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ABSTRACT

Sediment samples were coljected from six Egyptian
takes and subjected to some physical and chemical
investigations. The percentages and amounts of
different components of each lake sediments were
compared with those of the others 1n order to
fllustrate the variations tn composition of the
Egyptian lake sediments.

Variable amounts of organic matter, calcareous
substances, allochthonous materials and diatom-
silica were deposited on the bottom of the Egyptatn
lakes. The dfistribution of these compunents in the
Egyptain lake sediments was found dependet wainly
upon certain factors which were discussed.

INTRODUCTION

Lake Manzalah, Lake Brollus, Lake Edku, Lake Mariut and the Nozha
Hydrodrome are situated at the north of the Nile Delts. Lake Qarun,
however, is situated in upper Egypt southwest of Cairo (Fig.1). These lakes
represent the major part of the Egyptain inland water bodies. The first
three lakes are connected to the Mediterranean Sea, and hence their
chlorosity varies according to locality and season., All these lakes receive
drainage waters, except the Hydrodrome which only feeds from the Nile
water. Lake Manzalah, the largest Delta lake, has an area of about 350,000
feddans ( one feddan is equivalent to 4200 mj). Its water depth ranges from
60 to 120 cm. This Lake is also connected to the Suez Canal and the Damietta
Branch of the Nile. The area of Lake Brollus, the second largest Delta
lake, reaches 146,000 feddans and its depth varies from 70-240 cm. Lake
Edku has an area .9f sbout 30,000 feddans, and its depth ranges from 50
to 150 cm. Lake Mariut is artificially divided into four parts. The Lake
proper, from which the sediment samples were collected, has an area of
6500 feddans and its depth varies from 80-150 cm. The Hydrodrome, which
was artificially separated from Lake Mariut, has an area of 1200 feddans,
and an average depth of 3 meters. Lake Qarun, an inland closed basin, has
an area of about 50,000 feddans and its depth may reach 9 meters.

The total fish production in Egypt depends mainly on the inland water
bodies of the country. It was necessary to carry out intensive limnological
studies on the Egyptian inland water bodiés to evaluate thelr fertility with
regards to their fish production. Consequently, we have started in 1968
e modern limnological program for studying these waters. The results of
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this program covering several papers have dealt with the limnological
characteristics of the Egyptian inland waters, with particular reference
to the problems of pollution. The investigations of bottom deposits of these
waters were also involved in this program, since the sediments are very
important for the production of the lakes.
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The present work was undertaken to study the nature and .composition
of sediments collected from the six Egyptian lakes described above and
to compare the results obtained from each lake with those of the other.
Such comparison seems to be of particular importance since each lake
has its own limnological characteristics.

MATERIAL AND METHODS

Sediment samples were collected from three different localities of each
lake using a modified Ekman-bottom sampler. The samples of Lake Manzalah,
Lake Brollus, Lake Edku, Lake Mariut, Nozha Hydrodrome and Lake Qarun
were mixed to from the composite Ay, Ag, Az, A4, A5, and Ag, respectively.

The density of wet mud was determined, on the game day of collection,
using a pyknometer. The density of dry mud was calculated from the density
of wet mud and the water content (Saad, 1970). The amount of water was
determined by drying the wet sediments in an oven at 105 C®. The organic
matter was determined by igniting aboyt 500 mg dry mud in a muffel furnace
at 525° C for 4~5 hours (Ungemach, 1960). The HCl-soluble and insoluble
fractions of the deposits were determind by adding 12.5% HC1 to the
remaining inorganic parts of the sediments in conical flasks, which were
heated for one hour on a hot plate. Filtration was carried out using ashless
filter paper. The dissolved fractions of the sediments were considered as
calcareous substances and the undissolwed parts as allochthonous materials
plus diatom shells. The carbonate-soluble (diatom) silica was determined
photometrically using the method described by Mullin and Riley (19855),
and modified by Tessenow (1964).

RESULTS

The data of different constituents of the co
and Ag are represented as percentages per dry mmug“i!ﬁt:de:lzg ’g’i:g’:‘g"::&
idea about the percentage distribution of different copmonents g¢f the |
sediments of the Egyptian Lakes (Tahle. 1). The data obtained from all
Lakes, except those of Lake Manzalan, were also galculated in kg per m?
wet mud in order to give a good pjeture for copmaring the amouhts of
different constituents of the sediments of each Lake with those of the

g)theu. The silica content was calculated in g per m2, due to its value (Fig.

The sediments of Lake Mariut had the maximum value
(70.92%) and the minimum value of dry matter (29.08%;7..r \(v’;te‘rh:og::::
:\:nc;, the deposits of Lake Edku gave the minimum value of water content

5.63%) and the maximum value of dry matter (54.37%). The water content
and dry matter of the Hydrodrome sediments gave relatively high and low
values of 67.60 and 32.40%, respectively. On the other hand the deposits
of Lake Qarun had a relatively low value of water content (61.67%) and
a high value of dry matter (48.33%)
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TABLE 1
Densfty of the wet and dry mud, as wall as the
parcentage of some constituents of the sediments of the Egyptian lakes.

Water Dry Organtc Calc. Alloch Si sao.
Sample Lake d watter matter subst- materi- § ]
wt mud  dry mud s 1 % ances fals
X -
Al Manzalah - - - - §.60- 53.58 40.2% 0.54 1.17
Az Borollus 1.37 .17 60.23 »n.77 15.01 41.38 42.88 0.78 1.60
A3 Edku 1.62+ 3.16 45.63- 54.37+ 7.48 31.82- 60.21+ 0.49- 1.06-
Ay Marfut 1.26- 3.844 70.92+ 29.08- 15.21+ 53.72+ 30.41- 0.66 1.41
Ag Hydrodroma 1.28 2.89- 67.6Q 32.40 9.63 39.97 49.%9 0.81+ 1.73+
As run 1.51 3.09 81.67 48.33 3.97 42.84 47.39 0.81+ 1.72
N.8.: The maximm values are desfgnated by (+) and the minimum values by (-).
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Fig. 2
Amount of d{fferent components of the sediments of tha
Egyptian Lakes.
A = water, B= dry matter, C = organic matter
D = Calcareous substances, E = allocthonous
materfals, F = Si,
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The maximum value of organic matter (15.21%) was found in the sediments
of Lake Mariut, Whereas the minimum value of 5.60% was recorded from
the deposits of Lake Manzalah . The organic content of Lake Brollus sedments
also gave a high value of 15.01%. The sediments of Lake Edku, Nozha
Hydrodrome and Lake Qarun had relatively low values of organic matter
which reached 7.48, 9.63 and 8.97%, respectively.

The maximum value of calcareous substances (53.72%) was found in the
sediments of Lake Mariut, whereas the minimum value of 31.82% was
recorded from the deposits of Lake Edku. The sediments of Lake Manzalah
also had a high value of calcareous substances (53.58%). The deposits of
Lake Brollus, Nozha Hydrodrome and Lske Qarun gave nearly similar low
values of calcareous substances, which reached 41.38, 39.97 and 42.84%,

respectively.

The maximum value of allochthonous materials (60.219%) was found In
ihe sedimants of Lake Edku. However, the value of these materials reached
a minimumn of 30.41% in the deposits of Lake Msriut. Relatively high values
of allocitthonous material were also recorded from the sediments of Nozha
Hydrodrome and Lake arun. These values reached 49.59 and 47.39%,
respectively. On the other hand, the deposits of Lake Manzalah and Lake
Brolius hud relatively low values of allochthonous materials of 40.27 and
42.86%, respectively.

The maximum value of diatom-silicg (1.73%) was found in the sediments
of the Hydrodrome. However, the minimum value (1.06%) was recorded
from the deposits of Lake Edku. The sediments of Lake Brollus and Lake
Qarun <!so gave high values of silica, which resched 1.60 and 1.72%,
respectively. On the other hand, a relatively low sgilica value (1.17%) was
recorde? from Lake Manzalah sediments. The deposits of Lake Mariut gave
an intermediate value of silica {1.41%),

The maximum value of wet density (1.62 g/cm3) was fomwdﬁ;?:-l.he sediments
of Lake Edku, whereas the minimum vbalue of 1,26 g/em< jwas recorded
from the deposits of Lake Mariut. The Hydrodrome sediments also gave
a low value of wet density (1.28 g/em3) which is nearly similar to that
of Lake Mariut.

Ee ‘maximum and minimun values of dry density were found in Lake
Marlut and Hydrodrome sediments, 3.84 and 2.89 g/cm3, respctively. The
density of dry mud also gave relatively high values in the sediments of
Lake Brallus, J.,ake Edku and Lake Qprun. These values reached 3.17, 3.18
and 3.09 jlem3, respectively. :

The amdunt of water found In the sediments of Lake Mariut reached
& maximim of 8.9 kg/m?, whereas that in the deposits of Lake Edku gave
a minimum of 7.00 kg/m2. The quant{ties of water found {n the sediments
of Lake Brolluy and the Hydrodrome were relatively high reaching 8.3
and 8.6 kg/m3,respectively. However, ghe amount of water {n the deposits
of Lake Qarun Was relatively small (’l.h ‘!c/mz). '
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The (suantlty of dry matter precipitated on a unit area df the Lake bottom
(one ) rerached a maximum of 9.2 kg in Lake Edku sediments and a
minimum of 3.7 kg in Lake Mariut sediments. The amount of dry matter
in the deposits of Lake Qarun was relatively high (7.3 kg/m2). However,
the dry matter of Lake Brollus and the Hydrodrome sediments gave
rolatlvely small amounts of 5.5 and 4.2 kg/m2, resgectively.

" he amount of water found in ‘¢ gediments of Lake Mariut reached
a maximum of 8.9 kg/m2, whereas that in the deposits of Lake Edku gave
a minimum of 7.00 kg/mi The quantities of water found in the sediments
of Lake Brollua and the Hydrodrome were relatively high reaching 8.2
and 8.6 kg/m3, respectively. However, the amount of water in the deposits
of Lake Qarun was relatively small (7.8 kg/m?2).

%uantity of dry matter precipitated on a unit area of the Lake bottom
(one mZ) rerached a maximum of 9.3 kg in Lake Edku sediments and a
minimum of 3.7 kg in Lake Mariut sediments. The amount of dry matter
in the deposits of Laké Qarun was relatively high (7.3 kg/m2). However,
the dry matter of Lake Brollus and the Hydrodrome sediments gave
relatlvely small amounts of 5.5 and 4.2 kg/m ’ respectnvely.

The amount of organic matter deposited on one m2 of the bottom of
Lakg Brol.lua reached a maximum of (.8 kg. However, a minimum amount
(ﬁ,l “lcgim ) was recorded from Lake Edku and the Hydrodrome sediments.
Relatively gréat quantities of organic matter of 0.6 and 0.7 kg/m2 were
found ln the sediments of Leke Mariut and'Lake Qarun, respectively.

‘The quantity of calcareous substances gave a maximum of 3.1 kg/m2
in Lake Qartn sediments and a minimym of 1.7 kg/m2 in the Hydrodrome
.deposits. Intermediate amounts of these substances were obtained from
tpe udlmenty f Lake Brollug, Lake Edku and Lake Mariut. These amounts

and 3.0 kz/m’. respectively.

'1‘hc M of t!!od\thonomt rhaterials precipitated on one m‘ of
the lake bottom resched a maximum of 6.4 kg in Lake Edku sediments
and a m}nimum of 1.1 kg in Lake Mariut deposits. A relatively great amount

s materials (3,5 kg/m2) was found in Lake Qarun sediments.

Howevi M materials gave relstivgly small quantities of 2.4 and 2.1
kg/mz in thc depoaita of Lake Brollus d the Hydrodrome, respectively.
"’lﬁ 1‘:

guantlty of eirbonate—ooluble (dlatom) silica gave a maximum of
87 g/m in Lake Qarun sediments and '8 minimum of 23 g/2 in Lake Marfut .
" deposits. Intermediate amounts of diatom-silica were found in the sedimenh
_of Lake Brollus, Lake Edku and Hydrofjeome, reaching 40, 30 cnd 37 g/m?,
ngcctlvely. o

 DISCUSBION

The quality @nd quantlty of materiajs posited on the bottom ot
Egyptlan lakq( m n{fected by certain inm and external events.



latter have a considerable effect on the nature, composition and distribution
of the Egyptian lake sediments (Saaq and Arlt, 1977; and Saad, 1987). All
Lake receive large amounts of drainage waters, except the Hydrodrome
which feeds only from the Nile water, The drainage and the Nile waters,
which are enriched with silt and clay particles, continuously transport to
the lakes great quantities of allochthonous materials. Lake Manzalah, Lake
Brollus and Lake Edku are connected with the Mediterranean Sea by a narrow
slit through which the sea water may enter into these lakes and reach a
great distance inside them. The sea water may transport to these lakes
considerable amounts of sand. Morepver, Lake Brollus and Laeke Qarun
are bordered at their northern sides by sand dunes. The sand particles
are carried away by the effect of the prcvalllng wind to settle on the bottom
of the northern sides of these lakes., )

The allochthonous mineral materials entering into the Egyptien lakes
are distributed on most areas of their bottom and covered the allochthonous
organic sediments or mixed with them. Consequently, the exchange of
elements between the sediments of these regions and the upper free water
is greatly reduced under this condition (Ohle, 1960, 1962, and 1084;
Ungemach, 1960, and Saad, 1970 and 19§4).

The maximum density of wet mud found in Lake Edku sediments is mainly
due to the great increase in the amoupt of dry matter, which reached the
maximum value, and the decrease in the amount of water content to reach
the minimum value. Such increase in the amount of dry matter ih the deposits
of Lake Edku can be attributed pripcipally to the large qiantities of
allochthonous minerogenic materials pntering into this Leke via dralnage
and sea waters. These allochthonous materials gave the Tiaximtim value
in Lake Edku sediments (Table 1, Fig. 2).

The minimum density of wet mud found in Lake Mariut sediments was
assoclated with the maximum density of dry mud. This minimuin wet density
is mainly due to the great decrease in the ambunt of dey matter, which
reached the minimum value, and the increase in the amount of wa(cycontent
to reach the maximum value (Table 1, Fig. 2). Such incréase in the -amount
of water content is due principally fo the change in the nature’ of Lake
Mariut sediments. These deposits were soft and rich in water content, due
to the continuous supply of sewage and industrial wastes into this Lake,
(Sead, 1972 b). The great decrease in the amount of dry matter in Lake
Mariut sediments coincided with .great decrease in the amount of
allochthonous materials. which reached the minimum value in these
sediments.

Varfable amounts of organid' matter wers dapostted on ors W% of the
bottom of the Egyptian lakes (Fig. 2). The great quantities of organic matter
found in the sediments of Lake Brollus end Lake Qarun are mainly due
to the incresase in the amount of allochthonous knd autechthonous prganic
matter reathed the bottom of thesq lakes (Sadd, 1084). The delressd in

the rate of decomposition fc ¢ in th VY iy >
be also conslderad. ‘ocganic mettet In the lake sediments must
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The minimum quantities of organic matter found in the sediments of
Lake Edku and the Hydrodrome are attribyted principally to; 1) the decrease
in the amounts of allochthonous and autochthonous organic matter reaching
the bottom of these lakes; 2) the increase in the intensity of mineralization
of organic matter in the lake sediments; and 3) the increase in the rate
of sedimentation of mineral matter in these lakes (Saad, 1972a): The latter
factor seems to-be the fhain one, since these two lakes continuously receive
considerable amounts of minerogenic materials. Lake Edku receives these
materials from the drainage and sea water, whereas the Hydrodrome receives
them from the Nile water. According to Saad (1970), the rate of aerobic
mineralization of organic matter was found to increase in localities rich
in mineral matter.

Lake Mariut receives lerge amounts of allochthonous organic matter
in sewsgs and industiinl war which continuously enter into this Lake
as a result of severe poliutics. The autochthonous crganic production of
this Lake was elso relatively high. It wuold be expected that the high organic
content ¢f Lake Mariut waier nust be followed by somewhat similar high
organic velues of ifs sedinierts, However, the organic content of Lake
Mariut sediments v.ex relstirely low, due to the high intensity of
decompesition of c-ooafe wnitor fgvoured by the specia! apvironmental
conditions in the tegirr (Fi-Wa ool 19048 and Saad, 1972b}.

The bottom of Egypiui: lskes is characterize” by great accumulations
of calcareous shells and siiell fragments of caler nus organisms. Variable
amounts of calcareous substances wera found in ¢ unit area (one m2) of
the bottcm of the Egyptain lakes (Fig, 2}. The gread amounts of calcareous
substances found in the sediments of Lake brollus, Lake Edku and Lake
Qarun are ¢ie to the sbundance of calcareous shells on the bottom of these
lakes (El-Wakeel, 1984b; Saad snd 1874 and 1984; Saad and Arlt, 1977).
This evidence is very clear in Lake Qarun sediments, which gave the
maximum amount of calcareous substapces, ;7 a result of it :: e ¢ =ont
with calcareous shells.

The small quantities of calcareous substances found in the Hydrodrcmie
and Lake Mariut sediments coincided with relative decrease in the amount
of calcareous shells on the bottom of these lakes. Such decrease of calcareous
shells may be due to; 1) the enviropmental conditions, which might be
unfavourable for the growth of calcareous organisms; 2) the solution of
calcium carbonate, which may occup after death of the organisms; and
3) the increase in the rate of supply of noncalcareous substances. The latter
factor seem to be the main one, since these two lakes continuously receive
great amount of noncalcareous substapces. The Hydrodrome receives these
substances from the Nlle water, whereas Lake Maruit receives them from
the drainage waters, sewage and industrlal wastes.

Different amounts of shellsdiatom-silica were found in one m2? of the
bottom of the Egyptian lakes (Fig. 2), This is attributed principally to the
nature and type of sediments of these lakes. The maximum amount of diatom-
silica found in Lake Qarun sediments pelects the richness of these sediments
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with diatom shells (Saad, 1971, 1987 and 1984). It may be concluded that
the environmental conditions necessary for the growth of diatoms were
favourable at the time of deposition. The diatom frustules in these sediments
were also subjected to a high degree of preservation. In other words, the
rate of release of silica from these sediments into the free water might
be greatly reduced.

The minimum amount of diatom-silica in Lake Mariut sediments coincided
with the scarcity of diatom frustules in these sediment.s. According to
Saad (1971), this condition is mainly related to the considerable changes
in the nature and composition of Lakeé Mariut sediments which occurred
in the last years as a result of sevepre pollution. The sludge has deposijted
on the bottom of Lake Mariut in great amounts. This sludge covered the
successively deposited diatom frustyles and made them unavailable to the
Ekman-bottom sampler. Therefore, the bottom sampler collected the surface
sediments with only relatively small amounts of diatom shells.
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