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CHEMICAL CONDITIONS IN BARDAWIL LAGOON
III- SOME LIMNOLOGICAL STUDIES
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ABSTRACT

Some physical and chemical {nvestigations of the Bardawil
lagoon, en Egyptian Lagoon, were studied and discussed.
variatfons of the secchi dise readings, hydrogen idon
concentration, chlorisity and dissolved oxygen were
correlated with the Mediterranean water introduced {nto the
lagoon. The high rate of evaporation due to arid conditions.

INTRODUCTION

The Bardawil Lagoon, One of the largest salt water
lagoons in the northern coast of Sinal province of Egypt, is
an interesting egosystem with an average water spread area
of about 1440 km“, Its average depth is 2.5 m. The Lagoon is
connected to the Mediterranean Sea through Boughases I and
IT (Fig. 1). The Lagoon is subjected to tidal effect, arid
conditions and high evaporation (Yitzhak, 1971; Siliem, in
press). No stream flow into it. The mouth of the Lagoon gets
silted up and closed, but since 1986 the digout of the two
Boughases continue to prevent this silted up.

The importance of fisheries economy of Egypt depends
mainly on the Egyptian lakes, So, it was necessary to make
intensive studies on the environments and biology of these
lakes in order to evaluate their. productivity with regards
to their fish production. Yitzhak (1971) studied the cations
and anions of the waters collected from three parts of the
lagoon, also sediment was identified by X-Rays.

In mid 1985 and through 1986, we have started a new
program for studying the Bardawil ©Lagoon. This program
coverd diffeent limnological aspects and was proceed by a
team of several workers. It 1is hoped that this ney study
will help to improve fisheries in such ecosystem. The first
result of this program a Technical report (in Arabic 1986)
was on the investigation of the hydrobiological studies on
the hypersaline Bardawil lagoon.

The present work is caried out to study some limnological
characteristics of the Lagecon and to compare the data
obtained with those from other lakes and to improve its
fisheries.
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MATERIALS AND METHODS

Sampling locations are indicated in Fig. 1. Water samples
for physico-chemical studies were collected at 6 stations
(1-6) ~in the western zone, one station (7) in the inner
Lagoon and five stations (8-12) in the main Lagoon. The
water samples were collected by Ruttner sampler and pug in
well stoppered polyethylene bottles of about one liter
capacity.

Sampling was carried out during 1985-1986. The water
temperature was measured with the thermometer in the sampler
during sampling. Transparency measurements were made with a
white enamilled secchi disc 25 cm in diameter. The pH of the
water samples was determined using pH meter model 720. Total
chloride and dissolved oxygen were carried out according to
Anonymous (1965).

RESULTS

Transparency

Table 1 shows seasonal and regional variations of secchi
disé readings in Bardawil Lagoon. Station 11 had lower
values of secchi disc readings than the other statjons
followed by stations 10, 12 and 9 respectively. An average
annual maximum and minimum values of secchi disc readings
reached 183 and 107 c¢m at stations 3 and 11, respectively.

In addition, the seasonal average higher and lower values of
secchi disc readings reached 156 and 132 cm in July and
October respectively.

Temperature Measurements

The average air temperature, surface and bottom water
temperatures in the Bardawil Lagoon during the study period
are given in table 2. The air temperature recgrded a maximum
of 30.2°C in July 1986 and a minimum of 15.79Y C in January.

The water temperature of the ILagoon obviously followed
more or less that of the air. The average surface water
temperature varied from a maximum of 30.27°C in July 1986 to
a minimum of 16.17%C in January. The bottor water
temperature varied slightly than that of the surface in
summer , while in winter, it showed a uniformity_in January
(16.17 C). It recorded a higher value of 10.41° C in July
to a lower of 16.17° C in winter.

Hydrogen Iom Concentration

3. The pH of the surface water ranged between .5 and 8.6
with an average value of 8.09 and the bottom watex pH ranged
between 7.2 and 8.76 with an average of 8.1. Local and
seasonal varjations of pH were recorded at Adifferent
stations during the study period. The regional average pH
values showed slight differences at all stations in the

The pH values obtained at all stations are givzr in table
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TABLE 1

Seasonal and regional variations of Secchl disc readlngs (cm)
in the Bardawil Lagaoon
STATIONS
Seaso—
i Z2 3 4 3 & 7 8 ? 10 11 12 nal
average
Aug. §$.D. 135 133 180 220 1283 190 143 - 150 160 120 110 153
1983
Nov. S.0. 145 113 195 170 130 180 140 123 113 140 {20 110 142
Jan. S.0. 173 173 160 135 190 (33 130 156 ao 85 .85 123 133
1986
Apr. S.D. 160 140 17.0 140 100 200 200 140 180 130 100 130 149
. +
Jul, S$.D. 200 1460 193 - 200 140 215 130 140 90 100 130 15¢&
fNct. S.D. 173 165 200 100 100 1460 120 130 140 40 120 119 132
Regional 5.D. 171 148 163+ 196 144 167 158 143 134 114 107 123 144
average
value
TABLE &
The average water temperaturg (L ) for surface (§), hottom (b))
af the Bardawil Lagoon waterse apd alr temperature (Ta)
.at time of collectlon.
Aug. Sept. Nav. Jan, Fed. Agr. May. Jut. Oct. Nov., Mean
19685 1786 average
value

Atr 29.63 28.75 20 15.79 19 23.82 24.0 30.2 26.28 16.94 £3.64
temp.
Water 29.43 27.63 18.91 14.17 16.4 23.43 2&6.4 30.87 @3 16.0 22.99
temp.
(S)
Hater
temp. 29.69 28.38 19.0 16.17 16.3 23.49 2&.7 30.41  23.7 16.36 23.ad
(b}
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lLagoon. A minimum and maximum value of 7.95 and 8.16 in the
surface water were recorded at stations 11 and 1z,
respectively. For the bottom water, the maximum and minlmum
pH values were 8.21 and 7.92 at stations 1 and 11,
respectiely. Generally, the bottom water had a slightly
lower pH values than the surface one.

The seasonal average pH values gave aminimum of 7.78 for
surface and bottom waters in January 1986 and a maximum of
8.3 for surface and bottom waters in November 1985,

Chlorosity Content

The chlorosity values expressed for the Bardawil Lagoon
waters in the surface and bottom during the period of
investigation are given in table 4. It is clear form the
data ogtained that chlorosity showed regional variations.
The Mediterranean Sea water inrushing through Boughazes 1
and II gave exceedingly low chlorosity values. Stations 4, 5
and 9 taken in the vicinity of Boughazes I and II showed
relatively lower chlorosity values than those in the other
stations taken further away from these Boughazes. Exclusing
the inner lagoon (station7), the regional average chlorosity
values varied from a maximum of 31.5 and 37.01 g/1 recorded
£ both surface and bottom water layers at station 2 and a
minlmum of 21.8 and 25.91 g¢g/1 for both surface and bottom
waters, respectively at station 4.

The seasonal average chlorosity content ranged between a
maximum of 33.06 and 36.15 g/1 in Aug. 1985 before the
dinging processes of DBoughazes I and II, to a minimum of
23%.36 and 25.7 g/1 in January during the continuous digging
processes »f Boughazes 11. Generally, the chlorosity of the
lagoon waters reached an annual average value of 27.75 g/1
at the surface and 32.5:¢ g/l near the bottom.

Dissolved Oxygen

Seasonal and regional variations of DO for the Bardawil
Lagoon waters during the study period are given in table 5.
Generally DO had normal concentration and distribution in
the Bardawil Lagoon. Also, the bottom water, more or less,
at all stations gave relatively higher values than the
surface water at the same stoations. The regional average
surface values varied from a maximum of 5.38 ml/1 at station
8 to a minimum of 4.05 ml/1 at station 3. A maximum of 5.25
ml/l and a minimum of 3.94 ml/1l at stations 8 and 1 for the
bottom layer, respectively, were recorded.

The values of DO in summer 1985 and 1986 were lower than
those found in the other season for both surface and bottom
waters. The surface seasonal average maximum and minimum
values of 5.8 and 3.99 ml/1 were found in January and April
respectively. The bottom seasonal average maximum and
minimum DO values of 6.19 and 4.07 nml/1 also were recorded
in January and April.
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TARLE 4

Chloride content {(g/1) in the Bardawil lLagoon
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TABLE S

AP I oo et 111 AT

in the Bardawil Lagoon water .

STATION Seasonal
- i 2 3 4 5 & 7 8 9 10 11 12 average
Aug. & - - 3.75 4.9 7.95 4.2 3.78 3.5 - 3.9 3.4 3.3 3.8 4.13
1985 B - 6.56 5.6 B.00 4.5 3.b6 3.6 -~ 4.9 3.55 3.64 6.22 4.62
Nav. S 4.98 S5.34 4.76 B.3 4.94 5.14 4.79 4.76 5.23 4.4 5,23 5.04 5.03
B 5.37 5.52 6£.71 B.2 9.32 S5.49 3.89 4.79 3.86 4.6 4,66 5.72 5.28
Jan. S 5.5 3.8 5.8 7.8 7.E83 5.4% 3.18B 6.17 6.197 5.47 5.0 5.47 5.8
B 3.8 6.0 T.9 7.78 &£.63 6.25 6.6 6.BH D.14 5.9 BB b.47 6.17
Aps .. 5 1.5 W79 2.37 B.1 3.79 6.81 4.08 5.93 4.69 4.6 4.3 2.73 3.94
B L.oth 156 1.G7 BUEg 3.93 7.47 3.58 6.68 4.77 4.77 4.4 2.08 4.07
Jui. 8 4 .46 4.35 &.85 - J3.B7 3.8% 5.13 5.0 3.96 3.463 4.00 4.28 4.22
B 3.37 3.51 .27 - 3.89 3.7% 3.2% S.14 4.28 3.37 .63 3.67 3.87
Oct. 5 E.0% 4.7 4,0 4,15 4.00 4.3B .47 4.02 4.4 4.22
] V.97 4.95 4,15 3.88B 3.74 &.88 6.54 4.02 4.1% 4,01
T EL0h BLG. IR 6.3& 4,31 4, F9 6 .06
fle G 6T L0 87 A6 A al &.32% Gonh
s = Hotton
NISTUSS LON

According to  borbington (19305 0 the liohe Sryoat

the depth of diwapprar e 1s avy. . <imataly  one oh ot

at the surface. Verduin (1965) stated inat such read: ng: can

e assumed to represent about one-fii*x of the euorbctic
zone under normal conditions.

The turbidity of the Lagoon showed regional and seasonal
variations. The highest turbidity of the Bardawil water
observed in January and October 1986 is mainly due to the
continuoud mixing of the Lagoon water and the sterring up of
the Lagoon bottom water by the strong wind action which
prevailed in January (Vatove, 1961) and the phytoplankton
blooming in autumn. On the contrary, the highest
transparency found in summer 1985 and 1986 is mainly more or
less, due to the stability of the Iagoon water which
resulted from the decrease of the wind speed. Generally,
turbidity is primarily a function of the wind speed, since
on windy days the turbidity was much higher than on calm
days (White and Hartland Rowe, 1969). Siliem (1984) reported
that the maximum transparency in the Damietta channel is
related to the significantly higher 0, resulting from dense
blooms of phytoplankton.
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The Bardawil Lagoon being shallow, its water temperature
follows more or less that of the air. No clear thermal
stratification could be observed in the Lagoon. This is due
to the shallowness of its water and contenuous mixing by
wind action and boat propellers (Elester and Jensen, 1960;
Ganapati, 1965 and Sgliem,1974). This is contrary to other
tropical lakes studied by Boxter et al., (1965) and Beadle
(1966) . The monthly average temperature varied from a
maximum of 30.27 and 30.41°9C for surface and bottom water in
January. Aleem (1958) stated that, most of the dominant
species of phytoplankton inhabiting the Egyptian lakes are
eurythermic forms which tolerate wide ranges of temperature.

Hydrogen Ion Concentration

The hydrogen ion concentration of the surface water
ranged between 7.5 and 8.6, and near bottom ranged between
7.2 and 8.76. Naguib (1958) recorded pH values ranging
between 7.95 and 8.25 in Lake Quaron, an inclosed inland
lake in Egypt. In most lakes a pH range from 6.5 to 8.5 is
expected, although extreme values may be realised (Welch,
1935).

Generally, the average pH values recorded at different
stations gave slight differences. This may be mainly
attripbuted to boat propellers and the wind action on the
lagoon water.

The increase in pH values in the lagoon may be associated
with dense phytoplankton blooms flourishing in spring and
autumn and removing the dissolving €0, (Juday et al., 1924;
Philip, 1927; Juday et al., 1943; John and Dodimead, 1957;
Hutchinson, 1957; Aleem amd Samaan, 1969; El-Wakeel and
Wahby, 1970 and Siliem. 1974 and 1984). Other factors,
such as respiration are also responsible for the changes in
pH values.

The lower pH values recorded in certain months can be
related to the decrease in oxygen content which was observed
at most stations (Wattenberg, 1933; Smith, 1952 and Siliem
1984). In addition, the decomposition of organic matter on
the bottom can explain the lower pH values at the lower
layer (Juday, 1924 and Naguib, 1958; Saad, 1973; Hannan and
Young, 1974 and Siliem, 1974 and 1984).

Chlorosity variation

The chlorosity of sabkhat El-Bardawil showed local
variations. The distribution of chlorosity in the Lagoon is
controlled mainly by the discharge of the Mediterranean Sea
water through the feeding inlets (Boughaz), and the high
rate of evaporation due to the arid conditions of.the
lagoon. Yitzhak (1971) recorded that chloroesity variations
were high in the Lagoon due to the discharging the
Mediterranean Sea water through Boughaz I. It ranged from
32.95 to 44.7 g/1 in the surface of the inner Lagoon. At the
western arm, the values ranged between 23.08 and 27.48 g/1
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ﬂf the surface. The main Lagoon showed a slight variations

] - - .
relative to the inner LJGOUH. It ”ﬂnjed between 33.95 and
%£2.25% g/1 at the surface.

Recently, the discharge of the Mediterranean Sea water
through two Boughazes (I and 11) causes a exceedingly lower
chlorosity values, as recorded at stations 4,5,6 and 9 being
affecting directly by seawater. They gave a lower average
chlorosity value than those at stations 1,2,3 7,8, and 11l.
These stations, selected further away from the two
Boughazes, had higher chlorosity content.

Oxygen Variations

Dissoived oxygon is  the most important factor affecting
the survival ana distribution of aquatic organisms. so, if
the oxygen determinations are accompanied by observaticns oun
cecchi disc transparenty, a very great deal is known about
the ILake (Hutchinson, 1957) and hence 1its productivity
(Ruttner, 1953).

The values of QO in summer were lower more or less than

those in other seasons. This indicates an inverce
correlaticn betwoon DO and water temperature ( Neel, 1951
Rattner, 195%3; HNHaguib, 1¢58 MacCrimwon and Kelso, 1970 and
Siliem, 1%74). 1in addition, the rate of oxXygen consumption

increases during the summer (Aleem and Samaan, 1969).

The DC for wathh summer and autunn was more or less
similar. 7This mean that, the oxygen of the lagoon is
affected mcre by physical (temperature) than by biological
{(aasimilation) factors (Elester and Jensen; 1960). The
higher values recorded during the winter season are mainly
attributed to icw walter temperature (Siliem, 1974) and to
the contincuz mixing of ‘the lagoon wabter by wind sction
(Aleem and Sawasn, 1969). In adlition, the mobkion of Loat
propellers must be also considored.

Ther increase in DO content recorded in autumn 1985 is
mainly due to the phytoplankton crop. Severa. authors have
reported that the phytoplankten growth is accompanied by an

increase in DO (Harvey, 1928; Foyn, 1929; Braarud and Klen,
1931; Dakin and Colfax, 1%35; Gran and Brearud, 1935; John
and Dodimead, 1957; and Siliem, 1974) .

. The average  surface values of DO gave regional
differences. This may be due to continous stirring up of the
Lagoon by wind action and boat propellers. The observed
lower DO values near the bottom are mainly attributed to the
decqmp951tlon of the descending plankton and organic matter
(Helnrich, 1934; Welch, 1935; Siewell and Siewell, 1935,
Nuguib, 1958; El-Wakeel and Wahby, 1970; and Siliem, 1984).

General}y, the water of the Lagoon was well oxygenated
and depletion of DO was never observed. For, the Nozha
Hydrodrome, near Alexandria, Egypt (Saad, 1973} Manzalah

Lake, and Egyptian coastal lake (El-Wakeel and Wahb 197
found the same conditions. Yo 1970)
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SUMMARY

Twelve stations, covering the whole Lagoon area, were
selectad. The period of investigation started in August. 1985
and continued till October 1986. Air and water temperatures,
transparency, pH, DO and chloride content were studied. The
turbidity of the Lagcon showed reglional and seasonal
variations due to phytoplankton bleoom, wind action and boat
propellers. DPue to the shallownens of the lagoon, obviously
water temperature followed more its air temperature and no
clear thermal stratification was obseyved. The average pH
values gave slight differences at different stations and
showed a slight decrease near the bottom. Chlorosity showed
local variations according to the amount of Mediterranean
Sea water discharged into the Lagoon through the fegdlng
Boughazes (I and II) and to the high rate of evaporations.
The Bardawil Lagoon was well oxygenated and depletion of DO
was never observed.

AKNOWLEDGEMENT

The uthor wishes to express his gratitude to the Academy
of Scientific Research and Technology for financial support
of his work. Grant No. 132/84/ICC/S).

REFERENCES

Aleem, A.A., 1958. A toxonic and paleoecological investigation of the diatom
flora of the extinct Faium Lake. Part 11, Distribution and excology. Bull.
Fec. Sci. Alex. Univ., Vol. 2: 217-244.

Aleem, A.A. and A.A. Samaan, 1943. Productivity of Leke Mariut, Egypt. Pert I,
Physical and Chemical aspects. Int. Revue. Ge. Wydrobioi., Vol. 54: 313-355.
Anonymous, 1965. American Public Health Asssociation, Standard methods for the

examination of water srvi Wastewater, 12 th End-New York.

Anonywous, 1986. Hydrobiological studies on the hypersaline Bardawil lagoon,
Technical report (in Arabic).

Boxter, R.M.; M.V. Prosser; [ . Talling and R.8. Woodd, 1965. Stratification in
tropical African Lakes at moderate altitude 1500-2000 m. Limno. & Oceanog.,
vol. 10: 510-520.

Beadle, L.C., 1966. Prolonged stratification and deoxygenation in tropical
lekes. 1. Crater Lake NKugute Uganda, Compared with Lakes Bunyoni and Edwerd.
Limnol. & Oceanog., Vol.11: 152-143.

Srasrud, T. and Alf. Klem, 1931, Mydrographical and Chemical investigation in
the coastel weters of more and in the Romedok fjord. Havalradets shrifter No.
1: 1-88,

Dakin, W.J. and A.N. Colfax, 1935. Observation on the seasonal changes in
temperature, salinity, phosphates and nitrate; nitrogen and oxygen of the
ocenn waters on the contenintal shelf of New South Uales and the relationship
to plankton production. Linn. Soc. of New south wales 60 (5-6) (NOS (261-262)
: 303-314).

3



Elester, H.J. and K.M. Jensen, 1960. Limnological and fishery investigations of
Nozhe Hydrodrome near Alexandria, Egypt (1954-56). Alex. Inst. Mydrobiol.
Fish. Notes Mem. 43: 99 p.

El-Wakeel, S.K. and S.D. Wahby, 1970. Hydrography and chemistry of Leke
Manzalah, Egypt. Arch. Hydrobiot., Vol. 67: 173-200.

foyn, B.R., 1929. Investigation of the Phytoplankton at Loften. Skrifter Utgitt
av Det Norske Videnskaps Akademiei, ©Oslo. I. Mat. Matur V. Klasse No. 10:
1-79.

Ganapati, S.V., 1965. The limnology of two minor irrigation reservoir near
Madras. 1. The Errakuppem. Reservoir, Hydrobiol. vol. 8 (3-3): 345-381.

Gran, H.H. and 7. Braarud, 1935. Quantitative study of the phytoplankton in the
Bay of Fundy and Gulf of Main (including observation on hydrography, chemistry
and turbidity). J. Biol. Bd. Canada., Vol. 7 (5): 279-467.

Harvey, H.W., 1928. Biological Chemistry and Physics of the see. pp. 40-48.,
182-185. Macmillan, New York.

Hannan, H.H. and W.J. Young, 1974. The influence of a deep-storage reservoir on
the physico-chemical Llimnology of a central Texas River. MNydrobiol,vol. 44,
(2-3): 177-207.

Heinrich, K., 1934. Atmung and Assimilation imfrein Wasser Quintitative studient
uber den Umsatzder organischen Substamzin Seen in der Umgebung Vol Seeon.
Internal. Rev. ges. fiydrobjol. U. Hydrog., vol. 30: 387-410.

Hutchinson, G.E., 1957, A& Treatise On Limnclogy. Yol. I, John Willey and sons,
Ltd., New York, 1015 p.

John, P.T. and A.J. Dodimead, 1957. Properties of the water in the strait of
Geolgia, British Colombia and influencing factors. J. of Fish. Res. Bo. of
Canada.Vol. 14 (3): 241-319,

Juday, C., 1924. Summary of Qquantitative investigations on Green Lakes
Wisconsin. Internal. Rev. Ges. Wydrobiol. U. Hydrog., vol. 12: 2-12

Juday, C.; E.B. Fred and F.C. Wilson, 1924. The hydrogen ion concentration of
certain Wisconsin Lake Waters. Trans. Amer. Hicros. Soc., Vol., 33: 177-190.

Juday, C.; J.M. Blair and E.F. Wilda. 1943. The photosynthetic activity of the
aquatic plants of Llittle John Leke, Vilas Country, Wisconsin, The Amer.
Midlond Katuralist, Vol. 30: 426-446.

MacCrimmon, H.R. and J.R.M. Kelso, 1970, Seasonal wvariation in selected
Nutrients of a river system. J. Fish. Res. Bd. Canada,vol. 27 (5): 837-846.
Naguib, M., 1958. studies on the ecology of Lake Qurun (Faiyum, Egypt). part 1.

Kieler Meeresforsch, Vol. 14: 187-222.

Philip, C.B., 1927. Diurnal Fluctuations in the hydrogen ion activity of a
Minnestoa Lake. J. Ecol., vol. 8 (1): 73-89.

Ruttner, Ff., 1953. Fundamental of Limnology. Translated by Frey, D.G. and Fry,
F.E. J. London: Oxford University, Press.

siewell, H.R. and G.E. Siewell, 1938. The sinking of decomposing plankton in sea
water and its relationship to oxygen consumption asnd phosphorus iiberation.
Amer. Phil. Soc. Proc., Vol. 78: 465-481,

Siliem, T.A.E., 1974. The chemical changes of the uater of the Menzalah Fish
pond.M.Sc. Thesis, fac. Sci. Alex., Univ., 106 p. (Unpublished).

32



sflfem, T.A.E., 1984, Chemical Studies on Poliution in the Damietts Wile Sranch
betwean the Fraskour Dam and Res- El-Bar Gutlet.Ph.0. Thesis, Fac. Sci., Alex,
Univ., 253 p. (Unpuplished).

stliem, YV.A.E., 1989 a. The chemical Conditions in Sardauil Lagoon. 1- The major
cations. Bull. Inst. Oceanog. & Fish., Vol. 14 (in press).

Sillem, TY.A.E., 1989 b. The Chemical Conditions in Baidawil Legoon. 2- The mjor
Anfons. Butl. Inst. Ocesnog. & Fish., vol. 14 tin press). ‘
smith, M.¥., 1952. Limology and Trout angling fn Charlotte Country Lakes, Wow

Brunswick. Ji Fish. Res. B. Canada., Vol. B (8)1 383

Vatovs, A., 1941, Primary production fn the high Venice Lagoon, J. Cons. Vol,
26: 148-135. )

Verdium, 4., 1964. thanges in Nestarn loke Erle dusing the ww 1548- 1942,
Verch. Int. Ver. Llanol. Vol. 15: &39-844,

Wattenberg, H., 1933, Uber die tetrationsalkalinfat calciumcarbonate-gohals des
Heerwaszers. daulsche Atlentischo Exped. “Neteer“ 1925.1927. Hiu. Erg. ,m
£ (@) 122-131.

walch, P.3., 1633, Lisrolegy. HacGrow, #Ll Inc. {Hew York) 47% 3.

Uhite, 6.E. ond R. Nertland-Roue. 1659, Tesooral chenges of phyelcol avd chemicst
factors in o shallow estatie salire lzke, Verch. int. ¥er. Lisnct., Vol, 172
£49-448.

Yorthington, E.B.N., 1930. Observations on the Temperature, hydrogen fon
concentration, and other physical conditfons of tha icteris and albert
Niyanzas. Int. Rev. Ges. #iydrchiol. u. c! Vol. 24 328-357. ‘

Yitzhak, L., 1971. Anomlies of c; *and S0, in the Bardeunil Logoon Northern
sinai. Lisnol.& Oceencg., Vol. 16(8): 983- 987.






