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ABSTRACT 

The bacterial count, and its bioniass were tstima;ed in the 
seawater of the Eastern Harbour of AI~xandria in relation to some 
physicochemical parameters to show t,h'!ir effect on the bacterial 
abundance and its biomass in a ·water bocJ.v subjPcted tn jast changing. 

The bacteriological count in thl! area shvwed pronounced 
differences, ranging between 0.47 to 5.4 million cells/ml for total 
bacterial number (TBN) and from 540 to 5400 CFU/ml for viable 
saprophytic bacteria. The bacterial biDmass (BBM) rangedfrom 97.6 
J1gCgm3 in winter to 190.4 J1gCgm3 zn summer. 

INTRODUCTION 

The Eastern Harbour- (E.H.) is a !"elatively shallow semi-enclosed basin 
sheltered from the sea by concrete bff~ak-w~ter about 750 meter in length 
leaving two openings through which the exchange ofwater between the harbour 
and the inshore water take place. Its area is about 2.53xl06 m2 with an average 
depth of about 6.0 meters. 
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The water of Eastern Harbour is subjected to pollution from eleven small 
sewage outfalls inside the harbour with an annual discharge of about 
35.2x106m3 of untreated domestic se\\'age (Aboul Kassim, 1987). This quantity 
is about 2.3 times the \vater volume of this basin (Zaghloul, 1996). 

High numbers of different microorganisms are introduced \vith domestic 
sewage into the harbour along with great amounts of organic and inorganic 
nutrients, which greatly enhanced the growth of microbial mass. 

Microorganisms especially bacteria play an important role in changing the 
marine ecosystem. Bacteria are the first component of the marine habitat to be 
affected by altered environmental conditions. , The autochthonous bacterial 
comn1unity of aquatic systems may therefore provides a mean of detecting 
environmental perturbations (Bond~ 1967~ Bell et aI.. 1982) 

The bacterial populations play an important role in the turn over of orgaruc 
materials and thereby, in the self-purification of seawater (Rheinheimer, 1977). 
Also the composition of bacterial biomass is important since this defines the 
o.uality of food available to bacteriovorus organisms (Gast & Gocke, 1988). 

The present work deals with a Synoptic survey on bacterial numbers- and 
biomass in seawater of the E.H. in relation to some physico-chemical parameters. 

MATERIALS AND METHODS 

Surface water samples were collected seasonally during the period between 
June 1994 and May 1995 from 6 sites of the Eastern Harbour representing the 
different habitats of the investigated area Fi~. (1). 

For viable saprophyte count [Colony forming unite CFU] lobell's mediu'n 
2216 E (1946) with 1.5% agar was used by performing the "Pour plate method" 
Colonies were counted after 14 clays incubation at 20°C. 

Total bacterial number (TBN) and bacterial biomass (BBM): were 
determined immediately after sampling as follows: one hundred of water was 
transferred into brown glass bottle and preserved with 2 ml freshly filtered 
formaline (370/0). 
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For BBM the methodology {)f Zimmermann (1977) was used using 
Millipore filters (0.2!lm pore size) previously staIned WIth 0.004% solution of 
Sudan black, then the bacteria cells were staineu with a 0.01 % solution of 
acridine orange for 3 n1inutes; and c0unted with d standard Zeiss microscope 
equipped with an epifllouresence apparatus. Frcrn each slide 10 randomly 
chosen microscopic fields were ass~ssed for count bacterl a, lengths were 
measured with a graduated eyepiece. Cell volume and its biomass was 
calculated according to Zimmermann (1977) using a conver~ion factor of 1xl 0-7 

Ilg C/m3
. 

For physico-chemical paramet~rs spbsurf~ce vT~.ter s~mplec;: were taken 
using one litre capacity "Ruttener sampler. 

In case of bacterial, water samples~ it WaS coll~cted ~11 stel:le SCh:W capped 
bottles belo\\-· the sea surface with ample air space ~() peIillit shaking the 
samples. Both temperature and hydrogen ion concentratian (PH) wer~ reccrded 
for each sample at the time of sampling using an oriiinary theI1Tlometer (I-50°C) 
and portable pH meter. Dissolved oxygen ~DO) ml 0 2/1 was carried out 
according to Winkler method (Strickland and Parsons, 1972). The biulogical 
oxygen demand (BOD) ml 0 211 was carried uut a~cordiilg to the ~tandard 

methods for the examination of water and wastewater (American Public Health 
Association, 1982). Oxidizable organic matter (OOM) mg 0 2/1 was determined 
by the method ofTaras eta!' (1974). Dissolved nitrite and nitrate Ilg-at/l were 
measured according to Strickland and Parson (1972). Dissolved ammonia Ilg
atll was determined using the endophenol blue method as described by Karolefft 
(1969). Dissolved phosphate ~g-at/l was analysed according to the method 
described by G~asshoff (1976). 

Chlorophyl1-a mg.m-3 content \vas measured following the method of 
Strickland and Parson (1972). Statistical analyses including Stepwise multiple 
regression equations at a confidence limit of95% were carried out according to 
Freund, (1988). 
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RESULTS AND DISCUSSION 

Temperature: 
The mean seasonal water temperature ranged between 19.7°C and 26.2°C. 

The lowest temperature was recorded in \Vi.nter, increasing gradually throughout 
Spring attaining its maximum in Summer and then gradually decreased during 
Autumn Fig. 2, Table 1. 

Salinity: 
Seasonal salinity values ranged between 37.57S%0 and 38.43S%o. Generally 

salinity attained lower values at the coastal marginal stations II) & (I due to the 
sewage discharge near these stations. Seasonal salinity changes are given in 
Table (l) and illustrated in Fig. 2. 

Hydrogen ion concentration (PH): 
The pH values in E.H. tend to be on the alkaline side, showing seasonal 

variations between 7.43 in summer and 8.25 in autumn and winter. The higher 
values recorded during this period may be due to the high standing crop of 
Phytoplankton. 

Dissolved Oxygen (DO): 
Dissolved Oxygen shows more or less narrow, range of seasonal variations, 

(2.26 - 2.97ml 0 211) with the highest values during winter and spring. This way 
is due to low water temperature and low OOM concentration during these two 
seasons. 

Biological Oxygen Demand (BOD): 
The BOD ranged between 1.16 to 2.13ml 0 211, the higher values was 

recorded during autumn especially at marginal stations I & IT near sewage 
outfalls. The seasonal averages are given in Table (1) and illustrated in Fig 2. 

Oxidizable Organic Matter (OOM): 
The spatial OOM fluctuated between 8.3 to 2.2 mg 02.r1

• The higher value 
recorded during summer. 
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Fig. (1): Some seasonal surface \\-rater parameters variation during the period 
between June 1994 and May 1995 from the Eastern Harbour. 
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Dissolved Inorganic Nitrogen: 
The range of inorganic nitrogen concentration J..lg atll is the summation of 

the concentration of ammonia, nitrite, and nitrate. The higher values were 
mostly recorded near sewage outfalls. The seasonal averages of the different 
forms of nitrogen are given in Table (l) and represented in Fig 2. 

Reactive Phosphate: 
Reactive phosphate p04 is considered as a potential pollutant brought into 

the coastal water mainly by sewage and wastewater. Its value were fluctuated 
between a maximum value of 1.1 J..lg/l at station 1 near the outfalls and a 
minimum value of 0.22 J..lg/l far from the outfalls (Station N) Table (l). 

Chlorophyll-a: 
Chlorophyll-a content in the seawater E.H. that is reflecting Phytoplankton 

biomass during the period of study fluctuated between 1.12 to 5.351lg at.r1
• 

These values were considerably less than those previously recorded in the same 
area during the last decade. The higher level of CW-a was recorded specially at 
the marginal station I & II especially in summer. 

Bacteria: 
Total bacterial numbers (TBN) and the saprophytic bacteria plate counts 

(CFU) were ranged between 0.47 and 5.4 million cells/mill and between 540 
and 5400 CFUIML, respectively. The highest values for the two parameters 
were recorded in summer at stations 4 and 6, respectively, (Fig. 3 and 4) while 
the lowest values were recorded at station 5 in winter and spring respectively. 
The highest values of both IBN and CFU in summer may be due to higher 
temperature 26.4 IC or may be due to water current entering the Harbour from 
EI-Silsila at station 4 and loaded by sewage with allochthonus bacteria. These 
results are in a good agreement with those reported by Rublee et af (1984). 

Aboul Kassim (1987) indicated that the flourishing rate in the Eastern 
Harbour water attend 5.5 months during 1975 but recently it was estimated to 
be 10 days only (Zaghloul, 1996). So we expect fast changes in the bacterial 
biomass and total counts as the water body changed. 
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Fig. (3): Distribution of TBN at the different stations 
at the different seasons. 
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Fig. (4): Distributioll of CFU at the different stations 
at the different seasons. 
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By applying the technique of stepwise multiple regression analysis between 
both TBN and CFU as dependent factors and the physico-chemical parameters 
as independent factors, it was found that TBN in the studying area was highly 
correlated with temperature, dissolved oxygen and oxidizable organic matter 
(r=0.873,r=24 at p<0.05). The same correlation was found by Rheinheimer 
(1977). Also, CFU was highly correlated \\lith temperature, oxidizable organic 
matter and ammonia. (r = 0.851, n=24 at p<0.05) This correlation 'was also 
reported by Palumbo et of. (1 984) and Kunnis (1 99 1). The regression models 
for both parameters are described as follovls: 

• -.c;
TBN= -98.8x 15 +4 x 10) Temperature + 5.4 x 10~ DO+ 2.8X 10- OOM. 
CFU= -3950.4 + 175.2 Temperature + 500.25 OOM -154.1 NH3 

Highest value of bacterial biomass (190.4 ~g C~m3) appeared during 
summer \vhereas lowest value (97.6 ~g C~m3) occurred in winter (Fig. 5). The 
obtainable higher values are coincided with increase in both saprophytic 
bacteria (CFU) and total bacterial number reflecting the influence of 
environmental factors on the abundance of bacteria in water (Lee and Lee 199 
1). Applying the stepwise multiple regression analysis between bacterial 
biomass as a dependent variable and physico-chemical parameters as 
independent ones separates the Most important environmental factors alerting 
the distribution of a dependent one, thus it \vas found that BBM was highly 
correlated with temperature. biological oxygen demand and oxidizable organic 
matter. Wright and coffin (1984), and Foog (1977) also reported these 
correlations. 

The regression equation correlating them \vas as follows: 

BBM= -19.485-10.78 BOD +10.37 OOM+ 5.3 Temperature 

(r- 0.92, n=24, p<0.05). 

Figures 6, 7 and 8 show the plotting of the observed and the calculated 
models of TBN and CFU and BBM respectively. The closeness of both lines 
reflects the goodness of the prediction models. 
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Fig. (5): Distribution ofBBM at the different stations at the 
different seasons. 
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Fig. (8):	 Actual and predicted values of bacterial biomass with 
some physicochemical parameters (Temperature, BOD 
and OOM) by the multiple stepwise regression model. 
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CONCLUSION 

1.	 Temperature is the most important environmental parameter affecting total 
bacterial number, Saprophytic bacteria and bacterial biomass. 

2.	 The effect of dissolved ammonia appears in calculating the saprophytic 
bacteria than the bacterial biomass. 

3.	 Not all the environmental parameters have a noticeable effect on the count 
or the mass of bacteria. 
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