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Abstract:
The present study focused on the seasonal variations of physical and chemical properties of seawater at the
Northern Red Sea coast. The results showed good quality of water of the area of study in general. Seasonal
variations of physico-chemical parameters such as water temperature, pH, salinity, dissolved oxygen (DO)
and the biological oxygen demand (BOD) were investigated and showed a range of 17.96±0.06 to
32.56±0.25 ˚ C for temperature, 7.78±0.01 to 8.21±0.02 for pH, 40.02±0.11 to 42.32±0.10‰ for salinity,
6.05±0.21mgl−1 to 8.05±0.12 mgl−1 for DO and 0.73±0.20 to 4.15±0.22 mgl−1 for BOD at different sites
during the different seasons. The physico-chemical parameters have exhibited slightly seasonal variations
at different sites of the present study area. Nutrients concentrations were very low at the different sites
and showed an increase at site III. The ranges of ammonia, nitrite, nitrate, phosphate and silicate were:
(1.93±0.11 to 14.31±2.11 µMl−1), (0.03±0.01 to 1.30±0.18 µMl−1), (0.15±0.05 to 4.88±2.25 µMl−1),
(0.03±0.01 to 0.49±0.10 µMl−1) and (0.48±0.04 to 2.85±0.14 µMl−1) respectively, at the study area
during the different seasons.
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1. INTRODUCTION

The Red Sea is unique among basins and occupying an exceptional position, due to its partial isolation from the
open oceans and its geographical position [1]. Diversity and beauty of the Red Sea natural environments is one of the
main elements of the national and international interest [2].

Nowadays, the Egyptian coasts of the Red Sea are locating under the direct effects of different anthropogenic
activities, included recreational resorts, urban agglomeration, marine shipping, activities of phosphate industry,
fishing ports as well as limited freshwater and sewage sources [3]. The hydro-physical and chemical characteristics
of the Red Sea water depend on its dynamics as well as on the geographical location. The Red Sea does not receive
any significant nutrient supply from river out flow. Generally, understanding of the distribution and the seasonality
of nutrients in the ocean is of primary concern if we are to describe ocean biogeochemical processes. Changes in
the ocean carbon cycle are influenced by the availability of nutrients, which are essential for phytoplankton growth
which mostly occurs during winter and the beginning of spring [4, 5].
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Chemical pollution in the Red Sea is limited to the vicinity of industrial zones and facilities, which usually
discharge their effluents directly into the sea. These industries include phosphate mines, desalination plants, chemical
industrial installations and oil production and transportation facilities [6].

The oceanographic parameters affect the shore environment and simultaneously have the impression on the shore
activities [7]. Oceanographic parameters at the Red Sea were previously recorded at several investigations [7, 8].

Therefore, Continuous monitoring data are a useful source of information for the understanding of seasonal
physical, chemical and biological changes in marine environments.

2. MATERIAL AND METHODS

2.1 Study Area

In the present investigation, the study area (Figure 1) was about 200 km along the northern part of the Red Sea
coastline, included seven sites from Mangrove area (77 km south Hurghada City) to Ras El-behar (80 km north
Hurghada City). The study area included seven sites represented different environments according to their nature and
exposure to anthropogenic activities.

Site I: Mangrove area (k 17), it is located at the end of Safaga bay, about 77 km to the south of Hurghada City
(26 ˚ 36

′
59
′′

N and 34 ˚ 00
′
41
′′

E). It is distinguished by mangrove trees (Avicennia marina) and tidal zone reach
to about 100 m occupied by sand mud and small rocks, the tidal zone followed by deep water which begins with 5
m. There is successful transplantation operation carried out in this area by Egyptian Environmental Affairs Agency
(EEAA).

Site II: Phosphate harbour, it is located out of Safaga City at about 60 km south of Hurghada (26 ˚ 41
′
46
′′
N and

33 ˚ 56
′
20
′′
E). Its activities are limited to exporting of the Egyptian phosphate, packed cement and crude alchortz.

Site III: Hurghada harbour, it is located at the center of Hurghada City (27 ˚ 13
′

48
′′

N and 33 ˚ 50
′

37
′′

E). The
investigated area represents the main shipyard of Hurghada City. Longtime ago this site was used to repair, maintain
and construct fishing ships. Recently, these activities were developed to repair, maintain and construct safari, diving
ships and yachts. Ten years ago, the southern part of the shipyard beach was used to drain the brine water of the huge
desalination plant of the city [7].

Site IV: NIOF, it is located in front of the National Institute of Oceanography and Fisheries (NIOF), 5 km north to
Hurghada, (27 ˚ 17

′
3
′′

N and 33 ˚ 46
′

21
′′

E). Although it is not located under the direct affects of anthropogenic
activities like other studied sites, it is distinguished by highly sedimentation rate.

Site V: El-Gona resort, it is located about 22 km north of Hurghada (27 ˚ 22
′
39
′′

N and 33 ˚ 41
′
00
′′

E), the
investigated area included the touristic harbour at which, construct safari, touristic diving ships and yachts are found.

Site VI: Gemsha Bay, it is located in the northern part of the Red Sea, about 60 km north to Hurghada (27 ˚ 39
′
11
′′

N and 33 ˚ 35
′

37
′′

E). Gemsha Bay is one of the indentations dissecting the continuity of the Red Sea northwestern
shoreline. The beach of the investigated area is covered by heavy oil spills as a result of exploration and extraction
activities of crude oil and flooding of some oil wells.

Site VII: Ras Elbehar, it is located 80 km north to Hurghada City (27 ˚ 43
′
43
′′

N and 33 ˚ 32
′

56
′′

E). It is
distinguished by tidal zone reach to about 100 m, followed by deep water which begin with 2 m depth and reach to
15 m. Most of the area is covered by sandy mud with dead and destroyed hard corals due to oil production processes
and shipping activities.
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Figure 1. Map to the Different Sites of the Study Area as a Part of the Northern Red Sea Coast

2.2 Physical and Chemical Properties of Seawater

2.2.1 Temperature, pH and Salinity

Temperature, pH and salinity were determined in water by taking three readings to each sampling site by using the
multiparameter meter instrument (Hanna Instruments, HI 9829).
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2.2.2 Dissolved Oxygen(DO)

Dissolved oxygen was determined by Winkler’s method [8]. Water samples were collected in triplicate seasonally
from each of the selected sites in 300 ml BOD bottles and avoided formation of air bubbles. Fixation of the dissolved
oxygen was carried out by addition of 2 ml of manganous sulfate (364 g MnSO4.H2O) and 2 ml of iodide azide
solution (700 g potassium hydroxide + 150 g potassium iodide +10 g sodium azide l−1) to the sample using a long
narrow pipette. The bottles were then stoppered, shaken and left till the precipitate settled over the bottom, and
then 2 ml of concentrated sulfuric acid were added and shaked till complete dissolving of precipitate. Titration was
carried out using 200 ml of the sample against 0.025 N solution of sodium thiosulfate. The thiosulfate solution was
standardized against potassium bi-iodate solution 0.025 N. The dissolved oxygen expressed in mgl−1 was calculated
by the following equation: [DO (mgl−1)= (Vtitrant x Ntitrant x 8000)/ Vsample].

2.2.3 Biological Oxygen Demand(BOD)

Water samples for BOD determination were collected seasonally in parallel with DO samples in 300 ml BOD
bottles and avoided formation of air bubbles. The bottles were then incubated in the dark for five days at 27 ˚ C.
After that, dissolved oxygen was determined by Winkler’s method and expressed in mgl−1. The BOD was calculated
throw the following equation: [BOD (mgl−1) = D1 - D2] (APHA, 1992). Where, D1= initial dissolved oxygen
concentration (mgl−1) and D2= sample DO (mgl−1) after 5 days. The results expressed in mgl−1.

2.3 Chemical Analysis of Seawater for Nutrient Salts Concentrations

2.3.1 Sampling

About one liter of the seawater was collected seasonally from each site in previously acid-washed polyethylene
bottles (except for inorganic phosphate which should be stored in hard glass bottle) and transferred immediately to
icebox and transported to the laboratory. The samples were filtered as soon as possible through 0.45 µm membrane
filter. Immediate analysis is recommended but if it wasn’t possible, samples was directly deep frozen till carrying out
chemical analysis [9].

2.3.2 Processing of Samples

• Ammonia

This method was adopted after [10]. Water samples for ammonia determination were collected in dark brown
bottles and the reagents: 1 ml of citrate solution (480 gl−1), 1 ml of phenol reagent (38 gl−1) and 1 ml of hypochlorite
reagent (5%) were added immediately to 35 ml of the sample in the field. The mixture was allowed to stand overnight
(10 - 12 h), the blue color of indophenols formed was measured using a spectrophotometer at 630 nm, and the results
were expressed as µMl−1.

• Dissolved nitrite

4



Seasonal Variations of the Physical and Chemical Properties of Seawater at the Northern Red Sea, Egypt

This method employed for the determination of dissolved nitrite was adopted after [9]. One ml of the sulfanilamide
reagent (100 gl−1) was added to 50 ml of the seawater sample and the mixture was shaken and allowed to react for 1
min before adding 1 ml of n-l-naphthylethlene diamine reagent (1 gl−1). The azo dye color was completely developed
in 20 - 30 min, the intensity was measured using a spectrophotometer at 540 nm and the results were expressed in
µMl−1.
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• Dissolved nitrate

The method employed was based on the reduction of nitrate to nitrite using cadmium column. Each water sample
(100 ml) was mixed with 2 ml of saturated ammonium chloride solution allowed to pass through the cadmium
reduction column. The total concentration of nitrate and nitrite measured together as a nitrite at 50 ml sample by
sulfanilamide and NED method described previously, nitrate concentration was calculated by subtraction of the
previously measured nitrite concentration from the total concentration (nitrate + nitrite), the results were expressed in
µMl−1 [9].

• Dissolved phosphate

Reagent A contained 9 N sulfuric acid, ammonium molybdate (95 gl−1) and antimony ions (32.5 gl−1), whereas
reagent B contained ascorbic acid solution (70 gl−1). 1 ml of reagent A and 1 ml of reagent B were added to 50 ml
of the sample and mixed thoroughly after each reagent addition. The absorbance of the blue phosphorus complex
reached a maximum in a few minutes and still constant for many hours. However, the absorbance should be measured
within 20-30 minutes using a wavelength of 880 nm. The phosphate concentrations were calculated from the standard
curve and the results expressed as µMl−1[9].

• Dissolved silicate

In a plastic reaction flask, 2 ml of the molybdate solution (126 g ammonium molypedate + 1 l of 4.5 M sulfuric
acid) was added to 50 ml of seawater sample, swirl and allow standing for 5 - 10 min. Then, 2 ml of oxalic acid (100
gl−1) was added and followed immediately by 1 ml of ascorbic acid (28 gl−1) and mixed gently between additions.
The color reached its maximum after 30 min and was then stabled for several hours. The absorbance was measured at
810 nm and the results expressed as µMl−1 [9].

3. RESULTS

3.1 Physical and Chemical Properties of Seawater

Physical and chemical properties such as, temperature, pH, salinity, dissolved oxygen and biological oxygen
demand of seawater samples collected from different sites were investigated seasonally during 2012 and the means of
the triple measured values of each parameter were recorded.

3.1.1 Temperature

According to the seasonal variations, seawater showed the highest temperature values (29.25 ± 0.09 - 32.56 ±
0.25 ˚ C) during summer and the lowest values (17.96 ± 0.06 - 21.97 ± 0.05 ˚ C) during winter at the different studied
sites (Table 1). The minimum value of coastal water temperature was 17.96 ± 0.06 ˚ C (st. IV during winter), while
the maximum value was 32.56 ± 0.25 ˚ C (st. VII during summer). St. IV recorded the lowest temperature values
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Table 1. Seasonal Variations of Water Temperature at Different Sites of the Study Area

Temperature ( ˚ C)
Sites Winter Spring Summer Autumn
Site I 20.68 ± 0.21 23.15 ± 0.02 31.27 ± 0.01 24.92 ± 0.12

Site II 21.97 ± 0.05 22.46 ± 0.05 30.09 ± 0.09 25.92 ± 0.20

Site III 21.69 ± 0.32 22.77 ± 0.11 30.96 ± 0.04 25.93 ± 0.10

Site IV 17.96 ± 0.06 22.14 ± 0.03 31.34 ± 0.12 26.62 ± 0.06

Site V 19.15 ± 0.14 24.03 ± 0.13 30.66 ± 0.16 26.56 ± 0.06

Site VI 18.24 ± 0.23 22.32 ± 0.21 29.25 ± 0.09 25.68 ± 0.02

Site VII 19.26 ± 0.05 25.29 ± 0.13 32.56 ± 0.25 25.17 ± 0.22

Table 2. Seasonal Variations of pH of Water Collected from the Different Sites

pH
Sites Winter Spring Summer Autumn

Site I 7.97 ± 0.01 7.98 ± 0.02 8.20 ± 0.01 8.17 ± 0.03

Site II 7.89 ± 0.02 7.78 ± 0.01 7.98 ± 0.01 8.08 ± 0.02

Site III 8.01 ± 0.01 8.07 ± 0.01 8.21 ± 0.02 8.20 ± 0.01

Site IV 7.93 ± 0.01 7.97 ± 0.02 7.89 ± 0.01 7.97 ± 0.01

Site V 7.88 ± 0.02 7.83 ± 0.01 8.03 ± 0.01 8.03 ± 0.02

Site VI 7.92 ± 0.01 7.92 ± 0.01 8.18 ± 0.02 8.07 ± 0.01

Site VII 7.87 ± 0.01 7.89 ± 0.01 8.11 ± 0.01 8.08 ± 0.01

during winter and spring, in contrast recorded the highest values during autumn and the second highest value during
summer. While st. VII recorded the highest temperature values during spring and summer, in contrast it recorded the
second lowest values during winter and autumn.

3.1.2 pH

Table 2 represents the pH values of water samples collected from different sites of the present study area. They
revealed narrow ranges between seasons and between the different sites. pH values at different sites ranged from
7.78 ± 0.01 at st. II during spring to 8.21 ± 0.02 at st. III during summer. pH values were slightly higher during the
hot seasons (summer and autumn) compared to the other seasons. St. III recorded the highest pH values during the
different seasons, while st. IV recorded the lowest values during summer and autumn.

3.1.3 Salinity

As shown in Table 3, salinity of water of the study area was ranged from 40.02±0.11‰ at st. III during autumn
to 42.32±0.10‰ at st. VII during summer. Salinity of water reached the highest values at summer (41.56±0.09 -
42.32 ± 0.10‰), while the lowest values were recorded during autumn. St. VII (Ras Elbehar) showed the highest
salinity values during the different seasons, while st. III recorded the lowest values.

7



OPEN JOURNAL OF OCEAN AND COASTAL SCIENCES

Table 3. Seasonal Variations of Salinity of Water Collected from the Different Sites

Salinity (‰)
Sites Winter Spring Summer Autumn

Site I 41.35 ± 0.11 41. 34 ± 0.08 41.61 ± 0.10 41. 22 ± 0.09

Site II 41.06 ± 0.09 40.82 ± 0.02 41.59 ± 0.09 40.19 ± 0.02

Site III 40.47 ± 0.06 40.23 ± 0.10 41.56 ± 0.12 40.02 ± 0.11

Site IV 41.28 ± 0.10 41.33 ± 0.09 41.84 ± 0.02 40.11 ± 0.05

Site V 41.28 ± 0.23 41.04 ± 0.14 41.96 ± 0.02 40.44 ± 0.12

Site VI 41.47 ± 0.21 41.34 ± 0.02 41.74 ± 0.07 40.62 ± 0.11

Site VII 41.54 ± 0.08 41.43 ± 0.07 42.32 ± 0.10 41.35 ± 0.07

Table 4. Dissolved Oxygen(DO) of Water of the Study Area during Different Seasons

DO (mgl−1)
Sites Winter Spring Summer Autumn

Site I 7.71 ± 0.22 6.93 ± 0.17 6.62 ± 0.09 7.54 ± 0.12

Site II 7.22± 0.21 7.17 ± 0.05 6.05 ± 0.10 7.24 ± 0.23

Site III 7.23 ± 0.20 7.15 ± 0.15 6.54 ± 0.13 6.93 ± 0.02

Site IV 8.05 ± 0.12 7.33 ± 0.21 6.85 ± 0.21 7.83 ± 0.07

Site V 7.11 ± 0.26 7.00 ± 0.11 6.76 ± 0.20 7.22 ± 0.12

Site VI 7.25 ± 0.14 6.72 ± 0.17 6.15 ± 013 7.52 ± 0.14

Site VII 7.73 ± 0.11 6.90 ± 0.22 6.25 ± 0.14 7.33 ± 0.12

3.1.4 Dissolved Oxygen and Biological Oxygen Demand

Dissolved oxygen (DO) and biological oxygen demand (BOD) of water samples of different sites are tabulated in
Table 4 and Table 5. DO values were ranged from 6.05 ± 0.21 mgl−1 at st. II during summer to 8.05 ± 0.12 mgl−1

at st. IV during winter. The lowest DO values were recorded at different sites during summer (6.05 ± 0.21 - 6.85 ±
0.10 mgl−1) followed by spring at the most sites. St. IV recorded the highest DO values during different seasons.

Biological oxygen demand (BOD) values were ranged from 0.73 ± 0.20 at st. VI during winter to 4.15 ± 0.22
mgl−1at st. III during summer (Table 5). BOD showed its highest values during summer followed by autumn at the
different sites, while the lowest values were recorded during winter. St. III (Hurghada harbour) recorded the highest
BOD values (2.93 ± 0.31 - 4.15 ± 0.22 mgl−1) during different seasons. St. VI showed the lowest BOD values
during the different seasons followed by st. IV and st. II.

Table 5. Biological Oxygen Demand(BOD) of Water during Different Seasons

BOD (mgl−1)
Sites Winter Spring Summer Autumn

Site I 1.12 ± 0.31 1.26 ± 0.12 2.85 ± 0.11 1.92 ± 0.16

Site II 1.02 ± 0.23 1.17 ± 0.21 1.35 ± 0.15 1.22 ± 0.27

Site III 2.93 ± 0.31 3.57 ± 0.35 4.15 ± 0.22 3.72 ± 0.29

Site IV 0.83 ± 0.21 0.97 ± 0.23 1.34 ± 0.13 1.12 ± 0.23

Site V 1.64 ± 0.12 1.85 ± 0.11 1.93 ± 0.13 1.92 ± 0.14

Site VI 0.73 ± 0.20 0.74 ± 0.13 1.13 ± 0.23 1.11 ± 0.12

Site VII 1.82 ± 0.22 1.98 ± 0.20 2.13 ± 0.22 2.05 ± 0.21
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Table 6. Seasonal Variations of Ammonia Concentrations in Water from Different Sites

Ammonia (µMl−1)
Sites Winter Spring Summer Autumn Annual mean
Site I 3.02 ± 0.83 2.67 ± 0.43 2.70 ± 0.13 2.51 ± 0.16 2.73 ± 0.22
Site II 2.46 ± 0.23 2.64 ± 0.46 2.56 ± 0.06 2.00 ± 0.26 2.41 ± 0.28
Site III 12.62 ± 4.24 12.26 ± 1.51 14.31 ± 2.11 11.06 ± 2.32 12.56 ± 1.35
Site IV 2.78 ± 0.43 1.93 ± 0.11 2.69 ± 0.39 2.12 ± 0.35 2.38 ± 0.42
Site V 4.44 ± 0.31 3.65 ± 0.51 2.73 ± 0.23 2.25 ± 0.15 3.26 ± 1.04
Site VI 3.39 ± 0.32 3.83 ± 0.29 3.55 ± 0.51 3.19 ± 0.17 3.49 ± 0.27
Site VII 4.56 ± 0.20 4.06 ± 0.15 5.05 ± 1.02 3.63 ± 0.32 4.32 ± 0.61

Table 7. Seasonal Variations of Dissolved Nitrite in Water from Different Sites

Dissolved nitrite (µMl−1)
Sites Winter Spring Summer Autumn Annual mean
Site I 0.07 ± 0.01 0.08 ± 0.01 0.07 ± 0.01 0.06 ± 0.01 0.07 ± 0.01
Site II 0.17 ± 0.01 0.07 ± 0.04 0.09 ± 0.02 0.04 ± 0.003 0.09 ± 0.05
Site III 1.12 ± 0.03 0.91 ± 0.06 0.62 ± 0.09 1.30 ± 0.18 0.99 ± 0.29
Site IV 0.12 ± 0.01 0.04 ± 0.005 0.16 ± 0.02 0.11 ± 0.01 0.11 ± 0.05
Site V 0.03 ± 0.01 0.03 ± 0.01 0.15 ± 0.02 0.19 ± 0.03 0.10 ± 0.08
Site VI 0.13 ± 0.01 0.07 ± 0.03 0.08 ± 0.01 0.07 ± 0.02 0.09 ± 0.03
Site VII 0.12 ± 0.04 0.17 ± 0.02 0.09 ± 0.01 0.09 ± 0.005 0.12 ± 0.04

3.2 Dissolved Nutrients Concentrations

Triplicate water samples were collected seasonally from each of the selected sites to determine the dissolved
nutrient salts concentrations and the means of obtained values and standard deviation (ST) were recorded.

3.2.1 Ammonia (NH4)

In the present investigated area, ammonia concentrations ranged from 1.93± 0.11 µMl−1at st. IV (NIOF Hurghada)
during spring to 14.31 ± 2.11 µMl−1 at st. III during summer (Table 6). Little seasonal variations in ammonia
levels were observed. St. III (Hurghada harbour) recorded the highest ammonia concentration (11.06 - 14.31 µMl−1)
among the investigated sites at different seasons. St. II and IV recorded the lowest ammonia concentration during
different seasons except summer. According to the annual mean values of ammonia concentrations, the following
order was observed: St. III > St. VII > St. VI > St. V > St. I > St. II > St. IV.

3.2.2 Dissolved Nitrite (NO2)

Concentrations of dissolved nitrite in seawater of the present studied sites ranged from 0.03 ± 0.01 µMl−1at st. V
(El-Gona resort) during winter and spring to 1.30 ± 0.18 µMl−1at st. III during autumn (Table 7). St. III showed
the highest nitrite concentrations (0.62 ± 0.09 - 1.30 ± 0.18 µMl−1) during the different seasons. The annual mean
values of nitrite at the different sites showed the following order: St. III > St. VII > St. IV > St. V > St. II = St. VI
> St. I.
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Table 8. Seasonal Variations of Dissolved Nitrate in Water from Different Sites

Dissolved nitrate (µMl−1)
Sites Winter Spring Summer Autumn Annual mean
Site I 1.32 ± 0.38 0.32 ± 0.02 0.71 ± 0.03 0.19 ± 0.06 0.64 ± 0.51
Site II 1.20 ± 0.37 0.28 ± 0.08 0.69 ± 0.08 0.23 ± 0.05 0.60 ± 0.45
Site III 4.88 ± 2.25 2.66 ± 0.20 1.67 ± 0.13 3.49 ± 0.39 3.17 ± 1.36
Site IV 1.70 ± 0.28 0.79 ± 0.27 1.32 ± 0.11 0.92 ± 0.05 1.18 ± 0.41
Site V 0.86 ± 0.06 0.51 ± 0.02 0.70 ± 0.02 0.53 ± 0.15 0.65 ± 0.17
Site VI 0.97 ± 0.03 0.35 ± 0.06 0.40 ± 0.05 0.15 ± 0.05 0.47 ± 0.35
Site VII 0.58 ± 0.08 0.36 ± 0.04 0.26 ± 0.07 0.53 ± 0.06 0.43 ± 0.15

Table 9. Seasonal Variations of Dissolved Phosphate in Water from Different Sites

Dissolved phosphate (µMl−1)
Sites Winter Spring Summer Autumn Annual Mean
Site I 0.19 ± 0.09 0.06 ± 0.02 0.06 ± 0.01 0.20 ± 0.03 0.13 ± 0.08
Site II 0.17 ± 0.03 0.03 ± 0.01 0.04 ± 0.01 0.07 ± 0.03 0.08 ± 0.06
Site III 0.38 ± 0.12 0.37 ± 0.08 0.28 ± 0.05 0.49 ± 0.10 0.38 ± 0.08
Site IV 0.19 ± 0.03 0.16 ± 0.08 0.14 ± 0.02 0.16 ± 0.01 0.16 ± 0.02
Site V 0.20 ± 0.06 0.13 ± 0.03 0.07 ± 0.005 0.13 ± 0.07 0.13 ± 0.05
Site VI 0.27 ± 0.14 0.16 ± 0.03 0.04 ± 0.003 0.32 ± 0.07 0.20 ± 0.12
Site VII 0.29 ± 0.03 0.20 ± 0.07 0.07 ± 0.004 0.18 ± 0.04 0.19 ± 0.09

3.2.3 Dissolved Nitrate (NO3)

Concentrations of nitrate showed a wide range of variations between the lowest and the highest values (Table 8).
The lowest nitrate concentration was 0.15 ± 0.05 µMl−1at st. VI (Gemsha Bay) during autumn, while the highest
was 4.88 ± 2.25 µMl−1 at st. III during winter. It was observed that highest nitrate concentrations were recorded
during winter at the different sites. St III recorded the highest nitrate concentrations during the different seasons. The
annual mean values of nitrate showed that, St.III > St. IV > St. V > St. I = St. II > St. VI > St. VII.

3.2.4 Dissolved Phosphate (PO4)

The concentrations of phosphate varied at different sites from season to season (Table 9). The highest levels of
phosphate were observed in winter followed by autumn. Phosphate concentration in water samples of the selected
sites ranged from 0.03 ± 0.01 µMl−1 at st. II (Phosphate harbour) during spring to 0.49 ± 0.10 µMl−1 at st. III
(Hurghada harbour) during autumn. St. III recorded the highest phosphate concentrations during the different seasons,
while st. II recorded the lowest values. The annual mean values of phosphate concentration showed that, st. III > st.
VI > st. VII > st. IV > st. I = st. V > st. II.
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Table 10. Seasonal Variations of Dissolved Silicate in Water from Different Sites

Dissolved silicate (µMl−1)
Sites Winter Spring Summer Autumn Annual mean
Site I 0.63 ± 0.14 1.40 ± 0.03 1.81 ± 0.12 0.83 ± 0.05 1.17 ± 0.54
Site II 0.77 ± 0.08 1.22 ± 0.01 1.52 ± 0.05 0.90 ± 0.04 1.10 ± 0.33
Site III 2.71 ± 0.76 2.85 ± 0.14 2.43 ± 0.07 2.61 ± 0.08 2.65 ± 0.18
Site IV 0.66 ± 0.22 1.68 ± 0.11 1.74 ± 0.3 1.24 ± 0.13 1.33 ± 0.50
Site V 1.11 ± 0.05 1.40 ± 0.06 1.38 ± 0.14 1.17 ± 0.23 1.26 ± 0.14
Site VI 0.48 ± 0.04 0.67 ± 0.03 0.84 ± 0.04 0.70 ± 0.07 0.67 ± 0.15
Site VII 1.08 ± 0.12 1.21 ± 0.06 1.52 ± 0.27 1.30 ± 0.17 1.28 ± 0.18

3.2.5 Dissolved Silicate (SiO4)

Silicate concentrations at different sites ranged between 0.48 ± 0.04 µMl−1 at st. VI (Gemsha Bay) during
winter and 2.85 ± 0.14 µMl−1 at st. III during spring (Table 10). Generally winter and autumn recorded the lowest
concentrations of silicate at different sites, while summer recorded the highest values. The highest silicate values
were recorded at st. III during the different seasons, while the lowest values were recorded at st. VI. The annual mean
values of silicate showed the following order: St. III > St. IV > St. VII > St. V > St. I > St. II > St. VI.

4. DISCSUSION

Monitoring and assessing the effects of anthropogenic influence is crucial for protection and sustainable maintaining
of the fragile aquatic system in the Red Sea. Monitoring programs is widely known in many aquatic bodies in the world,
usually by investigating the water quality and different pollution parameters in water and sediment. These parameters
included physical and chemical parameters and nutrient salts concentrations. The oceanographic parameters affect the
shore environment and simultaneously have the impression on the shore activities [11]. Oceanographic parameters at
the Red Sea were previously recorded at several investigations [11, 12].

In the present study, minor changes of physico-chemical variables (water temperature, salinity, pH, DO and BOD)
in water were observed at the different sites. Water temperature is probably the most important environmental
variable, which affects the organisms as well as chemical and biological reactions in water. In natural water bodies,
water temperature is subject to great variations due to several factors such as air temperature, seasonal variation,
winds, depth, waves, gain or loss of heat in shallow waters close to the coast. In the present study, water temperature
values ranged between 17.96 ± 0.06 in winter and 32.56 ± 0.25 ˚ C in summer which varied significantly throughout
the study period and this could be attributed to solar radiation and seasonal changes in air temperature. Temperature
levels observed in this study is in agreement with results of previous studies, 20.7 - 28.2 ˚ C [11] and 22.8 - 30.5 ˚ C
[12] in various sites. Slightly higher temperature recorded at St. VII during spring and summer may due to bad water
mixing and low water current in the bay.

pH is one of the vital environmental characteristics for the survival, metabolism, physiology, growth of aquatic
organisms and chemical processes [13]. The pH value of water is controlled by the dissolved oxygen, water
temperature, sewage discharge, decomposition of organic matter and photo synthetic activities [14]. The pH
values recorded in our study (7.78 ± 0.01 - 8.21 ± 0.02) were well within the preferred pH levels (7.0 - 8.5) for
biological productivity [15]. Significant positive relationship (r = 0.551 at P < 0.05) were observed between pH and
water temperature, So the relatively higher pH values were recorded during the warm seasons in which the rise in
temperature usually stimulates phytoplankton photosynthetic activity causing more consumption of carbon dioxide
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and pH increased [16, 17]. Conversely, the lower pH values were observed during winter and spring which may due
to the increase in the rate of organic matter decomposition by the microbial respiration, which may be increase CO2

level leading to lowering the pH values [18]. pH is not only a measure of potential pollutants but also is related to the
concentration of many other substances, particularly the weakly dissociated acids and bases. The highest pH values
at st.III during different seasons may be attributed to the effect of sewage, effluents of desalination plant and fishing
ships disposals.

Salinity is an important ecological variable and it is important in some chemical processes, also has a strong effect
on nutrients levels at the coastal areas [19]. In the present study, the highest salinity values were observed in summer
period and this could be associated with higher temperature that leads to increasing evaporation rate of seawater.
Higher salinity values recorded at st. VII may be due to higher evaporation rate at the semienclosed bay, while low
values at st. III may due to sewage and fresh water disposals from fishing ships. Comparing with the previous studies,
the measured salinity (41.56± 0.09 - 42.32± 0.10‰) in the present study were higher than the mean values recorded
previously [20], but similar to others [11].

Monitoring dissolved oxygen will provide indication of water quality in coastal areas and used as a tool in
ecosystem integrity [21]. Dissolved oxygen is the best parameter to show the effect of pollution on the aquatic
ecosystem unless it contains toxic constituents [22]. Dissolved oxygen is essential to the respiratory metabolism of
most aquatic organisms. It affects the solubility and availability of nutrients, low levels of dissolved oxygen facilitate
the release of nutrients from the sediments and therefore affects the productivity of aquatic ecosystems. In the present
study, DO levels varied within the range of 6.05 ± 0.21 - 8.05 ± 0.12 mgl−1. Coastal waters typically require a
minimum of 4.0 mgl−1and also do better with 5.0 mgl−1of oxygen to provide for optimum ecosystem function
and highest carrying capacity [23]. According to the obtained results, DO concentrations were generally upper the
threshold value (4 mgl−1) during all seasons. DO concentrations indicated negative relationship with salinity (- 0.474,
P < 0.05), this may be due to the increase in salinity decreases the solubility of oxygen in the water column, which
probably appears to be one of the main causes for the decrease in the concentration of dissolved oxygen. The slight
increase of dissolved oxygen during autumn and spring was associated with highest flourishing of phytoplankton in
these seasons. The high oxygen content indicates a good mixing in the water column [24], this may the reason for
higher DO recorded at st. IV during different seasons. While the low DO content at the different sites during summer
was due to the significant inverse relationship (r = -.0.702, P < 0.05) between temperature and dissolved oxygen is a
natural process because warmer water becomes more easily saturated with oxygen and it can hold less dissolved
oxygen [25]. Measured DO values in this study were within the range reported in previous studies conducted in the
Red Sea (6.3 - 7.2 mgl−1) and (6.6 - 7 mgl−1) [12, 26].

Biological oxygen demand (BOD) is an important factor in the aquatic environments. High levels of organic
pollution, such as that from sewage, fishing ships disposals and industrial wastes, can significantly increase the BOD
in a stream, this may be the reason for high BOD level at st. III during the different seasons. Relatively healthy
streams will have a 5 day BOD reading of less than 2 mgl−1, whereas polluted streams may approach 10 mgl−1, also
it was reported that a BOD of 1 mgl−1 is a characteristic of nearly pure water [27], according to these references, st II,
IV and VI at our study area didn’t exposed to effective anthropogenic activities. Positive relationship was observed
between BOD and temperature, BOD recorded the highest levels during summer and lowest during winter at the
different sites of our study was due to the effect of warm temperature on the account and the activity of water content
of microorganisms.

The recorded spatial and temporal changes revealed that the effect of human impact on the distribution pattern
of different hydrographical conditions in the northern Red Sea coastal water was still limited, which may attribute
to the low population, the absence of fresh water drains and limitation of land based source (sewage, agriculture,
and/or industrial effluents). Accordingly, these conditions could be principally controlled by the circulation pattern of
seawater in the area of study.
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Phosphate, along with nitrogen and silicate, are the critical micronutrients [28]. Variations in dissolved inorganic
nutrients in marine waters can be ascribed to a number of factors including the extent of freshwater and groundwater
input, degree of insolation, oxygen availability, standing stocks and productivity of phytoplankton and bacterioplank-
ton [29]. The high nutrients concentrations in water column are mainly associated with sources arising from various
anthropogenic activities within the study area, which may indicated the highest nutrients concentrations at st. III
during different seasons in our investigation.

Ammonia is biologically active compound present in most water as normal biological degradation product of
organic nitrogen. It can be utilized directly as nutrients by several algal species and aquatic plants [30]. Light has
inhibitory effect on ammonium oxidation by nitrifying bacteria [31]. In the study area, light was not the limiting
factor of ammonia, because it was actually similar or low even in the presence of high light in autumn and summer.
Ammonia contents were high at st. III followed by st. VII and st. V, this is almost due to the sewage and fishing
ships and yachts disposals at these sites. Directly polluted waters by sewage or substantially by river discharge,
the concentrations of ammonia are often higher than 20 µMl−1 [30]. On the other hand, relatively low values of
ammonia were observed during the most productive seasons (autumn and spring), due to phytoplankton flourishing
which exhausted ammonia as a nitrogen source.

Regarding nitrite, the consideration of its concentrations in seawater is useful because of its intermediate oxidation
state between ammonia and nitrate. But it has the highest toxicological significance of human health, if present
in perceptible concentration in diets. In the present study, the maximum nitrite concentration at the different sites
recorded during winter where, water mixing reached its highest rate and nitrite accumulation in the water column is
due to excretion by algal cells [32]. Which resulted in more phytoplankton growth [33], no obvious direction for
increment or decrement in nitrate concentration was observed in the present study. In general, nitrite is not a stable
end product, its absence or presence in such quantities might not be so peculiar. The range of nitrite from 0.01 to 3.5
µMl−1 in the sea was reported [34]. Maximum annual mean of nitrite concentration was recorded at st. III due to
exposure to different anthropogenic activities.

Nitrate is considered as the most stable and predominant inorganic nitrogen form in seawater which are produced
naturally as part of the nitrogen cycle, when a bacteria breaks down toxic ammonia wastes first into nitrite, then into
nitrate. Nitrates stimulate the growth of plankton and water weeds that provide food for fish. Also, the winter mixing
deepening increased nitrate enrichment into the euphotic zone from deeper water [35], which indicate the maximum
nitrate concentrations at the different sites during winter, while the lower concentrations during the other seasons may
due to high flourishing of phytoplankton observed. Generally, the increase in nitrate content of seawater is followed
by an increase in both production and chlorophyll-a level [36].

Phosphate could be considered as a limiting nutrient for phytoplankton growth. Generally, phosphate concentrations
are depressed in the season of highest primary production, in conformance with phosphate’s role as a major nutrient
[37], which may be the reason for low phosphate concentrations during spring and summer in our investigation,
because of uptake by phytoplankton and primary producers [35]. Highest PO4 concentration at st. III during different
seasons was in agreement with [38] which stated that the variation in PO4 concentrations was also associated with
the levels of impacts. Low PO4 contents could be related mostly to their sorption and deposition on iron born dust
conveyed to the basin from the surrounding mountains and deserts. In contrast, It was stated that phosphate is
generally not considered to be limiting for primary production in oceanic ecosystems [38]. As presented study, the
dissolved inorganic phosphate fluctuated between a maximum annual mean of 0.38 µMl−1at sites III and a minimum
of 0.08 µMl− site II, which were within the normal dissolved phosphate content in seawater (< 0.3 µMl−1) [39]. It
was pointed out that, generally the concentration of PO4 in the surface waters are extremely low (0.03 µMl−1or less),
whereas typical concentrations for eutrophic coastal waters are above 0.15 µMl−1and highly eutrophic system will be
beyond 0.3 µMl−1[40]. The seasonal cycle of phosphate in the extra-tropics generally follows the expected pattern
of high concentration during the winter, due to light limitation of phytoplankton growth, also, the dinoflagellates
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and blue-green algae showed their maximum flourishing these seasons, this may be the reason for higher PO4

concentrations during winter and autumn. The observed phosphate levels at the study area were in agreement with
others which reported the Northern Red Sea has higher phosphate values reached to 0.34 µMl−1[41]. At most sites
it is equal to that annual average: 0.18 µMl−1 [42] and that of the northern Gulf of Aqaba (annual average: 0.107-
0.117 µMl−1) [43].

The distribution pattern of SiO4 concentration display small spatial seasonal variation. The lowest silicate
concentrations were recorded at the different sites of the present study area during winter, which may be due to the
highest flourishing of diatoms. Among the investigated sites, st.III (Hurghada harbour) recorded the highest levels of
silicate due to exposure to different anthropogenic activities. It was pointed out that, primary producers of northern
Red Sea (blue green algae) are the main consumer of silicate compared to diatoms, the main consumer of silicate
[44]. The main factors controlling SiO4 distribution in the Egyptian Red Sea coastal waters, are: i) the supply of
SiO4 which flows in the Red Sea through the straight of Bab El-Mandab ii) biological composition iii) organic matter
decomposition and iv) the partial dissolution of quartz and clay particles transported to the sea from the surrounding
deserts during sand storms [45].

In our investigation, different sites at the northern Red Sea recorded nutrients values within range of the previous
studies. The annual mean values of the different nutrients at Aqaba Gulf coastal water, Red Sea during 1998 - 2004
were investigated [20], which were ammonia (0.06 - 1.78 µMl−1), nitrite (less than 0.19 µMl−1), nitrate (0.08 - 2.19
µMl−1), phosphate (0.19 - 0.42 µMl−1) and silicate (0.49 - 1.88 µMl−1). While, nutrients levels were recorded in
the Gulf of Aqaba which were phosphate 0.03 - 0.41 µMl−1, ammonia, 0.53 - 2.27 µMl−1, nitrite, < 0.15 µMl−1,
nitrate, 0.3 - 0.5 µMl−1, silicate 0.2 - 2 µMl−1[12].

5. CONCLUSION

Monitoring and data collected from water at the Northern Red Sea Coast during 2012 revealed slight seasonal
variations for each of salinity and pH values, well oxygenated seawater, low levels for biological oxygen demand,
nitrogen, phosphorus and reactive silicate in seawater of the different studied sites but slightly higher at st. III
(Hurghada harbour). These results can be used to evaluate possible risks associated with increasing the anthropogenic
effects on the Red Sea

6. RECOMMENDATIONS

Red Sea coastal area requires integrated protection planning and management to achieve ecological sustainable use
of coastal recourses and conservation of different environments throw the following points:

1. The contamination sources control for protection of marine environments.

2. Full clean of the all contaminated areas by using safe and effective technologies.

3. Identify specific areas for diving, tourism and fishing and other anthropogenic activities.

4. Sewage, oil production activities, fishing activities, shipyards, desalination plants, the mooring zones and in the
coastal area require pronounced solutions to minimize or prevent the tidal habitat degradation.
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