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ABSTRACT

Spatial and temporal variability in the saprophytic (SB) and salt tolerant saprophytic
(STSB) bacterial counts as well as total coliforms (TC), E. coli (EC) and fecal streptococci
(FS) were investigated in the Egyptian surface coastal waters of Aqaba and Suez Gulfs as
well as Red Sea. A total of 200 samples collected from 40 sites during January, March,
May, July and September 2002 were investigated. Hydrographical parameters including
water temperature (oC), salinity (S%o), dissolved oxygen (DO) and pH were also measured.
According to the European and Egyptian current standards, out of 200 samples analyzed
during 2002, 183 samples (91.5%) were accepted for marine recreational purposes. The
obtained results indicated that water quality of the investigated coastal areas was generally
affected by sewage disposal and (or) other anthropic influences. However in bathing and
recreational areas, the water quality was mainly affected by the excessive human presence
i.e. tourists-visitors and their recreational activities. In general, the final counts of all the
investigated bacterial groups were found to be in good correlation with each other.

INTRODUCTION
Bacteria are an abundant and

productive food resource for fine-particle-
feeding organisms in marine water and have
been found to comprise 10 to 83% of the total
suspended biomass (Ferguson and Rublee,
1976). Saprophytic bacteria are responsible
for the remineralization of particulate and
dissolved organic matter in the sea. Under
favorable conditions these microorganisms
are able to decompose almost all natural and
organic compounds as well as many artificial
substances (Rheinheimer and Grocke, 1994).
The importance of these bacteria is greater in
coastal regions due to the input of organic
matter and nutrients on one hand, and on the
other hand to the anthropic influence that
alter environmental characteristics and
consequently the bacterial population
(LeChevallier et al., 1980).

The Egyptian coasts of the Aqaba,
Suez Gulfs and the Red Sea proper are
considered relatively undisturbed because of
the low population density. The subtropical
climate and the healthy coral reefs with their
colorful and diverse marine landscape
represent the main assets for ecotourism and
are a major resource in these areas,
consequently for the national income. The
ecotourism infrastructure is continuously
developing, three international airports
(Sharm El-Sheikh, Hurghada and Marsa
Alam) and large scale of resorts has been
established in many new areas along the
Egyptian coast and extends south to the
border of Sudan.

Nowadays, these coasts are locating
under the direct effects of many recreational
resorts, urban agglomeration, marine
shipping, activity of phosphate industry,
fishing ports as well as limited freshwater and
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sewage sources. Therefore the water quality
must be of great sanitary as well as clinical
significance specially those used for
recreational activities including bathing
sailing, boating, various forms of surfing and
underwater diving.

In this region a little bacteriological
study was done. Therefore, this work
investigates the spatial and temporal
variability of saprophytic bacteria as well as
bacterial water quality along the Egyptian
coast of the Aqaba, Suez Gulfs and the Red
Sea.

MATERIALS AND METHODS
Study area

Red Sea is a deep semi-enclosed and
narrow basin, lies between 12-30oE and 32-
44oE and has a length of about 1930 km and
an average width of 280 km (Fig.1) (Morcos,
1970). It is connected to the Indian Ocean
through 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
coastal sampling sites were selected to
represent the recreational areas as well as
towns, ports, fishing ports and some
protectorate areas. Twelve stations were in
the Aqaba Gulf (Egyptian site), fourteen
stations in the Suez Gulf and fourteen stations
along the Egyptian Red Sea proper. List of
code numbers and names of different coastal
stations are listed in Table 1.
Sampling

A total of 200 duplicate water
samples were collected from 40 sites during
five sampling cruises January, March, May,
July, and September 2002.These sites are
illustrated in Table 1 and showed by Fig.1.
The bacteriological sampling technique was
done according to the international standard
ISO 5667/9 (ISO, 1992) using 500ml sterile
bottles and a special sampler, on 50 cm below

water surface at 1m depth. At each site, the
samples were collected from three different
points to get a more representative sample
matrix.
Microbiological analysis

The pouring plate procedure
(American Public Health Association,
APHA, 1989) was used to enumerate both
saprophytic bacteria (SB) and salt tolerant
saprophytic bacteria (STSB). Nutrient agar
supplemented with glucose (5g/l) and yeast
extract (3g /l) was used for enumeration of
SB, however the same media supplemented
with [3%o salt obtained from the sea water by
solar evaporation (3%w/v)] was used for
(STSB) (Hassan, 1993).

Total coliforms (TC), thermotolerant
E. coli (EC) and fecal streptococci (FS) were
enumerated on m-Endo-les agar, mFC agar and
m-Enterococcus agar (Difco) respectively. The
membrane filtration technique was used (El-
Shenawy et al., 2000). Ten random
characteristic colonies from each sample were
subcultured, confirmed and the final counts
were calculated as cfu/100ml according to the
ISO 9308/1 (1990) and ISO 7899/2 (1984). The
bacteriological analysis was performed in situ
after sampling in mobile laboratory van.
Complete analysis and confirmation tests were
done at the National Institute of Oceanography
and Fisheries (NIOF) laboratories in Suez and
Hurghada.
Hydrographical analysis

Hydrographical parameters including
water temperature (oC), salinity (S%o),
dissolved oxygen (DO) mg/l and (pH) were
measured in situ at each station using CTD
(YSI-6000, USA).
Statistical analysis

Correlation matrix between the
different investigated bacterial and
hydrographical parameters was done for
testing the relationship between variables.
Raw data for bacteria were transformed by
adding value of 0.1 to all scores in order to
eliminate zero. Also the principal
components affecting the investigated coastal
water quality parameters have been done.
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Table 1. List of names and sites code of fourty sampling stations along
Aqaba Gulf (A), Suez Gulf (S) and Red Sea proper (R).

No. List of stations Site code

1 Taba A1

2 Mersa Muqibila A2

3 Nuweiba - city A3

4 Nuweiba - Harbour El-saidin A4

5 Ras Mamlah A5

6 Hiebiq - Ras Nubar A6

7 Dahab - Laguna beach A7

8 Nahlat AlTel A8

9 Sharm El-Sheikh - Na'ama bay A9

10 Sharm El-Sheikh - Marine sport club A10

11 Sharm El-Sheikh - Marina-Sharm A11

12

Aqaba Gulf

Sharm El-Sheikh - Ras Mohamed A12

13 El-Tour - Public beach S1

14 Ras Budran S2

15 Abu Zenima S3

16 Ras El-Sudr S4

17 Suez North - Port-Tawfik S5

18 Suez North - Rix beach S6

19 Suez North - Kabanoon beach S7

20 Suez Middle - Ataka NIOF S8

21 Suez South - Adabiea Port S9

22 Ain Sukhna North - Sumid Petr. Co. S10

23 Ain Sukhna South - Hotel S11

24 Ras Gharib - City S12

25 Ras Gharib - Harbour S13

26

Suez Gulf

Ras Shukheir - GAPCO Petr. Co. S14

27 Abu-Sha'r - El-Guna resorts R1

28 Hurghada City - NIOF Al-Ahyaa R2

29 Hurghada City - Public beach R3

30 Hurghada City - Sea horse beach R4

31 Hurghada City - Sheraton Hotel R5

32 Sal Hashish - El-Dabaa R6

33 Safaga North - Suma Bay R7

34 Safaga Middle - Phosphate Co. R8

35 El-Hamarawein R9

36 Quseir North - Movenpik resort R10

37 Quseir Middle - city R11

38 Quseir South - public beach R12

39 Mersa Alam - Marine Sport club R13

40

Red Sea

Bir-Shalatin - Fishing port R14
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RESULTS AND DISCUSSION
Temperature oC, salinity %o,

Dissolved oxygen DO and pH of the
investigated samples are presented
graphically in Fig. 2. Their annual means are
showed in table 2 and Fig.4. Surface water
temperature showed obvious seasonal
variation with minimum in winter and
maximum in summer. The water temperature
ranged from 21.67oC at site A8 during Jan.,
to 30.34oC at site A12 during July in Aqaba
Gulf, whereas it ranged from 16.40oC at site
S9 in Jan., to 28.65oC at site S11during July
in Suez Gulf. In Red Sea, the temperature
ranged from 18.6 oC at site R1 during Jan. to
33.89oC at site R14 during July. The
variations in water temperature were strictly
related to seasonal conditions (where the
summer season is the longest), wave current
motions and time of sampling. Similar results
have been recently reported (Fahmy, 2001,
2003 and Fahmy et al., 2003).

The distribution pattern of salinity
values S%o showed fluctuations between
38.8%o at sites (A11 & A12) in July and
40.50%o at A3 in May, in Aqaba Gulf. These
values ranged from 39.00%o at site S1 in Jan.
to 42.50%o at site S7 in May in Suez Gulf,
while in the Red Sea S%o ranged between
38.60%o at site R13 in Jan. and 40.90%o at
site R1 in September. The conveyed water of
higher salinity from Suez Canal to Suez Gulf
can be responsible for its slight increase in
S%o values ( Fahmy, 2003 ).

pH values were always on the slight
alkaline side, their temporal and spatial
variations was insignificant. It showed
variations from 7.90 to 8.54 in all the studied
areas (Fig. 2 and Table 2).

The measurements of dissolved
oxygen (DO) ranged between 6.20 and 8.22
mg/l in all the investigated area and never
even close to being depleted on any station of
studied area. Approximately the same results
were recently reported (Fahmy, 2001, 2003
and Fahmy et al., 2003).

The role of saprophytic bacteria in
water as a better indicator of water quality
than coliform index is questioned
(LeChevallier, 1980; Geldreich et al., 1972
and Mood, 1997). The bacteriological
examination of the forty sites revealed that
the saprophytic bacteria during the course of
study ranged between 0.6 x 103 and 8.4 x 106,
however STSB ranged from 0.3 x 103 and 5.0
x 106 cfu/100ml. In the Aqaba Gulf, the
maximum recorded count of SB was 4.5 x
104 cfu/100ml at A10 in May (this side
receives a lot of general litters and garbage of
ships), whereas in Suez Gulf, it recorded 7.0
x 106cfu/100ml at two sites including S12 in
Jan. and At S9 in May (these two sites
receives obvious sewage disposal). In the Red
Sea the maximum counts of SB recorded 8.4
x 106cfu/100ml at R14 in September, this side
receives fecal and organic wastes in the
Shalatin primitive native fishing port. This
reflects the input of organic matter and
nutrients at site S12 and the anthropic
influence at sites A10 and R14 that alter
environmental characteristic and
consequently the bacteria in a direct or
indirect quantitative and qualitative way
(Gocke, 1977 and Rheinheimer, 1976). The
counts of SB and STSB in current study were
less than those reported by Hassan (1993) in
Abu-Dhabi coastal waters at United Arab
Emirates, Arabian Gulf, and Oman Gulf,
where the counts of SB ranged from 9 x 106

to 4.2 x 107 and STSB from 0.4 x 106 to 22.5
x 106/100ml (Hassan, 1993). Also in the
North Sea and the Baltic Sea SB numbers
scored between 10 thousands and several
hundred thousands. In the adjoining area the
counts ranged between one thousand and
some ten thousands (Rheinheimer, 1976).

The occurrence of fecal pollution
bacteria i.e. total colifrom E. coli and fecal
streptococci is used as sanitary parameters for
evaluation of water quality. It is also known
that these indicators are associated with
disease-causing species of importance to
public health (Seyfried et al., 1985; Corbett et
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al., 1993; Key et al., 1994; Dadswell, 1993
and Hall and Rodriguers 1992).

The following interpretation of the
detected bacterial indictors during 2002
(Fig.3&5 and Table 2) were done according
to the European Commission (EC) guide
standard (EC, 1997), which meet with the
Egyptian guide standard (Ministry of Health,
Egypt, 1996). They accept the guide values of
the investigated bacteria up to 500 cfu/100ml
of marine water for coliform bacteria and 100
cfu/100ml for both E. coli and fecal
streptococci. The combination of the three
indicators is likely to offer a global picture of
water quality (Seyfried et al., 1985).

In general as seen from the obtained
results of investigated fecal indicator
bacteria, most of the investigated sites are
found within the acceptable levels. However
17 sites (A11, A10, A9, S4, S5, S6, S7, S14,
R2, R5, R7, R8, R10, Re11, R12, and R14)
out of 40 sites, showed counts of bacteria that
ranged from only slightly to extremely higher
than the acceptable levels of the current
standards, in at least one or more sampling
campaigns, for the presence of one or more
indicator bacteria (Fig. 3). The annual
average of each site that exceeded the
standard value for the five sampling
campaigns was only at 13 sites (A11 S5, S6,
S7, R5, R7, R8, R10, R11, R12, and R14)
(table 2 and Fig. 4).

In Aqaba Gulf, the general
bacteriological picture showed acceptable
bathing water throughout the year except at
site A11 (Sharm El-Sheikh-Marine Sharm) in
May. The high level of detected bacteria
fluctuated between 1 x 103 - 9 x 103/100ml
for EC and between 6 x 102 - 9 x 102/100ml
for FS. This may be explained by the
increased recreational activities, during the
long summer season, at this area leading to
higher levels of untreated wastes discharge
from vessels and boats into the coastal water.
However sites A9 and A10 harbour only EC
of 1.2 x 102 and 22 x 102/100ml respectively
in July, due to recreational activity.

In Suez Gulf, most sites were found
within the acceptable levels; however at site

S12 (Ras Gharib-City) high counts of the
investigated bacteria were detected
throughout the year. These counts fluctuated
between 1 x 104and 2.5 x 106 for EC and
between 1.5 x 10 and 2 x 106 /100ml for FS,
with maximum numbers in May and July
respectively. The same was true in site S7
(Suez kabanoon-beach) where the counts
were 17 x 103 and 19 x 103cfu/100ml for EC
and FS in May. Meanwhile, the maximum
counts of EC and FS were 5.6 x 103 and 3.2 x
103 at site S6 and 1.5 x 102 and 4x 102

cfu/100ml at site S14, respectively. These
high levels of investigated bacteria was due
to the obvious source of raw sewage disposal
in sites S12 and S7 however, site S6 (Rex
beach-Suez) was affected by the near fishing
port activity.

At Red Sea proper, generally the
levels of the measured bacteria are
acceptable most of the year except at site
R14( Shalatin primitive fishing port) which
harbour high levels of bacteria throughout the
year with a maximum of 12 x 105 and 5 x
104cfu/100ml for EC and FS, respectively in
July. However at sites R12, R11, R10, R8, R7
and R5 the count of EC and sometimes FC
slightly exceed the acceptable standards in
summer. This may be attributed to the
recreational and human activities.

In general, out of the 200 analyzed
samples during 2002, 183 samples (91.5%)
were accepted, according to the European and
Egyptian current standards, for recreation
purpose, whereas 17 (8.5%) were not. The
incidence of TC, FC and FS bacteria in
unaccepted samples were 13 (6.5%), 17
(8.5%) and 4 (7%) respectively. As seen from
the obtained results, EC was detected in all
the unacceptable water samples. This may
suggest that EC could be considered as the
most important bacterial indicator in this
work. Similar results showed that the sanitary
quality of coastal waters is best indicated by
EC because it exhibit highly specific
correlation with the contamination materials
from worm-blooded animals. (Maipa et al.,
2001).


