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ABSTRACT 

 
Two hot spots under the direct effect of pollutants were chosen at Abu-Qir and El-Mex 

bays in addition to some samples taken from the adjacent pumping stations and El-Umum 
drain. Physico-chemical measurements were done on the water samples collected 
seasonally during the year 2003-2004 at these sites to determine the levels of 
hydrographical parameters and biogenic elements.  

Temporal as well as spatial fluctuations and statistical correlations between the 
analyzed variables were examined. A wide range of water temperature (17-29 ºC) was 
measured. Salinity had a wide range for bays samples (28-36 ‰), while the drain water 
salinity did not exceeds 5‰. Abu-Qir water is little higher oxygenated (1.35-5.14 ml / L) 
than that of El- Mex bay (1.21 – 4.18 ml / L) or drain water (0.50 – 3.48 ml /L).  The 
discharged effluents through El–Tabia pumping station are loaded with high amounts of 
oxidizable organic matter ( up to 47 mg O2 / L) while the level in the bays shore water did 
not reach 22 mg O2 / L.  The drain water showed high alkalinity up to 10 meq / L compared 
with lower values of the bays (< 5 meq / L).  Nutrient salts in drain water showed high 
levels up to 28, 346, 42 and 22 µM for phosphates, silicates, ammonia and nitrites, 
respectively,  compared with lower levels of the bays. Nitrate was found as traces in most 
samples; however, the water taken during Jan. 2003 from El-Tabia pumping station gave 
the highest level. High Chlorophyll-a level (5-7 mg /L) was obtained in the bays samples 
reflecting a certain eutrophication condition. 

 
INTRODUCTION 

 
Abu-Qir bay is a shallow semicircular 

basin laying 35 Km east of Alexandria (Fig. 
1a). The bay receives many types of 
discharged effluents through El-Tabia 
pumping station, Boughaz El-Maadiya and 
Rashid Mouth of River Nile.  Intensive 
attention was paid to investigate physico-
chemical characteristics of Abu-Qir Bay [e.g; 
(El-Deeb 1977), (Dowidar et al. 1983), 
(Osman and Dorgham 1987), (El-Gindy 
1988), (Mahmoud and Abdel- Hamied 1991), 
(Tayel 1992), (Nessim et al. 1993 and 1995), 
(Badr 1993), (Zaki et al. 1997), (Fahmy 

1997), (Okbah 1999) and (Abdel-Aziz et al. 
2001)].  

The second hot spot under investigation, 
El-Mex bay, was chosen west to Alexandria, 
(Fig 1b). El-Mex bay extends for about 15 
Km with a mean depth of 10 m. Several 
investigations were carried out to study the 
characteristics of the bay water such as; 
(Emara et al .1984 and 1992), (Dorgham et 
al. 1987), (Said et al. 1991), (Nessim 1994), 
(Fahmy et al. 1995), (Labib 1997) and 
(Abdel- Halim 2003). Both El-Mex and Abu-
Qir bays receive different types and amounts 
of effluents; agricultural, domestic and 
industrial effluents. The present work aimed 
to study the effect of the discharged effluents 
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on the chemical composition of the seawater 
at the selected two hot spots which are 

directly subjected to the pollutants.
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MATERIAL AND METHODS 
 

Surface water samples were collected 
seasonally through eight trips during the year 
2003/2004 at the selected sites representing 
the area subjected to waste effluents (Figs.1a, 
1b). Physico-chemical analysis were carried 
out for the collected water samples to 
measure the following variables (Table 1): 
temperature, measured by an ordinary 
thermometer accurate to 0.1 ºC, the pH – 
value, measured by a portable pH – meter, 
total alkalinity, determined titrimetrically 
using dilute HCl. Dissolved oxygen (DO) 
was analyzed according to the modified 
Winkler method, (Grasshoff 1976), 
oxidizable organic matter (OOM) according 
to Carlberg method (1972). Salinity (S‰) 
was calculated from the electrical 
conductivity of samples measured by a 
Beckman salinometer. Nutrients (nitrite, 
nitrate, ammonia, phosphate and silicate) 
were analyzed spectro-photometrically 
according to the recent oceanographically 
methods described by Grasshoff (1976) using 
a Shimadzue double beam spectro-
photometer. Chlorophyll-a content was 
determined spectro-photometrically 
according to Strickland and Parsons (1972). 
 

RESULTS AND DISCUSSION 
 

I- Physico – Chemical Characteristics: 
The surface water temperature at El-Mex 

hot spot varied seasonally, Fig.(2), from a 
minimum of 19 ºC in winter to 29 ºC in 
summer. The highest average surface water 
temperature at Abu-Qir area (26.5 ºC) was 
observed as expected during summer, and the 
lowest (17ºC) was in winter Fig. (3). 

Salinity is considered as a sensitive 
parameter for measuring the rate of dilution 
of seawater caused by land-based sources 
discharge and subsequently it reflects the 
degree of contamination in aquatic 
environment. Water salinity at the bays sites 
showed wide seasonal variations, Figs. (2, 3), 

which directly reflect the changes in the 
volume and dispersion of the discharged 
wastewater through El-Umum drain and El-
Tabia pumping station. At Abu-Qir site, the 
area was subjected to intensive dilution 
particularly during winter which reduced the 
salinity to reach 22.6‰. This observation 
agrees with those found by several authors at 
the same area (Abdel-Aziz et al. 2001). The 
seasonal values of salinity at El- Mex- water 
fluctuated between 28.3 and 32 ‰ reflecting 
the mixing of the bay water with fresh water. 
The salinity of the drain water, on the other 
hand, did not exceed 5‰. 

The pH-value is affected greatly by the 
photosynthetic activity of algal organisms as 
well as by the amount of sewage discharge 
into the bays. The recorded pH- values of the 
surface water at Abu-Qir site (7.57 – 8.26) 
showed relatively little higher level if 
compared with that recorded at El-Mex water 
(7.56 – 7.93) and at drain water (7.25 – 7.93). 
These results are in a good agreement with 
those obtained by; (Nessim 1989) and 
(Okbah et al. 1999).  The present data 
displays that; all the pH – values were always 
on the slight alkaline side and lower than that 
of the open sea. The decrease in the pH – 
value is coincided with the drop in oxygen 
content due to the effect of accumulating 
organic pollutants (Saad 1976) as well as the 
discharge of brackish water.  

Dissolved oxygen is considered as one of 
the most important and useful parameters in 
identification of different water masses and in 
assessing the degree of pollution especially 
with organic pollutants which affects fish and 
other marine life through oxygen reduction or 
depletion. The distribution pattern of DO at 
El- Mex site showed a wide seasonal 
variation and fluctuated between 1.21 ml /L 
during summer and 4.18 ml /L during winter, 
with an annual average of 2.59 ml/L, Fig.(2). 
The minimum value of DO observed at El- 
Mex site during summer is coincided with a 
high amount of oxidizable organic matter, 
OOM, (16.64 mg O2 / L). However, the 
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maximum value of DO recorded during 
winter at the same station can be attributed to 
lower water temperature as well as agitation 
of water by strong winds (Nessim 1990). At 
Abu- Qir site, the minimum value of DO was 
recoded during winter (1.17 ml /L) and 
coincided  with high OOM value (20.19 mg 
O2 / L) while the maximum value was 
recorded during spring 2003 (5.14  ml /L). 
The annual mean of DO recorded at Abu – 
Qir site in the present study (2.29 ml /L) is 
slightly lower than that recorded by (Zaki et 
al. 1997), (2.80 ml /L). However, the present 
annual mean at El-Mex site (2.59 ml /L) lies 
within the range of previous annual mean 
(2.41 – 6.43 ml / L) in the last ten years at the 
same area (Said et al, 1991), (Nessim, 1994) 
and (Okbah et al, 1999). Drain water is 
characterized by relative lower Oxygen 
content (0.50-3.48 ml/L), and complete 
depletion of oxygen was not observed among 
all samples but the values were found in 
under saturated conditions. 

Oxidizable organic matter, OOM, is far 
known as one of the most criteria to assess 
sewage pollution and organic loading 
(Redfield 1958). The seasonal averages of 
OOM ; at Abu – Qir, 3.47  – 20.91 mg O2/L 
and in El-Mex water  3.40 – 16.64 mg O2 /L, 
are relatively lower than those recorded in 
drain water [15.10 – 47.01 mg O2/L] 
reflecting the influence of the drain on the 
chemical characteristics of the bays. The 
present annual means at both bays were 
around 8.1 mgO2 /L, which lie within the 
annual mean for the last ten years recorded at 
the same areas (Nessim 1989) and (Zaki et al. 
1997). 

The annual mean values of total alkalinity 
in the surface water of Abu – Qir and El – 
Mex sites were 3.25 and 3.84 meq./L, 
respectively, which are highly matched with 
the values recorded for such polluted areas 
(Nessim & Tadros, 1988), (Nessim, 1994) 
and  (Abdalla et al. 1995). On the other hand, 
the total alkalinity values recorded for the 
drainage waters, Fig. (4), were relatively 
higher than those reported for the bays, 
Figs.(2, 3), Table (1). This is also confirmed 

by the negative significant correlation 
recorded between the total alkalinity and 
salinity (r = -0.729, p = 0.05), Table (2). 
  
II- Nutrient Salts: 

The studied nutrients in the present work 
are; nitrites, nitrates, ammonia, phosphate 
and silicates, Figs. (5-9), Table (1). In 
principle, ammonia is the form of nitrogen 
preferred by algae and only when its 
concentration is depleted to less than 0.15 
µM, nitrates and nitrites will be utilized 
(UNESCO, FAO, UNEP, 1988).  

The nitrite values in surface water at Abu 
– Qir area reported during the last ten years 
were ranged between a minimum of 0.07µM 
and a maximum of 2.5 µM (Fahmy et al. 
1997). The present data at Abu –Qir site was 
fluctuated between a maximum of 4.97 µM 
and a minimum of 0.669 µM during autumn 
and winter, respectively, Fig. (6). A complete 
depletion of nitrite was detected among all 
samples collected at the same area during the 
productive seasons; spring and summer. 
Riley (1977) explained the increase of nitrite 
during autumn  as an earlier part of 
regeneration which fall to lower values in 
winter and complete depletion in spring. This 
phenomenon was also observed by several 
authors [e.g. (Nessim 1991) and (Nessim and 
El-Deek, 1995)]. The observed peak of nitrite 
during autumn is associated with a minimum 
value of ammonia (0.18 µM), which could be 
attributed to the excretion of nitrite by 
phytoplankton during nitrate assimilation. At 
El-Tabia pumping station, nitrite value was 
low 0.1µM in winter and is associated with 
high amounts of ammonia (42.02 µM) 
indicating the effect of wastewater discharge. 
Along El-Umum drain, the concentration of 
the nitrite ion increased gradually reaching its 
maximum (21.38 µM) at station III. Due to 
the mixing of drainage water with seawater at 
El-Mex site, the value of NO2 dropped to less 
than 4 µM. at station IV. No significant 
seasonal variations in the ion concentration 
were observed at El-Mex site, the values 
ranged between 2.74 – 3.83 µM with a 
maximum value during summer.  
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Nitrate ions were nearly depleted from 
most samples, as a result of its consumption, 
except at El-Tabia pumping station where a 
pronounced concentration of 2.35 µM was 
detected during winter. This was found to be 
in a good agreement with (Hassan 2003). 

A considerable seasonal variation in 
ammonia levels was observed at Abu-Qir site 
where the values ranged between 0.18 and 
10.34µM. The highest value of ammonia, 
observed in winter, was coincided with 
lowest values of chlorophyll a, b, c, nitrite 
and a complete depletion of nitrate. Similar to 
the condition at Abu – Qir site, a very high 
value of ammonia was recorded in winter at 
El-Tabia pumping station. At El-Mex site, the 
value of ammonia fluctuated between 0.16 
and 6.43  µM. No significant seasonal 
variation was observed at this site except in 
summer when a noticed drop in ammonia 
value was occurred (Riley 1977) and (Nessim 
1989). At El-Umum drain, the values of 
ammonia fluctuated between 14.98 µM at St. 
I and 30.34 µM at St. III. The abundance of 
different nitrogen forms reflecting the 
increasing rate of ammonia production or 
increasing rate of nitrate consumption as 
compared to the other inorganic nitrogen 
species by indigenous phytoplankton 
(UNESCO, FAO, UNEP, 1988). 

The mean concentration of phosphates in 
Abu-Qir waters during the last ten years was 
ranged between 0.3 (Tayel 1992) and 1.42 
µM (Abdel Aziz et al. 2001), Fig. (8). 
However, at El-Mex area, the mean 
concentration had a higher range and 
fluctuated between 0.84 (Okbah et al .1999) 
and 3.34 µM (Said et al. 1991), Fig.(9). In the 
present study, the value of phosphates at 
Abu-Qir site had a range of 0.09 to 1.94 µM. 
The minimum value was observed during 
summer and the maximum during winter. 
Similar to nitrite and ammonia, phosphates 
had a slight seasonal variation at El-Mex site 
ranging between 1.02 and 2.25µM. The 
importance of an allochthonous source of 
phosphate was demonstrated by an inverse 
significant correlation detected between 

salinity, and phosphates (r= -0.676, p = 0.05), 
Table (2). 

According to Chiaudani and Vighi (1978), 
when N/P ratio is higher than 6, the marine 
algae are considered to be P-limited and 
when it is lower than 4.5, they considered to 
be N – limited. In the present work, about 20 
% of the data have N/P ratio higher than 6 
while 70 % of the data have N/P ratio below 
than 4.5 and only 10 % are of N/P ratio 
nearly identical to the oceanic value. It is 
clear from the N/P ratio that N, in general, is 
the most limiting factor which agrees with the 
finding of Mc.Gill (1965). However, the ratio 
tended to increase above 6:1 during winter 
and autumn at St. IV and during winter and 
spring 2003 at St. VI and during autumn at 
St. III, where phosphorus becomes as  
limiting factor (Chiaudani and Vighi 1978). 

The seasonal changes in silicate values at 
Abu –Qir site, were found to resemble more 
or less those of phosphate, a relative low 
value was observed during spring 2003 
corresponding to the utilization of silicate as 
the phytoplankton population increased. As 
summer advanced, the level of silicate in 
seawater decreased to reach its minimum 
value in September (0.7 ± 0.16 µM). During 
autumn, phytoplankton growth decreased, 
and silicate was regenerated to some extent. 
Silicate maximum was observed during 
winter being 55.09 ± 0.3µM and followed by 
a marked decrease during spring 2004. The 
maximum observed values of phosphate and 
silicate during winter are coincided with 
minimum values of chlorophyll a, b and c 
(1.68, 1.53 and 4.40 mg / m3, respectively). 
Contrary to other nutrient salts, the silicate 
values at El-Mex site showed a wide range of 
seasonal variations (15.4 – 50.0 µM), Fig. 
(7). The uptake of silicate by diatoms during 
winter affected its content, where the 
minimum recorded value was 15.4 ± 0.5 µM. 
The same observation was recorded by 
Nessim (1991) and Abu-Taleb (2004) in 
Alexandria coastal water. However, in warm 
seasons; spring and summer, the values of 
silicate increased. The variations of silicate 
concentration were mainly contributed to the 
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supply of silicate from El-Umum drain water 
on one hand and its consumption by diatoms 
on the other hand. Thus, silicate is a good 
indicator of fresh water dispersion and of the 
potential for diatom blooms. The direct 
significant correlation between silicate and 
oxidizable organic matter [r = 0.646, p = 
0.05] demonstrates allochthonous source of 
silicate in the surface water. The drain water 
showed expected great silicate amounts 
(155.3 – 346.4 µM), Fig.(5), if compared 
with the bays samples. At El-Tabia pumping 
station, St. V, the minimum value of silicate 
was reported during winter. However, at El-
Umum drain, the silicate concentration 
increased along the drain stations to reach its 
maximum at St. III, Fig. (1a). 

Si/P ratio is much higher than that of N/P 
at both bays and drain waters. The Si/P ratio 
was widely fluctuated between 3:1 during 

summer at Abu–Qir site (St.IV) and 79:1 
during autumn at El- Umum drain (St.III). 
The relatively high Si/P ratio may be 
attributed to the continuous supply of 
wastewater effluents and drainage water 
through the two pumping stations. 

Phytoplankton biomass has been 
estimated using chlorophyll-a as biomass 
indicator. The minimum, 1.68 mg/m3, and 
maximum, 6.68 mg/m3, Chl. a values were 
recorded during winter season at Abu-Qir and 
El-Mex sites, respectively. The two bays 
showed a relatively high content of Chl-a if 
compared with other coastal waters (Nessim, 
1991). The high concentration of Chl-a 
content recorded in the surface water is 
coincided with low salinity and high values 
of OOM and nutrient salts, which reflects 
such eutrophication condition caused by 
drainage effluents. 
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Figure 2: The hydrographic parameters for El-Mex hot spot during the year 2003/2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: The hydrographic parameters at Abu-Qir hot spot during the year 2003/2004 
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Figure (4): The hydrographical parameters for Drainage water 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig (5): The Nutrient Salts for Drainage water 

0

10

20

30

40

50

St. I St.II St. III( May. 20003) St. III ( Oct. 2003) St. V

Air Temp. Cº Water Temp. Cº pH S ‰ D.O. mg /L OOM mg O2 /L total Alk. (Meq/L)

0

50

100

150

200

250

300

350

400

St. I St.II St. III( May. 20003) St. III ( Oct. 2003) St. V

NO2 (µM) NO3 (µM) NH3 (µM) PO4 (µM) silicate (µM)



WATER CHARACTERISTICS OF ALEXANDRIA HOT SPOTS 

 

 �




RAMZY B. NESSIM et al.��

���

REFERENCES 
 

Abdalla, R.R., Zaghloul, F.A., Hassan, Y.A. 
and H.M. Moustafa. 1995. Some Water 
Quality Characteristics of El-Dekhaila 
Harbour, Alexandria, Egypt, Bulletin of 
National Institute of Oceanography and 
Fisheries, A.R.E., 21(1): 85. 

Abdel-Aziz, N.E., Fahmy, M.A. and M.M. 
Dorgham. 2001. Hydrography, Nutrients 
and Plankton Abundance in The Hot Spot 
of Abu-Qir Bay, Alexandria, Egypt. 
Mediterranean Marine Science, 2 (2): 17-
31. 

Abdel-Halim, A.M. 2003. Chemical 
Equilbria Studies of some Phosphorous 
Compounds under Different Conditions, 
Ph.D. Thesis, Faculty of Science, 
Alexandria University 

Abou-Taleb, A.E.A. 2004. Assessment of 
Some Heavy Metals and Their 
Accumulation in Marine Organisms in 
Alexandria Coastal Environment, Master 
Thesis, High Institute of Public Health, 
Alexandria University, 260p. 

Badr, N.B. 1993. Chemical Studies on 
Copper in the Coastal Mediterranean 
Waters in Front of Alexandria, Master 
Thesis,  Faculty of  Science, Alexandria 
University, 317p 

Carlberg, S.R. 1972. New Baltic Manual, 
Intern. Coun. For the Explo. Of the Sea. 
Cooperative Res. Rep. Series A N. 29, 
Copenhagen. 

Chiaudani, G. and M.Vighi. 1978. 
Metodologia Standard Di Saggio Algare 
Per 10 Studio Dello Acque Marine, Journal 
of Quaderni Dell Instituto Di Ricerca Sull 
Acque, 39: 120p. 

Dorgham, M.M. and M.M. Osman. 1987. 
Environmental Conditions in Abu-Qir Bay, 
East of Alexandria. II- Plankton 
Distribution, Downstream from Land- 
Based Effluents. Chemosphere, 16 (2/3): 
559 -564. 

Dowidar, N.M., Gerges, M., El-Samra, M.I. 
and M.S. El- Deek. 1983. General review 

of the Ecological Conditions of Abu-Qir 
Bay, UNESCO reports in Marine Science, 
20: 124 -133. 

El-Deeb, M. K. Z. 1977. Hydrography and 
Chemistry of Abu-Qir Bay. Master Thesis, 
Faculty of Science, Alexandria University, 
194 pp. 

El-Gindy, A.A.H. 1988. On the Dynamic 
Features and the Possible Mechanism of 
the Vertical Mixing in Abu-Qir Bay, 
Rapp.Comm.Int.Mer.Medit., 31(2): 200. 

Emara, H.I., Iskandar, M.F. and F.N. Assad. 
1984. Chemistry of the Water West of 
Alexandria, Bulletin of National Institute of 
Oceanography and Fisheries, 10: 35 -49. 

Emara, H.I., Shridah, M.A., Moustafa, T.H. 
and M.S. El-Deek. 1992. Effect of Sewage 
and Industrial Wastes on the Chemical 
Characteristic of the Eastern Harbour and 
El-Mex Bay waters of Alexandria, Egypt, 
Marine Coastal Eutrophication, Proc. Int. 
Conference Bologna, Italy, 21-24 March, 
Elsevier 773 -784. 

Fahmy, M.A. 1997. Hydrochemistry and 
Nutrients of Abu-Qir Bay during Summer, 
1995, Bulletin of Faculty of Science, 
Alexandria University, 37(2): 171 -186. 

Fahmy, M.A., Tayel, F.T., and M.A. Shridah. 
1995. Effect of Pollution on the Water 
Quality of El-Mex Bay and El-Dekhaila 
Harbour of Alexandria, 1st Int. Conference 
on Present and Future Technology of 
Navigation and Marine Science of 
Mediterranean and Red Sea, 29-31 Oct. 
1995. 

Grasshoff, K. 1976. Methods of Seawater 
Analysis, Verlage Chemie. Weinheim, New 
York, 317p. 

Hassan, S.A. 2003. Removal of Cadmium Ion 
from Industrial Wastewater by 
Sedimentation in Presence of Surface 
Active Substances (SAS), Master Thesis,  
Faculty of Science, Alexandria University, 
136p. 

Labib, W. 1997. Eutrophication in Mex Bay 
(Alexandria, Egypt), Environmental 
Studies and Statistical Approach, Bulletin 



WATER CHARACTERISTICS OF ALEXANDRIA HOT SPOTS 

 

 ��

of National Institute of Ocaeanography  
and Fisheries, A.R.E., 23: 49 -68. 

Mahmoud, Th. H. and O.H. Abdel-Hamied. 
1991. The Distribution and the 
Relationship between Nitrogen and 
Phosphorous Compounds in Abu-Qir Bay, 
Alexandria, Egypt, Bulletin of  High 
Institute of Public Health, 21 (2): 361 -370. 

Massoud, S. 1994. Project on Development 
of an Integrated Environmental 
Management Plant in the Bay Abu-Qir 
Region, IV. 

Mc Gill D A. 1965. The Relative Supplies of 
Phosphate Nitrate and Silicate in the 
Meditrranean Sea, Rapp. Comm. Int. Mer. 
Medit., 18 (3): 737. 

Nessim, R.B. 1989. Some Chemical 
Parameters as Indicators for the Water 
Pollution Along Alexandria Beach, Bulletin 
of High Institute of Public Health, 21 (1): 
157-169. 

Nessim, R.B. 1991. Nutrient Levels and 
Chlorophyll – a Content in Alexandria 
Coastal Waters, Bulletin of National 
Institute of Oceanography and Fisheries, 
A.R.E., 17(1): 129-140. 

Nessim, R.B. 1994. Environmental 
Characteristics of Mex Bay, First Arab 
Conference on Marine Environment 
Protection, 5-7 Feb., Sheraton, Alexandria, 
221- 243. 

Nessim, R.B. and M.S. El-Deek. 1993. 
Eutrophication in Abu-Qir Bay, Proc. 3rd 
International Conference "Environmental 
Protection is a Must", 13-15 April, 
Sheraton, Alexandria, 115 – 130. 

Nessim, R.B. and M.S. El-Deek. 1995. The 
Influence of Land-Based Sources on the 
Nutrient Level in Abu-Qir Bay, Bulletin of 
High Institute of Public Health, 25 (1): 209 
-220. 

Nessim, R.B. and A.B. Tadros. 1988. Effect 
of Pollution on the Chemical Composition 
of the Western Harbour Waters 
(Alexandria),  Bulletin of National Institute 
of Oceanography and Fisheries, A.R.E., 14 
(2): 173-181. 

Nessim, R.B. and F.Zaghloul. 1990. Nutrients 
and Chlolrphyll-a at Kait-Bay Region, 

Alexandria, Bulletin of Institute of 
Oceanography and Fisheries, Egypt, 16 (3): 
71-80. 

Okbah, M.A. and F.T.R. Tayel. 1999. Water 
Quality in The Coastal Area of Alexandria, 
Bulletin of National Institute of 
Oceanography and Fisheries, A.R.E., 25: 
89-102. 

Osman, M.M and M.M. Dorgham. 1987. 
Environmental Conditions in Abu-Qir Bay, 
East of Alexandria. I-Physico-Chemical 
Characteristic and Water Circulation. 
Chemosphere, 16 (23): 361 -368 

Redfield, A.C. 1958. The Biological Control 
of Chemical Factors in the Environment, 
Journal of American Science, 46: 205- 222. 

Riley, J.P. and R. Chester. 1971. Introduction 
to Marine Chemistry, Academic Press, 
London and NewYork, 4th Edition, 757p. 

Saad, M.A.H.. 1976. Some Limnological 
Investigations of Lake Edku, Egypt, Arch. 
Hydrobiol., 77: 411 -430. 

Said, M.A., El-Deek, M.S., Mahmoud, Th. H. 
and M.M.A. Shridah. 1991. Physico-
Chemical Characteristics of Different 
Water Types of El-Mex Bay, Alexandria, 
Egypt, Bulletin of National Institute of 
Oceanography and Fisheries, A.R.E., 71 
(1): 103 – 116. 

Strickland, J.D.M. and T.R. Parsons. 1972. A 
practical Handbook of Seawater Analysis", 
2nd ed. Bull. Fish. Res. Bd. Canada, 310p. 

Tayel, F.T.R. 1992. The physical and 
Chemical Conditions of Abu-Qir Bay 
Waters, Alexandria, Egypt,  

  Bulletin of High Institute of Public Health, 
22 (1): 87 -99. 

UNESCO, FAO, UNEP. 1987. 
Eutrophication in the Mediterranean Sea, 
Report and Proceeding of a scientific 
Workshop, Bologna, Haly, 2-6 March, 32p. 

Zaki, M.I., Abu-Shabana, M.B. and O.W. 
Wahby. 1997. Effect of Abu-Qir Industrial 
Effluents on Histological Characteristics of 
Different Stages of Sparus Auratus (Effect 
of Lethal & Sublethal Concentration of 
Ammonia), Bulletin of National Institute of 
Oceanography & Fisheries, A.R.E., 23 
(11): 111 -134. 



EGYPTIAN  JOURNAL  OF  AQUATIC  RESEARCH                                                                                                        1687-4285 
VOL. 31, SPECIAL ISSUE,  2005: 25-37 

 

* Corresponding author 
e-mail: rbnassim@yahoo.com 

 


