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ABSTRACT 
 

The present study aimed to investigate chemical formulations of water samples collected from  
area extended between Ras Al–Halal and El Haniea, Libya. The geographic location of the 
Mediterranean governs the water temperature and salinity. The hot climate of the eastern basin 
raises the water temperature, causing increased evaporation and high salinities. The present study 
included visiting the study sites (8 stations on the eastern coast of Libya) during winter and summer 
seasons 2019. The concentration of different water quality parameters was analyzed and reported 
accordingly. The palnktonic composition was also evaluated. 
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1. INTRODUCTION 
 

“The Mediterranean Sea is an almost closed 
marine basin between Europe, Asia and Africa 
with an area of 2.96 million km². It consists of two 
basins, western and eastern separated by the 
Strait between south Italy and Tunisia. Due to 
massive evaporation in the eastern basin, there 
is a constant flow of near surface waters that run 
in a counterclockwise direction from the shares 
of North Africa to the Levant, then north and west 
via Southern Turkey, Greece and back to 
Gibraltar” [1]. 
 

The geographic location of the Mediterranean 
governs the water temperature and salinity. The 
hot climate of the eastern basin raises the water 
temperature, causing increased evaporation and 
high salinities. This produces a clear west-east 
gradient of both temperature and salinity. For 
example, the range of surface temperatures in 
the western basin is 8-24C˚. While in east it is 
13-31C˚. Similarly, Salinity in the western basin 
is close to 30-35 ‰ reaching 39 ‰ in the 
Palestine and Lebanese coasts [2]. 
 

The Libyan State has a vast coastline of 1970 
Kms of the Mediterranean Sea. Libyan coast has 
been divided into three sectors: west coast: 
extending from Ras Jadir on the Libyan-Tunisian 
border to the Port of Misurata iron and steel 
factor, The coast of the Gulf of Sirte: Extending 
between the Ras El borj in west and Tukarah in 
the east. 
 

The east coast extends of Tukarah in the west to 
Ramala head in the east on the Libya-Egyptian 
border [3]. 
 

The Libyan coast in general has a few natural 
bumps, that is why there is no any natural 
harbors except a Port of Tobruk, which was held 
in a gap is coming inside a rocky coast for 4 Kms 
far, while the Port of Dernah-that was built in a 
slot that hurt for a valley of Dernah: has got its 
importance as apart from industrial barriers that 
set up to protect it from the waves as well as the 
new Port of Soussa that built in 1996. The 
coastal area in the north of Libya get a change in 
width from a region to other and that is 
depending on the approach of the plateau from 
the sea. In Benghazi the average for width of the 
coastal area is about 40 Kms while the edge of 
the green mountain has a narrow coastal is 
getting wide up several Kilometers [4]. The aim 
of this study is evaluate of some water samples 
collected from coast locations at some Algabal 
Alkhder (Libya). 

2. MATERIALS AND METHODS 
 
The present study included visiting the study 
sites (8 stations on the eastern coast of Libya) 
during winter and summer seasons 2019 and: 
 
 Measuring main physical and chemical 

parameters of surface water of the near 
shore intertidal region in each site, 

 Taking surface water samples from each 
site for establish their major and trace 
elements constituents 

 
The study sites: The study sites including El-
Hania, Twat AlGwarib, Alhamama, near the 
desalination plant of Susa, Susa harbor, between 
Susa and Ras Hilal (Two stations: St. 1 and St. 
2) and Ras Al-Hilal on the eastern coast of Libya, 
Fig. 1. 
 
On site surface water parameters: These are 
the physical-chemical parameters of the near 
shore surface water: salinity, temperature, pH 
and dissolved oxygen. 
 
Major elements: The water samples are 
digested with 5ml of concentrate Nitric acid and 
placed on a preheated until near dehydration, 
then filtered to remove particulates and 
transferred to a 100 ml flask and complete until 
the mark distilled water. Take 1 ml of water 
sample in a 100 ml volumetric flask and add 
distilled water to the label and It is also measured 
(sodium, potassium and calcium) by Flam 
photometer [5]. 
 
Estimated phosphorus and nitrogen in both 
sediment and water samples, added 5 ml of the 
sample + 5 ml vanadium in a 25 ml volumetric 
flask and add distilled water to estimate 
phosphorus on the Spectro photometer at 410 
nm wavelength. Nitrogen Add 1 ml + 1 ml Neslar 
in a 10 ml flask and supplement the distilled 
water with a wavelength 420 nm [5]. 
 
Trace elements: The iron was estimated by 
Spectrophotometer. Where 4 ml of (KSCN), 0.2 
ml (HCl) was added, the solution was lift for 20 
(min), than the absorbance was measured at 480 
nm. The nickel, added 5 ml sample + 4 ml 
dimethyl glyoxime + 1 ml ammonia(NH3) in a 25 
ml volumetric flask and supplement the distilled 
water at a wavelength of 550nm. And to estimate 
the copper, add 2 ml sample+ 2 ml ammonia 
solution (NH3) in a 25ml volumetric flask and 
supplement the distilled water at a wavelength of 
745nm [5]. 
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Fig. 1. The study sites (8 subsites) 
 

3. RESULTS AND DISCUSSION 

 

3.1 Water Analysis 
 
Physico-chemical parameters: The obtained 
results of the water analysis can be shown in the 
following Tables (1 - 4) and Figs. (2 - 11). 
  
Dissolved Oxygen: “Dissolved oxygen is an 
important environmental parameter for the 
survival of aquatic life. Dissolved oxygen affects 
the growth, survival, distribution, behavior and 
physiology of shrimps and other aquatic 
organisms” (Solis, 1988). “Oxygen distribution 
also strongly affects the solubility of inorganic 
nutrients since it helps to change the redox 
potential of the medium. It can also determine 
whether the environment is aerobic or anaerobic” 
[6]. “The principal source of oxygen that is 
dissolved in water is by direct absorption at the 
air-water interface which is greatly influenced by 
temperature” [7,8]. “Dissolved oxygen 
concentration of 5.0 mg/L and above are 
desirable for fish survival” [9]. 
 
The distribution pattern of D.O at the different 
stations varied from a minimum of (3.10 ppm) at 
Desalination plant, (Susa) in summer to a 
maximum of (5.90 ppm) at Susa-Ras Hilal 2 in 

winter. Low dissolved oxygen concentrations are 
known to be one of the major problems of               
faunal and floral survival in the aquatic 
environment. 
 

The statistical analysis of correlation coefficient 
matrix represents a positive trend between              
DO and salinity in the surface water (r = 0.753 
and r = 0.702) during winter and summer, 
respectively. 
 

Hydrogen ion concentration: “In water the 
hydrogen ion concentration is measured in terms 
of pH, which is defined as the negative logarithm 
of hydrogen ion concentration” [9]. “This 
concentration is the pH of neutrality and is equal 
to 7. When the pH is higher than 7 it indicates 
increasing salinity and basicity while values lower 
than 7 tend towards acidity i.e. increase in 
hydrogen ion concentration. The pH higher than 
7, but lower than 8.5 is ideal for biological 
productivity, while pH lower than 4 is detrimental 
to aquatic life” [10]. “It was reported that the pH 
of natural waters is greatly influenced by the 
concentration of carbon dioxide which is an 
acidic gas. Phytoplankton and other aquatic 
vegetation remove carbon dioxide from the water 
during photosynthesis, so the pH of a water body 
rises during the day and decreases at night”  
[11]. 
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Table 1. Variation of Physico-chemical parameters values in the studied area during winter 2019 
  

                     Stations  
 Parameters  

Alhaneah Twat 
AlGwarib 

Alhamama Desalination 
plant, Susa 

Susa 
harbor 

Susa-Ras 
Hilal 1 

Susa-Ras 
Hilal 2 

Ras Hilal ±SD  average 

D.O 3.60 4.23 4.45 3.55 4.86 5.87 5.90 6.15 1.04 4.83 
pH 7.20 7.15 7.55 7.45 7.22 7.45 7.70 7.80 0.24 7.44 
T °C 18.1 18.70 18.20 19.15 18.50 18.30 18.55 18.12 0.35 18.45 
S ‰ 33.70 34.10 35.15 34.15 33.15 35.50 36.10 35.90 1.09 34.72 

 
Table 2. Variation of Physico-chemical parameters values in the studied area during Summer 2019 

 

                  Stations   
Parameters  

Alhaneah Twat 
AlGwarib 

Alhamama Desalination 
plant, Susa 

Susa 
harbor 

Susa-Ras 
Hilal 1 

Susa-Ras 
Hilal 2 

Ras 
Hilal 

±SD average 

D.O 3.15 4.12 4.18 3.10 3.45 5.65 5.80 5.78 1.18 4.40 
pH 7.1 7.3 7.45 7.10 7.65 7.12 7.8 7.60 0.28 7.39 
T °C 22.31 22.34 23.16 24.10 23.90 22.90 22.60 22.45 0.70 22.97 
S ‰ 34.20 34.30 36.20 35.15 33.70 35.70 35.90 36.10 0.97 35.16 
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The pH-values ranged between a minimum value 
of (7.1) during summer and a maximum of (7.80) 
during winter Figs. (2 & 3). “The pH of an aquatic 
system is an important indicator of the water 
quality and the extent of pollution in the 
watershed areas. Low pH values or acidic waters 
are known to allow toxic elements and 
compounds such as heavy metals to become 
mobile thus producing conditions that are inimical 
to aquatic life” [12]. 
 
However, the pH values showed a negative 
correlation with most chemical parameters. The 
positive correlation between pH and DO (r = 
0.671 and r = 0.453) justified the important role 
of photosynthetic activity. 
 
Temperature: The water temperature (°C) 
measured in situ exhibited wide variations, which 
attains its maximum value of 23.90 °C during 
summer at Susa harbor area and its minimum 
value of 18.1 °C during winter at Alhaneah, Figs. 
(2 & 3).  
 
“High water temperature enhances the growth of 
microorganisms however the effect of changes in 
temperature on living organisms can be critical. 
Temperature controls the solubility of gases in 
water, and the reaction rate of chemicals, the 
toxicity of ammonia, and of chemotherapeutics to 
fish. Temperature is the most important physical 
variable affecting the metabolic rate of fish and is 
therfore one of the most important water quality 
attributes in aquaculture” [13]. 
 
The correlation coefficient matrixes of surface 
water temperature, showed a negative correlation 
with dissolved oxygen during winter and summer 
seasons (r = -0.387 and r = -0.471) respectively, 
Decreasing in water temperature leads increase 
of oxygen solubility and decrease in rate of 

bacterial decomposition of organic matter. Also, 
the pH values are negatively correlated with 
surface water temperature during winter and 
summer seasons (r = -0.193 and r = -0.051) 
respectively, as well as salinity (r = -0.278 and r = 
-0.168), respectively.  
 
Salinity: The Salinity values ranged between a 
minimum value of (33.15 ‰) during winter and a 
maximum value of (36.20 ‰) during summer (Fig. 
(11). “marine salinity water is usually higher than 
that of fresh water because the former contains 
more electrically charged ions than the latter. 
The total load of salts of water is in direct relation 
with its salinity” [14]. “It is an index of the total 
ionic content of water, and therefore indicates 
freshness or otherwise of the water [15] 
(Ogbeibu and Victor, 1995), which states that 
rain falling into a water body, or rain runoff 
flowing into it, will decrease conductivity/salinity 
because the salinity/conductivity of coastal 
waters is influenced by sea spray that can carry 
salts into the air, which then fall back into the 
waters with rainfall. Evaporation and loss of 
freshwater will increase the conductivity and 
salinity of a water body, also, warm weather can 
even increase ocean salinity” [16]. “In general the 
salinity of surface waters depends on the 
drainage area, the nature of its rock, 
precipitation, human activity in the area and its 
proximity to marine water” [17]. 
 
Correlation coefficients were recorded between 
salinity and major cations especially Na

+
 (r = -

0.126 and r = 0.178), during winter and           
summer seasons, respectively. Changing of 
salinity may effect on the variation of pH in the 
aquatic system, where positive correlation 
between salinity and pH was recorded                
(r = 0.880 and r = 0.212) during above mentioned 
seasons.  

 

 
 

Fig. 2. Parameters values in the studied area during winter 2019 
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Fig. 3. Parameters values in the studied area during summer 2019 
 
Major and Trace Elements of water samples: 
The distribution of elements is controlled by 
biological cycling. Most of the marine “life” and 
certainly all the photosynthesizing organisms are 
confined to the upper 100 meters or so of the 
ocean (the photic zone), [18]. These 
phytoplankton uptake dissolved carbon and other 
nutrients in order to grow and produce organic 
matter and hard body parts. Therefore, such 
nutrients as phosphate, nitrate and trace metals 
that are either needed for metabolic pathways or 
taken “by mistake” are deplete from surface 
water. 90% of the organic matter produced is 
recycled in the photic zone but the remaining 
10% (of dead organisms and fecal matter) sinks 
into the deeper ocean, gets remineralized 
(bacterial oxidation or dissolution) and returns to 
the water column as dissolved inorganic 
compounds. The result is depletion of the 
dissolved “recycled elements” in surface waters 
and enrichment at depth. Note the depth profiles 
for elements related to the organic (soft parts, 
e.g. phosphate and nitrate) and those 
concentrated in hard parts (shells, e.g. silica) are 
different. This depends on the depth of highest 
remineralization (shallower for organic matter 
and deeper for the skeletal remains) [19]. 
 
“The elements whose concentrations in surface 
waters drop down to zero are considered bio-
limiting, as they have the potential to limit 
biological productivity. Others, like C and Ca are 
only partially depleted and are considered bio-
intermediate. Many other elements follow these 
types of curves because they adsorb or react 
with the organic or skeletal particles are recycled 
with them. Several of the most important 

elements in living organisms (O, H, S and also C) 
are not limiting in the ocean” [20]. 
 
The results obtained from analysis of water 
samples of the study sites are shown in Tables 
(3 & 4) and Figs. (4 -11). The reported values 
refer to the mean value of water samples 
collected in two seasons at different areas along 
the stretch on the eastern coast of Libya. 
 
Major elements: “Materials that caused the 
water to be turbid are wastes originate from the 
ships or transported from the land, organic 
matters, microscopic microorganisms,  
planktons, inorganic matters or even sediment” 
[21]. 
 
Sodium: “Sodium ions are generally highly 
soluble in water and are leached from the 
terrestrial environment to groundwater and 
surface water. They are nonvolatile and will thus 
be found in the atmosphere only in association 
with particulate matter” [22]. 
 
The maximum value of sodium was recorded in 
summer season comparing with their values 
during winter season , generally the sodium 
values were ranged between (7760 ppm) and 
(4733 ppm), during summer and winter seasons, 
respectively. The high concentrations might be 
due to higher evaporate transpiration in summer 
and extra unrecorded deposition of sea-salts. 
The results also showed that, there is small 
variations in sodium contents of the area under 
investigations. These variations are not expected 
to have impact on meiofauna because sodium is 
biologically none limiting. 
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Table 3. Major and trace elements of water samples during winter 2019 
 

         Stations 
Element 

Alha-
neah 

Twat 
AlGwarib 

Alham-
ama 

Desalination 
plant, Susa 

Susa 
harbor 

Susa-Ras 
Hilal 1 

Susa-Ras 
Hilal 2 

Ras Hilal ±SD Average 
 

Na 4829 2615 2165 6161 2525 3655 2525 2161 943.93 5477.38 
K 556 331 565 351 366 565 363 331 34.21 422.00 
Ca 555 666 512 351 512 555 626 666 267.67 292.38 
T.N 3255 2232 2266 2232 3212 6212 2236 2255 1.13 5.48 
T.P 5213 6255 1265 6211 6261 6265 6251 6225 0.41 1.45 
Fe 1255 1236 1236 1213 6215 1256 1213 1235 0.23 0.54 
Ni 62616 62631 62651 62655 62656 62626 62635 62655 0.04 1.81 
Cu 6211 6265 5255 3221 2211 1265 3216 6221 0.36 18.09 

 
Table 4. Major and trace elements of water samples during summer 2019 

 

           Stations 
Element 

Alhan-
eah 

Twat 
AlGwarib 

Alhamama Desalination 
plant, Susa 

Susa 
harbor 

Susa-Ras 
Hilal 1 

Susa-Ras 
Hilal 2 

Ras 
Hilal 

±SD Average 
 

Na 1523 1366 1655 1656 6355 6611 1216 6551 527.18 6899.88 
K 311 351 351 356 365 215 356 256 44.43 462.38 
Ca 5225 6525 5225 61521 1622 65525 1622 61521 19.97 94.19 
T.P 1226 1235 1236 1235 1263 1236 1255 1261 0.14 0.52 
Fe 1256 1251 6262 1226 1251 1235 1232 1216 0.30 0.50 
Ni 62556 62656 62556 62656 12565 62516 62565 62663 0.09 1.17 
Cu 1255 1216 6211 1265 5266 1216 3266 6255 0.85 11.70 
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Fig. 4. Concentrations of Sodium in water samples of the studied stations during winter and 
summer seasons 

 
Potassium: “Potassium does not occur in nature 
because of its high reactivity. It reacts violently 
with water [23] and also reacts with oxygen. 
Orthoclase (potassium feldspar) is a common 
rock-forming mineral. Granite for example 
contains 5% potassium, which is well above the 
average in the Earth's crust. He deposits often 
show layers starting with the least soluble at the 
bottom and the most soluble on top” [24]. The 
maximum values of Potassium was recorded 
(527 ppm) in summer season and minimum 
values was (382 ppm) during winter season, with 
small variations in potassium contents of the 
area. Where high rates of evaporation, low 
precipitation and low run-off. Like sodium, 
potassium is also biologically none limiting and is 
not likely to affect meiofauna and other marine 
organisms. The correlation coefficient matrixes of 
K

+
 with other parameters showed a strong 

positive correlation with Na
+
 (r = 0.322 and r = 

0.821) during winter and summer, respectively. 
 
Calcium: “Calcium is most abundant ions in 
fresh water and is important in shell construction, 
bone building and plant precipitation of lime” [25]. 

Whereas the values of calcium concentrations 
were ranged between (420 ppm) in winter 
season by the addition of sewage waste along 
with rain water and responsible for the increase 
in amount of calcium [25] and (68.5 ppm) in 
summer due to calcium absorbed by the large 
number of organisms for shell construction, bone 
building and plant precipitation of lime [26]. The 
results also showed that, there is large variations 
in Calcium. However, availability of calcium to 
aquatic organisms (including meiofauna) is also 
strongly dependent on temperature and pH of the 
water, which decide speciation between CO2 
HCO3

-
 and CO3

--
. 

 
The correlation coefficients showed, a positive 
trend between calcium and pH (r = -0.027 and r = 
-0.664). 
 
Total Nitrogen: “Concerning the water 
compartment, the nitrite and nitrate levels point 
to an absence of significant quantities of 
biodegradable organic material, and adequate 
oxygenation levels” [27]. 

 

 
 

Fig. 5. The concentrations of potassium of water samples during winter and summer seasons 

https://en.wikipedia.org/wiki/Orthoclase
https://en.wikipedia.org/wiki/Granite
https://en.wikipedia.org/wiki/Evaporation
https://en.wikipedia.org/wiki/Precipitation_%28meteorology%29
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Fig. 6. The concentrations of calcium of water samples during winter and summer seasons 
 

 
 

Fig. 7. The concentrations of Total nitrogen of water samples during winter and seasons 
 
The values of Total Nitrogen concentrations 
assigned ranged between (4.23 ppm - 8.05 ppm) 
during winter season. The highest amount of 
nitrate concentration was known to support the 
formation of blooms because of high vegetation 
during winter which supported the growth of 
plankton [28,29]. The lowest amount of nitrate by 
the utilization by plankton and aquatic plants [25]. 
The results also showed that, there is high 
variations in Total nitrogen contents of the area. 
showed an aquatic ecosystem preserved from 
eutrophication. It must be noted that this 
environmental panorama was observed, despite 
increasing human pressure promoted by real-
estate development and tourism [27]. 
 

The correlation coefficient between TN and 
salinity shows, Positive trend (r = 0.500) during 
the period of study. This reflects the run-off 
enriched with nutrients. 
 

Total Phosphorus: “The phosphate comprises 
another anion of great importance for assessing 

the quality of an aquatic ecosystem, as it can be 
responsible for eutrophication, along with nitrate. 
In addition to the natural weathering process of 
rocks and anthropic inorganic fertilizers, 
phosphate is predominantly introduced into 
bodies of water through domestic and industrial 
discharges containing synthetic detergents” 
(Manahan, 1994). 
 
While Total phosphorus for the water samples, 
the values of maximum concentration were (2.04 
ppm) found in winter season. The highest P 
concentration were possibly due to the 
atmospheric inputs such as dry (dust) and wet 
(rain) depositions [30 and 31] and minimum 
concentration (0.33ppm) in summer season, 
where recorded small variations in Total 
phosphorus contents of the area. The normal 
levels of soluble phosphate indicate that there is 
no appreciable source of waste containing 
detergents [27]. 
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Fig. 8. The concentrations of Total phosphorus of water samples during winter and summer 
seasons 

 
Heavy metals: Metals become harmful to marine 
life by forming insoluble and/or soluble metal 
complexes with other naturally occurring ligands. 
Moreover, they can exist in the dissolved phase 
as three forms: 1) free hydrated metal ions; 2) 
organic complexes and; 3) inorganic complexes, 
the most toxic being free hydrated metal ions 
because of their high bioavailability in the marine 
environment, relative to the other two. This 
availability of the metal complexes for 
bioaccumulation (absorption, storage and 
excretion of substances by an organism due to 
exposure in water, food, sediment or air) is the 
basis for much of the concern about 
contamination and pollution in the marine 
environment [32]. 
 
Iron: “Iron is the most abundant metal in the 
earth's crust. It is an important trace element 
required for all biological life activities. At high 
concentration the iron II is toxic for most 
organisms” (Dyrssen and wedborg, 1974). 
 
The high levels of maximum iron (1.15 ppm) 
were recorded during winter. While, the minimum 
level (0.21 ppm) was recorded during summer 
season Fig. (9). The results also showed that, 
there is small variations in iron contents of the 
area under investigation. The maximum 
concentration of iron in oceanic surface sea 
water is controlled by the solubility of inorganic 
forms and the availability of organic complexing 
ligands to promote higher solubility [33,34,35].  
 
The correlation coefficients of iron with DO were 
(r = -0.119 and r = 0.141), during winter and 
summer seasons, respectively, indicating the 
tendency of iron to increase in the less 

oxygenated bottom water. This may indicate the 
release of heavy metals from bottom sediments 
in poorly oxygenated water that is characterized 
by the presence of HS

-
 ion and their adsorption 

in oxygenated water [36]. 
 
Nickel: The maximum value of nickel was 
recorded during summer season comparing with 
their values during winter season, generally the 
Ni values were ranged between (1.851 ppm) and 
(0.973 ppm), during summer and winter seasons, 
respectively, where recorded small variations in 
nickel contents of the studied area were 
recorded. Nickel in seawater exists in the form of 
free ion, the most toxic form to marine biota 
because of its ability to be sorbed [37]. 
 
Copper: Copper is introduced in to the aquatic 
environment through a number of natural 
sources. The main sources of copper in the 
aquatic environment are:  
 

• Minerals in soil and weathered rock that 
form the sediments and suspended 
particles in the water, [38].  

• Extraction of copper from rock into a 
dissolved state.  

• Biological particles, including both living 
and dead organic material. 

• Hydrothermal systems in which heated or 
chemically altered water are found. This 
includes volcanic action and thermal vents.  

• Input from sediments.  
• Anthropogenic inputs - either directly into 

the water or leached after deposition on 
land.  

• Deposition from the atmosphere – a major 
source here is anthropogenic. Copper is 
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introduced from all these sources into the 
marine aquatic environment but not equally 
in all areas. It exists in water, sediments 
and organisms (Neal Blossom, 1990). 

 

The high levels of concentration of copper (5.00 
ppm) was found in winter season and the 
minimum of (0.33 ppm) was recorded during 
summer season, the results also showed that, 
there is small variations in copper contents of the 
studied area. Copper is also removed over time 
from the oceans water via the formation of 
sediments. This can occur via biological or 
physiochemical processes or by particulate 
settling. Biological activity can remove copper 

when organisms utilize copper and excrete that 
copper in fecal material, or when organisms die 
or molt and these biogenic materials become 
sediment [39]. 
 
The statistical analysis of correlation coefficient 
of copper with other parameters showed a 
positive behavior with other heavy metals (Fe 
and Ni). A positive correlation was represented 
with pH (r = 0.104 and r = 0.860) and negative 
correlation with dissolved oxygen (r = -0.100 and 
r = 0.312) to point the latter is of minor 
importance to be involved in such behavior with 
the possible existence of Cu(OH)2 [40]. 

 

 
 

Fig. 9. The concentrations of Iron of water samples during winter and summer seasons 
 

 
 

Fig. 10. The concentrations of Nickel of water samples during winter and summer seasons 
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Fig. 11. The concentrations of copper of water samples during winter and summer seasons 
 

4. CONCLUSION  
 
The present study included visiting the study 
sites (8 stations on the eastern coast of Libya) 
during winter and summer seasons 2019. The 
concentration of different water quality 
parameters was analyzed and reported 
accordingly.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Islam, MDS, Tanaka M. Impacts of 

Pollution on Coastal and Marine 
Ecosystems Including Coast and Marine 
Fisheries and Approach for Management: 
a Review and Synthesis. Marine Pollution 
Bulletin 2004;48(7-8):624–49 

2. Michael S. Team Leader of the Horizon 
2020 Capacity Building / Mediterranean 
Environment Programmers. 2010 ENPI 
info center / EU; 2010. 

3. Fauzi AO, Whida AA, Abdulbaset A, 
Abuissa M, Treesh U, Dcebika FI, Alturky 
E, Dalhum G. Metal concentrations in 
seaweeds from west coast of Libya, Libya 
Journal of Marines Sciens. 2001;10(9):1-9. 

4. Al-mabrok FB. Survey study for monitoring 
the pollutant in the beaches of Benghazi 
City. General Environmental Authority; 
2006. 

5. Hasan HMI. Studies on physicochemical 
parameters and treatment for some 

localities along coast of Alexandrina. Ph. 
D. Thesis. Chemistry department,              
Faculty of science. Alexandiea University; 
2006. 

6. Beadle LC. The Inland Waters of Tropical 
Africa. An Introduction to Tropical 
Limnology. Longman Publishers London. 
1981;475. 

7. Plimmer RJ. Degradation methodology-
chemical and physical effect. Proc. of the 
Workshop on Microbial Degradation, 
Pensacola Beach Florida. 1978;423-431. 

8. Kutty MN. Site selection for aquaculture: 
Chemical features of water. Working Paper 
African Regional Aquaculture Centre, Port 
Harcourt. ARAC 1987;87/WP/2(9):53. 

9. Boyd CE. Water Quality in Warm Water 
Fish Ponds. University Press, Alabama, 
USA, 1979;59. 

10. Abowei JFN. Salinity, dissolved oxygen, 
PH and surface water temperature 
conditions in Nkoro River, Niger Delta, 
Nigeria. Advance Journal of Food Science 
and Technology. 2010;2(1):36-40. 

11. Boyd CE, Lichtkoppler F. Water Quality 
Management in Fish Ponds. Research and 
Development Series No. 22 International 
Centre for Aquaculture (J.C.A.A) 
Experimental Station Auburn University, 
Alabama. 1979;45-47. 

12. American Public Health Association 
(APHA). Standard methods for the 
examination of water and waste water, Edn 
19th, Washington, DC; 1995. 

13. Ireland Environmental Protection Agency 
(IEPA). Parameters of Water Quality: 
Interpretation and Standards. Environ- 

0 

1 

2 

3 

4 

5 

Copper concentrations in water 

Winter 

Summer 



 
 
 
 

Hasan et al.; Asian J. Appl. Chem. Res., vol. 12, no. 3, pp. 33-46, 2022; Article no.AJACR.94994 
 
 

 
45 

 

mental Protection Agency Johnstown. 
2001;133. 

14. Golteman HL, Kouwe FA. Chemical 
Budgets and Nutrient Pathways. In: E.D. 
Le Cren and R.H. Lowe-McConnel (Eds.), 
The Functioning of Freshwater 
Ecosystems. Cambridge University Press, 
Cambridge, International Biological 
Programme. 1980;22:85-140. 

15. Egborge AMB. Salinity and the distribution 
of rotifers in the Lagos harbour-Badagry 
creek system, Nigeria. Hydrobiologia. 
1994;272:95-104 

16. Clean Water Team (CWT). Electrical 
conductivity/salinity Fact Sheet, FS-
3.1.3.0(EC). in: The Clean Water Team 
Guidance Compendium for Watershed 
Monitoring and Assessment Version 2.0. 
Division of Water Quality, California State 
Water Resources Control Board 
(SWRCB), Sacramento, CA; 2004. 

17. McNeely RN, Neimanis VP, Dwyer L. 
Environment Canada: Water Quality 
Sourcebook. A Guide to Water Quality 
Parameter. 1979;112. 

18. Boyle EA, Sclater FR, Edmond JM. On the 
marine geochemistry of cadmium. Nature. 
1976;263:42–44. 

19. Donat JR, Bruland KW. Trace elements in 
the oceans. In trace elements in natural 
waters (eds. E. Steinnes and B. Salbu). 
CRC Press, Boca Raton, FL. 1995;247–
280. 

20. Libes M. Introduction to Marine 
Biogeochemistry Second Edition. 
Burlington, MA, USA: Elsevier, Inc. 
2009;41-43. 

21. Lawler DM. Turbidimetry and 
nephelometry. In Townshend, A. (Ed.), 
Encyclopedia of Analytical Science. 
Second Edition. London: Academic Press. 
2004;343-351. 

22. World Health Organization. Sodium in 
Drinking-water.Originally published in 
Guidelines for drinking-water quality, 2nd 
ed. 2015;2. 

23. Holleman AF, Wiberg E, Wiberg N. 
"Potassium". Lehrbuch der Anorganischen 
Chemie (in German) (91–100 ed.). Walter 
de Gruyter; 1985. ISBN 978-3-11-007511-
3 

24. Prud'homme M, Krukowski ST. "Potash". 
Industrial minerals & rocks: commodities, 
markets, and uses. Society for Mining, 
Metallurgy, and Exploration. 2006;723–
740. 

25. Verma PU, Chandawat D, Solanki HA. 
Study of water quality of Hamirsar lake – 
Bhuj. International Journal of Bioscience 
Reporter. 2010;8:145-153. 

26. Solanki HA. Status of soils and water 
reservoirs near industrial areas of Baroda: 
pollution and soil - water chemistry. Lap 
Lambert Academic Publishing, Germany; 
2012. ISBN 376. 

27. Madson De G. Pereira, Marta V. A. S. de 
Andrade, Vanessa C. Ornelas, Raimunda 
A. N. de Almeida, Maurício P. F. Fontes, 
Joselito N. Ribeiro, Araceli V. F. N. Ribeiro, 
4 Arnaud V. dos Santos, Adriana N. 
Souza, Claudiane B. de Araújo, Ana C. B. 
de Araújo, Cássia R. E. Onofre, and Maria 
das G. A. Korn. Assessment of Physical-
Chemical Characteristics Assessment of 
Physical-Chemical Characteristics of 
Water and Sediments from a Brazilian 
Tropical Estuary: Status and 
Environmental Implications. Scientific 
World Journal; 2012. 

28. Uduma AU. Physico-chemical analysis of 
the quality of sachet water consumed in 
Kano metropolis. American Journal of 
Environment, Energy and Power 
Research. 2014;2:1-10. 

29. Pandit BR, Solanki HA. Drinking water 
quality and techniques for recharging 
urban water system for the industrial city of 
Gujarat, India. In: Innovative Modelling of 
Urban Water Systems, Monograph No. 12 
Canada, Chapter – 33; 2004. 

30. Faragallah HM, Askar AI, Okbah MA, 
Moustafa HM. Physico-chemical 
characteristics of the open Mediterranean 
Sea water about 60 km from Dametta 
harbour, Egypt. Journal of Ecology and the 
Natural Environment. 2009;1(5):106-          
119. 

31. Schlosser C, Klar JK, Wake BD, Snow JT, 
Honey DJ, Woodward EMS, Lohan MC, 
Achterberg EP, Moore CM. Seasonal ITCZ 
migration dynamically controls the               
location of the (sub) tropical Atlantic 
biogeochemical divide. PNAS. 2014; 
111(4):1438- 1442. 

32. Velasquez IB, Jacinto GS, Valera FS. The 
speciation of dissolved copper, cadmium 
and zinc in Manila Bay, Philippine. Marine 
Pollution Bulletin. 2002;45:210-217. 

33. Zhu XR, Prospero JM, Millero FJ. Diel 
variability of soluble Fe(II) and soluble total 
Fe in North African dust in the trade winds 
near Barbados. J. Geophys. Res. 1997; 
102:21297–21305. 



 
 
 
 

Hasan et al.; Asian J. Appl. Chem. Res., vol. 12, no. 3, pp. 33-46, 2022; Article no.AJACR.94994 
 
 

 
46 

 

34. Jickells TM, Spokes LJ. Atmospheric iron 
inputs to the oceans. In The 
Biogeochemistry of Iron in Seawater (eds. 
D. R. Turner and K. Hunter). Wiley, 
Chichester. 2001;85–121. 

35. Vink S, Measures CI. The role of dust 
deposition in determining surface water 
distributions of Al and Fe in the South west 
Atlantic. Deep-Sea Res. 2001;48:2787–
2809. 

36. Emara HL, Shriadah MA. Manganese, iron, 
cobalt, nickel and zinc in the eastern 
harbor and El-Mex bay waters, 
(Alexandria). Bull. Inst. Oceangr. & Fish, 
Egypt. 1991;16(3):99-122. 

37. Chapman PM, Power EA, Dexter RN, 
Andersen HB. Evaluation of effects 
associated with an oil platform, using the 

SQT. Environ Toxicol Chem. 1991;10:407–
424. 

38. Lewis AG. Copper in Water and Aquatic 
Environments. International Copper 
Association, LTD. New York, NY. 1995;1-
2. 

39. Martin JM, Windom HL. Present and future 
roles of ocean margins in regulating 
marine biogeochemical cycles of trace 
elements. in R.F.C. Mantoura, J.-M.  
Martin and R. Wollast (eds.). Ocean                 
Margin Processes in Global Change.                 
Dahlem Workshop. John Wiley &            
Sons, Chichester, U.K. 1991;469:45-                       
67. 

40. Jakson CS, Sneddon J, Heagler MG, 
Lindow AG, Beak JN. Microchmical J. 
2003;75:23. 

 

© 2022 Hasan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/94994 

http://creativecommons.org/licenses/by/2.0

