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ABSTRACT 
 

During the course of 7 years (1998-2004), five field trips were performed annually in 
January, march, May, July and September. 1400 water samples (200 samples/year) were 
collected from 40 coastal sites covering the recreational areas as well as different hot spots 
and some protectorate areas. Hydrochemical parameters including temperature, salinity, pH 
and dissolved oxygen as well as bacteriological parameters including total coliforms, E. 
coli and fecal streptococci were investigated. Inverse relationships were observed between 
salinity and each of total coliforms (TC) (r = -0.149, P ≤ 0.05) and E. coli (EC) (r = -0.147, 
P ≤ 0.05) in the Suez Gulf, whereas in Red Sea there was an inverse relationship between 
temperature and fecal streptococci (FS) (r = -0.17, P ≤ 0.05). The present study suggested 
that E. coli was the most appropriate indicator during the course of study concerning 
variation in time and locations. Equivalent to 80% of analyzed samples compliance with the 
current standard, 30 sites (75%) of 40 studied sites were unpolluted whereas 25 sites (91%) 
of 28 recreational areas was recommended as unpolluted and approved for safe recreational 
activities. 

 
1. INTRODUCTION 
 

The combination of calm seas, clear water 
and rich marine life of subtropical marine 
beaches of Red Sea region are an important 
and unique recreational resource. They attract 
large numbers of tourists from all over the 
world throughout the year. More than 4.5 
million people visit Red Sea region annually 
to sunbathe, surf, swim, skin-dive and scuba-
dive. Tourism activities in this region 
contribute an important source for the hard 
currencies, consequently to the national 
income. The rapid increase in coastal 
utilization for recreational purposes and 
ecoturism infrastructure, three international 
airports, new resorts in many new areas, 
population growth and increasing tourism 

activities may stress the coastal water quality. 
The main sources of bacterial contamination 
to our coastal waters are sewage discharge, 
harbor activities, boats and vessels and heavy 
recreational activities. There is increasing 
evidence that the rate of marine-associated 
infections are proportional to the microbial 
pollution levels and duration of expose  
(Corbett et al., 1993; Kay et al., 1994) 
several studies have attempted to define the 
levels of risk  flowing expose to different 
concentrations of pathogens and indicator 
organisms in recreational waters (Cabelli, 
1989; Cabelli et al.,1982; Cheung et al., 1990 
and 1991 Cheung et al., 1991; Flisher et al., 
1998; Haile et al., 1999;  Henrichkson et al., 
2001; Prieto et al., 2001). However, very few 
information is available on the water quality 
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of this region: therefore, an environmental 
management is highly desired. The 
Environmental Information and monitory 
Program (EIMP),  directed by the Egyptian 
Environmental Affair Agency (EEAA) and 
International Development Assistance 
(Danida) has been established to initiate 
monitoring and make database system, using 
quality Assurance and quality control work 
for the sustainable development of the 
Egyptian costs of Aqaba Gulf, Suez Gulf and 
Red Sea science 1998. 
The aim of the present study is to describe 
and compare the fluctuation of different 
microbial indicators in relation to time and 
location to determine the degree of fecal 
contamination of beach waters especially in 
recreational areas. Establish a baseline and 
database system to assess the sanitary and 
aesthetic quality of coastal waters for the 
sustainable use and development is another 
goal.  
 
2. MATERIALS & METHODS 

 
2.1. Study area 

Red Sea is a deep semi-enclosed and 
narrow basin, lies between 12 o -30o N and 
32o -44o E and has a length of about 1930 km 
and an average width of 280 km (Morcos, 
1970). It connected to the Indian Ocean 
throw Bab El-Mandab strait and extends 
north word to Sinai Peninsula which divides 
it into the shallow Suez Gulf (250 km long, 
average width of 32 km and average depth of 
64 m) and deep Aqaba Gulf (150 km long, 
average width of 16 km and average depth of 
650 m). The average depth of the Red Sea is 
490 m (Murty and El-Sabh, 1984). Forty 
sampling sites were fixed to represent the 
recreational areas as well as towns, ports, 
fishing ports and some protectorate areas. 
Twelve sites were in the Aqaba Gulf (A), 
fourteen sites in the Suez Gulf (S) and 
fourteen stations along the Red Sea proper 
(R) (Fig. 1). The location of each sampling 
site was determined using global position 
system (GPS).  List of code numbers and 

names of different coastal sites are listed in 
Table 1. 
 
2.2. Sampling 

A total of 1400 duplicate water samples 
were collected from forty sites five 
times/year in January, March, May, July, and 
September during seven years (1998-2004). 
Sea water sampling technique was done 
according to the international standard (ISO 
5667/9, 1992) using 500 ml sterile bottles and 
special sampler, on 50 cm below water 
surface in a shallow of about 1m deep. 
 
2.3. Visual Observations 

Visual observations concerning to the 
aesthetic quality of coastal beach zones 
specially those using for recreational 
purposes, including the concentrations of 
beach users, recreational activities, 
weathering conditions, wind, oil, feces, 
sewage disposal, general and harmful liters 
and seaweeds, were  recorded during the 
sampling time. 
 
2.4. Microbiological analysis 

The traditional bacterial indicators total 
coliform (TC) E. coli (EC) and fecal 
streptococci (FS) were performed in situ after 
sampling in mobile laboratory. To achieve 
this, methodology and culture medium 
proposed by (ISO 9308/1, 1990) for TC and 
EC, and (ISO 7899/2, 1984) for (FS) using 
the membrane filtration technique (Gelman 
0.45 μm membranes). Appropriate volumes 
of samples were filtered and the following 
media (Difco) and incubation temperatures 
were used.  For TC, m-Endo-les agar and 
incubation at 73oC for 24h; for EC, m-FC 
agar and incubation at 44.5oC (water bath) for 
24h; for (FS), m-Enterococcus agar and 
incubation at 37oC for 48h. Ten random 
characteristic colonies from each 
sample/media were subcultured and 
confirmed. The confirmatory tests of 
microscopic examination, gas production, 
indole production, oxidase test, asculine 
hydrolysis and catalase test were done. The 
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final counts for all bacteria were calculated as 
colony forming units (cfu/100 ml). All 
confirmatory tests were done at the National 

Institute of Oceanography and Fisheries 
(NIOF) laboratories in Suez and Hurghada. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (1): Map showing the names and sites code of sampling locations for  
              Aquaba (A), Suez (S) Gulfs and Red Sea (R).
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Table (1): Percentage of possitive bacterial tests* recorded in fourty sampling sites along Aqaba Gulf (A), Suez   
                    Gulf (S) and Red Sea proper (R) during seven years (1998-2004).
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2.5. Hydrographical Measurements 
Hydrographical parameters including 

water temperature (oC), salinity (S%o), 
dissolved oxygen (DO) mg/L and (pH) were 
measured in situ at each site using CTD 
(YSI-6000). 

 
2.6. Statistical analysis 

Correspondence analysis as well as 
stepwise multiple regression analysis were 
performed using NCSS statistical package 
described by (Gray et al., 1988) for testing 
the relations between variables. Raw data for 
bacteria were transformed by adding value of 
0.1 to all scores in order to eliminate zero.  

 
3. RESULTS & DISCUSSION 

 
The water quality parameters 

(temperature oC, salinity %o, pH and 
dissolved oxygen mg/l) characteristic the 
Aqaba and Suez Gulfs and Red sea coastal 
waters were measured in all samples during 
the course of study. These parameters were 
usually showed same trends through the 
seven years of study. Figs. 2&3 showed the 
seasonal and annual fluctuation of these 
parameters during 2002 as example). 

Water temperature showed seasonal 
variation represented high records in July and 
September and low in January. It showed 
fluctuation between 20.8oC and 28.6oC, 
17.7oC and 28.2oC and 20.2oC and 28.1oC for 
Aqaba Gulf, Suez Gulf and Red Sea 
respectively. The macro variations of 
temperature is strictly related to seasonal 
conditions and the Southern part of Red Sea 
proper was characterized by a noticeable 
increase in its water temperature. The same 
results were noted by (Fahmy, 2001 and 
2003; Fahmy et al., 2003 and EIMP, 2003). 
The geographic and seasonal distribution 
patterns of salinity showed minor variations. 

It ranged between 39.50%o and 40.20%o, 
39.70%o and 42.50%o and 39.0%o and 
40.40%o for Aqaba Gulf, Suez Gulf and Red 
Sea respectively. The values of pH were 
always very stable and the mean records were 
8.15, 8.17 and 8.13 for the same regions 
respectively. Dissolved oxygen levels never 
even close to being depleted throughout the 
course of study. It registered absolute 
variations (6.4-7.6) 7.00, (6.3-8.7) 7.3 and 
(6.7-7.3) 7.0 mg/L for the above regions 
respectively. 

The interest of microbiology in marine 
ecosystems is very old. The highest risk to 
human health occurs during recreational use 
of contaminated waters was recommended. 
(Haile et al., 1999). The quality of the coastal 
waters with respect to levels of pathogenic 
bacteria showed a highly variable picture 
across the Egyptian Coast of Aqaba and Suez 
Gulfs and Red Sea from uncontaminated 
coastal waters specially in protectorate areas 
to very high degree of contamination allover 
the year in areas receiving raw sewage (Table 
1 and Fig. 4). 

Using the Egyptian and European 
standards for marine recreational waters 
which has guide values of 500, 100 and 100 
cfu/100 ml for TC, EC and FS respectively 
(Ministry of Health, Egypt, 1996 and EC, 
1997) and any sample which its bacterial 
counts exceeded the guidelines was 
considered a fecally polluted sample. 
Generally the levels of detected bacteria 
recorded low numbers during 1998-1999; 
increasing from 2000 to 2004 (Table 1) the 
studied area considered as low populated 
areas, but undergoing considerable pressure 
because of increasing anthropogenic inputs 
due to increasing tourism activities may be 
the reason of increasing bacterial levels from 
The year 2000 to 2004.      
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Fig. (2): Temperature (°C), salinity %, dissolved oxygen (mg/L) and pH recorded in surface coastal  
               waters of Aqaba Gulf (A), Suez Gulf (S) and Red Sea (R) during 2002. 
 
Temp.: Temperature                     Sal.: Salinity              Do.: Dissolved oxygen  
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The levels of bacteria showed very low 
numbers in many protectorate areas (A2, A5, 
A6, A8, A12) as well as areas with very low 
populations (S2, S3,S8, S13) and virgin 
beaches (R2, R6, R9) (Table 1 and Fig. 4). 
However the studied bacteria increased 
dramatically allover the year between several 
Ras Gharib City (S12).  The increase in boats 
anchored in  Sharm El-Sheikh - Marina 
Sharm (A11) and Quseir public beach (R12) 
(about 90 boats in Sharm El-Sheikh and more 
than 30 boats in Quseir without waste water 
treated system) and the high numbers of 
primitive boats (more than 80 boats) 
anchored in Shalatin fishing port (R14) may 
the reason of dramatic increase in bacterial 
counts. 

In several popular beaches (A3, A10, S1, 
R3, R4, R12) as well as many villages, hotels 
and resort beaches (A1, A3, A7, A9, S4, S11, 
R1, R2, R5, R6, R7, R10) the levels of 
indicator bacteria ranged from acceptable to 
slight above and sometimes higher than the 
current standards (Table 1, Fig. 4) according 
to the visitors/tourists movements. 

Figures 5 and 6 showed seasonal and 
annual fluctuation of bacteriological 
examination (EC and FS) during 2002 with 
increasing levels during summer season in 
popular beaches due to increase human 
presence for recreational purposes from near 
local residence, whereas in villages, hotels 
and resort beaches the levels of bacteria 
increase over late Autumn and early winter 
(Tourism season) due to the increased tourist 
movement and their recreational activities. 
The same seasonal fluctuation was noted all 
over the all study period. 

This study suggests that bathing beaches 
may be subjected to increase microbiological 
pollution during months of excessive human 
presence and activity despite the increase of 
day light (more than 14 hours) and solar 
radiation in this subtropical area which may 
affect the die-off rate of microorganism 
(Fattal et al., 1983). 

The statistical analysis of correspondence 
plot made by program computer package 

NCSS (Fig. 7) showed that in all studied 
areas during the study period (seven years), 
TC and EC are close to each others, whereas 
FS is separated. However the hydrographical 
parameters seem to affecting TC and FC 
more than FS levels. The stepwise multiple 
regression equations showed inverse 
relationship between salinity and each of TC 
(r = -0.149, P ≤ 0.05) and EC (r = -0.147, P ≤ 
0.05) in the Gulf of Suez. The same 
relationship was noted by (Solic and 
Krstulovic, 1992) and (Chigbu et al., 2004). 
In Red Sea there was an inverse relationship 
between FS levels and temperature (r= -0.17, 
P ≤ 0.05). (Chigbu et al., 2004) reported 
negative relationship between temperature 
and fecal coliform levels in Mississippi 
Sound, although some studies reported that 
fecal coliform bacteria death rate increased 
with temperature from < 5oC to 35oC in 
marine waters (Auer and Niehaus, 1993).  

Seawater quality criteria proposed by the 
world health organization and other 
international foundations are usually 
suggested total coliforms, E. coli and fecal 
streptococci as microbiological pollution 
indicator (WHO, 1994; Pike, 1993). The 
combination of several indicators is likely to 
present a global picture of water quality 
(seyfried et al., 1985). The results of present 
study in Table (2) showed that during the 
course of study E. coli represented  46.1% of 
positive samples  compare to 40.1% and 
29.5% for fecal streptococci and total 
colifrom respectively, suggesting that E. coli 
are the most appropriate indicator during the 
course of study concerning variation in time 
and locations. World wide, there is no 
agreement on the best indicators of public 
health risks from contaminated marine 
waters. For example, the United States 
currently monitors enterococcus or coliforms 
(Haile et al., 1999), Hong Kong monitors E. 
coli (Cheung et al., 1990). United Kingdom 
monitors fecal streptococci (key et al., 1994). 

From the microbiological point of view, 
the limits of acceptability equivalent to 80% 
of analyzed samples compliance with the 
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current standard (WHO/UNEP, 1977), the 
results showed 30 sites (75%) of 40 studies 
sites can be classified as unpolluted. However 
in bathing beaches, 25 beaches (91%) of 28 
beaches were recommended as unpolluted, 
and approved for safe recreational activities. 
Three of studied beaches (S6, R14, R12) can 
be classified as relatively polluted, as over 
20% of their samples sometimes were above 
acceptable levels only in heavily visited 
seasons (Table 1 and Fig. 4). 

Red Sea, Gulf of Aqaba and Gulf of Suez 
are highly valued as recreational resources. 
Therefore the maintenance, preservation and 
restoration of its water quality are integral to 
address appropriate management strategies 
and sustainable development in the future. To 
achieve this; (1) the sanitary monitoring 
program in terms of microbial contamination 
must be continued to make database system. 
(2) disciplinary approach for increasing 
public awareness of preserving marine 
ecologic health is needed. (3) Awareness for 
personal hygiene and use of clean towels on 

the beaches. (4) Regular cleaning of beaches 
from fecal material, litters and sharp material. 
(5) Do not give an award to resort beaches 
that allowed dogs, camels and horses 
specially during the recreational seasons. 

In general the results of this study will 
help in (1) Providing relevant baseline data 
for any comparative studies on the ecology of 
microbial indicators. (2) Making focus on 
polluted areas. (3) Drawing attention that 
agglomerations nearby bathing areas that 
producing waste water must be connected to 
waste water treatment plant. 
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Table (2): Percentage of positive tests* of each bacterial parameter 

from 1998-2004.
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