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Sulphate Determination 

The values of sulphate content expressed In mgll during the period of 
Investlgatlon,- as well as, the annual average values, are shown In table 
2. During 1986, the sulphate content reached Its maximum values of 4920 
and 5100 mgll at the surface anq the t:>ottom layers In April, while the 
minimum values of 1260 and 2100 mgll were at the surface and botto",; 
respectively, as a result of the matorlty Inrushlng of seawater In January. 
The average. values of sulphate content are higher at station 1 which are 
consequently higher than that of seawater amounts to more thalJ2.6 gIl. 
The great variation In sulphate content Is probably of biological AIl(Iilllcanc~ 
which Is confirmed by Riley and Sklrrow (1965). Bond (1935l refers to Inland 
salt lakes which are rich In anions other tilan chlorolde and orten In cations 
other than sodium In contrast to the waters of marine origin. The higher 
sulphate values observed In such brine waters, as stated by Rawtl and Moor. 
(1944) and Hlltchlnson (1957), are due to saturation only with respect to 
alkaline earth carbonates find In few cases to gypsum DS a result of exceS£.t 
or hlgh calcium present (see under calcium) and Intense evaporation. yltzhal<$ 
([971) and Cole (1968 Ilnd 1975), conClrmec1 that, high sulphate usually reflect 
the presence of old marine sediment due to the arid conditions• 

• Bromide Determination 

The average seasonal values of bromide content, tdgether with the annual 
average values expressed In mgll are given In table 3. The maximum bromide 
contents are 138 mgll and 140 mgll In July at station 1 at surface and 
near bottom and the minimum values of tld mgll at surface and near bottom 
and the minimum values of 66 mgll at surface of stations 5 and 6, In January. 
and 81 mgll neaf the bottom at station 1 In April. These ,values are tdghel' 
than those amounted fOf normal sea water (64.2 mgm (Sverdrup et 81., 
1942). Yltzhak (1971), stated that, bromide variations In the Lagoon Bre 
high, as chloride content, In the Inner LB~oon ranging from 112 to 140 mgll 
at the surfBce and 112 to 114 mgll at the ~ottom. The western arm bromide 
.content Is lower than ~he Inner Lagoon af!d the main Lagoon. So, the values 
range between 88 to 120 mgll an<1 105 ~o 122 mgll for the surlac'!! and 
bottom, respectively for the main Lagoon. For the western arm the vallles 
range between 88 to 101 mgll and 91 to lQ5 mgll for the surface and bottom, 
respectively. 

Alkalinity Determination 

The alkalinity values for the Lagoon water are given In tables 4 flhd 5. 
lt Is clear from the data obtained thfJt, the alkalinity Increases during spring 
and dec~.."a~!s towards summer to r~ach Its minimum during autumn.. The 
absolute ma1Clmum values of 344 mgll on4 340 mgll In the LaJoon occurred 
at the 8ur(ace and bottom water 8t Itatlon 6 In April. )'hlle the minimum 
value of 133 mgll for both surfac~ an~ bottom layers at station 2 was 
recorded In NO'l#tf1\ber (Tables 4 and 5). 



~
 

.. 
• 

T
A

a[ 
2 

n
. SU

I.....u 
c
a
a
_

t 1ft -e
ll 

1ft IIn1ow
1l LA

tooa. 

STA
TlO

lS 
-
-
I
 

6 
7 

8 
, 

10 
11 

12 
..,... 

.....t 
S 

-
D

l0
 

Z2IO
 

ltllO
 

3315+ 
2710 

2575 
. 

1110 
2110 

1840 
user 

ZZ3I 
1!185 

B
 

. 
21!1l1 

2875 
2550 

.0
+

 
2750 

3120 
. 

5
7

5
 

p
o

' 
ZIllO

 
2210 

Z
7II.5 

-
S 

z&
O

r 
2550 

D
lO

 
990 

140" 
U

IIO
 

1
_

 
I.M

I 
1.... 

2lM
O 

1
_

 
2210 

1I7.C
I" 

B
 

2750 
2550 

2750 
13110 

M
r
 

1680 
BIlO

 
1840 

15Ol1 
2110 

1840 
B

IlI+
 

1O
I5.C

I" 

oIanulI", 
S 

2250 
2250 

2U
ll 

1.... 
lZ1C1" 

31ZD
+ 

2575 
ZlM

O 
2550 

2575 
2175 

2171 
2371.25 

ll1111 
B

 
37ZD

+ 
2575 

3IlOO 
2100

2175 
U

llO
 

2175 
2110 

2liO
O

 
2175 

U
llO

 
2175 

2802.'2 

A
p

rtl 
S 

3240 
3liO

O
 

32401 
2720 

2750 
37ZD

 
3720 

3DC» 
Z

I5
l) 

3llDO
 

275Ct 
4tZD

+ 
JZ

n
.aJ 

8 
asoo 

.M
O

O
 

3720 
2840 

3IlOO 
~
1
0
0
+

 
5

3
0

 
.3IillO

 
3000 

.l3lIO
 

33llO
 

5100+ 
lII89.J7 

Ju
ly

 
S 
8 

Z
I8ll 

2750 
Z

I8ll 
2750 

Z
I8ll 

2750 
. . 

2175 
2175 

2710 
2850 

4740+ 
4100+ 

33llO
 

4ZDll 
B

Ill 
4ZDll 

2710 
4200 

2710 
4100 

ZI2O
" 

3150 
3051.14 
:M

6I.sr 

o
c
_

 
S 
B

 
zaso 
2850 

zaso 
3450 

2850 
3450 

3150 
2474

2100 
3150 

2850 
2850 

4llOO+ 
4ZDll 

4ZDll 
4ZDll 

4ZDll 
uao+ 

4ZDO 
3750 

4100 
4100 

3150 
4ZDll 

:M
6I.sr 

413t.S
+

 

-...1 
S 

2724 
2756.57 

2756.11, 
2158 

2156.17 
2715 

3315 
2

1
M

 
0

1
5

 
2710.53 

Z
II7 .5

 
ZB77 .5 

2
7

1
3

.' 
A.....ge 

8 
3134 

2929.17 
1919.17 

Z
2

III.8
 

2701.17 
JO

t8.33 
3455.13 

3031 
3

U
l.5

 
Z

831.33 
3101.57 

34175 
JO

t8.11 
V

alue 

••8
. 

n
. _al_ 

Y
lI ... a.. _

1
,
.
.
_

 b
y

"
."

 ..... tile m
n

l_
 by 

(-) 

5 
• 

S
urface 

8
· 

I
o

u
. 



•• 

• 

r-r-
i 

~i 
• a 
Ii 
15 
! 
1 

OIl
~ 

II
.
i 
i 
!•
i 
: 
i 
~ 

I 

• 

..
 
iCifl f -~ if 

. ....~ .~ .~ 

!!US I. ........ 
~~ 

r: l! 8::: IlK 11:. 
N... ..... 

~ ~ ~l!I bb S!..... 
~ ~ 

:!! C Ie: I!l'".,' ,°b 

1!I ~ ...... IU~Cif ... Uj 

~l!I §Ql:' ~ 8. 
<> ... 

.... .. .. 
~~ ~~ ~I\ ~~.. .. ... ~ 

~~ §s IHi ~~ .. ..... ... 

i: Ii iii lilii S"b ... 

li. Esi:ii 8~ o :...... 

is liiS IiiI~ 

sl=
 

~:s I. lili t!
 ... .. 
UI 

....Pill ,e t::s 
1:. qi= tc~~ 

.~ 

,'118 

':Ii: 

~I 

:all 

::~ 

1Il1: 

.. ..
 
~'1 

iii 

III: 

lI. 

,;:
 
:C'" 

:Sf: 
~;;: 

I if.. 
.~ .~ 

·. ·.
 
I • I I 

I I 

I • 

I • 
• I 

·. I I 

I I · , 

·. ·.
 
I , I • 

• I • I 

·. 
I • 

N 

i 

I 
t 

a
;l i 
! 
~ 

-e(-... 

... i 
•~

J 
• 

6 

.... 

Iii 

[
f 



II 
~

 
• 

A
u

ta
t 

1915 

.
.
-
r
 

-..,.
1

_
 

Jipr11 

olIll1 

lk
U

IIr 

_
1

 
A

.....,.

'.h. 

S 

• S 

• I S 

I S 

I S • S 

• 

c.o; 
IIClIi
c.o; 
IIClIi 
CO) 
IItlli 
CO) 
IIClIi 
CO

) 

IIClIi 
CO

) 
IC

O
j 

C
llj 

J
a

lj 
COi 
IIClIi 
CO; 
IICOi 
CO; 
IIClIi 
CO; 
HClIi 
CO] 
IIClIi 
CO; 
IICOi 
C

llj 
III:O

j 

--. . 0
.0

 
140 0

.0
 

131 0.0 
2440

0
.0

 
23&

 0.0 
.2M

.2 
0

.0
 

263.2 
24 

22D
 

11 
U

I 
30 

111 
U

 
U

7
 

1ll.1 
201.64 

5.' 
1•

•
44 

15.4 
2llO

 0
.0

 
2llO

 0
.0

 
133 0

.0
 

133 0
.0

 
Z3lJ 

0
.0

 
Z

3
I 

11 
.H

3
.2

 
1

9
.2

 
280.1 

ZO 
22D

 
Z9 

U
I 

16 
127, 
U

lI 
11.56 

lt5
.U

'.Q
1

".1
7

 ea_
_

• .0
 

Z
3

l 
0

.0
 

2llO
 

14 
133.64 
14 

m
.5

 
0

.0
 

234 0
.0

 
240 0

.0
 

Z
75.2 
0

.0
 

2
IL

6
 

34 
240 

36 
zza 
21 

122 
1

3
. 

122 
lZ

.1
J 

2lIll.4 
10.5 

IJI.16 

T
A

IU
 

4 
,
,
~
~

 a
lta

l1
n

tt1
 (

."
,)

 t. l
a

_
I
 L

a
ta

-1
IIl_

. 

S
T

A
nQ

ll$ 

a.D 
10.4 

16.0 
0.0 

· 
0

.0
 

241 
Z60 

241 
113 

· 
251 

10.0 
9

.0
 

i6
.0

 
0

.0
 

· 
0

.0
 

m
 

Z54 
248 

313.6 
· 

Z5Z 
14 

0
.0

 
0

.0
 

14 
'.0

 
0

.0
 

111 
140 

1
4

2
.' 

133 
: SO. 64 

1
M

' 
14 

0
.0

 
0.0 

14 
-).0 

0
.0

 
140 

140 
151.2 

126 
IS

li.2 
147 

0.0 
0

.0
 

0.0 
0

.0
 

0.0 
0

.0
 

2
U

 
Z

S
f 

241 
m

.' 
215.6 

2
. 

0.0 
0

.0
 

0.0 
0.0 

0.0 
0.0 

Z58 
2S4 

23&
.1 

247.6 
Z

IlI 
Ie

 
0.0 

0
.0

 
0.0 

0.0 
0.0 

0
.0

.. 
m

.' 
J
U

 
Zli6 

R
6

 
m

.' 
0.0 

0
.0

 
0

.0
 

0
.0

 
0

.0
 

0
.0

 
3

U
 

104 
340 

261.6 
32>4 

211.2 

-
3Z 

3Z 
36 

3Z 
z:z 

. 
212 

214 
224 

U
S

 
•

-
35 

30 
24 

4Z 
l'

. 
26Z 

U
2 

23&
 -

II 
15 

13 
III 

14 
Z3

-
145 

145 
140 

144 
l2

t 
2D 

10 
Z6 

10 
ZZ 

16 
214 

141 
122 

l2
t 

124 
'121 

6
.4

 
4

.2
4

 
10.%

7 
1

0
.0

 
232.85 

7.S
 

246.1 
m

.1
 

Z
3Z

.13 
1!l6.47 

9.2 
Z

Z
L

43 
I.a

 
9

.5
 

lZ
.0 

a•• 
1

L
I 
~

 

Z
C

4.4 
lZ

1
 

Z
Z

i.6J 
2

1
9

.J 
Z

2
L

M
 
~
1

 

III 
U

 

0
.0

 
0.0 

%
45.' 

234.4 
zo.. 

0.0 
245.6 

m
.6

 
31 

0
.0

 
2115 

142.24 
ZO 

0.0 
Z

l5 
J4Z

.Z
4 

0
.0

 
0

.0
 

lIIIJ 
~

 

0
.0

 
0.0 

214 
lI6

 
0

.0
 

38.2

-
U

2 
.0

.0
 

.31.' 
317.6 

U
,.. 

J
I 

24 
Z16 

25l! 
Z6 

16 
714 

ZSZ 
U

 
Z6 

ZIIO 
115 

24 
211 

Z70 
1

8
 

U
.S

 
14.7 

•
•

43 
Z

U
.Z

7 
lL

U
 

ll.J
 

I!I6
.G

 
Z

JL11 

U
 

0.0 
251 0.0 
m

 0
.0

 
1

M
 

0
.0

 
147 0

.0
 

2!11 0
.0

.. U
,. 0

;0
 

JIM•2!11..- II Wl'122 
u.o

m
."•.a

 
IZ

L
33 --I.--.. 

4•
•
 

m
...
....
.....146.71 
m

 
1•

•
11 

0
.0

 
.
.

S
f 

0
.0

 
Z

S
L

1 
4 •

•
 

a
L

Z
3

 
..i.JZ

 
.
.

1
2

 
•
•
•

1 
251.91 
U

• 
2

M
.1

l
..33 

157.17 
II.J

I 
1

R
.1

1
 

u
.»

... 18.16 
Z

Z
L

7
5

 

• 
s
.r

t_
 

...... 
-
~

 ... 





)I 
C

I 
.. 

lllIU
 

6 
S

Ill_
c
a
. IIW

IcIIl. 
U

ld A
ltA

ltll1t)'/cIlloM
II1t)' "

tiD
 frw

 llllti_
 t .

.
 , 

t. laN
ew

11 
La.

.
.
.
 

STA
nO

ll 
5 

STA
nC

Il 

A
atoIst 

1985
_r "'17
1986

A
pril 

S I S 

S• S 

C
l 

I 

41.44 
47 •

•
 

2
1

.'3
 

30.31 

25.3 
25.1 

21.3 
31.21 

S04/'C
II 

0.0557 
O

.O
S

5r 

0.1162 
0.0141 

0.10079 
0.1017L

 

0.1314 
ll-:ll5

3
4

 

Irle
ll 

-. -. 
0.00J75 
0

.0
0

Jlt; 

o
.o

o
m

 
0-00212 

Ilk
./e

ll 

5
.1

'7
9

 
4.1684 

6.0647 
4.38719 

9.09091 
9.40111"

10.300 
S

.6lZ
3 

a
lt./e

ll 

0.1732 
0.J.319 

o
.z

o
n

 
0.1462 

0.3029 
0.313S 

0.3432 
O

.JZ
ll3 

C11 

25.56 
U

.S
 

1
'.0

4
 

24•
•
 

20.72 
2O

.7Z" 

.tl.5
1

 
27.... 

S
04/'ell 

0.1C
J7. 

0.06322 

0.C
J725 

0.0175 

0.15051 
0.16361

0.17Z
9 

0.124 

B
r/cll 

· · -· 
0.00311 
O

.l1047t 

~
 

O
.ilO

32J 

a
lt./e

ll 

1O
.054n 

5.83101 

7.5000 
6.0747 

1
1

.8
7

a 
11..... 

J'-4l!I25 
U

.U
6

4
 

a
lt.c

ll 

0.3350 
0

.1
"
 

0
.2

,," 
0.2IlZ

4 

0.3956
0.382It 

O
.
~

 

0
._

1
 

0 ~
 

...... 

olu11. 
S 

32.72 
36.lI6 

0.011'1 
0.0744 

0.00290 
O

.o
o

as 
6

.3
6

a
 

6.4394 
0.2120 
O

.Z
l46 

25.lI6 
28.15 

0.1063Z
 

0.10011 
0.00301 
0.0U

15 
11.7174 
10.7Z

1Z
 

0.3IZ
lI 

0.3128 

~
 

S 
30.62 
33.02 

0.0931 
0.1045 

0.00Z
77 

0.00212 
4.6701 
4.20957 

0.1556 
0.14027 

27.47 
28.71 

0.10375 
0.0993 

0.llO
Z!I1 

0.00Z
7S 

5.7517 
1O

.51!lO
 

0.1117 
0.J505 

"
...1

 

A..." ..
,"h. 

S I 
30.18 
35.8 

0.0913 
0.0111 

0.00323 
0.00251 

6.8618 
5.8100 

0.Z
Z

87 
0.1936 

23.30 
29.20 

0.11117 
0.10611 

0.00332i 
0.00311 

6.7111 
5.lI6I5 

0.2Z&
ll 

0.1689 

S • 
s..r1'aca 

I 
• 

Ilo
tta

a
 



These data are higher than those determined by Yltzhak (1971), who 
•	 found that the main Lagoon Is higher th~n both western arm and the Inner 

Lagoon. It ranges between 195 to 205 mgll for surface and bottom, 
respectively at the main Lagoon. While the weslern arm ranges between 
180 to 187 mg/l CaC03 and 170 to 197 ",gil CaC03 fOf both surface and 
bottom, respectively and from 134 to 168 mgll and 134 to 163 mg/l at the 
Inner Lagoon for surface and bottom layer, respectlve~¥. 

Carbonate alkalinity shows Irregular variations. In winter, the carbonate 
ranged from a lower values of 4.68 and 5.82 mgll at .surface and bottom 
In spring to maximum values of 30.41 antl 27.82 mgll for,the same layers, 
respectively In summer1986.... 

The change In alkalinity observed In analogous to variation In calcfum 
content of the water (sea under Ca) (Mqberg and Revell, 19371 Sverdrup 
et at, 1942; Hutchinson, 1957 and Cole 1915 and 1979).. 

Sulphate! Chlorinlty Rallo 

The sulphatel chlorlnlty ratio was calcu.ated from the determined values 
of sulphate and chlornity. The data of the average values of sulphatel 
chlorlnity ratios are tabulated In table 6. Table 6 shows that the sulphatel 
chlorlnity ratio Increases with the decrease of chlorlnlty or In other words, 

,	 the sulphate content decreases wit'" the increase of chlorlnity and vlcEt 
versa. The sulphatel chlorlnlty ratio for the Lagoon water varies from 
the absolute average maximum of 0.12061 at surface of station 9 to a 
minimum of 0.0913 at station 2. At bottom, It varies between a maximum 
of 0.12969 at station 12 to a minimum of 0.0818 at station 2 with annual 
average value of 0.10138 and 0.10241 at surface and bottom, respectlvely. 

For sea water and oceans, the sUlphatel chlorlnlty ratio Is 0.1400 (Morris 
and Riley, 1966). According to Tbompson et al. (1931), the sulphate! 
chlorlnlty ratio for the Mediterrane..n waters averages 0.1396. Bather lind 
Riley (1954) gave an average sulph"te! c~lorlntty fatlo of 0.1399 for the 
Irish Sea. At PortSald, Morcos (1967) found the sulphatel chlorlnlty ratio 
for the sea water to be 0.1405. Thompsop et 8,1. (1931) found the SUlphate 
Ichlorlnity ratio to be 0.1414. This confirms the Idea that the sulphatel 
chlorlnlty ratio Increases In some reglops and decreases In the others 
according to their salinities. 

Seasonal Varlatlon of Sulphate !Chlorlnlty Rlltid 

!' 
A seasonal variation In the SUlphate! chlorlnlty ratio In the Lagoon water 

Is expected due to the seasonal variation In chlorlnlty which Is due to the 
Intense evaporation at that desert LagooWl-or the add climatic conditions 
(See under chloroslty). Table 7 shows the seasonal and regional variations 
of sulphate/chlorlnlty ratios In the LaJoon. The average sulphate! chlorlnlty 
ratio for the Lagoon water varies seasonaly from a maximum of 0.13042 
and 0.14322 during early autumn tor the surface and bottom layers, 
respectively to a minimum sulphatel chlorlnlty ratio value of 0.0708 and 
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0.06833 during summer and autumn of 1985, at the surface and bottom 
layers, respectively. This Is due to ttle increase of sulphate as mentioned 
earlier The data for seasonal variation of the sulphate chlorlnlty ratio 
for station 2 a(ld 6 (Table 7) are presented graphically In Fig. 3, compared 
with salinity values at the same stations d4rlng the same time. 

It is clear from the figure that the sUlphate/ chlorlnlty ratio Is Inversely 
proportional to chlorlnlty and consequently salinity. 

Rgional Variation of SUlphate/ Chlorinlty Ratio 

Table 7 shows the regional variation of sulphate/chlorlnlty .ratio of the 
Lagoon during 1986. Station 2 which Is far from the direct eCCeqt ,Qf InClowl"g 
of sea water through Boughaz I shows a maximum sl,ilphate /chlorlnity ratio 
of 0.1314 (CI %0 ::: 27.3) and a minimum sulphate/chlorlnlty ratio of 0.0552 
(CI %ll ::: 47.98). While station 6 which Is close to the direct effect of sea 
water In front of Boughaz I has a maximum sulphate/chlorlnlty ratio of 
0.1824 (CI %0 ::: 27.84) and a minimum ratio of 0.0632 (CI %0 ::: 43.5). 
Regional variations of sulphate/chlorlnlty ratio are attributed to the eCCect 
of sea waters of less sulphate content In comparison to the Lagoon Intense 
eve.poration of the arid condition Lagoon and to the marine sediment of 
calcium sulpha teo 

Bromine /Chlorlnlty Ratio 

The average bromlne/chlorlnlty ratio deduced from the determined bromide 
and chlorlnity values are given In table 6. The average bromlne/chlorlnlty 
ratios for Bardawll Lagoon water are 0.003555 and 0.003556 at the surface 
and bottom layers, respectively. The ratio for Bering sea,' the Antractlc 
and PaclClc Oceans Is 0.00347 (Thompson and Korpi, 1942). Morris and Rl1ey 
(1966) gave a an average value of 0.00348 for all oceans. A high ratio of 
0.00353 for Inshore waters collected aroupd the coasts of the British Isles 
was obtained by Gibson and Haslam (l95Q). The average bromlne/chlorlnlty 
ratio for the Lagoon water is slightly higher than that of the oceans and 
seas. 

Seasonal and Regional Variation of tJrQJl1lne/Chlortnlty Ratio 

Table 7 shows the seasonal and regloJlal variation of the bromine /chlorlnlty 
ratio. The bromlne/chlorlnlty ratio decreases with Increasing chlorlnlty 
(Fig. 3). A seasonal variation In the bromlne/chlorlnity ratio Is observed, 
a summer of lower ratio and being hlg~er In winter (Fig. 3)• 

.'" Specific Alkalinity of Barda,," Lagool) Water 

The averages for alkalinity and specific alkalinity (alkalinity / chtortnlty 
fatlo ) are given in table 7. Fig. 4 sllows that the alkallnlty/ clor!nlty ratio 
follows more or less the Increase In the clorlnlty at the surface "ater ot 
the Lagoon. 
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Seasonal yariatlon of al~al1~fty to chlorlnity ratio and
 

chlorinfty at station 2 &6 fn Bardawfl lagoon
 
at surface and hot tom waters.
 

The average specific alkalinity for the water of Bardawil Is 0.29373 and 
0.2613 at the surface end bottom water leyers. It Is noticeable that the 
Bardawll ratio Is 7 times higher than that of sea water of 0.126 given by 
Koczy (1956), 

SUMMARY AND CONCLUSION 

Determination of sUlphate and bromine contents and the alkalinity of 
the Bardawll Lagoon water was carried out at twelve stations during six 
seasons of mid 1985 and the year 198~. The sulphate/ chlorlnlty ratio 
increases with decrease of chlorinity. It has averages of 0.01013 at the 
surface and 0.1024 at the bottom waters which are less than the ratio of 
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