
The occurrence and distribution of humic substances and nutrient 
salts in Alexandria Eastern Harbour (Spring 2004) 
 
Wafica M. Aboul-Naga, Ahmed M. Abd El-Halim and Thanaa H. Mahmoud  

 
National Institute of Oceanography and Fisheries, Kayet Bey, Alexandria, Egypt. 
 
Received 28th May 2009, Accepted 15th July 2009    
 
Abstract 
  

Alexandria Eastern Harbour (EH) is a semi-enclosed bay covering an area of about 2.8 km2
 with an average 

depth of 5 m. The harbour is connected with the Mediterranean Sea through El-Boughaz and El-Silsila openings. 
The hydrography of Alexandria EH were studied in spring (May 2004). These include the hydrographic data 
(temperature, pH, oxidizable organic matter (OOM) and chlorophyll-a and the nutrient salts (ammonia, nitrite, 
nitrate, reactive phosphate and silicate) were measured in the water. The study also includes determination both 
fulvic acids in the surface water as well as fulvic acids and other humic substances in the sediment of Alexandria EH 
were determined at the first time. Primary production measured chlorophyll-a values ranged between 0.68 and 4.35 
µg l-1. As a result of the extensive input of nutrients since a long time ago from the main pumping station at Kayet 
Bay as well as subsidiary 11 outfalls inside the harbour, the semi-enclosed nature of the harbour and the shallowness 
of the water, heavy algal blooms and domination of plankton existed. The OOM values showed a narrow range of 
variation between the surface and bottom water with a respective mean value 7.47 and 8.05 mg O2/l, respectively. 
High values of ammonia 4.84 µmol l-1, nitrate 1.5 µmol l-1 were recorded in the surface water of the harbour. Both 
silicate and phosphate showed a narrow range of variation between the surface and bottom water of the EH. Fulvic 
acids ranged between 0.10 and 0.41 mg l-1, and between 0.24 and 0.69 mg g-1 in the surface water and sediments, 
respectively. The high values of fulvic acids are characterizing the inshore shallow area of the harbour. In the 
sediments, the percentage of humic substances /organic carbon is of an average value 35.5 for the EH which means 
that humic substances in the sediment of Alexandria EH represent more than 1/3 organic carbon in the sediments. In 
the sediments, correlation analysis reveals the presence of a good relation between fulvic acids and humic 
substances. 
 
 
1. Introduction 
  

Humic substances (humic and fulvic acids) are the 
largest resource of organic carbon in the aquatic 
environments (Mantoura et al., 1978). These 
compounds also interact with a number of organic and 
inorganic pollutants, altering the chemical behaviors, 
transport mechanisms and ultimate fates of these 
pollutants in the environment. 

The major components involved in the evolution of 
humic substances are proteins, carbohydrates, lignins, 
fatty acids and a variety of organic acids. They 
constitute the bulk (50 to 80%) of the organic matter in 
natural waters, sediments, soils, peat bogs and other 
natural ecosystems. The organic carbon content of 
coastal water and sediments is usually resulted from the 
contribution of terrigenous nutrients (exogenic) and 
decomposition of authogenic plant and animal remains 
near the bottom of the water bodies through the action 
of bacteria further the biologically important element, 
carbon, nitrogen and phosphorous to return into the 
circulation in the overlying water. However, the 
concentration of organic carbon in the sediments 
reflects the high productivity of the water column by 

stimulating the growth of phytoplankton especially in 
the coastal waters. The character of organic substances 
is affected particularly by oxygen content, bacterial 
activity and the chemical nature of the overlaying water 
(Faragalla, 1995). 

The present work aims at the examination of the 
distribution of temperature, chlorophyll-a, pH and 
oxidizable organic matter; humic substances (humic 
acids (HA) and fulvic acids (FA)) and nutrient salts 
(ammonia, nitrite, nitrate, reactive phosphate and 
silicate) in the bottom water and humic substances (HS) 
in the sediments of the Alexandria Eastern Harbour 
(EH) after closing most of the sewers (about 11 outlets 
had been closed) which were distributed along the coast 
of the harbour. 
 
1.1. Area of Study 
  

Alexandria Eastern Harbour is one of the most 
important areas of tourism, fisheries and several 
recreational and developmental purposes. It is a 
shallow, protected, semi-enclosed and circular basin, 
covering an area of 2.8 km2 and a mean depth of 5 m 
(Figure 1).  The deepest part of the area (12 m) is found 
near El-Boughaz inlet, the bottom slopes down 
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gradually towards El-Boughaz opening (Said and 
Maiyza, 1987). Alexandria EH occupies the central part 
of the coast of Alexandria and connected to the 
Mediterranean Sea through two openings, El-Boughaz 
(main) and El-Silsila. According to Nessim et al. 
(2007), till 2003, the basin receives a considerable high 
amount of domestic sewage water discharged directly 
from the main pumping station at Kayet Bay as well as 
subsidiary 11 outfalls inside the harbour for rain water 
discharge.  The daily amount of unprocessed sewage 
discharged inside the harbour was estimated at 63.014 
m3 (Mehrem, 2002). The main activity in the EH is 
fishing and most of ships are using the EH as fishing 
boats. In addition, there are many private shipyards slip 
ways used for building and maintenance of fishing 
boats, yachts and leisure small boats. Accumulation of 
nutrient salts, organics and other elements in the 
sediments as well as diffusion from the sediments and 
pore waters to the overlaying water are expected. The 

surficial sediments of the harbour are highly affected 
by the anthropogenic input and progressively undergo 
several changes in their characteristics. Current is 
generally flow from the open sea into the harbour 
through El-Boughaz opening and then flow a counter 
clockwise path to reach the sea again through El-Silsila 
outlet. Exceptions may be observed during the winter 
months, when the currents follow a clockwise direction 
(El-Sonbaty, 1997). Recently, Shreadah et al. (2006) 
studied the physicochemical characteristics of the EH. 
The hydrographic structure of Alexandria EH has been 
studied by El-Geziry and Maiyza (2006), while the 
zooplankton community in the harbour has been 
studied by Zakaria (2006) and the crustacean isopods 
by El-Sonbaty (1997) and nutrient salts, bacteria and 
their correlation coefficient between them have been 
studied by Mahmoud et al. (2006). The pore water 
chemistry was studied by Nessim et al. (2007). 
 

Figure (1): The study area, Alexandria Eastern Harbour and positions of the sampling stations. 
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2. Material and Methods 
  

Sub-surface water samples (0.5 m depth) and near 
bottom water for nutrient salts was collected using a 
Nisken bottle twice on local motorboat from 10 
locations covered the Eastern Harbour during spring, 
2004. The locations were selected taking into 
consideration the different area of the harbour due to 
human activities. Water samples (surface and bottom) 
were stored at -20oC for nutrient salts analysis. Samples 
for measurements of oxidizable organic matter (OOM) 
were collected in brown bottles of 100 ml capacity. 
Water temperature was measured using a pocket 
thermometer. A portable digital pH meter of 0.01 unit 
accuracy (model 3410 Jenway) was used for pH 
measurements. 

Sub surface water samples (about 0.5 m below the 
surface to avoid floating matter) were collected directly 
in a 5-liter polyethylene jerryans cans previously 
cleaned. For chlorophyll-a, one liter polyethylene jerry 
cans surface water samples were collected at the same 
times. At the same stations, surfacial sediments were 
collected utilizing a stainless-steel grab (Ekman Grab). 

Nutrient salts in surface and bottom waters, 
including ammonia, nitrite, nitrate, reactive phosphate 
and silicate were determined spectrophotometically  
according to the procedures mentioned Grasshoff 
(1976). Chlorophyll-a was determined according to 
Strickland and Parsons (1968) methods (using acetone 

90%). (OOM) was estimated by boiling a known 
volume of water samples in presence of alkaline 
potassium permanganate and titrating the librated 
iodine against standard thiosulphate solution (Ellis et al 
1946). Surface water samples were used for the 
isolation of humic acids by classical procedure for 
XAD resin (Stuermer and Harvey, 1974 and 1977). 
Grab sediments were used for extraction of humic 
substances (humic acids (HA) and fulvic acids (FA)) 
from the same stations. Humic substances (HS) were 
extracted by 3 times successively shaking with 0.5 M 
NaOH solution and the humic acids were separated by 
acidification to pH one unit with HCl. The precipitated 
humic acids were recovered by centrifugation. The 
supernatant solution containing fulvic acids (Rashid 
and King, 1969 and Majumdar and Roa, 1978). 
 
3. Results and Discussion 
 
3.1. Water samples 
 
3.1.1. Hydrographical characteristics  
  

The values of water temperature, pH and oxidizable 
organic matter (OOM) in the surface and bottom water 
and the concentration of chlorophyll-a in the surface 
water for all sample stations during the spring are 
shown in Table 1 and Figure 2. 

 
Table (1): Water temperatures, pH, oxidizable organic matter and chlorophyll-a of surface (S) and bottom (B) waters 

in the Eastern Harbour Alexandria in spring 2004. 
 

Station Depth (m) Type Temp. (°C) pH OOM (mg O2/l) Chl-a (µg/l) 

1 2.5 S 22.63 8.30 9.77 0.70 
 B 22.63 8.25 10.65 - 

2 2.0 S 22.47 8.30 9.68 0.68 
 B 22.17 8.22 4.27 - 

3 2.0 S 22.67 8.34 8.32 4.35 
 B 22.13 8.29 11.30 - 

4 2.5 S 22.33 8.39 8.32 0.93 
 B 22.30 8.21 5.33 - 

5 7.0 S 22.27 8.41 7.36 1.51 
 B 21.37 8.18 7.25 - 

6 2.5 S 22.57 8.37 4.48 4.21 
 B 22.10 8.26 9.60 - 

7 7.0 S 23.47 8.41 7.15 3.49 
 B 22.13 8.26 7.15 - 

8 6.0 S 22.43 8.40 7.15 0.79 
 B 21.74 8.22 8.64 - 

9 12 S 22.10 8.38 7.04 1.20 
 B 21.77 8.18 11.95 - 

10 6.0 S 22.17 8.39 4.48 2.68 
 B 21.30 8.23 4.48 - 

Regional Average 4.95 S 22.51± 0.39  7.48 ± 1.90 2.05 ± 1.49 
 B 21.97 ± 0.41  8.05 ± 2.80 - 
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Figure 2: Horizontal distributions of (A) water temperature, (B) pH, (C) OOM and (D) chlorophyll-a of surface and 

bottom water of eastern Harbor in spring 2004. 
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3.1.1. 1. Water Temperature 
  

The water temperature varied between 22.10 and 
23.47°C in surface water with an average of 22.51+ 
0.40 °C and between 21.30 and 22.63°C in the bottom 
water with an average of 21.97±0.41°C. Surface water 
temperature was always higher than that of the bottom 
water at all stations of the EH. The horizontal 
distribution of temperature in the surface and bottom 
waters in the EH (Figure 2) showed a small increase in 
water temperature from the open sea towards the 
harbour via El-Boughaz (from 22.2 to 22.6°C in the 
surface water and 21.6 to 22.2°C in the bottom 
water).this trend is more or less reversed at El-Silsila 
opening. An increase of water temperature leads to a 
decrease in the solubility of oxygen in water, which 
leads to an increase of the metabolic activities of the 
microflora and fauna, which in turn results in higher 
biochemical Oxygen Demand (BOD) and local 
hypereutrophication (El-Nagar, 1993 and Aboul-Naga, 
2001).  
 
3.1.1. 2. pH 
  

The pH values of the EH water lies at slightly 
alkaline side (8.30 – 8.41), (8.18 – 8.29) in the surface 
and bottom waters, respectively (Table 1). The surface 
water pH, as shown in Figure 2, slightly decreases from 
the sea shoreward, while the bottom water pH slightly 
increases with a very narrow range between 8.20 and 
8.26 dominate the harbour (Figure 2). 
 
3.1.1. 3. Oxidizable organic matter (OOM) 
  

Oxidizable organic matter (OOM) of the surface 
water ranged between 4.48 and 9.77 mg O2/l, while the 
bottom water fluctuated from 4.27 to 11.95 mg O2/l, 
which is within the range of the results of Abou-Taleb 
(2004). The average values of OOM for both surface 
and bottom waters were 7.48±1.9 and 8.05+2.8 mg 
O2/l, showing no significant differences between the 
surface and bottom waters due to the shallowness of the 
harbour (Table 1). Horizontal distribution of OOM of 
surface water reveals a surface inflow taking place 
from the open sea to the harbour via El-Boughaz (in 
front of National Institute of Oceanography and 
Fisheries (NIOF)) (St. 1), while OOM of bottom water 
reveals an irregular trend. OOM are produced mainly 
through the decomposition of different effluents 
particularly domestic sewage introduced through land 
sources as well as the decomposition of plant 
organisms and particulate organic detritus at the 
bottom. Most of these substances are readily oxidized 
and are soon decomposed either through autolysis 
and/or bacterial action. Naturally, both mechanisms 
may act together, the extent of each varying according 
to the condition and the availability of necessary 
enzymes and bacteria. 
 
 

3.1.1. 4. Chlorophyll-a 
  

Chlorophyll-a is the essential pigment involved in 
light absorption and photochemistry in high plants and 
algae. Table (1) shows that chlorophyll-a ranged 
between a minimum of 0.68 µg l-1 (in front of NIOF) 
and a maximum of 4.35 µg l-1 in front of El-Kashafa, 
(Figure 1) which is probably due to the blooming of 
phytoplankton.. 
 
3.1.2 Nutrients  
  

The surface (S) and bottom (B) waters values of 
ammonia, nitrite, nitrate, reactive phosphate and 
silicate are presented in Table 2 and the surface and 
bottom distribution are presented in Figure 3. 
 
3.1.2 .1. Ammonia (NH4-N) 
  

Ammonia is the major nitrogenous product of the 
bacterial decomposition of organic matter and an 
important excretory product of invertebrates and 
vertebrates. In addition, ammonia is released during 
organic decomposition via sulfate reduction (Richards, 
1965). The concentration of ammonia in Alexandria 
EH fluctuated between 0.34 and 4.84 µmol l-1 and 0.70 
and 1.74 µmol l-1 in the surface and bottom waters, 
respectively. Thus, the concentration of ammonia 
decreases from surface water to bottom water at 
stations (2, 3, 4 and 5), which reflects the effect of 
discharged water through the harbour outlet. The 
surface distribution of ammonia showed outflow 
decrease from the EH through El-Boughaz  (from 4.0 to 
0.3 µmol l-1). The same observations could be noticed 
in the bottom water distribution of ammonia but with a 
narrow range (from 1.6 to 0.6 µmol l-1) through El-
Boughaz and from 1.2 to 0.8 µmol l-1 through El-Silsila 
opening (Figure 3). 
 
3.1.2 .2. Nitrite (NO2-N) 
  
Nitrite forms a minor part of the total inorganic 
nitrogen. Nitrite concentration reached its maximum 
value of 0.14 µmol l-1 in the surface water and 0.20 
µmol l-1 in the bottom water of the EH (Table 2), with a 
mean value of 0.08±0.07 µmol l-1 and 0.08±0.04 µmol 
l-1 for surface and bottom waters, respectively (Table 
2). Distribution of nitrite in surface water Figure 3 
reflect a decrease from the harbour through El-Boughaz 
and between 0.14 and 0.18 µmol l-1 from the harbour 
through El-Silsila. On the other hand, a bottom water 
nitrite exhibits a gradual increase from 0.07 to 0.18 
µmol l-1 through El-Silsila. 
 
3.1.2 .3. Nitrate (NO3-N) 
 

The concentration of nitrate in Alexandria EH 
surface water ranged between 0.28 and 1.5 µmol l-1 and 
in bottom water between 0.25 and 1.77 µmol l-1 with a 
mean value of 0.76±0.48 µmol l-1 and 0.77±0.45 µmol 
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l-1 for surface and bottom waters, respectively. The 
surface water nitrate distribution fluctuates between 1.4 
and 0.4 µmol l-1 from the shore to open seaward. The 

bottom water nitrate exhibits a high value (in front of 
NIOF and El-Silsila) and a gradual decrease towards 
open sea opening (Figure 3). 
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Figure 3: Horizontal distributions of (A) ammonia, (B) nitrite, (C) nitrate and (D) phosphate of surface and bottom 

water of eastern Harbor in spring 2004. 
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Figure 3 cont.: Horizontal distributions of (E) silicate 

of surface and bottom water of eastern 
Harbor during spring 2004. 

 
3.1.2 .4. Reactive phosphate (PO4-P) 
  

The phosphate concentration in the EH water 
showed a narrow range of variation between the surface 
and bottom water with a mean value of 0.38±0.13 µmol 
l-1 and 0.45±0.31 µmol l-1, respectively. According to 
Stirn (1972), the phosphate content is  around 0.3 µmol 

l-1 in the euphotic layer of a productive temperature 
coastal water. As shown in Figure 3, the surface water 
phosphate concentration exhibits a narrow range of 
variation from 0.3 to 0.4 µmol l-1 in the harbour basin, 
while the bottom water exhibits a high concentration of 
1.1 µmol l-1 in the mid-shore of the harbour which 
gradually decreases to 0.4 µmol l-1 through El-Boughaz 
and El-Silsila opening. Nehring (1987) found that, a 
continuous decrease in water and salt concentrations 
led to an increase in the phosphate concentrations in a 
stagnant water mainly due to phosphate remobilization 
from the sediments in the presence of hydrogen 
sulphide. 
 
3.1.2 .5. Silicate (SiO4-Si) 
  

Similar to phosphate, silicate showed a narrow 
range of variation between the surface and bottom 
waters of the EH. It ranges between 0.81 and 2.48 µmol 
l-1 with a mean value of 1.42±0.51 µmol l-1 and 
between 0.83 and 1.79 µmol l-1 with a mean value of 
1.33+0.31 µmol l-1 in the surface and bottom waters, 
respectively (Table 2). The surface water silicate 
reveals high values in front of NIOF and station 6 and a 
gradual decrease to the open seaward through El-
Boughaz and El-Silsila opening, while the bottom 
water silicate reveals the same trend of the surface but 
with a narrow range of graduation. Silicate 
concentrations in a marine water are controlled with 
uptake by heavy diatom blooms and the input of 
drainage water. The concentration of silicate in the EH 
water is low as compared with that of eutrophication in 
Iskenderum Bay, northeast Mediterranean (8.0-11.0 µg 
l-1) (Yilmaz et al., 1992). 
 

 
Table (2): Concentrations (µ mole/l) of ammonia, nitrite, nitrate, phosphate and silicate of surface (S) and bottom 

(B) waters in the Eastern Harbour Alexandria in spring 2004.  
Station Type NH4- N NO2- N NO3-N DIN- N PO4-P SiO4-Si 

1 S 1.24 0.06 0.29 1.59 0.25 1.90 
B 1.74 0.05 1.06 2.85 0.68 1.79 

2 S 1.50 0.12 1.49 1.74 0.41 1.25 
B 1.12 0.07 0.65 1.84 0.20 1.17 

3 S 4.24 0.07 1.21 5.52 0.25 1.57 
B 0.85 0.09 0.58 1.52 1.10 0.83 

4 S 4.84 0.20 1.50 6.54 0.38 1.77 
B 1.39 0.06 0.30 1.75 0.36 1.57 

5 S 1.10 0.01 0.28 1.39 0.45 0.81 
B 0.91 0.07 0.60 1.58 0.22 1.11 

6 S 0.80 0.13 0.88 1.81 0.38 2.48 
B 1.11 0.12 1.77 3.00 0.54 1.57 

7 S 0.46 0.13 0.58 1.17 0.41 1.23 
B 0.77 0.19 0.84 1.80 0.27 1.59 

8 S 0.66 0.14 0.40 1.20 0.18 1.07 
B 0.70 0.07 1.08 1.85 0.39 1.11 

9 S 0.54 0.00 0.40 0.94 0.39 0.99 
B 1.02 0.07 0.58 1.67 0.14 1.53 

10 S 0.34 0.02 0.60 0.96 0.66 1.13 
B 0.96 0.06 0.25 1.27 0.57 1.05 

Regional 
Average 

S 1.57±1.61  0.08 ±0.07 0.76 ± 0.48 2.42 ± 2.02 0.38 ±0.13 1.42 ± 0.51  
B 1.06 ± 0.31 0.08 ± 0.04 0.77 ± 0.45 1.91± 0.56 0.45± 0.31 1.33 ± 0.31 
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3.1.3. Fulvic acids in surface water of Alexandria EH 
  

Fulvic acids representing the dissolved organic 
matter in natural water, is a complex assemblage of 
decay plant and soil materials and of the polymeric 
compounds produced by random combination of these 
various biomonomers. It is largely composed of a 
variety of carbohydrates, sugars, free and bound amino 
acids, nitrogenous compounds held together, lignins 
and their derivatives and fatty acids.(Plavsic et al., 
1991) In Alexandria EH, fulvic acids in the surface 
water ranged between 0.10 and 0.41 mg l-1 with a mean 
value of 0.23±0.1 mg l-1. The high values of fulvic 
acids taking place through the harbour shore and the 
values decrease towards the open seaward (Figure 4). 
According to Hayes (1998), aquatic humic substances 
(fulvic acids and humic acids) may be found in 
groundwater, rivers water, lakes, bogs, swamps and 
seawater. The source of humates may be autochthonous 
or allochthonous that is the humates may be formed 
from phytoplankton and the plankton populations in the 
water or they may be leached into the aquatic 
environment from terrestrial plants, leaf litter, soil, or 
subsurface deposits. Relatively undisturbed marine 
environments have humic and fulvic acids formed 
almost entirely from native phytoplankton. Inland 
surface waters contain major contribution from 
allochthonous sources. Mixing of the two types of 
materials may occur, as in river estuaries (Figure 5). 
 
3.2. Sediment samples 
 
3.2. 1. Fulvic acids and humic substances 
  

The surface sediments of Alexandria EH are rich in 
sand, which is of biogenic origin, in addition to shells 
and their fragments, resulting in an average CaCO3 
content of ~70%. (Abu-Taleb 2004). The fulvic acids in 
the surface sediments of the harbour ranged between 
0.24 and 0.69 mg g-1 with a mean of 0.52±0.14 mg g-1, 
while the humic substances (fulvic and humic acids) 
ranged between 1.09 and 2.19 mg g-1 with a mean of 
1.67±0.36 mg g-1 (Table 3). Humic substances in 
Alexandria EH are characterized by the law value of 
the fulvic acid fractions. The mean FA/HS ratio for the 
EH is ~30.6%, and it varies between 22% and 37.5%. 
No definite trend has been observed for humic 
substances distribution but fulvic acid proportion 
increases in the humic substances which may be given 
as a result of an increasing probability of condensation 
and polymerization processes in the sediments .(Rashid 
1985). 

Fulvic acid distribution in the sediments exhibits 
the same trend of its distribution in the surface water 
but in high values (0.24 and 0.65 mg g-1). The high 
values of fulvic acids in the sediments of the harbour 
present along the shore of the basin are mainly due to 
the accumulation of humic substances from the inland 
flow present along the EH. 

Humic substances distribution in the sediments of 
the EH varies between 1.4 and 2.0 mg g-1, high in the 
shores and decrease from the shore to open seaward. It 
exhibits the same horizontal distribution of fulvic acids 
in the surface water and fulvic acids in the sediments of 
the Alexandria EH (Figure 4). 

Using the concentration of fulvic acids in the water 
and sediments, we calculated the concentration factor 
(CF equivalent to: concentration in sediment / 
concentration in water). It could be seen that CF ranges 
between 1.68 and 3.6 with an average of 2.31 ± 0.61 
(Table 3). 
 
3.2. .2. Humic substances and organic carbon content 
in the sediments of the Eastern Harbour 
  

The organic matter in the harbour sediments shows 
a relative narrow range where the values vary from 3.0 
to 7.6% with an average value of 4.44% (Nessim et al., 
2007). According to Younes (2005), the organic carbon 
content of the Eastern Harbour Sediment exhibit a least 
average value of 0.47%, while the Western Harbour 
average was 2.04% and the Abu-Qir Bay average was 
1.94% and El-Max Bay average was 0.83%. Whatever 
is the total organic carbon in the sediments, the 
extractable organic matter is an important parameter, 
and it may reflect the degree of association between the 
organic matter and mineral support as well as the 
nature of the organic matter (Cauwet, 1985). 

Humic substances/organic carbon ratio (according 
to the values determined by Younes, 2005) reveals the 
ratio of 35.5% for the EH which means that humic 
substances in the sediments of Alexandria EH represent 
more than 1/3 organic carbon in the sediments. Kemp 
(1971) showed that humic substances account for 60-
70% of the organic matter in Lake Ontario sediments, 
while Aboul-Naga (1990) found that humic substances 
did not exceed 38% of organic carbon in surface 
sediments from Lake Edku. 
 
3.2. 3. Correlation Matrix 
 

In the sediments, correlation analysis reveals the 
presence of a certain relation between fulvic acids and 
humic substances with a high value of(r = 0.91, , n = 10 
p < 0.05). Fulvic acids and humic substances in the 
sediments of the EH reveal a good agreement with 
temperature (r = 0.581 and 0.812 respectively, n = 10 p 
< 0.05), ammonia (r = 0.79 and 0.768 respectively, n = 
10 p < 0.05), silicate (r = 0.723 and 0.760 respectively, 
n = 10 p < 0.05) and a moderate correlation with pH, 
nitrite, nitrate and any relation with OOM and 
phosphate. In the sediments, the significant correlation 
indicates that due to the increase of temperature the 
decomposition increase due to bacterial action leading 
to the fulvic acids content and humic acids content and 
respectively ammonia content in the sediments. 
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Figure 4: Horizontal distribution of (A) Fulvic acids in surface and bottom water and (B) Humic substances in 

sediment of eastern Harbor in spring 2004. 
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Table (3): Concentrations of fulvic acids (FA) in surface water (S), fulvic acids and humic substances in sediments, 

fulvic acids / humic substances ratio and concentration factor of fulvic acids in  the eastern harbour during 
spring 2004. 

   
  Water Sediments 

Station Type FA  
(mg/l) 

HS  
mg/g 

FA / HS 
Ratio CF 

1 S 0.41       
B 0.69 2.19 31.50 1.68 

2 S 0.26       
B 0.51 1.87 27.30 1.69 

3 S 0.20       
B 0.44 1.51 29.00 2.10 

4 S 0.36       
B 0.62 2.00 31.00 1.72 

5 S 0.10       
B 0.37 1.16 32.00 3.60 

6 S 0.22       
B 0.64 1.92 33.70 2.78 

7 S 0.22       
B 0.60 1.84 32.60 2.73 

8 S 0.12       
B 0.24 1.09 22.00 2.00 

9 S 0.22       
B 0.50 1.69 29.60 2.27 

10 S 0.21       

B 0.54 1.44 37.50 2.57 

Average S 0.23 ± 0.10       
B 0.52 ± 0.14 1.67 ± 0.36 30.62 ± 4.12 2.31 ± 0.61 
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  وتوزيع المواد الدبالية والأملاح المغذية في الإسكندرية الميناء الشرقي تواجد

   )2004ربيع ( 

  

  محمود ثناء حنفى. د.أ –أحمد محمود عبد الحليم  .د –وفيقة محمد ابو النجا . د.أ

  

  الاسكندرية - المعهد القومي لعلوم البحار والمصايد

   

 ѧѧكندرية  خلѧѧرقي بالإسѧѧاء الشѧѧر  المينѧѧوالي   يعتبѧѧغ حѧѧاحة تبلѧѧي مسѧѧق ويغطѧѧبه مغلѧѧع،  2.8يج شѧѧم مربѧѧآ

تم دراسѧة المتغيѧرات   . الميناء يرتبط بالبحر المتوسط من خلال فتحى البوغاز و السلسلة. متر 5متوسط عمق ب

وتشѧѧѧمل هѧѧѧذه البيانѧѧѧات ). 2004مѧѧѧايو (الهيدروغرافيѧѧѧة فѧѧѧي المينѧѧѧاء الشѧѧѧرقى بالاسѧѧѧكندرية فѧѧѧي فصѧѧѧل الربيѧѧѧع  

أ  والأمѧلاح المغذيѧة   -درجة الحѧرارة ودرجѧة الحموضѧة و المѧواد العضѧوية والكلوروفيѧل       الهيدروغرافية للمياه

و اشѧѧتملت الدراسѧѧة ايضѧѧا تعѧѧين احمѧѧاض  ).الأمونيѧѧا والنتريѧѧت ، والنتѧѧرات والفوسѧѧفات والسѧѧيليكات المتفاعلѧѧة  (

لدباليѧѧة فѧѧي  الفولفѧѧك فѧѧى الميѧѧاه السѧѧطحية للمينѧѧاء بالاضѧѧافة الѧѧى تعѧѧين أحمѧѧاض الفولفѧѧك وغيرهѧѧا مѧѧن المѧѧواد ا        

 4.35و  0.68تراوحѧѧѧت قѧѧѧيم الكلوروفيѧѧѧل آإنتاجيѧѧѧة للѧѧѧواد الغذائيѧѧѧة الأوليѧѧѧة  بѧѧѧين  . الرسѧѧѧوبيات للمѧѧѧرة الاولѧѧѧى

لتر ، ونتيجة للمدخلات واسعة النطاق من المغذيات منذ زمن طويѧل مѧن محطѧة الضѧخ الرئيسѧية      /ميكروجرام 

و الطبيعѧة شѧبه المغلقѧة مѧن المينѧاء       ) مصѧب  11(في خليج قايتباى فضلاعن المصبات  الفرعيѧة داخѧل المينѧاء    

مجموعѧة ضѧيقة مѧن التفѧاوت بѧين       قيم المѧواد العضѧويه   وأظهرت .بالطحالب والعوالق المياه المثقلهمع ضحالة 

 عليѧا القѧيم ال . لتѧر ، علѧى التѧوالي   / ملغѧم   8.05و  O2يعنѧي   7.47المياه السطحية ومياه القاع مع قيمة آل منهѧا  

آѧلا السѧيليكات   . مينѧاء سجلت في السطح المياه مѧن ال  1 -ل  μmol 1.5، نترات  1 -ل  μmol 4.84للأمونيا 

 Fulvicالأحمѧѧاض . والميѧѧاه القاعيѧѧهأظهѧѧرت مجموعѧѧة ضѧѧيقة مѧѧن التفѧѧاوت بѧѧين الميѧѧاه السѧѧطحية    والفوسѧѧفات 

، فѧي الميѧاه السѧطحية والرواسѧب      1 -مѧغ ز   0.69و  0.24، وبѧين   1 -ل مغ  0.41و  0.10تراوحت ما بين 

شѧѧاطئ مѧѧن هѧѧي التѧѧي تميѧѧز المنطقѧѧة الضѧѧحلة القريبѧѧة مѧѧن ال   fulvicوقѧѧيم عاليѧѧة مѧѧن الأحمѧѧاض  . علѧѧى التѧѧوالي

 35.5الكربѧون العضѧوي هѧو بقيمѧة متوسѧطها      / النسѧبة المئويѧة للمѧواد الدباليѧة     آانѧت  وفي الرواسب ، . الميناء

الكربѧѧون العضѧѧوي فѧѧي   3/  1مѧѧن وهѧѧو مѧѧا يعنѧѧي أن المѧѧواد الدباليѧѧة فѧѧي الرسѧѧوبيات الاسѧѧكندرية تمثѧѧل أآثѧѧر      

 .في الرواسب الأحماض والمواد الدبالية fulvicويكشف تحليل الارتباط وجود علاقة جيدة بين . الرواسب
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