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ABSTRACT 

Surface and bottom water samples were collected during 
the period from January 1988 to January 1989 to measure 
temperature, salinity, pH, dissolved oxygen, oxidizable 
organic matter, hydrogen sulphide, nitrogen cClqlOUnds 
(ammonia, nitrite &nitrate), phosphate and chlorophyll-a. 

lased on the salinity values, the water types were 
classified into four different categories, namely; 
Mediterranean Sea water (S X : > 38.50>, diluted sea water o 
(S Xo : 30 - 38.5); mixed water (S Xo : 10 - 30> and mixed 
land drainage (S X < 10).o 

The percentage distribution of th~ different 
physlco·chemlcal parameters in the different water types 
indicated that water type ilL" exhibited the lowest 
percentage of dissolved oxygen and highest of hydrogen 
sUlphide, oxidizable organic matter. ammonia and 
chlorophyll-a. In contrast, water type "S" exhibited the 
highest percentage of dissolved oxygen and lowest of 
oxidizable organic matter, hydrogen sulphide, ammonia, 
chlorophyll-a. Water types M and 0 represent the 
intermediate stage between water type "L" and water type 
IISII. 

The calculated amount of dissolved oxygen that presents 
after complete oxidation of organic matter was on the order 
of water type "L" < water type "M" < water type "0". 

The mean annual ratio of NIP suggests that phosphorus is 
the most limiting factor for the growth of algae in water 
types "L" and "M". In water type "0" the ratio are near the 
optimal assimilative proportion. 

INTRODUCTION 

EI-Mex Bay, west of Alexandria, extends for about 15 Km 
between EI-Agamy headland to the west and the western 
Harbour to the east and from the coast to a depth of about 
15 meters. I~ has a mean depth of 10 m& surface area of 
about 25.2 Km and a volume of 252 x 10 mJ • It receives 
the combined domestic and industrial effluents from chIoro­
alkali plant: tanneries an~ ~laughterhouse, as well as 
brackish water (6 - 11.8 x 10 m I day) from Umum drain. 

I. 



The configuration of El-Mex Bay, its major hydrography 
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(1979): Mahmoud (1979 & 1985): Farag (1982); Rifaat (1982),
Aboul-Dahab and Halim (1986 & 1988a, 1988b), and EI-Gindy et 
a1. (1986). 

The objective of the present syudy is to investigate the 
influences of different effluents on the physico-chemical 
characteristics of EI-Mex Bay water types. 

MATERIAL AND METHODS 

Throughout the period from January 1988 to January 1989 
seven trips were carried out in EI-Max Bay. The 
physicochemical parameters, e.g. temperature, salinity,
dissolved oxygen, pH, oxidizable organic matter, hydrogen 
sUlphide, inorganic nitrogen compounds (nitrate-N, nitrite-N 
& ammonia-N) phosphate-p and chlorophyll-a were measured at 
surface and bottom from seven hydrographic stations. The 
positions of which are indicated in Fig. 1. 

Water temperature was measured using a protected 
reversing thermometer attached to a plastic Niskin water 
sampler. Tem~erature corrections were made using calibration 
curves. Sa11nity determinations were carried out using the 
Beckman induction salinometer ~Model Rs-7C). PH measurements 
were made using a pH-meter (Or1en Research Model 201 digital 
pH-meter). Dissolved oxygen and nutrient salts were analysed
according to Grasshoff (1976), while chlorophyll-a 
extraction and measurement according to strickland and 
Parsons (1965). Hydrogen sulphide was determined according 
to the standard methods fer the examination of water and 
waste water (Anon., 1965), and oxidizable organic matter by
the method of FAO (Anon., 1975). 

During the period of investigation, the monthly 
climatological data concerning wind speed and direction from 
Alexandria Meteorological station were obtained from the 
Egyptian Meteorological AuthoritY-Cairo, Egypt. 

RESULTS AND DISCUSSION 

Salinity which reflects changes caused by the mixing of 
both fresh and sea waters showed very broad regional 
variations. The salinity values changed widely from 
Mediterranean shelf water in the north to brackish waLer 
near EI-Umum Drain outlet. The minimum surface salinity 
(4.969 %0) is observed during November in front of EI-Umum 
Drain (st. 1) and the maximum one (38.683 %0) is found in 
April at the open sea stations. Bottom water, on the other 
hand, shows very limitted regional variations. The salinity 
values varied between 29.053 %0 in January 1988 and 39.656 
%0 during January 1989. 

To reach an understand of the extent to which the run-off 
water mixes with sea water and affects water quality, it is 
convenient to identify specific water types. As mentioned 
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earlier, the surf~ce salinity ranged from undiluted sea 
water to undiluted drain and sewage water. Accordingly, 

salLity L seieded as lle main lool lor wti,'.er ly~~ 
identification. Rased on the distribution of surface 
salinitr in the investigated area, four types of water are 
identifIed : 

1. Mediterranean Se~ water "S" of salinit~ > 38.50 '0' 

2. Diluted Sea water "0" with a salinity range from 30.00 to 
18.50 '0' 

3. Mixed water "M" of salinity 10.00 - 30.00 '0' 
4. Mixed land dr~inage water "L" with a salinity < 10.00 
%0' 

According to EI-Maghraby and Halim (1965), Said (1979) 
and Abdel-Moati and Said (1987), the salinity value 38.50 '0 
was taken to represent the inner boundary of the neritic 
water off Alexandria. This value still could be generally 
accepted and will be used here to i~entify the limits within 
which the diluted sea water extends horizontally seawards. 

The horizontal extension of each water type is highly
variable and depends upon the pattern of circulation and the 
rate of outflow. The surface salinities and the 
corresponding water types with their volume percentage are 
represented in Fig.2. 

During winter months (Fig. 2), the increased quantity ot 
drainage water discharged through EI-Umum Drain (Table 1) 
and the prevailing westward winds are probably responsible 
for creating this distribution pattern of the water type~. 
In January, the diluted sea water type (salinity 30.00­
38.50 %0) occupied almost all the area. In February, the 
mixed land drainage type with a salinity of less than 10 to 
spreads a considerable distance beyond the Bay to reaCh 
EI-Agamy area. 

In April, under the effect of the northwest prevailing
wind of an average speed of about 4.62 m.sec-, the mixed 
water (salinity 10 to 30.00 '0 and the diluted sea water 
with a salinity range from 30 to 38.50 '0 occupied the 
offshore zone. The pure Mediterranean water type was found 
only at the eastern part of the investigated area (Fig. 2). 

As a result of the igcreised drainage water discharge
during June (1964 x ]0 m), the investigated area was 
rompletly occupied by both the mixed and diluted sea w~t~r 
(Fig. 2). In August, by the action of the prevailing winds, 
the mixed water occupied the southern half of EI-Mex Bay 
whereas the diluted sea water trpe occupied the northern 
p~rt. The eastern part of the Investigated area showed a 
salinity value corresponding to that of undiluted 
Mediterranean water (Fig. 2). 

The water types referred to above, have the following 
"h~r~rteristics ('l'~t·l)es 2a, 2b & 2c). 
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Table 1.
 

Volume of water discharged to El-Max Bay through

6 3El-Umun Drain (10 m ). 

Month 
Total 

Discharge Month 
Total 

Discharge 

.January, 1988 
February, 1988 
March, 1968 
Apri l, 1988 
May, 1988 
June, 1988 

284.187 
206.529 
194.241 
144.746 
154.746 
163.692 

July, 1988 
August, 1988 
September, 1988 
October, 1988 
OCtober, 1988 
December, 1988 

168.908 
188. 85 
194.996 
243.493 
2l1.215 
251.665 
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1. Mixed land drainage water type "L" is of low brackish. 
It is characterized by its very low salinity (4.91-1.24; avo 
6.00 %0)' low dissolved oxygen content (0.81-3.12; avo 1.82 
ml/l), high concentration of hydrogen SUlphide (0.80-2.23; 
avo 1.22 mg/l) and high amount of oxidizable organic matter 
(1.46-9.94; avo 6.12 mg °2/1). It exhibited the high~st 
concentration of chlorophyll-a (0.06-0.90; avo 0.32 mg,m ), 
the highest concentration of dissolved ammonia (1.54-12.20, 
avo 42.01 ug at,l). The levels of temperature, hydrogen ion 
concentration, n1trite-N,nitrate-N, phosphate-P scattered in 
the ranges (14.20-28.41, avo 19.950 C), (1.50-8.50; avo 
1.84), (0.63-4.81; avo 2.13 ug at/I), (0.08-19.50; avo 5.41 
ug at/I) and (0.55-9.26; av 3.54 u~ at/I) respectively. 

2. Mediterranean water "S" represents pure Mediterranean 
water free from the effects of land drainage. It is 
characterized by its highest oxygen content (2.14-3.10 
ml/l), lowest of hydrogen SUlphide (0.16 mg/l), oxidizable 
organic matter (0.21-2.26 mg °2/1) and chlorophyll-a 
(0.01-0.14 mgim3). Concentration of ammonia-N (4.3 ug at/I),
nitrite-N (0.~3 ug at,l), nitratp.-N (18.58 ug at,l) and 
phosphate-P (0.84 ug at,l) were also very low compared with 
their concentration at water type "L". The temperature and 
hydrogen ion concentration levels scattered in the ranges 
(18.6-25.50 C) and (1.90-8.01) respectivel~. 

3. Water types "M" and "0" are the intermediate stage 
between water types "S" and "L"e Water type "M" had higher
salinity than water type "L" but still lower than that of 
water type "5". The levels of temperature, salinity,
hydrogen ion concentration scattered in the ranges 
(14.8-28.38; avo 20.260 C), (16.24-30.00; avo 24.66 % ), 
(1.23- 8.35; avo 1.88). comparing water types "M" and "£", 
it appears that the concentration of, dissolved oxygen 
(1.60-3.50, avo 2.41 ml,l) is still low but hihger than that 
of water type "L". The hydrogen sulphide concentration 
(0.14-2.00, avo 1.01 mg/l), amount of oxidizable organic 
matter (1.12-5.29, avo 3.91 mg ° 2/1) and chlorophyll-a 
(0.01-0.21; avo 0.16 mg,l) are decreased in this water 
type than in water type "L", The concentration of ammonia-N 
(3.18-31.91; avo 21.01 ug at,l), nitrite-N (0.41-11.24 avo 
5.69 ug at,l), nitrate-N (3.40-22.21; avo 11.98 ug at/I) and 
phosphate-P (0.10-6.51; avo 3.34 ug at/I) are geherally 
lower than those in type "L". 

4. Water type "0" which represents the diluted sea water is 
characterized by high oxrgen content (2.00-3.68; av.2.81 
ml,l), low hydrogen sulph de (0.30- 0.99; avo 0.13 mg,l), 
low amount of oxidizable organic matter (0.95-4.80; av, 2.60 
mg ° 2/1), low concentration of dissolved ammonia-N 
(4.91-12.11; avo 1.99 ug at/I), low ~oncentration of 
chlorophyll-a (0.06 -0.32; avo 0.15 mg,m ). The levels of 
temperature, salinity, hydrogen ion concentration, nitrite 
and nitrate are scattered in the ranges (15.21-26.28; avo 
19.54 0 C), (33.12-36.92; avo 35.23 '), (1.10-8.30, avo 
1.96), (0.59-1.62; avo 2.91 ug at/I) and (0.11- 11.41, avo 
9.49 ug at/I) respectively. 
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In order to get a clear picture about the effect of 

iirriiin. iIi}Win~i W~in ih, whr"99-ih~miy~~ 
characteristics of different water types, the percentage of 
distribution of some parameters in different water types was 
calculated (Table 3). 

Table 3. 

Percentage distribution of some physico-chemical parameters in each water type. 

II It rite III trsts PhOAphsts'P Chlorophyll'sHydrogen O.ldtzsble AIIIIIOn Ie·1I
 

lister o.ygen sulphide orgsnte
 

type
 

Paremeter Dissolved 

..tter 
I X X XX " " " 

Wster type "l" 25.63 40.40 44.02 59.20 24.10 20.30 32.30 50.79 
30.47 25.40Wster type "II" 33.94 35.43 33.62 29.56 50.20 44.47 

23.8125.611 35.23 37.23Wster type "0" 40.42 24.17 22.36 11.24 

In general, water type "L" which is greatly affected by 
EI-Umum drain and represents only 0.77 % of the total volume 
(Fig. 3), eXhibited the lowest percentage of dissolved 
oxygen (25.6 ml/l), highest percentage of hydrogen sulphide 
(40.40 %), oxidizable organic matter (44.02 %), ammonia-N 
(59.20 %) and chlorophyll-a (50.79 %). Water type "M" which 
is less affected by EI-Umum drain and represents 52.30 % of 
the total volume exhibited 33.95 % of dissolved oxygen, 
35.43 % of hydrogen sUl~hide, 33.62 % of oxidizable organic 
matter; 60.20 % of nItrite and 25.40 % of chlorophyll-a. 
The percentage distribution showed that water type "0" 
which represents 46.93 % of the total volume and relatively 
far from the effect of EI-Umum drain eXhibited high 
percentage of dissolved oxygen (40.42 %), low percentage of 
hydr0gen SUlphide (24.17 %), low percentage of oxidizable 
organIc matter (22.36 %), low percentage of ammonia-N (11.?4 
%) and low percentage of chlorophyll-a (23.81 %0). 

To get more clear insight about the effect of different 
effluents upon the physico-chemical characteristics of 
different water types, the amount of oxygen necessary for 
complete oxidation of orgainc materials in each water type 
was calculated according to Richards (1965) (Table 4). The 
percent of oxygen that presents after complete oxidation of 
orgainc matter was on the order of: water type "L" < water 
type "M" < water type "D". 
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Table 4. 

Concentration of oxygen necessary for complete oxidation of organic 
matter and the concentration present after complete oxidation. 

lIater type Organic Oxygen Oxygen necessary Original oxygen lit of Oxygen 
metter present for c~leta concentration present after 

oxidation oxidation 
O 

')(mg Oz lO') (mg.lo') (ng.l ("'II. lo ') 

lIater type "l" 5. 'Z Z.60 6.36 8.96 Z9.0 lit 
lIater type "M" 3.9' 3.45 4.86 8.3' 41.5 lit 
lIater type "D" 2.60 4. '0 3.23 T.33 55.9 lit 

In order to get another clear picture about the effect of 
different effluents upon the physico-chemical 
characteristics of differenc water types, the NIP ratio for 
each water type was calculated. The NiP ratio (Table 5) is 
lower than the normal ratio found by R1chards (1958) in the 
north Atlantic (16:1). Chiaudani and Vighi (1978) stated 
that marine algae, in general, are P-limited when N/P ratio 
is > 6 and N-limited when this ratio is < 4.5. In the range 
of 4.5-6.0 the ratios of nutrient elements are near the 
optimal assimilative proportion. The mean annual ratio for 
each water type reported here (Table 5) suggests that 
phosphorus is the most limiting factor for the growth of 
algae in water type ilL" and water type tiM": while in water 
type tiD" the ratio is near the optimal assimilative 
proportion. The seuence of the NIP ratio was on the order : 
water type L > water type M > water type D. 

The calculated NIP ratio revealed that the intrusion of 
EI-Umum drain water in El-Mex Bay elevated the inorganic 
nitrogen compounds in water types "L" and "M". consequently, 
the NIP ratio (14.2 & 11.6 respectively) increased (14.29 & 
11.6). In water type 0, which is less affected by El-Umum 
drain waters, the ratio decreased to 5 as a result of the 
high rate of consumption of nitrogen compounds tlldn 
phosphorus. 

CONCWSION 

As El-Mex Bay receives considerable ~mo~nt of 
agricUltural drains and waste waters (2.4 x 11 m Lyear), 
the need to pay much attention to the potential effects of 
anthropogenies upon the water types and the hydrochemical 
characteristics of the Bay is obvious. 
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Table 5. 

-1
Mean concentration of nutrient salts (ug at.l ) and the 

estimated N1P ratio in the different water types. 

Water type Ammonia-N Nitrite-N Nitrate-N Phosphate-P N1P ratio 

Water type l 42.07 2.73 5.47 3.54 14.20 
Water type M 21.01 5.69 11.98 3.34 11.60 

Water type 0 7.99 2.91 9.49 4.08 5.00 

Our study revealed that the hydrochemical Characteristics 
as w~ll as the water types of the Bay are greatly affected 
by these different effluents. 

Based on the salinity values, the water types could be 
classified into four different categories; namely: mixed 
land drainage water "L", Mediterranean water "S", mixed 
water "M" and diluted water "0". 

The most important features which distinguish water type 
OIL" from other typeS! are the low salinity, low oxygen 
content and high concentration of hydrogen BUl~hide{ organic 
matter, chlorophyll-a and nutrient salts (WhiCh is mainly 
present in the ammonia form). In contrast, water type "S" 
free from the effects of drainage water has high salinity 
value and relatively high oxygen content but low hydrogen 
sulphide, organic matter, chlorophyll-a and nutrient salts. 
The study pointed out also that water types "MOl and "0" are 
affected to a certain extent by land drainage water which 
is indeed more clear in "M" water type than in "0" water 
type. 

The calculated amount of dissolved oxygen that present 
after complete oxidation of organic matter was on the order 
of water type OIL" < water type "M" < water type "0". 

The mean annual ratio of NIP suggests that phosphorus is 
the most limiting factor for the growth of algae in water 
types "L" and "M". In water type "0" the ratio is near the 
optimal assimilative proportion. 
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