. 

3. The surface organic nitrogen concentration showed gradual increase during
winter and early spring, though of different magnitude in the different regions, de
creased during summer to increase again gradually during autumn and the following 
new year winter. 

4. The bottom organic nitrogen concentration showed a marked increase during
autumn, began to decrease gradually during spring and summer and tended to increase 
again in the following autumn. 

Table 9 A 

Mon thl y a v erage  v a l  u e s  of  organic  n i  trogen i n  µg-a t. /1. -N, of th e 
lake  proper (average  of  all s tat ions  excluding 1, 2 and  8 )  

Year Month Surface Bottom 

1953 Nov . . 251.97 341.42 
Dec. 282.1 l 294.68 

1954 Jan. 299.08 280.74 
Feb. 298.93 273.64 
Mar. 304.22 263.73 
Apr. 306.80 234.64 
May. 273.05 222.55 
Jun. 234.63 204.62 
Jul. 211.75 194.20 
Aug . . 188.76 183.84 
Sep. 173.20 176.12 
Oct. 186.85 200.31 
Nov .. 243.03 340.75 
Dec. 286.81 308.77 

1955 Jan. 338.02 280.44 
Feb. 375.84 262.1 l 

See also figure r 6 

Le genden zu den  nebenstehenden Abbildungen (Tafe l 30) 

Fig. 18, showing the variation in the monthly average concentration of the different forms of nitrogen 
(nitrite, nitrate, and organic nitrogen) expressed in f.Lg-at./1. N, in the surface and bottom 
water of the lake proper (in regions away from the drains). 

Fig. 19, showing the variation in the monthly average concentration of the different forms of nitrogen 
(nitrite, nitrate and organic nitrogen) expressed in F·g-at./ I. N, in the surface and bottom 
water in the regions at the mouth of the drains. 
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Table 9 B 

Monthly average v alues  o f  organic  n i trogen  i n  µg -at./1.-N a t  the  
m o u  th  of  the dra ins  ( a v e rage of  s ta tio n s  2 and 8) 

Year Month Surface Bottom 

1953 Nov. 308.5 340.0 
Dec. 340.0 300.0 

1954 Jan. 362.0 280.0 
Feb. 370.0 230.0 
Mar. 352.0 215.5 
Apr . . 364.0 210.0 
May . 3rn.o 208.3 
Jun. 286.0 200.0 
Jul. 262.0 180.0 
Aug. 246.0 174.0 
Sep. 234.0 182.0 
Oct. 253.0 214.0 
Nov . . 286,0 320.0 
Dec. 380.0 300.0 

1955 Jan. 438.0 354.0 
Feb. 440.0 340.0 

See also figure 1 7 

The soluble organic nitrogen concentration in the water within the drains was high, 
remarkably higher during winter 1955, because the drainage flood during that time was 
higher than it used to be. This was reflected into the surface water at the mouth of the 
drains, the fresh drainage water always occupying the surface layers. As the invading 
drainage water rich in organic nitrogen was distributed into the lake, it could be seen, 
as was also the case with nitrates, that there was a progressive increase in the one-fed 
stations whether east or west depending upon its relative distance from the fresh water 
source, whereas the double fed regions showed remarkable high organic nitrogen surface 
values than in the neighbouring regions. 

As regards the remarkable increase in the organic nitrogen concentration observed 
in the bottom water layers during autumn, it could be correlated with the decomposition 
of bottom sediments occuring during this period. 

During the summer months, away from the regions of the drains, the bottom and 
surface organic nitrogen values almost showed similarity, explained through the process 
of vertical mixing described before occuring during summer. In the region of the drains, 
this was not the case, the bottom layers behaving differently from the surface on account 
of the fact that no such diffusion occured as the fresh water was always kept on surface 
of the underlying more saline water. However, during January and February 1955, the 
bottom values showed an increase on account of the admixture of surface and bottom 
water layers caused by the rushing drainage water into the lake. 

Legenden zu den nebenstehenden A b b ildungen (Tafel 31) 

Fig. 20, showing the reverse relation between the monthly average bottom water oxygen saturation 
and the monthly average bottom water o rganic nitrogen. 

Fig. 21, showing the variation in the monthly average phosphate concentration, expressed in Ug
at./r. P04-P, in the surface and bottom water of the lake proper (in regions away from the 
drains). 

Fig. 22, showing the variation in the monthly average phosphate concentration, expressed in Ug
at./1. P04-P, in the surface and bottom water in the regions at the mouth ofthe drains. 
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In the shallow regions of stations 4 and 11, on the northern shore and with a sandy 
bottom, the surface and bottom organic nitrogen concentrations were almost the same. 

In other words, the surface concentration of soluble organic nitrogen was almost 
entirely controlled by the invading drainage water, whereas the bottom organic nitrogen 
resulted from the fermentation and decomposition of the sediments, meanwhile during 
summer there occured vertical mixing of surface and bottom layers in most parts of the 
lake. 

lt could thus be seen that the seasonal variation in the surface and bottom concentra
tion in soluble organic nitrogen showed a similar rythm as exihibited by the nitrates (see 
figures 18 and 19). 

The amounts of organic nitrogen present in lake Qarun were remarkably high, varied 
during 1954 from 176 to 340 (J.g-at./1.-N. For the oceanic waters the total organic 
nitrogen was reported as being 7.2 µg-at./1.-N (RoBINSON and WIRTH, 1934 a& b) and 
IO (J,g-at./1.-N (MoBERG and FLEMING, 1934). However, for some few Wisconsin lakes, 
DoMOGALLA,jUDAY and PETERSEN ( 1925) found a range from about 300 to 600 mg.-N/m3 

21.5 to 43 p.g-at./1.-N). BmGE and JUDAY in 1934, extending their studies on the dis
solved and particulate organic matter and applying it to some 529 Wisconsin lakes 
reported a range of organic nitrogen from o. rn8 to 1 .920 mg./1., with a mean value for 
all lakes of 0.457 mg./1. (32.6 p.g-at./1.-N). 

Soluble organic matter produced from fermentation in the bottom water of lake 
Qarun, was found closely associated with the oxygen deficiency in the bottom (fig. 20). 
HEINRICH ( 1934), WELCH ( 1935) and SEIWELL and SEIWELL ( 1938) have emphasised 
that this phenomenon is the result of bottom material decomposition. 

As to the problem of utilization of soluble organic matter no definite conclusion could 
be given from the present work, and the matter is left for future investigation. However, 
it could be noticed from figure 18 that there was a decrease in organic nitrogen during 
summer. The nitrate concentration, at the same time, showed a slight increase. This 
might suggest some kind of transformation of organic nitrogen to nitrate. Experimentally 
this was proved by VON BRAND, RAKESTRAW and RANN (1937, 1939). 

Curves in figures 18 and 19 show the seasonal fluctuations of the different forms of 
nitrogen compounds studied in the lake proper and at the mouth of the drains respectively. 
lt could be deduced that: 

1. The drainage water with its high content of nitrate, organic nitrogen and occasi
onally nitrite, conditions the surface distribution of these forms. 

2. During late autumn and early winter, the decomposition of bottom sediments in
the lake proper, associated with oxygen deficiency, should account for the increase in 
the observed bottom nitrates and organic nitrogen. However, the case was different as 
regards nitrites, being produced at the bottom during summer. As is discussed later in 
the general discussion the nitrites were more possibly formed through the oxidation of 
ammonia or organic nitrogen by the action of nitrifying bacteria. 

2. Phosphates

The phosphate concentration in  the surface and bottom water, expressed in  (J.g-at./1. 
P0

4
-P, estimated at the different stations during the successive seasons of the present 

study is represented in table 10. The monthly average values for the different stations, 
except 1, 2 and 8 are given -in table l o A and represented graphically in figure 21. The 
data concerning the regions at the mouth of the drains (stations 2 and 8) are given in 
table 10 B and figure 22. 

lt could be seen from these data and from the corresponding Gurves that: 
1. The surface phosphates showed a gradual increase from late autunm to early

spring in the regions away from the drains; whereas in the regions of the drains the 
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increase was up to mid-winter, after which there was a gradual decrease becoming 
completely depleted during summer, after which it began to increase gradually again 
in the following autumn. 

2. The bottom phosphates showed an increased during autumn and early winter,
then decreased, similar to the surface ,  till completely depleted during summer. In the 
following autumn the bottom phosphates began to increase again . 

Table 10 A 

Monthly  averag e phosphate  val u e s  of the lake pro p er 1n µg-at./1. 
POrP, (averag e of al l  s ta ti o n s exc e p t  1, 2 and 8) 

Year Month Surface Bottom 

1953 Nov .. 0.40 o.68 
Dec. 0.47 0.63

1954 Jan. 0.56 0.60
Feb. 0.59 0.57 
Mar. 0.61 0.54 
Apr. 0.38 0.41
May. 0.15 0.19 
Jun. 0.0 26 0.0 27 
Jul. 0 0 
Aug .. 0 0 
Sep. 0 0 
Oct. 0.33 0-49 
Nov .. 0.48 0.70
Dec. 0.60 0.65 

1955 Jan. 0.76 0.62 
Feb. 0.80 0.59 

See als figure 2 r 

Table 10 B 

Mon thly a verag e phospha te val ue s expre ssed i n  µg-a t. /1. of P04-P, 
a t the m o uth of the drain s ( a verag e of s ta t ion s 2 and 8 

Year Month Surface Bottom 

1953 Nov .. o.86 0.60 
Dec. 0.99 0.57 

1954 Jan. I.0 3 0.55 
Feb. 0.75 0.52 
Mar. 0.65 0.49 
Apr . .  0.57 0.33 
May. 0.17 0.0 8 
Jun. 0 0 
Jul. 0 0 
Aug. 0 0 
Sep. 0 0 
Oct. o.68 0.30 
Nov .. 0.89 0.30 
Dec. I.39 0.56 

1955 Jan. I.63 0.54 
Feb. I.60 0.60 

See also figure 22 
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The phosphate concentration in the water within the drains was relatively high 
(table rn7), remarkably higher during winter 1955, because the drainage flood during 
that time was higher than it used to be. This was reflected into the surface water at the 
water at the mouth of the drains; the fresh drainage water occupying always the surface 
layers. As the invading drainage water rich in phosphates was distributed into the lake, 
it could be seen, analysing data in table 1 o, that there was a progressive increase in the 
regions of the one-fed stations whether east or west depending upon its relative distance 
from the fresh water source, whereas the double-fed regions showed remarkably higher 
surface phosphate values than in the neighbouring regions. 

The remarkable increase in the phosphate content of the bottom water layers during 
autumn and early winter could be correlated with the decomposition of the bottom 
sediments during this period. 

In the shallow regions of stations 4 and 1 r on the northern shore with a sandy bottom, 
the surface and bottom phosphate concentration was almost the same. 

In other words, the surface concentration of phosphates was almost entirely controlled 
by the invading drainage water whereas the bottom phosphates resulted from the de
composition of the bottom sediments; meanwhile during summer both the surface and 
bottom water layers were depleted of phosphates. 

It could thus be seen that the fluctuation in the phosphate concentration during the 
different seasons was almost similar to the seasonal rythm shown by the nitrates and 
organic nitrogen, though naturally of different magnitude. 

The phosphate concentration in lake Qarun varied, on an average, between o and 
o. 7 f).g-at./1. P0

4
-P. For the sea, it was reported to vary between o and 0.3 µg-at./1. 

whereas in the oceans it varied between 0.20 and 3.5 [.Lg-at./1. (SvERDRUP, et al., 1949)., 
JuDAY, BIRGE, et. al. (1928) found that in 15 Wisconsin lakes the total phosphorus 
detected ranged from 0.012 and 0.04 mg./1. of surface water ( 0.4-r.3 µg-at./1), whereas 
for deep water it varied from 0.017 to 0.75 mg./1. (0.54-24.3 v-g-at./1.). The authors 
howerver considered these quantities to be small. The same authors in 193 r, for some 
other Wisconsin lakes, reported the mean quantity of soluble phosphorus in surface 
water to be 0.003 mg./1., ranging from o to 0.015 (i.e o to 0.05 µg-at.l.). The ranges 
reported by the latter authors apparently covers the phosphate concentration estimated 
by FDLLER and CooPER ( 1946) for the lakes in Mount desert island region of Maine; 
by HAYES (1947) for the Nova Scotia Fisheries; and by SMITH (1952) for the Charlotte 
County lakes. 

For the seasonal variation in phosphate concentration, PHIFER and THOMPSON ( 1937), 
at Friday Harbour, found maximum values in winter and lowest in summer due to 
phytoplankton utilization, as was also proved by SAWYER (1947). Similar conditions 
prevailing in lake Qarun will be discussed later in the general discussion. 

Regeneration of phosphates from the decaying dead plants and animals was proved 
by CooPER in 1938, finding a more rapid regeneration from animal plankton than from 
diatoms. However, SvERDRUP, et al. ( 1949) emphasises that regeneration in nature 
requires three to four months. This might explain the maximum phosphate concentration 
in lake Qarun observed during winter from the decaying sediments during autumn. * 

In Part II will be given: 

The experimental results concerning the estimation of silicates, iron, Sulphides 
phytoplankton and zooplankton distribution, and the nature of the ingested food of 
fishes present in Lake Qarun, together with a detailed general discussion correlating the 
factors studied with the biological productivity of the Lake. 

*) Rem a r  ks: Due to technical difficulties, it was not possible te print the detailed tables. 
However, thesc tables could be obtained directly from the author. 
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Zusammenfa ssung 

1 .  "LakeQarun", das Gebiet der vorliegenden Untersuchung, nimmt den niedrigsten 
Teil der Faiyum Niederung ein, welche ungefähr 100 Kilometer südwestlich von Kairo 
liegt. Der See ist ein geschlossenes Becken ohne sichtbaren Ausfluß. Er nimmt Ab
leitungswasser von den benachbarten Äckern auf durch ein System von 12 Ableitungs
gräben, von denen die „Bats" und „Wadi"-Gräben die Hauptkanäle sind, die den 
See an der Ost- bezw. mittleren Südseite erreichen, während die übrigen Ableitungs
gräben sehr klein sind und dem See verhältnismäßig wenig Wasser zubringen. 

2. Die wichtigen physikalischen und chemischen Faktoren, ·welche die biologische
Produktivität des Sees beeinflussen können, wurden untersucht. 

3. a. ,,Lake Qarun" zeigt keine genaue thermale Schichtung, die Birg's Gesetz folgt,
welches eine vertikale Abnahme um 1° C pro Meter Wasser für Seen, die einer thermalen 
Stratifikation unterliegen, fordert. 

b. ,,Lake Qarun" ist nach der Einteilung von THIENEMANN ( 1922) als ein tropischer
See dritter Ordnung anzusehen. 

c. Die hohe Sommertemperatur hat eine direkte Beziehung zum Abfallen des
Wasserstandes und zu dem erhöhten Salzgehalt im Sommer, hervorgerufen durch die 
übermäßige Verdampfung. 

4. a. ,,Lake Qarun" wird als „highly brackish" angesehen. Der durchschnittliche
Salzgehalt während des Jahres 1954 war ca. 22°/00 (maximaler Salzgehalt für Oberfläche 
und Grund: 25,5°/

00; minimaler Salzgehalt für Oberfläche 17,9°/00 für Grund 21°/00). 

b. Die allgemeine Verteilung des Salzgehaltes in den verschiedenen Zonen des
Sees und die jahreszeitlichen Schwankungen werden einerseits durch das im Herbst 
und frühen Winter in den See einfließende frische Ableitungswasser und andererseits 
durch die Temperatur gesteuert. 

c. Es wurde festgestellt, daß der Salzgehalt von „Lake Qarun" Jahr für Jahr
ansteigt durch die Anhäufung von Salzen, die durch die Ableitungsgräben in das ge
schlossene Becken hineingebracht werden. Es muß in dieser Beziehung erwähnt werden, 
daß Tilapia zilli fast der einzige der ursprünglichen Frischwasser-Fische des Sees ist, 
zu denen vordem Tilapia nilotica, Anguilla vulgaris und Lates niloticus zählten. Offenbar war 
T. zilli die einzige Spezies, die bislang das fortschreitende Anwachsen des Salzgehaltes
tolerieren konnte.

5. Der pH-Wert des Seewassers schwankte in engen Grenzen; der durchschnittliche
pH-Wert während des Jahres 1954 war ca. 8,2. Die pH-Werte der Sedimente waren 
niedriger, besonders im Spätherbst und frühen Winter (pH = 7,1), dies mag auf die 
Produkte der erhöhten Fermentation zurückzuführen sein, die während dieser Periode 
auf dem Grunde vor sich geht. Man ist geneigt die in engen Grenzen wechselnden 
pH-Werte in „Lake Qarun" bezüglich ihrer Wirkung auf die Produktion von Phyto
plankton oder das Überleben der unterschiedlichen Fauna des Sees zu vernachlässigen. 

6. ,,Lake Qarun" wird zu dem „Bikarbonat Typ" gezählt. Die gefundenen Mengen
an Karbonat ·waren zu gering im Vergleich mit Bikarbonat ( durchschnittliche Karbonat
Konzentration: 43,8 mg/1 und durchschnittliche Bikarbonat-Konzentration: 159 mg/1, 
gerechnet als CaC03). Das frische Ableitungswasser, das in den See hineinfließt, ist 
reich an Bikarbonat und ist fast karbonatfrei. 

7. ,,Lake Qarun" zeigt chemische Schichtung, was die Sauerstoffsättigung anbetrifft,
besonders gekennzeichnet im Herbst und frühen Winter. Während dieser Periode 
mangelte es in den Grundwasserschichten an Sauerstoff; die durchschnittliche Sättigung 
betrug 45%, In einigen Regionenjedoch war völliger Sauerstoffmangel im Grundwasser. 
Verbunden mit diesem Mangel an Grundwasser-Sauerstoff war eine Zunahme an 
organischem Material im Grundwasser und erhöhte Sulphid-Produktion in den Sedi-
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menten (in Part II.). Die Schichten des Oberflächenwassers waren dagegen mit Sauer
stoff fast gesättigt, außer während der Sommermonate, in denen die hohe Temperatur 
und der erhöhte Salzgehalt für die abnehmende Löslichkeit des Sauerstoffs verant
wortlich sind. 

8. Die jahreszeitlichen Schwankungen der untersuchten Nährsalzkonzentrationen
(Nitrate, Phosphate) folgten im allgemeinen in ihren Oberflächen-Schwankungen der 
Verteilung des frischen Ableitungswassers, welches reich an diesen Nährsalzen im 
Herbst und frühen Winter in den See hineinfließt. Eine Regeneration dieser Nährsalze 
scheint durch die verwesenden Organismen während des Fermentationsprozesses in den 
Sedimenten im späten Herbst und frühen Winter stattzufinden. 

g. Das Vorkommen und die Verteilung von Stickstoffverbindungen in „Lake Qarun":
Nitrite, Nitrate und löslicher organischer Stickstoff wurde untersucht. Es wurde fest
gestellt, daß der See reich an Nitraten (Durchschnitt 46 µg-at./1 N03-N) und organi
schem Stickstoff (Durchschnitt 256 µg-at./1 N) ist. Der hohe Gehalt an Nitraten und 
organischem Stickstoff in „Lake Qarun" ist zurückzuführen auf die reiche Versorgung 
mit Ableitungswasser von stickstoffgedüngten Ländern. Das Nitrit andererseits war 
sehr niedrig, durchschnittlich variierend zwischen o bis 0,125 [J.g-at./1 N0

2
-N. Die 

Stellung des Nitrits als ein Glied im Stickstoff-Kreislauf in „Lake Qarun" wird in 
Teil II diskutiert. 

10. Die Phosphat-Konzentration in „Lake Qarun" variierte durchschnittlich zwischen
o und 0,7 µg-at./1 P0

4
-P. Das Wasser des Sees, Oberfläche und Grund, war während des

Sommers frei von Phosphat.
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