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a minImum of 12,158.33 rng 1-1 at station 9 surface and 13,200 mg I
• I at station 4 bottom, with an annual average value of 15,:171.95 mgl

1 for the surface and 17,955.56mg .1-1 for the bottom. Yltzhak (1970 
, determined ~he sodium content of the loagoolt and stated that, the sodium• 
content varies between a minimum of 14,140 mg 1-1 In the western arm 
for both surface and bottom water samples, to a maximum of 22,200 mg 
1-1 and 24,670 mg r 1 In the main lagoon for the surface and bottom 
respectively. 

Potassium Determination 

The potassium content expressed in mg r 1 for the lagoon water Is given 
In table 2. The potassium content varl~s seasonaJly from an average 
maximum value of 1,129.17 mg r l and 1,312.5 mg 1-1 fOl: .the surface 
and bottom, respectively In autumn 1083 to a mlnlmulJ\ ort 464.58 mg
11 In winter and 501.58 mg 1-1 In autumn IP86 for both surface and bottom. 
The annual average potassium content at the surface varies from 8 

maximum of 937.5 mg I-I to a minimum of 250 mg 1-1 at stations 7 and 
4. At bottom, It varies from a maximum of 1,066.67 mg 1-1 to a minimum 
of 615 mg 1-1 at stations 3 and 4, respectively. These variations are mainly 
due to the climatic effect. Hutchinson (1957), cole (1975 and 1979), stated 
that, desert waters, are similar by being high in electrolytes and are quite 
different from the dilute waters of taumld regions. The effect of 
evaporation, precipitation of compounds and the relative changes In Ionic 
abundance are related to the chemical limnology of the arid land 
OIutchinson, 1957, Bayly and Wiliam, 1973 and Cole, 1975 and 1979). 

Calcium Determination 

The calcium content of the Bardawil la~oon watets Is expressed In mg 
1-1 and given In table 3. The calcium content varies seasonally ftom an 
average maximum of 1,753.08 and 1,923.81 mg 1-1 In winter, to a minimum 
of 455.42 and 449.99 mg 1-1 In autumn 1~~6 for both surface and bottom, 
respectively. It varies regionally from an average maximum of 1,205.49 
and 1,315.2 for surface and bottom aJ staHon 12. The variation of Calcium 
content In the lagoon waters was observefl with depth and location. This 
can be attributed to changes In temperah.Jre Influence, the tate of CaC03 
shell and spicules precipitation that or~anlsms, (Sverdrup et aI., 1942 
and Cole 1975 and 1979). The skeletal orgllnlsms (Murlx sp) were observed 
In great quantity at different localities and caused a problem for fishing 
operations. In addition, calcium Inters Intp combination with anions other 
than carbonate, some of th~se being found In high ~n~~!ltratlpn In arid 
lakes. Reid (1967), stated that, In Swiss Alpa several lakes ate rich Ih CaS04, 
which could has been derived from local deposits. Yltzhak (1970, Indicated 
that, the calcium content of the lagoon w&ter, varies between 8 minimum 
of 680 mg I-I for both surface and bottoJ1l In the western, to a maximum 
of 900 and 1000 mg 1-1 for both s4r(ace ·and bottom respectively at the 
main lagoon. The continuous dig out ,.t Bo~ghazes I and tl may rises the 
vlaues of main data than that found ~y Yitzhak (1971), who found anomaly 
In calcium In the lagoon waters caused by the dissolution of gypsum layers 
from the bottom. 
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Mitgneslum Determination 

The magnesium content of the water samples of the chosen statio.. 
are given In table 4. Again It Is reasoflable to expect that variations In 
the magnesIum content of the lagoon wa~ers with position and depth might 
occur. Similar to calcium, the seasonal average of magnesium varies at 
surface and bottom from a max'mum of 6,087.23 109 1-1 and 5,531.87 
mg I-I In winter to a minimum of 1,61()'35 mg I-I and 1,827.3 mg 1-1 at 
surface and bottom. It .varles regionallY between an average maximum 
value of 2,752.' 101 I-I and 3,211.02 m, r 1 for both surface end bottom 
at stlltlon 2 to a minimum. of 20,61.91 mll( r 1 lind 22,66.42 rng 1-1 at statlbn 
5 for surface and bottom, respectively. Reid (1967) and Cole (t 974 and 
1979), confirmed that,· m8gneslum occur In high concentration In saline 
hot lake In the arid eastern region of Washington and found a layer of 
gypsum lying below the epsomlte .tratum. In addition, the dig out of the 
Boughazes of the lagoon Increases the l1'agneslum content of the lagoon 
water than that found by Yltzhak (197\). According to him, magnesium 
varies between a minimum of 1,550 rng 1- Rnd 1,940 mg I-I for both surface 
and bottom In western al;m, to a maximum of 2,888 mg I-I and 2,918 rng 
1-1 at the main lagoon for the surface and t>ottom, respectively. 

Sodium and Potasslum/Chlorinlty Ratio 

The average sodium chlorlnlty and average potassium chlorlnlty ratios 
are calculated from the average results of sodium, potassium and chlorlnity 
and the data are given In table 5. The average sodium chlorlnlty ratio 
for the lagoon waters at surface and bottom layers Are 0.5779 and 0.5939, 
respectively. These ratios are higher tflan the average ratio of 0.5555 
for sea water given by Culkin (1965). ~oblnson and Knapman (1940 and 
Lyman and Fleming (1940) agree exactly with the value 0.5556. The latter 
value Is somewhat higher than the average of 0.5509 given by Thompson 
and Robinson (t 932), but Is In fair agreement with the r~t1o of 0.5549 
obtained by Webb (1939). The average potassium chlorinity ratio for the 
brine water Is 0.0285 and 0.0256 which is again higher than the avemge 
ra tio of 0.0209 for sea water (Culkin 1G1>5).· Previously published results 
range from 0.0191 (Anderson and Thompson, 1932 nnd Miyal<e, 1939 a) 
to 0.0213 (l"ukal and Shlokawa, 1955) suggesting that c.onsiderable variations 
do occur. 

Variation of Bodlum/chlorlnlty fatlo. 

The seasonal and regional variations ot the sodlum/chlorlnlty rotio are 
given In table 5. The average sodlum/chlorlnlty ratio varies between 
a maximum of 0.7776 and 0.7456 for the SUrface and bottom layers In 
autumn and spring, respectively and a hl,,,lmum of.0.4~53 ,and 0.4759 In 
summer and winter. The seasonal variation of soolum/chlorlnlty ratio 
and chlorlnlty values for stations 2 and 6 (table 6) are Illustrated In Fig. 
3. 

Regionally, the sodlum/chlorlnlty ratio varies from one station to another 
(table 5) according to the Influence of se, water Ihrushlng Into the lagoon 
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and again the effect ot the arid cOf\dftlo,,\s oC. tflat lagoon. U varies from 
a maximum of 0.7098 and 0.7776 at stations 12 and 1 for the surface and 
bottom waters, respectively, to a mtnlmllilJ of 0.4357 and 0.4893 at staUon 
7 for both surface and bottom. The flnnual average sodlum/chlorinity 
ratio for the arid lagoon water Is 0.5779 and 0.5939 at surface and bottom, 
respectively. No significant variation ,,, potasslum/chtorlnlty ratio was 
found with depth or geographical posl~lon tCulkln a.,d Cox, 1966). 

Variation of potassium/chlorlnlty ratfo. 

The average values of potassium/chlorlnlty ratio are given in table 5. 
They varies between a maximum of 0.0467 In autumn and a minimum 
of 0.0204 and 0.017 In winter anq aut':lmn, respectively. The seasonal 
variation of both potnsslum/chlorlnlty and chlormity value~ for stations 
2 and 6 (table 6) are pres~nted graphically 'n Fig. 3. 

The potassium/chlorinlty ratio is more or less correlated with chlorlnlty 
values. Like the sodium/chlorinity ratio, It decreases In winter and Increase 
in autumn. Regionally, the potasslum/c~lorinlty ratio varies, for surface 
and b~ttom layers, between a maximu"" of 0.0339 and 0.0320 at station 
6 which Is far from Boughas I and unaffected directly by sea water creeping. 
This means that potassium/chlorinlty Is more or less correlated with 
chlorinity values. The minimum values for the surface and bottom layers, 
were 0.0245 and 0.02455 at station 4 wtJlch Is affected directly by the 
sea water as shown in table 5. It must I:>e noticed that the effect of sea 
water is restricted only to the nearer stations and being neglected to 
the farthest one (table 5). In fact there is a slight regional variation among 
the different stations, representing the <lesert lagoon. The annual average 
ratio for surface and bottom is 0.0285 and Q.0286, respectively. 

Calcium/chlorinity ratio. 

The calclum/chlorlnity ratio obtaineq from the determined calcium 
and chlorinlty values Is given In table 6. The average calcium/chlorlnlty 
ratio for arid lagoon water ranges between 0.0379 and 0.02647 with an 
average value of 0.0286 at surface which Is less than the value 0.0333 
at bottom, both are higher than the ratio Q.02106 for oceanic waters (culkin 
and Cox, 1966). Culkin and Cox (1966), cOflfirmed that, the mean Ca/Cl%., 
ratio· for all the deep samples collected for. the North Paciflc, South 
Pacific, North Atlantic, Southern and If1dian Oceans, was higher than 
for surface samples. They added that, In the MedHerranean Sea, the mean 
ratio was higher for the surface water than that for the deep one. the 
re.ason is not known. 

Variation of Calcium/chlorlnlty ratio. 

The average seasonal and regional Ca/Cl %. ratios are given tn table 
5. Contrary to the sodium and potasshnn, the average Ca/Cl %. ratio 
varies seasonaly from a maximum of 0."7771 and 0.7773 In winter for 
surface and bottom, to a minimum of 0.0171 and 0.0155 In autumn 
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r~specHvely. CulkIn (t 965) and Wilson (t!1'7!i) contlrmed that, In some 
areas the Ca/cl % ratio may differ significantly than of sea water. 
Consisting high values were stated In several parts of the Northern [ndlan 
Ocean (Sen Gupta, et aI., 1978; Naqvl and Reddy, 1979; Noronha, et aI., 
1981).. The seasonal variation of the calcium/chlorlnlty ratio and chlorlnlty • 
values for stations 2 and 6 (table 6) are presented In Fig. 3. It Is clear 
that Ca/CI %. Is contrary" to the" chlorinity variation In the lagoon waters. 
These results confirm Ditmar (1884) and Qaslm (1977), that deep water 
generally contains more calcium, relative to chloride, than do surface 
water. This can be explained as due to (a) extraction of calcium from 
surface water by animals forming calcareous shells and (b) Some re-solutlon 
of shells of dead animals In the lower layer where the solubility of calcium 
carbonate Is Increased by· the lower temperature. Regionally the 
calclum/chlorlnlty ratio varies sllgfltly In the twelve stations. It ranges 
between a maximum of 0.0399 and O.03110 at stations 2 and 1 for surface 
and bottom water respectively, to a mtnlmum of 0.OZ647 at the surface 
of station 12 and 0.0269 at the bottolll of station 8. It can be noticed 
from table 6 that the calclum/chlorinlty ratio Increases In the western 
arm and shows a slight decrease In tl1e eastern arm. 

Magneslum/chlorlnl ty ratio. 

The magnesium chlorlnlty ratios obtained from the determined values 
of magnesium and chlorinity values are given In table 5. The 
ffiagneslum/chlorlnlty ratio In the arId lagoon water varies from a minimum 
of 0.0775 and a maximum of 0.1123. ~oth are higher than the average 
value of 0.0333 for both surface anq bot~om which Is less than the average 
value for sea water. Culkin and Cox ~1966), confirmed that, the mean 
value of the magneslum/chlorlnlty was not significantly different for 
the different oceans. 

Variation of magneslum/chlorlnlty rallo. 

The average seasonal and regional values of magneslum/chlorinlty ratios 
are given In table 8. This average ratio varies between a minimum vahl~;; 

of 0.0559 and 0.0598, for just subsurface and near bottom respectively 
in summer, to a maximum of 0.022~9 al)d 0.2224 for surface and bottom 
layers respectively In winter. Thiq cofncldes with the observations for 
calcium I.e. both cations Increase In winter and decrease at higher 
temperature, in summer, for calclu'Tl al1~ hi autumn for magnesium. This 
Is obviously due to the geological and biological activity of both elements 
(Sverdrup et aI., t 942; Reid, 1967 a'ld C"lkln and Cox, 1966). The seasonal 
variations of the Mg/CI %• .-atlo and cfllorlnlty ratio for stations 2 and 
6 are presented graphically In Fig. 4. Regionally. there are variations 
In the magneslum/chlorlnlty ratio from one station to another, where 
there Is a slight Increase at the malo laJoon. The regional average values 
of the magneslum/chlorlnlty ratio are 0.01123 and 0.1008. The annual 
average ratio for the lagoon Is 0.0922 & p.0934 at the surface and bottom 
waters. 
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