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Abstract:  

The potential ecological effects of rising levels of heavy metal concentrations in the aquatic environment are 

of great concern caused by their highly bio-accumulative nature and higher toxicity, which leads to the destroy 

of several habitats for marine organisms. The purpose of this research are presented analyses, for both the 

concentration of heavy metals in marine water and algae tissue, in an effort to gain some insight into the level 

of metal contamination which might exist in the coastal marine environment along the Libya beaches. Assessed 

by measuring pollution indicating parameters of marine water (TCO, S ‰, pH, Do), and concentration of heavy 

metals. This study also determined indices of pollution as a bioaccumulation factor (BAF) and metal pollution 

index (MPI), from six different sites in two seasons (Spring and summer), 2016. The results indicate the slightly 

higher level of temperature and pH on the summer season, while salinity and dissolved oxygen were slightly 

higher level in spring. A Positive correlation was found between dissolved oxygen and salinity (r2= 0.897*) 

and, a negative correlation was found between other parameters. The results show that there is a statistically 

significant difference in averages of concentration of (Pb), (Mn) and (Zn) between algae species and stations 

overall.  The highest concentration of (Pb) was recorded in the Enteromorpha sp., 1.228 μg g-1. The highest 

concentration of (Mn) was recorded in the U. lactuca, Corallina sp., and Chaetomorpha sp. The present study 

recorded higher concentrations of Zinc (Zn) 0.867 μg g-1, in the Enteromorpha sp., and Laurencia sp. 0.861 μg 

g-1. In general, Cadmium recorded low values irrespective of sites and algal species. The region of S6(Libya 

station) can be identified as a place with higher Pb and Zn contents while the region of S1(Libya harbor), shows 

higher contents of Mn. As well the region of S2(Libya company), shows higher contents of Cd. The metals 

concentrations recorded for the different tissues and sites of the present study confirm the occurrence of 

significant seasonal variability, with maximum concentrations usually observed in summer. The data  

demonstrate a positive correlation between all the metals, except the negative correlation between Zn and Mn. 

The concentration of the metals in seawater in the six sampling sites followed the order of Mn>Zn>Pb>Cd. A 

somewhat, BAF of the different heavy metals showed a common pattern of peaking at S2(Libya company), 

with moderate reduction at S6 (Libya station), S3(Libya station), S4(Libya station) and S1(Libya harbor), and 

a relatively greater reduction at S5(Libya station). The ability to accumulate heavy metals MPI was highest in 

Laurencia sp., which was substantially higher than those of the accompanying species at all species at all 

stations. The present study emphasizes of control of pollutants such as sewage and industrial effluent discharges 

into the marine environment without treatment. 

 

Keywords: Marine algae, Bioindicator, Environmental Pollution, bioaccumulation factor, metal pollution 

index 
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INTRODUCTION 

Increasing human population and coastal 

expansion facilitate to the rising in 

anthropogenic pollution burden, which has 

become the main threat to marine and aquatic 

environment. In fact that polluted water can 

reduce water quality thus restricting use of 

water bodies for many purposes. It is a well-

known fact that pollution of heavy metals in 

aquatic environment is a growing problem 

worldwide and currently it has reached an 

alarming rate. There are various sources of 

heavy metals; some originates from 

anthropogenic activities like draining of 

sewerage, dumping of hospital wastes and 

recreational activities. Pollution levels in 

marine environments by heavy metals can be 

estimated by analysis of water and marine 

organisms (Morillo et al.,2005). In this 

context, some kinds of algae were studied 

extensively for their potential use as 

bioindicators for metallic contamination in the 

past (Phillips,1994), because they are able to 

absorb heavy metals from water and sediment 

and to disseminate them within their cytoplasm 

cells (Davis et al., 2003).  

 

Wastes from both industrial and domestic 

activities usually introduce huge amounts of 

pollutants discharged into the marine 

environment, causing significant and 

permanent disturbances in the marine 

ecosystem systems and consequently, 

environmental and ecological deterioration 

(Buffle et al.,2009; Akcali and Kucuksezgin, 

2011). This phenomenon is especially 

significant in coastal areas, owing to the fact 

that these are the main drainages of most 

anthropogenic pollutants. It has long been 

reported that heavy metals in the marine 

environment have a particular importance in 

the eco toxicology, as they are highly persistent 

and can be very toxic even in very low 

concentration (Simon et al., 2011). Many toxic 

pollutants are found in only trace amounts in 

water, and often at elevated levels in 

sediments. Therefore, risk assessments based 

only on data derived from water analyses are 

usually misleading (Gosavi et al., 2004). The 

main advantage of bio-monitoring approach 

using marine organisms compared to direct 

measurement in water or sediment is to provide 

a direct and time- integrated assessment of the 

metal fraction that is actually available to the 

organisms (Coteur et al., 2003; Danis et 

al.,2004; Metian et al., 2008). However, 

several criteria have been established to ensure 

appropriate organisms to be used as 

biomonitors and bioindicators. The organisms 

should ideally be sedentary, and thus reflect 

only pollutant specific to a particular site, easy 

to identify, and cosmopolitan, ensuring wide 

geographic relevance. Furthermore, 

bioindicators should be sensitive to 

contaminants and tolerate high contaminant 

concentrations and also provide sufficient  

tissue for analysis (Conti and Cecchetti, 2003). 

There has been a growing interest in 

determining the heavy metal levels in marine 

environment and awareness has been dragged 

to the cubits of infection levels in public food 

stores, particularly fish (Abdullah et al.,2007). 

Marine pollutants effect direct and indirect on 

almost all marine living creatures, so, heavy 

metals contain less than one percent of living 

copulative organisms, and their different 

density cause to some aberrations 

(Hylland,2006). 

 

Though the heavy metal like, Cd, Pb and Ni are 

not essential for plant growth, they are readily 

taken up and accumulated by plants in toxic 

forms. Ingestion of vegetables irrigated with 

waste water and grown in soils contaminated 

with heavy metals possess a possible risk to 

human health and marine environment (Jan, 

Abbas Ullah et al.,2011). Heavy metal 

concentration in the marine environment. plays 

an important role in controlling metal 

bioavailability to plants. (Jan, Abbas Ullah et 

al.,2011). 

 

Algae are the main primary producers in all 

kinds of water bodies and they are involved in 

water pollution in a number of significant 

ways. However, certain algae flourished in 

water polluted with organic wastes play an 

important part in “self-purification of water 

bodies”. Some pollution algae may frequently 

be toxic to fish and also mankind and animals 

using polluted water (Sigworth,1957). In fact, 

algae can play significant part of food chain of 

aquatic life, thus whatever alters the number 

and kinds of algae strongly affects all 

organisms in the chain including fish. Algae 

are also known to be causes of tastes and odors 
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in water (Sigworth,1957). 

 

In general, marine algae accumulate heavy 

metal by two stages, consisting first of rapid 

and reversible physic-chemical process of 

adsorption on the surface of the algae and then 

of a slower metabolically arranged intracellular 

uptake (Güven et al.,1992). Heavy metal 

concentrations are generally dependent both on 

the external factors as (pH, salinity, inorganic 

and organic complex molecules) and on 

physico- chemical parameters which control 

the metabolic rate (nutrients, temperature, light 

and oxygen). The accumulation of heavy 

metals in the marine algae is a continuous 

processes their life span after binding on the 

external wall, older tissues usually contains 

higher levels of some heavy metals (Barreiro et 

al., 1993). Determination of heavy metal 

concentrations in marine algae samples is 

usually preferred in the seawater and sediment 

samples. Heavy metal concentrations in 

seawater are very low and show wide 

fluctuation. At the same time, heavy metal 

levels in the sediment samples can be changed 

by organic matter content, grain size 

composition, pH and oxidation-reduction 

potential, etc. (Förstner,1985). On the other 

hand, marine organisms can be used as 

monitors to give information on concentrations 

of heavy metals in the surrounding 

environment. Especially, marine algae species 

are usually used to indicate heavy metal levels 

in coastal waters throughout the world 

(Fowler,1979). 

 

Government agencies throughout the world 

now use algae to monitor and assess ecological 

conditions in many types of aquatic 

ecosystems (Weber,1973; Dixit and Smol, 

1994; Dixit et al.,1992; Bahls,1993; Whitton 

and Rott, 1996; Biggs et al., 1998; Kelly et 

al.,1998 ; Stevenson and Bahls,1999). Macro 

algae have been used extensively to measure 

heavy metal pollution in freshwater and marine 

environments throughout the world. They are 

used as bio indicators because of their 

distribution, size, longevity, presence at 

pollution sites, ability to accumulate metals to 

a satisfactory degree and ease of identification. 

It is preferred to measure heavy metal levels in 

bioindicators organisms rather than measuring 

the concentrations in water and/or sediment 

samples (Palmer,1980). 

Libya is located in North Africa. To the north 

of it lies the Mediterranean Sea, it is ranked 

124th out of 142 countries on an Environmental 

Sustainability Index, which places the country 

well down the list signifying a country with 

serious environmental degradation 

(Environmental Sustainability Index, 2002). 

The Jabal Akhdar region is located between 

latitude 32° and 33° North and 20° to 23° East; 

it is about 360 km long and 60 km in width on 

the Mediterranean coast (Azzawam,1984). 

This region is very important, due to it having 

distinct environmental characteristics 

associated. Also it has an environment similar 

to other regions in Southern Europe such as 

Italy, the Greek islands and Turkey 

(Azzawam,1984). The study area is located 

along the Derna coast, in Jabal Akhdar region 

the north east part of Libya at latitude 32° 

North and 22° East and this area is exposed to 

different degrees of pollution.  

The aim of present study is to assessing the 

environmental conditions in the aquatic 

habitats of Derna coast, through determination 

of some physicals and chemicals factors 

(temperature, salinity, pH and DO) in the 

water, quantify the concentration of several 

heavy metals in dry weight of red, brown, 

green algae and sea water. The use of algae in 

environmental assessments, through obtaining 

metal pollution indices (MPI) of studied metals 

and evaluating their BAF which reveals the 

interactions between metals in water and some 

algae species. 

 

Materials and methods 

1. Study area and selection of sites: 

The study area is located along the Derna coast, 

the north east part of Libya at latitude 32° 

North and 22° East. This area included six 

sites, which are exposed to different degrees of 

pollution. In addition, it describes the methods 

used to collect and analyses the data for 

different measurements which include the 

heavy metal concentration in water and algae 

tissue, as well as the certain environmental 

parameters such as temperature, salinity, 

hydrogen-ion concentration (pH) and 

dissolved oxygen (DO). The location of the six 

sites is shown in Fig.1, and their characteristics 

are presented in Table 1.



Marine Algae As Bioindicator Of Environmental Pollution At Derna Coast – Libya 
 

1840 

 

 
Fig 1: Locations of the six study sites, which are located along Derna coast. The inset map shows 

the location of the study area in Libya (Source: Google Earth). 

 

Table 1: The locations of the study sites with latitude and longitude, the nature of substratum and 

pollution status. The terms ‘S1 to S6 refer to the stations. 
Site Latitude Longitude the nature of substratum pollution status 

S1 Derna Harbor 320460.79 22039'9.48 Rocky sewer pipes 

S2 Shahat company 32046'18.98 22038'45.57 Rocky sea water 

S3 Post station 32046'28.48 22038'27..83 Rocky sewer pipes 

S4 Republic station 32046'23.75. 22037'46.25 Rocky sewer pipes 

S5 Algarod station 32046'27.55 22036'27.55 Sandy sea water 

S6 Desalination station 32047'4'.30 22035'12.02 Rocky fuel and oil 

2. Algae: 

1. U. lactuca . Kingdom:  

Protista Phylum : 

Chlorophyta Class:  

Ulvophyceae Order:  

Ulvales Family : 

Ulvaceae Genus :Ulva 

Species: U. lactuca 

Fig 2: Ulva lactuca  

 

Ulva lactuca, also known by the common name sea lettuce, is an edible green alga in the division 

Chlorophyta. It is the type species of the genus Ulva. The distribution is worldwide: Europe, North 

America (west and east coasts), Central America, Caribbean Islands, South America, Africa, Indian 

Ocean Islands, South-west Asia, China, Pacific Islands, Australia and New Zealand (Mattox and 

Stewart, 1984). 

 

2. Laurencia. sp.  

Kingdom : Protista  

Phylum: Rhodophyta  

Class: Florideophyceae  

Order :Ceramiales  
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Family :Rhodomelace 

Genus :Laurencia (Mattox and Stewart, 1984). 

   Fig 3: Laurencia. sp 

 

3. Amphiroa anceps.  

Kingdom : Protista  

Phylum: Rhodophyta  

Class: Florideophyceae  

Order : Corallinales  

Family : Corallinaceae  

Genus: Amphiroaanceps. 

Fig 4: Amphiroa anceps. 

Amphiroa is a genus of thalloid red algae 

comprising 111 species. Specimens can reach 

around 30 cm in size. The thalli take a crustose 

form; dichotomous branches are formed. The 

organisms possess secondary pit connections. 

Amphiroa reproduces by means of 

conceptacles; it produces tetra spores. Its pore 

canals are lined with parallel filaments; the 

morphology of the pore canal is a key trait used 

to delineate species within the genus.

 

4. Cystoseria asmundaceace. 

Kingdom : Protista  

Phylum: Ochrophyt  

Class: Phaeophyceae.  

Order: Fucales . 

Family : Fucaceae 

Genus: Cystoseira 

Species: Cystoseria asmundacea . 

 

 Fig 5: Cystoseria asmundaceace. 

 

Cystoseira is one of the most widely 

distributed genera of the Fucales order and 

provides an essential habitat for many 

epiphytes, invertebrates, and fish. Cystoseira is 

found mostly in temperate regions of the 

Northern Hemisphere, such as the 

Mediterranean, Indian, and Pacific Oceans. 

Cystoseira (as well as sargassum) are the 

largest algae in the Eastern Mediterranean. The 

Cystoseira has a developed holdfast that 

connects it to the substrate, and cylindrical or 

flattened branches that sometimes contain a 

central vein. Cystoseira resemble a branched 

bush. The division of holdfast, stipe (a thick 

endedste mlike structure) and branch 

containing a central axis and leaf-like branches 

indicates the algal high level of development, 

although not as high as that of the Sargassum. 

Most Cystoseira have air vesicles, which are a 

part of the stalk-like thallus and not to be found 

in separate organs, as in Sargassum. Many 

Cystoseira plants reach a length of 20 cm; an 

examination of an entire colony showed larger 

individuals reaching even 50 cm. 

Cystoseira are shades of light brown and 

cream. Sometimes the color is uniform, and 

sometimes spots are evident. In water, they 

seem greener than outside, a result of return 

radiation by chlorophyll-a. Upon dehydration, 

the thallus gains a darker shade. Most 

Cystoseira plants are encountered in the upper 

regions of the intertidal zone, usually in places 

that are not exposed to the air during low tide. 

A small number of species are deep sea algae. 

Cystoseira depend on good water quality, and 

can be used for bioindication. This was 

https://en.wikipedia.org/wiki/Coralline_algae
https://en.wikipedia.org/wiki/Coralline_algae
https://en.wikipedia.org/wiki/Red_algae
https://en.wikipedia.org/wiki/Pit_connection
https://en.wikipedia.org/wiki/Conceptacle
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discovered in a study of Cystoseira species 

undertaken on Menorca (Yamaguchi  et al., 

1997).

 

5. Enteromorpha .sp. 

Kingdom: Protista 

Phylum: Chlorophyta  

Class: Ulvophyceae  

Order :Ulvales  

Family :Ulvaceae  

Genus: Enteromorpha 

Species: Enteromorpha intestinalis  

  Fig 6: Enteromorpha intestinalis 

(Mattox and Stewart, 1984). 

Enteromorpha sp,. within the genus 

Enteromorpha are very difficult to identify as 

differences between species are small and hard 

to spot. They are green seaweeds, with tubular 

and elongate fronds that may be branched, 

flattened or inflated.  They are bright green in 

color and may occasionally be bleached white, 

particularly around rock pools. They attach to 

the substrate by means of a minute disc-like 

holdfast. The fronds of a species may vary in 

appearance due to changes in environmental 

conditions, which further confuses 

identification, and microscopic examination 

(Mattox, et al., 1984).

 

6. Chaetomorpha. Sp. Kingdom: Protista  

Phylum :Chlorophyta  

Class: Ulvophyceae  

Order: Ulvales 

Family: Ulvaceae 

Genus: Chaetomorpha  

Species: Chaetomorpha linum  

(Mattox and Stewart, 1984). 

Fig 7: Chaetomorpha linum 

Chaetomorpha is a genus of green algae in the 

family Cladophora aceae, Algae of this genus 

are made up of macroscopic filaments of 

cylindrical cells. The genus is characterized by 

its un branched filaments, making it 

distinctive; its closest relatives are branching 

species of the genus Cladophora.

 

7. Corallina. Sp 

Kingdom: Protista. 

Division: Rhodophyta. 

Class: Florideophyceae 

Order: Corallinales.. 

Family: Corallinaceae. 

Genus: Corallina. 

Fig 8:Corallina. Sp 

 

Corallina is a calcareous red seaweed which 

grows in the lower and mid- littoral zones on 

rocky shores. It is primarily found growing 

around the rims of tide pools, but can be found 

in shallow crevices anywhere on the rocky 

shore that are regularly refreshed with sea 

water. It predominantly grows on the lower 

shore, especially where fucoids algae are 

absent, but is also found further up shore on 

exposed coasts. It forms calcium carbonate 

deposits within its cells which serve to 

strengthen the thallus. 

https://en.wikipedia.org/wiki/Menorca
https://en.wikipedia.org/wiki/Genus_%28biology%29
https://en.wikipedia.org/wiki/Green_algae
https://en.wikipedia.org/wiki/Cladophoraceae
https://en.wikipedia.org/wiki/Red_algae
https://en.wikipedia.org/wiki/Florideae
https://en.wikipedia.org/wiki/Coralline_algae
https://en.wikipedia.org/wiki/Coralline_algae
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2. Sample preparation: 

1. Water Samples 

Sea water samples were collected from each 

stations and stored in polyethylene bottles 

(1L), during two seasons: spring season 2016 

(season 1), and summer seasons 2016 (season 

2), The polyethylene bottles were previously 

cleaned with detergent, rinsed several times 

with distilled water. 

 

2. Algae Samples 

The algae were collected by manually, 

randomly, at several places on each beach, to a 

total of approximately 200 g of each alga, the 

samples were placed in separate plastic bags. 

Upon arrival at the laboratory, the algae were 

washed twice distilled water to remove 

remaining salts, sand, and epiphytes, then 

washed twice with NaCl (3.5%, w/v), blotted 

dry to remove excess water using laboratory 

blotting paper towel, then dried at air and 

milled using blender to produce analysis 

following. 

 

3. Method of Digestion 

Wet digestion procedure which described by 

Jones and Case (1990), was used, where 0.5 g 

of sample was placed in a 250 ml digestion 

tube and 3.5 ml of concentrated H2SO4 was 

added. The mixture was allowed to stand for 30 

min at room temperature. About 10 ml of 30 % 

H2O2, was added to the digestion tube and the 

sample was then heated at 250° C for 30 min. 

Thereafter, the digestion tube was removed 

from the digestion block and cooled down, 1 

ml of 30 % H2O2 was added until the digest 

was clear upon cooling, When the solution was 

clear following cooling, 42 filter paper and 

<0.45µm Millipore filter paper and transferred 

quantitatively to a 25 ml volumetric flask by 

adding distilled water (Zeng,2004). 

 

4. Chemical Analysis: 

4. 1. Hydrographical Parameters Analysis 

Some parameters were totally or partially 

measured in the field as soon as the sample was 

collected. (Fritioff, 2005). 

 

 

4.2. Temperature Measurements (°C ) 

In situ, at each station, water temperatures were 

measured at the time of water sampling to the 

nearest 0.1 °C by using an ordinary 

thermometer. 

 

4. 3  Salinity( S ‰ ) 

Salinity was determined by measuring the 

electrical conductivity using an inductive 

Salinometer (Beckman; model RS-10). 

 

4.4 Hydrogen-ion concentration (pH) 

The pH-value of water sample was measured 

in the site immediately after collection using 

Bench type (JEN WAY, 3410 

Electrochemistry Analyzer pH-meter). 

 

4.5 Dissolved Oxygen (DO) 

It was determined by using DO ( Ml/L) meter 

in the site. 

 

4.6 Heavy Metal Analysis 

The concentrations of (Pb ,Mn, Zn and Cd) in 

the final solutions were determined by an 

atomic absorption spectrometer (AAS) 

(Hitachi Z-8100,Japan).(Zeng, 2004). 

 

5. Calculated variables Indices of pollution: 

1. Bioaccumulation factor (BAF) 

BAF of the studied metals was calculated 

according to the following formula of (El- Adl 

et al., 2017). 

BAF= Metal concentration (μg g−1) in algal 

biomass / Metal concentration (μg l−1) in sea 

water. 

 

2. Metal pollution index (MPI) 

It was used to compare the total content of 

heavy metals in algal biomass at different sites 

(El-Adl et al., 2017). 

MPI = (Cf1 × Cf2 × Cf3 … × Cfn)1/n 

Where Cf1, Cf2, Cf3, … Cfn are the 

concentrations of metal 1, metal 2 and metal 

(n) in the sample respectively. 

 

3. Statistical analysis 

The experiment was designed as completely 

randomized design with three replicates 

Analysis of variance was carried out using 

genstat software. Means were separated with 

Duncan's multiple range test at 5% level of 

significance. 

Results & Discussion 

Over many years the untreated sewage or 

wastewater discharges into the Derna coast 

area. The concentration of heavy metals in 

marine water and algae tissue are presented, in 
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an effort to gain some insight into the level of 

metal pollution which might exist in the coastal 

marine environment along the Derna beaches. 

Assessed by measuring some parameters of 

marine water as temperature, salinity, DO and 

pH, heavy metals as lead (Pb), zinc (Zn), 

manganese (Mn) and cadmium (Cd) 

concentration. Also, was determination of 

indices of pollution as bioaccumulation factor 

(BAF) and metal pollution index (MPI). These 

analyses are aimed at identifying the extent of 

the environmental pollution in Derna coast. 

This intertidal region is relatively uniform in 

character in some sites, consisting of a rocky 

substrate composed of large and numerous 

rocks, but sandy at other sites, which are 

exposed to different degrees of pollution. 

 

1. Water Parameters Analyses 

Temperature (°C): The absolute as well as the 

seasonal average values of surface water 

temperature at the different sites during the 

period from April 2016 to June 2016 shown 

graphically in Fig. (9). The water temperature 

(°C) measured in situ exhibited wide 

variations, which attains its maximum value of 

32.1 °C in summer at S1 area and its minimum 

value of 21.2 °C in Spring 2016 at S5. The 

seasonal average values for the studied station 

(S1, S2, S3, S4, S5 and S6), fluctuated between 

(24.1°, 22.5°, 24.3°,24.6°, 21.2°, 23.4°C) in 

spring 2016, and (32.1°, 27.4°, 31.6°, 27.5°, 

28.3°C) in summer, Fig. (9).

 

 
Fig 9: Average values of (TC°) of Derna coast in spring and summer seasons 

Water temperature plays a substantial role in 

the aquatic system and can determine where 

aquatic life is found and the quality of the 

habitat. For example, water temperature can 

influence the metabolic rates of fish and the 

rate of photosynthesis of aquatic plants (and 

algae). Water temperature also plays a 

significant role in ocean circulation patterns 

and influences the distribution and mixing of 

nutrients (Castonguay et al.,1999). Water 

temperature is affected by: sunlight (solar 

radiation), atmospheric heat transfer, turbidity 

(water cloudiness), confluence of water bodies 

(rivers, streams, storm drains, etc.) depth, 

anthropogenic (human-induced) factors as you 

may have noticed by now, the water quality 

indicators we are attempting to collect data on 

are all linked in one way or another. Water 

temperature, however, has a major effect on 

nearly every other water quality parameter we 

are attempting to observe and measure and is 

critical to any water monitoring program 

(Arnold and Peterson,1989; Avery,1994; 

Litzgus and Brooks,1998a). 

 

1. Salinity (S ‰) 

The absolute, as well as the seasonal and 

regional averages of salinity in the surface 

water during the seasons of study are reported 

graphically in fig.(10). Salinity of coast water 

showed wide variations, which directly reflects 

the influence of dilution with domestic, 

industrial and fresh water discharge. The 

seasonal average values for the studied station 

in spring and summer respectively, fluctuated 

between (37.8–34.5), (38.4-36.2), (38.4-35.9), 

(38.2-38.2), (37.7-36.7), and (38.4-35.6) ‰ 

from study site S1to S2 respectively. Salinity, 
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as temperature, is one of the most important 

limiting factors of biological distribution in 

aquatic environment.

 

 
Fig 10: Average values of salinity (S ‰) of Derna coast in spring and summer seasons 

In the present investigation, salinity was used 

as indicator to reflect changes resulting from 

mixing of fresh and seawaters. The levels of 

salinity ranged between 38.4‰ during spring 

in S2, S3,and S6, this is resulted of mixing 

surface water with deeper and higher saline 

waters as an effect of the wind system while 

recorded 34.5‰   during summer in S1, may be 

due to the high amounts of drainage water enter 

in the water coast Derna. It is noticed that 

variation in salinity during the period of 

investigation at each station is relatively 

limited. Salinity is simply the measure of 

dissolved salts in water. Salinity is usually 

expressed in parts per thousand (ppt) or ‰. The 

average salinity of ocean water is 35 ppt. Plants 

and animals are often sensitive to changes in 

salinity and  salinity levels control local species 

composition. Abear, (2014) reported that, 

salinity of surface water is markedly fluctuated 

and depending mainly upon ionic influences of 

drainage, exchange with the surrounding land, 

atmospheric sources, as well as the equilibrium 

and exchange with sediment inside the water 

body, natural water's salinity is influenced 

further by depth, latitude and the mode of water 

percolation, as salinity increases at the surface 

by evaporation, water becomes denser and 

tends to sink to a level where equilibrium can 

be achieved. These events can change the 

condition of the water as the concentration of 

dissolved mineral salts typically increases with 

these types of events (which tend to decrease 

general water quality). 

 

2. Hydrogen Ion Concentration (pH) 

Hydrogen ion concentration (pH) values of the 

surface water at the Derna coast, these data are 

reported graphically in fig (11). The pH-values 

ranged between a minimum of (7.10) and a 

maximum of (8.32) the pH-values tended to 

increase at some locations during summer 

season. It is obvious that the values of pH 

showed slight local variations. The hydrogen 

ion concentration is not only a measure of 

potential pollutant but also it is related to the 

concentrations of many other substances, 

particularly the weakly dissociated acids and 

bases, it may be considered as a highly 

significant factor in determining the 

concentration of un-dissociated and ionic 

compounds, since the un-dissociated 

compounds are frequently more toxic than the 

ionic forms, pH may be a highly significant 

factor in determining or limiting the threshold 

concentration. It reflects the position of many 

equilibriums in aquatic environments, such as 

the carbon dioxide system, the iron and sulphur 

cycles. These in turn are linked to important 

biological processes such as photosynthesis, 

respiration and bacterial activity (Abdel- 

Halim,2004). Various authors have observed 

that solution pH is an important parameter 

affecting heavy metal bio sorption by seaweed 

species (Chen et al., 2002).
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Fig 11: Average values of (pH) of Derna coast in spring and summer seasons 

The pH is measured on a 14 point scale. A pH 

of 7 (pure water) is neutral; a pH higher than 7 

is basic (alkaline); and less than 7 is acidic. pH 

is measured on a logarithmic scale. This means 

that each 1.0 change in pH (positive or 

negative) is a difference of a factor of 10. Thus 

a pH of 8.0 is 10 times more basic than 7.0 and 

100 times more basic than 6.0. The average pH 

for sea water is 8.2 but can range between 7.5 

and 8.5 depending on the local conditions. The 

pH of water in coastal areas and enclosed seas 

normally ranges from 7.9 to 8.2. Human 

activities such as sewage overflows or runoff, 

can cause significant short-term fluctuations in 

pH and long-term impacts can be extremely 

harmful to plants and animals. Extreme 

changes in pH, can stress local organisms and 

may ultimately lead many species to leave the 

area or die (Dromgoole, 1978). 

Peckol et al.,(1994); Beijer, (1979), reported 

that sewage is discharged into the oceans all 

over the world mostly from urban settlement, 

sewage adds to the amount of small particles 

suspended in the water column and contributes 

large amounts of nutrients, so affecting directly 

pH for sea water and all marine organisms. 

Peterson et al., (1984) reported that, pH   

potential affects the bioavailability of metals in 

solution; at high pH elements are present as 

cations, while at low pH the bioavailability of 

metals ions is enhanced. Stokes, (1983) said 

that, it is known, however, that metals in 

seawater may exist in either particulate, or 

dissolved form mainly determined by the 

properties of a particular metal and other 

factors, such as pH, salinity, redox potential, 

ionic strength, alkalinity, persistent organic 

and particulate organic matter, and biological 

activity. 

 

3. Dissolved Oxygen (DO) 

The average of dissolved oxygen, (ml/L) in the 

Derna coast, during the year of study are given 

in illustrated graphically in fig.(12). In the 

present investigation, most of seawater was 

well oxygenated at all stations, The distribution 

pattern of DO  at the different stations varied 

according to season from a minimum of (3.61 

ml/L) at  S1 in summer to a maximum of (11.43 

ml/L) at S3 in spring, with respect to seasonal 

averages, spring and summer represent 

moderate oxygenated condition (4.25, 3.61 

ml/L respectively ) at S1, (8.37, 5.44 ml/L) at 

S2, (11.43, 8.32 ml/L) at S3, (7.43, 5.65 ml/L) 

at S4, (5.22, 6.78 ml/L) at S5 and (9.32, 8.11 

ml/L) at S6.
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Fig 12 : Average values of (DO) of Derna coast in spring and summer seasons. 

Abear, (2014) reported that the dissolved 

oxygen (DO) is an important and useful 

parameter for identification of different water 

masses. It has been used as basic water criteria 

in assessing the degree of pollution in any 

aquatic environment. DO is a fundamental 

requirement for the aquatic organisms, it 

affects their biological processes and is needed 

in the aerobic oxidation of the organic matter 

in water. In the latter process, complex organic 

substances are converted to simple dissolved 

inorganic salts, which could be utilized by 

micro and macrophyta. A positive correlation 

was found between dissolved oxygen (DO) and 

salinity (S%o) (r2= 0.897*) and, a negative 

correlation was found between other 

parameters. A negative correlation was found 

between PH with salinity, also between PH and 

dissolved oxygen (DO) table 2.

 

Table 2: Correlation coefficients between Hydrographical Parameters. 

Environmental parameters TCº S ( %o) DO (mg/l) pH 

TCº 1    

(S %o ) 0.388 1   

DO (mg/l) 0.319 0.897* 1  

pH 0.257 -0.551 -0.640 1 

*<0.05. 

4. Heavy Metals 

The value of algae as bio-indicators has already 

been recognized in the mid of 19th century 

(Naicheng, 2014). Sea grass or macroalgae can 

be used as bio-monitors to give information on 

concentrations of heavy metal or changes in 

metal availabilities in the surrounding 

environment, besides their abundance in 

various environmental systems (Capiomont et 

al.,2000; Campanella ,2001). In general, algae 

are widely distributed in the aquatic 

environment and are sedentary, easy to collect, 

identify, and the bioaccumulation of trace 

metals occur in high degrees; satisfying all the 

fundamental requirements for bio indicators 

(Campanella et al., 2001). These algae were 

chosen to conduct the investigation as bio-

indicators for heavy metals pollution of Derna 

city coastal area at the east of Libya. Because 

they were almost available in all sites during 

field study. Due to their short life cycle, algae 

respond quickly to environmental changes and 

are thus a valuable indicator of water pollution 

(Domingues, 2007). 

 

Many of the chemicals tested are basic parts of 

components of domestic and sewage sludge. 

The nature of any potentially toxic substances 

depends mainly on the types of wastes entering 

the sewage system. Heavy metals are common 

types of toxic substance present in sewage 

sludge that affect aquatic life. The 

concentrations of four heavy metals examined 

in seven algae samples collected from six 

stations from Derna coast in the year of 2016 

are shown in tables 3 and 4 and represented 

graphically in figures (13) and (14). The 

concentrations of various toxic heavy metals 
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were determined in all of the collected algal 

samples, including Pb, Mn, Zn and Cd are 

important to mention here all sites have 

different characteristics and peculiarities that 

are of great important effect on the levels of 

heavy metals found in algae, were some of sites 

contains pollutants such as sewage and waste 

from local activities, while other sites, were 

selected free from contaminants.

 

Table 3: Average heavy metals concentrations (μg g-1 dry weight) in the selected marine 

macroalgae collecting during two seasons 2016, along stations of Derna coast. 

Algae Pb Mn Zn Cd 

Chaetomorpha sp. 1.104C 1.876A 0.747 C 0.01AB 

Corallina sp. 1.068C 1.883A 0.818B 0.01 AB 

U. lactuca 0.961D 1.961A 0.694D 0.01 B 

Laurencia sp 1.182B 1.675B 0.861A 0.02C 

Amphiroa anceps 0.754F 0.709D 0.695D 0.01 C 

Cystoseria asmundaceace 0.839E 0.869D 0.721CD 0.01 C 

Enteromorpha sp. 1.228A 1.167C 0.867A 0.01A 
a - d.means followed by same letters are not significantly different according to Duncan's multiple 

range test  at 5%  significance level.

 

 
Fig. 13:Average heavy metals concentrations (μg g-1) in the selected marine macroalgae collecting 

during 2016, along stations of Derna coast. 

i) Lead (Pb) 

When these data were analyzed by using 

genstat software (Table3) and subsequent 

Duncan test for comparison of averages, the 

results show that there is a statistically 

significant difference for averages of 

concentration of (Pb) between algae species 

overall. It can be realized from the results 

gained that Enteromorpha sp., was superior to 

other species tested as it showed the highest 

concentration 1.228 μg g-1, (regardless of 

sampling site or seasons). Among the seven 

species studied Enteromorpha sp., had the 

highest capacity for metal accumulation of Pb 

and Zn, were similar to those found by 

Astorga-España et al., (2008), and could 

therefore be considered as a biomonitor for 

future studies in the area. Followed by 

Laurencia sp., 1.182 μg g-1. Comparison of the 

averages indicated a statistically significant 

differences among them, and with other 

species. On the other hand, there was no 

significant differences between Chaetomorpha 

sp., and Corallina sp. However, the species (U. 

lactuca, Cystoseria sp., and Amphiroa anceps) 

showed significant differences among each 

other and the previously mentioned species, 

with the Amphiroa anceps, showed the lowest 

concentration 0.754 μg g-1 (regardless of 

sampling site or seasons). According to Shiber 

and Shatila, (1979), the metals levels, 

particularly of lead seem to be rather high and 

may, in part, be due to untreated domestic 

sewage, industrial effluent, automobile 
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exhaust, and outdoor incinerator. It must be 

taken into account that the variation in data in 

the literature, as well as being due to different 

amounts of contaminants in the environment, 

may also be related to factors such as the 

different analytical methods used, seasonal 

variations, salinity in the sampling area, etc. 

The highest rate of lead (Pb) was recorded in 

S6 1.396 μg g-1 (regardless of algae or 

seasons), which have significant differences 

with other stations, regardless of their 

averages. Followed by the S5 1.026 μg g-1, 

which show that there is a statistically 

significant difference for averages of 

concentration of metals with other stations: S2, 

S3 ,S4 and S1 (0.945, 0.921, 0.898 and 0.927 

μg g-1), respectively. The rate of (Pb) was 

recorded in both S1, and S3 0.927 and 0.921 μg 

g-1, respectively, (they no significant 

differences between them) but have significant 

differences with other stations, regardless of 

their averages (Table 4). 

 

ii) Manganese (Mn) 

The highest concentration of (Mn) was 

recorded in the U. lactuca ,   Corallina sp., and 

Chaetomorpha sp., (regardless of sampling site 

or seasons). Comparison of the average 

indicated statistically no significant differences 

between U. lactuca, Corallina sp., and 

Chaetomorpha sp., while there is showed a 

statistically significant difference with other 

species. The results show that there is a 

statistically significant difference for averages 

of concentration of (Mn) between Laurencia 

sp., and Enteromorpha sp., as well both with 

other species. While, scored the lowest rate of 

(Mn) in Amphiroa anceps sp., and Cystoseria 

sp., which there is showed a statistically no 

significant difference among them. 

Chakraborty et al., (2014) reported that the Mn 

concentration in the algae revealed major 

spatial differences which might be due to 

differential background Mn concentrations 

resulting from selective anthropogenic 

sources. 

The highest rate of manganese metal (Mn) was 

recorded in both S1, and S3 1.799 and 1.718 μg 

g-1, respectively, (they no significant 

differences between them.) but have 

significant differences with other stations, 

regardless of their averages. Followed by the 

S2, S6 and S4, which they no significant 

differences between them, but have significant 

differences with other stations, regardless of 

their averages. For S5, they recorded the lowest 

rate of manganese 0.977 μg g-1, which have a 

significant difference with other stations 

(Table 4). 

 

iii) Zinc (Zn) 

In the present study (regardless of sampling 

site or seasons) recorded higher concentrations 

of 0.867 μg g-1 dry weights, in the 

Enteromorpha sp., and Laurencia sp. 0.861 μg 

g-1, which have no significant differences 

between them, regardless of their averages. 

Brown et al., (1999) reported a significantly 

higher levels of Zn in E. sp., than in U. lactuca. 

The average of concentrations in Corallina sp. 

0.818 μg g-1, Chaetomorpha sp., 0.747μg g-1 

and Cystoseria sp. 0.721μg g-1 respectively. In 

addition, there are no significant differences 

between the U. lactuca 0.694 μg g-1 and 

Amphiroa anceps 0.695 μg g-1, which recorded 

the lowest value of zinc concentration. 

The highest rate of Zinc (Zn) was recorded in 

S6 1.037 μg g-1 (regardless of algae or 

seasons), which have significant differences 

with other stations, regardless of their 

averages. Followed by the S5 0.796 μg g-1, 

which show that there is a statistically 

significant difference for average of 

concentration of metals with other stations: S2, 

S3, S4 and S1 (0.638, 0.749, 0.664 and 0.748 

μg g-1), respectively. The rate of (Zn) was 

recorded between S1, and S3 they no 

significant differences between them but have 

significant differences with other stations, 

regardless of their averages. As well as, 

between S2, and S4 they no significant 

differences between them) but have significant 

differences with other stations, regardless of 

their averages. 

iv) Cadmium(Cd) 

In general, Cadmium recorded low values 

irrespective of sites and algal species. 

Acording to El-Adl et al., (2017) (Cd) was the 

least accumulated heavy metal along Al-

Hanyaa Coastline, Libya. The (Cd) is 

exceptionally toxic even at very low 

concentrations which necessitates the study of 

(Cd) contamination sources as well as its 

distribution in marine ecosystems. The (Pb), 

(Mn) and (Zn) concentration is several times 

higher than the (Cd) concentration, but both 
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elements are present in the macroalgae in 

concentrations that should not substantially 

affect the algal life cycle (Strezov and Nonova, 

2003). The cadmium recorded very low values 

in all station (Table 4).

 

Table 4: Average heavy metals concentrations (μg g-1 dry weight), during seasons 2016, along 

stations of Derna coast. 

Station pb Mn Zn Cd 

S1 0.927CD 1.799A 0.748C 0.01B 

S2 0.945C 1.484B 0.638D 0.02A 

S3 0.921CD 1.718A 0.749C 0.01 B 

S4 0.898D 1.326B 0.664D ND c 

S5 1.026B 0.977C 0.796B ND c 

S6 1.396A 1.387B 1.037A ND c 
a - d. means followed by same letters are not significantly different according to Duncan's multiple 

range test  at 5%  significance level.

 

 
Fig 14: Average heavy metals concentrations (μg g-1 dry weight), during 2016, along stations of 

Derna coast. 

The fact that the most macro algae are proven 

bio-monitors gives us a reason to assess the 

contamination of the marine ecosystem at the 

observed six locations. The region of S6 can be 

identified as a place with higher Pb and Zn 

contents while the region of S1 shows higher 

contents of Mn. As well the region of S2 shows 

higher contents of Cd. The investigated heavy 

metals, however, are present in the macroalgae 

in concentrations that should not significantly 

affect their development and spreading. The 

different of metal contents in most species and 

the comparatively similar values in the 

different regions suggest an absence of specific 

geographically dependent contamination 

(Table 4). 

 

There are several possible explanations for 

these findings including: These results may be 

explained by the natural ability of certain 

species to evolve adaptive mechanisms of 

decontamination, including the extra cellular 

release of certain compounds. Another 

possibility is that metals was not present in a 

bio-available form and also very dependent on 

the species evaluated. (Strezov and Nonova, 

2003).      Different factors, such as turbidity, 

nutrient availability, light intensity, salt content 

and temperature can, among others, alter 

growth rates of macro algae. These factors 

contribute to the variability of the results 

obtained and make difficult the inter-site 

comparison of metal levels in the different 

species evaluated (Merz, Sinclair Knight 

2013). Even when these factors have been 

minimized in the present study, as all the 

species were collected under the same 

conditions, a wide variation in metal content 
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was observed in the different species. 

 

5. Heavy metals during two seasons: 

The metals concentrations recorded for the 

different tissues and sites of the present study 

confirm the occurrence of significant seasonal 

variability, with maximum concentrations 

usually observed in summer. Such seasonal 

variability in metal concentrations have been 

reported by other authors for Pb and Cu in 

Posidonia oceanica (Malea et al ., 1994), for 

Cd, Cu, Pb and Zn in Posidonia australis 

(Ward, 1987), and for Cd, Cu, Pb and Zn in 

Zostera marina L. (Lyngby and Brix, 

1982).The latter authors found that maximum 

concentrations of heavy metals were recorded 

when the growth has ceased, and decline of 

these metals occurred at the beginning of the 

growth season. 

 

In this study, the concentrations of zinc, lead 

and manganese in algae varied seasonally, the 

concentrations collected in summer show 

exhibiting significantly higher metals levels 

than those of individuals collected during the 

spring. Except the concentration of cadmium in 

algae in spring exhibiting significantly higher 

metals levels than those of individuals 

collected during the summer, as reported in 

table (7). 

 

The all species used in the present study have 

different capacities for metal concentration as 

reported in table 7. The average of 

concentrations of Lead in algae showed that the 

summer season recorded the highest value at 

1.16 μg g-1 dry weights, while spring showed 

the lowest at 0.82 μg g-1 dry weights, also the 

seasonal variations of manganese in algae 

showed that the summer season recorded the 

highest value at 1.62 μg g-1 dry weights, while 

spring showed the lowest at 1.27 μg g-1 dry 

weights, as well the concentration of Zinc in 

algae showed that the summer season recorded 

the highest value at 0.90 μg g-1 dry weights, 

while spring showed the lowest at 0.61 μg g-1 

dry weights, in contrast to other metals, the 

average concentrations of Cd was slightly 

higher in spring, with 0.009 μg g-1 dry weights, 

Compared with the summer at 0.002 μg g-1 dry 

weights. 

 

Generally, as previously reported by many 

authors as (Akcali and Kucuksezgin, 2011; 

Brown et al, 1999), there may be a number of 

reasons for the seasonal differences found, 

including: environmental factors, such as 

variations in metal concentrations in solution, 

interactions between metals and other 

elements, salinity, pH etc., metabolic factors, 

such as dilution of metal contents due to 

growth; or they may be due to interactions 

between both kinds of factors, different genetic 

capacities for metals concentration. 

 

Table 5: Average heavy metals concentrations 

(μg g-1 dry weight) , during spring and summer 

seasons 2016, along stations of Derna coast 

(regardless of sampling algae and stations). 

Seasons Metals                           

Pb Mn Zn Cd 

Spring 0.82 1.27 0.61 0.009 

Summer 1.16 1.62 0.90 0.002 

 

 

7. Heavy Metals Concentration in Algae: 

1. U. lactuca. 

The concentration of Pb in the U. lactuca 

fluctuated between 0.70±0.2 (µg/g); dry 

weight in Spring at the S5 to 1.58±0.01 (µg/g); 

dry weight and in summer at the S6. S5 also 

recorded high values in summer 1.49±0.03 

(µg/g) dry weight. The highest Mn 

concentration level 3.03±0.03 (µg/g) in U. 

lactuca, was recorded in summer for three 

samples collected from S1, S2 and S3 Average 

while the S3 recorded relatively high Mn 

concentration in the spring 2.47±0.02 (µg/g) 

dry weight. While the lowest values were 

detected in both spring and summer for the S5 

and S6 (1.14±0.03 and 01.61±0.1 (µg/g) dry 

weight, respectively). In U. lactuca, maximum 

values of Zn were found at stations S2 in 

summer, and S1 in spring, with 1.12±0.03 and 

0.77±0.008 μg g−1, respectively. Minimum 

levels of Zn were found at S6 in spring and S3 

in summer, with 0.32±0.01 and 0.72±0.04 μg 

/g, respectively. 

 

U. lactuca which are the indicator of heavy 

metal pollution, were studied on the north 

west coast of Spain (Villares et al., 2001; 

Akcali and Kucuksezgin, 2011) detected 

recorded lower values for Pb than that
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reported in the present study. On the other 

hand, U. lactuca recorded a lower value of Pb 

than that recorded by Ramírez et al., (1990) for 

algae collected from the Northern Littoral, 

Cuba, Strezov and Nonova ,(2003) in the 

Tyrrhenian Sea, Atlantic Ocean, and Black 

Sea, Caliceti et al., (2002) in the U. lactuca, of 

the Venice lagoon in Italy. 

 

The present data, show the U. lactuca   

recorded a lower value of (Mn) than that 

recorded by Ramírez et al., (1990); Villares et 

al., (2001); Strezov and Nonova (2003). 

Average while, our values of (Zn) for U. lactca 

were very lower to those obtained by Catsiki & 

Papathanassiou (1993); Villares et al., (2001); 

Ramírez et al., (1990); Strezov and Nonova 

(2003). The value of average concentration for 

(Cd) was in this study, lower than to those 

found by Strezov and Nonova (2003) for U. 

lactuca, collected in the Tyrrhenian Sea, 

Atlantic Ocean, and Black Sea. Also Caliceti  

et al., (2002),in the U. lactuca of the Venice 

lagoon in Italy. 

 

In some instances, the value of average 

concentrations of (Zn) registered for a metal 

was in this study, comparable to those found by 

some authors in different species of algae, as 

reported by Muse et al., (1999) for U. lactuca. 

While, the value of average concentration for 

(Zn) was in this study, higher than to those 

found by Culha et al., (2013) for U. lactuca, in 

marine algae in Ordu station in Black Sea. 

Also, the value of average concentration for 

(Pb) was in this study, higher to those found by 

Culha et al., (2013) for U. lactuca, in marine 

algae samples of all sampling stations in Black 

Sea, Marmara Sea and Mediterranean Sea. 

Also by Sawidis et al., (2001) in the Aegean 

Sea, Greece.

 

Table 6: Average concentrations (μg g-1 dry weight) with standard error of metals in U. lactuca, 

collecting during spring and summer seasons 2016, along stations of Derna coast. 
tations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.90±0.005 0.91±0.01 1.79±0.01 3.01±0.03 0.77±0.008 0.91±0.07 0.006±0.01 0.003±0.01 

BAF 1.91 1.68 4.83 7.16 4.52 4.33 0 1.5 

S2 0.77±0.02 0.93±0.02 1.75±0.02 3.03±0.06 0.44±0.02 1.12±0.03 0.01±0.06 0.05±0.01 

BAF 5.13 4.65 7.29 9.77 4 6.58 0 50 

S3 0.71±0.01 0.95±0.008 2.47±0.02 3.03±0.03 0.52±0.01 0.72±0.04 0.006±0.002 0.008±0.00 

BAF 4.43 4.52 6.86 7.39 1.85 2.05 0 4 

S4 0.80±0.017 0.99±0.01 1.85±0.04 1.91±0.06 0.53±0.03 0.78±0.008 0.003±0.01 0.004±0.02 

BAF 6.66 4.95 4.51 3.67 1.82 2.51 0 1 

S5 0.70±0.2 1.49±0.03 1.14±0.03 1.99±0.07 0.61±0.01 0.79±0.003 0.008±0.01 0.005±0.02 

BAF 1.89 3.63 3.16 4.42 2.17 2.19 0 1 

S6 0.76±0.03 1.58±0.01 1.28±0.04 1.61±0.1 0.32±0.01 0.86±0.02 0.004±0.00 0.004±0.01 

BAF 6.33 7.52 4.57 5.19 0.78 1.65 2 1 

 

 
Fig 15: Average concentrations (μg g-1 dry weight) in U. lactuca, collecting during spring season 



Journal of Survey in Fisheries Sciences  10(1) 1837-1869  2023 

 

1853  

2016, along stations of Derna coast. 

 

 
Fig 16:Average concentrations(μg g-1 dry weight) in U. lactuca, collecting during summer season 

2016, along stations of Derna coast. 

2. Laurencia sp. 

The present data revealed of laurenica sp., the 

S6 recorded the highest concentration of Pb 

(1.95±0.01 and 1.50±0.03 (µg/g) dry weight) 

in summer and spring. On the other hand, the 

laurenica sp., recorded the lowest Pb values at 

both the S5 0.55±0.2 (µg/g) and S3 0.85±0.06 

(µg/g) in spring and summer, respectively 

(Table7). For laurenica sp., the S3 recorded the 

highest concentration of Mn (2.14±0.03 and 

2.96±0.02 (µg/g dry weight) in summer and 

Spring, respectively. On the other hand, the 

laurenica sp., recorded the lowest Mn values at 

the S5 0.52±0.03 and 0.86±0.07 (µg/g) in 

spring and summer, respectively (Table7 ). To 

compare the present study with those 

previously studied by many authors revealed 

that Laurencia sp recorded Pb, Zn, Cd and Mn 

concentrations lower than that recorded in the 

literature by Ramírez et al., (1990) for algae 

collected from the Northern Littoral, Cuba, 

Khaled et al., (2014) for algae collected from 

the Marsa-Matrouh beaches, Egyptian in 

Mediterranean Sea. While, the value of 

average concentration for (Pb) was in this 

study, higher to those found by Sawidis et al., 

(2001) for Laurencia obtusa, in the Aegean 

Sea, Greece.

 

Table7: Average concentrations (μg g-1 dry weight) with standard error of metals in Laurencia sp. 
Stations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.8±0.03 1.58±0.01 1.89±0.01 1.61±0.03 0.41±0.008 0.86±0.07 0.002±0.01 0.004±0.01 

BAF 1.70 2.92 5.10 3.83 2.41 4.09 0 2 

S2 1.42±0.04 1.56±0.01 1.09±0.02 2.03±0.06 0.78±0.02 0.92±0.03 0..005±0.06 0.00±0.01 

BAF 9.46 7.8 4.54 6.54 7.09 5.41 0 0 

S3 0.90±0.01 0.85±0.06 2.96±0.02 2.14±0.03 1.09±0.01 0.87±0.04 0.006±0.002 0.02±0.00 

BAF 5.62 4.04 8.22 5.21 3.89 2.48 0 10 

S4 1.16±0.03 0.92±0.01 2.16±0.04 1.86±0.06 0.72±0.03 0.84±0.008 0.007±0.01 0.005±0.02 

BAF 9.66 4.6 5.26 3.57 2.48 2.70 0 1.25 

S5 0.55±0.2 0.93±0.03 0.52±0.03 0.86±0.07 0..26±0.01 0.70±0.003 ND 0.00±0.02 

BAF 1.48 2.26 1.44 1.91 0.92 1.94 0 0 

S6 1.50±0.03 1.95±0.01 1.12±0.04 1.82±0.1 0.92±0.01 1.93±0.02 ND 0.000±0.01 

BAF 12.5 9.28 4 5.87 2.24 3.71 0 0 
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Fig 17: Average concentrations (μg g-1 dry weight) in laurenica sp., collecting during spring season 

2016, along stations of Derna coast. 

 

 
Fig 18: Average concentrations (μg g-1 dry weight) in laurenica sp., collecting during summer 

season 2016, along coastal . 

3. Amphiro anceps 

The Amphiro anceps algae collected from the S6 

at summer recorded the highest concentration of 

Pb level 1.27±0.3 (µg/g) dry weight) followed 

by that collected from the both S4 and S5 at the 

same season (0.92±0.03 (µg/g) dry weight). 

Amphiro sp algae, collected from the S6 

recorded the highest concentration of Mn 

(1.18±0.09 and 0.79±0.09 (µg/g) dry weight) in 

summer and Spring, respectively. On the other 

hand, the Amphiro sp., recorded the lowest Mn 

values at the S4 0.32±0.06 (µg/g) in spring 

(Table8). Amphiro sp algae recorded a relatively 

high Zn concentration in summer at the S6 

(1.19±0.06 and 0.91±0.01 (µg/g) dry weight) in 

summer and spring, respectively. While 

recorded their lowest values in spring at the S4 

(0.21±0.01 and S2 0.61±0.04 (µg/g) dry weight) 

in spring and summer, respectively. In the 

natural aquatic environment, heavy metals 

occur at low concentrations (nano gram to 

micrograms per litre). Occurrence of heavy 

metals in excess of the mentioned natural loads 

indicates the presence of additional external 

sources (Lobban and Harrisson, 1994).
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Table 8: Average concentrations (μg g-1 dry weight) with standard error of metals in Amphiro sp. 
Stations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.57±0.01 0.85±0.03 0.44±0.02 0.82±0.1 0.54±0.007 0.78±0.008 0.001±0.01 0.003±0.01 

BAF 1.21 1.57 1.18 1.95 3.17 3.71 0 1.5 

S2 0.33±0.02 0.73±0.03 0.60±0.02 0.94±0.02 0.26±0.02 0.61±0.04 0..002±0.06 0.003±0.01 

BAF 2.2 3.65 2.5 3.03 2.36 3.58 0 3 

S3 0.71±0.05 0.85±0.02 0.49±0.03 0.74±0.02 0.57±0.06 0.92±0.03 0.002±0.002 0.001±0.00 

BAF 4.43 4.04 1.36 1.80 2.03 2.62 0 0.5 

S4 0.59±0.1 0.92±0.03 0.32±0.06 0.81±0.03 0.21±0.01 0.70±0.03 0.003±0.01 0.005±0.02 

BAF 4.91 4.6 0.78 1.55 0.72 2.25 0 1.2 

S5 0.43±0.08 0.92±0.03 0,59±0.03 0.74±0.03 0..71±0.03 0.90±0.01 0.00±0.0 0.00±0.0 

BAF 1.16 2.24 1.63 1.64 2.53 2.5 0 0 

S6 0.85±0.03 1.27±0.3 0.79±0.09 1.18±0.09 0.91±0.01 1.19±0.06 0.00±0.00 0.00±0.0 

BAF 7.08 6.04 2.82 3.80 2.2 2.28 0 0 

 

 
Fig 19: Average concentrations(μg g-1 dry weight) in Amphiro sp., collecting during spring season 

2016, along stations of Derna coast. 

 

 
Fig 20: Average concentrations (μg g-1 dry weight) in Amphiroanceap sp., collecting during summer 

season  2016, along stations of Derna coast. 
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4. Cystoseria sp. 

The present data revealed of Cystoseria sp. 

(Brown algae) recorded a relatively high Pb 

concentration in summer at the S6 (1.50±0.3 

(µg/g) dry weight). while recorded their lowest 

values in summer and spring at the S3, S5 

(0.78±0.02 and 0.40±0.08 (µg/g) dry weight) 

respectively. The Cystoseria sp., recorded a 

relatively high Mn concentration in summer 

and spring at the S1 (1.74±0.1 and 1.16±0.02 

(µg/g) dry weight), while recorded their lowest 

values in summer and spring at the S2 

(0.72±0.02 and 0.36±0.02 (µg/g) dry weight) 

respectively. The Cystoseria sp (brown algae) 

collected from the S6 in both summer and 

spring recorded the highest concentration of Zn 

level 1.15±0.06 and 0.81±0.01 (µg/g), 

respectively. Whereas the lowest levels were 

found at S3 0.69±0.03 (µg/g) in summer, 

followed by at site S1 0.27±0.007 (µg/g) in 

spring. Some brown algae species can 

accumulate high concentrations of heavy 

metals in contaminated ecosystems, and as a 

result, they are chosen as metal bio monitors in 

coastal areas (Astorga-España et al., 2008; 

Karez et al., 1994; Villares et al., 2002; 

Andrade et al., 2010). 

This results are in good agreement with those 

found by (Strezov and Nonova, 2003) who 

reported concentrations of Pb level between in 

two Cystoseira sp (brown macroalgae) in most 

stations from the Bulgarian Black Sea coast. 

On the other hand, the Cystoseira sp. (brown 

algae) in the present study, recorded lower 

values for Pb compared than that reported by 

many authors as; Al-Masri et al., (2003), also 

as reported by Schintu et al., (2010) for algae 

collected from the south-western Sardinia, 

Italy, as well, reported by Khaled et al., (2014) 

for Cystoseira sp. algae collected from the 

Marsa-Matrouh beaches, Egyptian in 

Mediterranean Sea. Also by Strezov and 

Nonova (2003) for Cystoseira sp., collected in 

the Tyrrhenian Sea, Atlantic Ocean, and Black 

Sea. Average while, the present data revealed a 

lower value of (Mn) than that recorded by 

Strezov and Nonova (2003) for the Cystoseira 

sp., collected in the Tyrrhenian Sea, Atlantic 

Ocean, and Black Sea. 

To compare the present data with those 

previously studied by many authors revealed 

that Cystoseira sp., (brown algae), recorded 

lower values for (Zn) compared than that 

reported by many authors as; (Akcali and 

Kucuksezgin, 2011; Al-Masri et al., 2003), 

also as reported by Schintu et al., (2010), 

(Khaled et al., 2014), (Strezov and Nonova, 

2003). Also, by Culha et al., (2013) in marine 

algae sample of Kastamonu station in Black 

Sea. In the present study recorded lower values 

of (Cd) compared than that reported by many 

authors as; Akcali and Kucuksezgin (2011), 

Al- Masri et al., (2003), Schintu et al., (2010), 

Khaled et al., (2014) and Strezov and Nonova 

(2003) for Cystoseira sp. On the other hand, 

the value of average concentration for (Pb) was 

in this study, higher to those found by Culha et 

al., (2013) for Cystoseira sp., in marine algae 

samples of all sampling stations in Black Sea, 

Marmara Sea and Mediterranean Sea. Also by 

Sawidis et al., (2001) for Cystoseira sp., in the 

Aegean Sea, Greece. As well, the value of 

average concentration for (Zn) was in this 

study, higher than to those found by Culha et 

al., (2013) for Cystoseira sp., in marine algae 

sample of Samsun station in Black Sea. 

While, the value of average concentration for 

(Cd) was in this study, comparable to those 

found by Culha et al., (2013) for Cystoseira 

sp., in marine algae samples of all sampling 

stations in Black Sea, Marmara Sea and 

Mediterranean Sea. 

 

Table 9: Average concentrations (μg g-1 dry weight) with standard error of metals in Cystoseira sp. 
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Stations 

Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.61±0.01 1.20±0.03 1.16±0.02 1.74±0.1 0.27±0.007 0.75±0.008 0.007±0.01 0.007±0.01 

BAF 1.29 2.22 3.13 4.14 1.58 3.57 0 3.5 

S2 0.41±0.02 0.85±0.03 0.36±0.02 0.72±0.02 0.41±0.02 0.71±0.04 ND ND 

BAF 2.73 4.25 1.5 2.32 3.72 4.17 0 0 

S3 0.60±0.05 0.78±0.02 0.58±0.03 0.93±0.02 0.59±0.06 0.69±0.03 0.001±0.002 0.001±0.001 

BAF 3.75 3.71 1.61 2.26 2.10 1.97 0 0.5 

S4 0.69±0.1 0.96±0.03 0.59±0.06 0.81±0.03 0.77±0.01 0.93±0.03 ND ND 

BAF 5.75 4.8 1.43 1.55 2.65 3 0 0 

S5 0.40±0.08 0.84±0.03 0.57±0.03 0.89±0.03 0..68±0.03 0.86±0.01 ND ND 

BAF 1.08 2.04 1.58 1.97 2.42 2.38 0 0 

S6 1.13±0.03 1.50±0.3 0.95±0.09 1.12±0.09 0.81±0.01 1.15±0.06 ND ND 

BAF 9.41 7.14 3.39 3.61 1.97 2.21 0 0 

 

 
Fig 21: Average concentrations(μg g-1 dry weight) in Cystoseria sp., collecting during spring season 

2016, along stations of Derna coast. 

 

 
Fig 22: Average concentrations (μg g-1 dry weight) in Cystoseria sp., collecting during summer 

season 2016, along stations of Derna coast.

5. Enteromorpha sp. 

The present data revealed of Enteromorpha 

sp., recorded a relatively high Pb concentration 

in summer and spring at the S6 (1.92±0.3 and 

1.63±0.03 (µg/g) dry weight) respectively. 

while recorded their lowest values in summer 

and spring at the S4 (0.96±0.03 and 0.69±0.1 

(µg/g) dry weight) respectively. While, 

Enteromorpha sp., recorded a relatively high 

Mn concentration in summer and spring at the 

S4 (1.91±0.03 and 1.85±0.06 (µg/g) dry 

weight), while recorded their lowest values in 

summer and spring at the S3 (1.12±0.02 and 

0.88±0.03 (µg/g) dry weight) respectively. In 

Enteromorpha sp., we also have data for Zn, 

which was at a maximum at S6, 1.82±0.06 μg/g 

in summer. Minimum levels of Zn in this alga 

(only 0.05±0.01 μg/g ) in spring, were found at 

S4. 

Comparison of the present data with those 
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previously studied by many authors revealed 

that the concentrations of Zn, Pb and Cd for 

Enteromorpha sp., lower than that recorded by 

Schintu et al., (2010) along the south-western 

Sardinia, Italy, also as reported by Khaled et 

al., (2014) for Enteromorpha sp., collected 

from the Marsa- Matrouh beaches, Egyptian in 

Mediterranean Sea. As well reported by 

Strezov and Nonova (2003) for Enteromorpha 

sp., in the Tyrrhenian Sea, Atlantic Ocean, and 

Black Sea. 

The present data revealed a lower values of Mn 

and Zn for the E. compressa than that recorded 

by (Villares et al., 2001), also for Zn with those 

previously studied by many authors as (Say et 

al., 1990; Culha et al., 2013). While, the value 

of average concentration for (Pb) was in this 

study, higher to those found by Culha et al., 

(2013) for Enteromorpha sp. in marine algae 

samples of all sampling stations in Black Sea, 

Marmara Sea and Mediterranean Sea. Also by 

Sawidis et al., (2001) for Enteromorpha sp. in 

the Aegean Sea, Greece. 

The value of average concentration for (Zn) 

was in this study, higher than to those found by 

Culha et al., (2013) for Enteromorpha sp., in 

marine algae in Ordu station in Black Sea. As 

well, the value of average concentration for 

(Cd) was in this study, comparable to those 

found by Culha et al., (2013) for 

Enteromorpha sp. In marine algae samples of 

all sampling stations in Black Sea, Marmara 

Sea and Mediterranean Sea. Studies in which 

higher levels of metals are found in U. lactuca 

than in Enteromorpha sp are less frequent; 

Wahbeh et al., (1985) report higher 

concentrations of Zn and Mn in U. lactuca than 

in E. clathrata and lower levels of only Cd. 

Many authors reported that the expected levels 

of zinc in Enteromorpha sp. are in the range 

10-50 μg g−1 and 95-130 μg g−1 dry weight, for 

uncontaminated and contaminated sites 

respectively (Stenner and Nickless, 1975; 

Wong et al., 1982; Ho, 1987; Phillips, 1990). 

Graham et al., (1996) tested the growth of 

green alga under laboratory conditions at 

different pH and Zn concentration. Algae grew 

best at pH 8 and was tolerant to high levels of 

metals indicating that other factors like 

competition may be the reason for this species 

often being observed at low pH in lakes.

 

 

Table 10:Average concentrations (μg g-1 dry weight) with standard error of metals in Enteromorpha 

sp. 
Stations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.86±0.01 1.20±0.03 1.22±0.02 1.72±0.1 1.74±0.007 1.25±0.008 0.001±0.01 0.003±0.01 

BAF 1.82 2.22 3.29 4.09 10.2 5.95 0 1.5 

S2 0.95±0.02 1.26±0.03 1.21±0.02 1.35±0.02 0.20±0.02 0.39±0.04 0.06±0.01 0.04± 0.00 

BAF 6.33 6.3 5.04 4.35 1.8 2.29 0 40 

S3 1.08±0.05 1.55±0.02 0.88±0.03 1.12±0.02 0.60±0.06 0.88±0.03 0.05±0.002 0.006±0.001 

BAF 6.75 7.38 2.44 2.73 2.14 2.51 0 3 

S4 0.69±0.1 0.96±0.03 1.85±0.06 1.91±0.03 0.05±0.01 0.19±0.03 0.002±0. 0 0.006±0.001 

BAF 5.75 4.8 4.51 3.67 0.17 0.61 0 1.5 

S5 1.13±0.08 1.55±0.03 0.92±0.03 1.60±0.03 1.07±0.03 1.14±0.01 0.004±0.0 0.007±0.02 

BAF 3.05 3.78 2.55 3.55 3.82 3.16 0 1.4 

S6 1.63±0.03 1.92±0.3 1.24±0.09 1.56±0.09 1.53±0.01 1.82±0.06 0.007±0.0 0.007±0.0 

BAF 13.3 9.14 4.42 5.03 3.73 3.5 3.5 1.7 
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Fig 23: Average concentrations (μg g-1 dry weight) in Enteromorpha sp., collecting during spring 

season 2016, along stations of Derna coast. 

 

 
Fig 24: Average concentrations in Enteromorpha sp., collecting during summer season 2016, along 

stations of Derna coast. 

6. Chaetomorpha sp. 

The highest Pb level in Chaetomorpha sp., was 

recorded in spring for samples collected from 

S4 1.86±0.2 (µg/g) dry weight) followed by S6 

and S5 (1.51±0.4 (µg/g) dry weight) in 

summer. The highest Mn level in 

Chaetomorpha sp., was recorded in summer 

for samples collected from S1 2.83±0.6 (µg/g), 

followed by S3 (2.12±0.5 (µg/g) dry weight) in 

spring. While Chaetomorpha sp., recorded a 

relatively high Zn concentration in spring at the 

S2 (1.41±0.1 (µg/g) dry weight). while 

recorded their lowest values in spring at the S3 

(0.51±0.1 (µg/g) dry weight). The present data, 

show the value of average concentration for 

(Pb), (Mn), (Zn) and (Cd) was in this study, 

lower than to those found by Strezov and 

Nonova (2007) for Chaetomorpha sp., 

collected in the Tyrrhenian Sea, Atlantic 

Ocean, and Black Sea.
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Table 11: Average concentrations (μg g-1 dry weight) with standard error of metals in 

Chaetomorpha sp. 
Stations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.71±0.08 0.95±0.2 1.94±0.4 2.83±0.6 0.82±0.1 1.03±0.3 0.02±0.05 ND 

BAF 1.51 1.75 5.24 6.73 4.82 4.90 0 0 

S2 0.93±0.1 1.19±0.3 1.43±0.2 1.88±0.6 1.41±0.1 0.73±0.8 0.03±0.1 0.03±0.02 

BAF 6.2 5.95 5.95 6.06 12.8 4.29 0 30 

S3 0.70±0.08 1.24±0.2 2.12±0.5 2.67±0.3 0.51±0.1 0.75±0.8 ND ND 

BAF 4.37 5.90 5.88 6.51 1.82 2.14 0 0 

S4 1.86±0.2 1.24±0.2 1.85±0.3 1.91±0.2 0.64±0.2 0.84±0.9 ND ND 

BAF 15.5 6.2 4.51 3.67 2.20 2.70 0 0 

S5 1.13±0.3 1.51±0.4 1.04±0.1 1.41±0.6 0.68±0.4 0.92±0.3 ND ND 

BAF 3.05 3.68 2.88 3.13 2.42 2.55 0 0 

S6 1.25±0.4 1.51±0.4 1.97±0.1 1.41±0.6 0.75±0.8 0.86±0.2 ND ND 

BAF 10.4 7.19 7.03 1.1 1.82 1.65 0 0 

Fig 25:Average concentrations (μg g-1 dry weight) in Chaetomorpha sp., collecting during spring 

season 2016, along stations of Derna coast. 

 

 
Fig26: Average concentrations (μg g-1 dry weight)in Chaetomorpha sp., collecting during summer 

season 2016, along stations of Derna coast. 

7. Corallina. Sp. 

The S6 station recorded relatively high Pb 

concentration in summer for Corallina sp., 

algae 1.84±0.4 (µg/g), while the lowest values 

were detected in spring for the S3 (0.67±0.1 

(µg/g) dry weight). Average while both the S2 

and S1 recorded relatively high Mn 

concentration in summer for Corallina sp., 

algae 3.06±0.7 and 3.05±0.4 (µg/g) 

respectively, while the lowest values were 

detected in spring for the S5 (0.84±0.3 (µg/g) 

dry weight).  

The value of average concentration for (Pb), 

(Mn), (Zn) and (Cd) was in this study, 

Comparable lower than to those found by 

Strezov and Nonova (2003) for Corallina. sp., 

collected in the Tyrrhenian Sea, Atlantic 

Ocean, and Black Sea. The value of average 

concentration for (Zn) was in this study, lower 

than to those found by Culha et al., (2013) for 

Corallina sp., in marine algae in Yalova station 

in Marmara Sea. In some instances, the value 

of average concentration for (Cd) was in this 

study, comparable to those found by Culha et 

al., (2013) for U. lactuca, Cystoseira sp., 

Enteromorpha sp. and Corallina sp., in marine 

algae samples of all sampling stations in Black 

Sea, Marmara Sea and Mediterranean Sea. 

While, the value of average concentration for 

(Pb) was in this study, higher to those found by 

Culha et al., (2013) for Corallina sp., in marine 

algae samples of all sampling stations in Black 

Sea, Marmara Sea and Mediterranean Sea. 

Also by Sawidis et al., (2001) for Corallina 

sp., in the Aegean Sea, Greece. The variability 

of these metal concentrations in sea grass 
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tissues could be due to different metal uptake 

of different sea grass species. It could also be 

due to different environmental factors (e.g. 

temperature variation, pH, and salinity) which 

requires further detailed studies. In fact, this 

lack of consistency in the results obtained from 

different studies makes it difficult to arrive at a 

suitable explanation for the processes which 

account for the measured levels of metals 

within these sea- weeds. Their appropriateness 

as cosmopolitan quantitative biomonitors 

therefore requires closer scrutiny.

 

Table 12: Average concentrations (μg g-1 dry weight) with standard error of metals in Corallina sp. 
Stations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.92±0.17 0.86±0.28 1.91±0.4 3.05±0.4 0.76±0.2 0.88±0.08 0.05±0.01 0.004±0.02 

BAF 1.95 1.59 5.16 7.26 4.47 4.19 0 2 

S2 0.92±0.12 0.93±0.28 1.31±0.4 3.06±0.7 0.74±0.2 1.17±0.1 0.002±0.00 0.003±0.00 

BAF 6.13 4.6 5.45 9.87 6.72 4.17 0 3 

S3 0.67±0.18 1.29±0.63 1.96±0.2 1.92±0.3 0.63±0.1 1.12±0.1 0.04±0.01 0.05±0.00 

BAF 4.18 6.14 5.44 4.68 2.2 3.2 0 25 

S4 0.90±0.11 0.95±0.14 1.91±0.3 2.01±0.6 0.40±0.5 0.79±0.9 0.008±0.0 0.05±0.00 

BAF 7.5 4.7 4.65 3.86 1.37 2.5 0 12.5 

S5 1.15±0.33 1.58±0.16 0.84±0.3 1.29±0.3 0.72±0.3 1.14±0.2 0.002±0.00 0.002±0.00 

BAF 3.10 3.85 2.33 2.86 2.57 3.1 0 0.4 

S6 0.75±0.21 1.84±0.43 1.90±0.005 1.41±0.4 0.51±0.08 0.92±0.1 0.008±0.0 0.002±0.00 

BAF 6.2 8.76 6.78 4.54 1.2 1.7 4 0.5 

 

 
Fig 27: Average concentrations (μg g-1 dry weight) in Corallina. sp., collecting during spring season 

2016, along stations of Derna coast. 

 

 
Fig 28: Average concentrations (μg g-1 dry weight) in Corallina . sp., collecting during summer 

season 2016, along stations of Derna coast.
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8. Heavy Metals in Water: 

Determination of heavy metal concentrations 

in marine algae samples is usually preferred in 

the seawater and sediment samples. Heavy 

metal concentrations in seawater are very low 

and show wide fluctuation. At the same time, 

heavy metal levels in the sediment samples can 

be changed by organic matter content, grain 

size composition, pH and oxidation-reduction 

potential, etc. (Förstner, 1985; Farias et al., 

2002). 

In the present study, low metal contamination 

was found in S1 for Pb, Mn, Cd and Zn in 

seawater compared with contamination metals 

accumulated in the tissues of algae. The 

concentration of the metals in the six sampling 

sites followed the order of Mn>Zn>Pb>Cd. 

The average of heavy metals concentrations in 

sea water were lower at site S2 and relatively 

higher at site S1 (Table 13). Mn was the most 

abundant metal, whereas Cd was the least 

abundant. The other metals exhibited 

intermediate concentrations and variability 

among the six sites. Largely, metals contents in 

seawater, from S1 obtained in this work are 

intermediary to previous reports worldwide. 

For example, site S1 in our study were the most 

contaminated for Pb in summer and spring 

seasons. This site is seem heavily affected by 

human activities and were the closest to the 

wharf. Pb concentrations from seawater in this 

study ranged between 0.12 and 0.54 (μg l-1), 

were this result agree with (Chakraborty et al., 

2014) for water sea along the coast of the Gulf 

of Kutch in India. While site S4 were the most 

contaminated for Mn in both summer and 

spring seasons, between 0.24 and 0.52 (μg l-1). 

As well, the maximum value of Cd metal were 

also determined at site S5 in both summer and 

spring seasons between 0.003-0.05 (μg l-1). 

These were much similar results obtained by 

(El-Adl et al., 2017., along Al-Hanyaa 

coastline, Libya, as well as the standard limits 

of Environmental Protection Agency (EPA) 

(2014). In addition, results in this study show 

that the site S6 were the most contaminated for 

Zn in summer and spring seasons. Despite of 

the discharge of wastes in sea water, our results 

were much lower than those reported from 

along Al-Hanyaa Coastline, Libya 5.4–7.4 (μg 

l-1) ((El-Adl et al., 2017).

 

Table 13 : Average heavy metals concentrations (μg l-1) with standard error of metals in the selected 

marine water. 
Stations Metals 

Pb Mn Zn Cd 

Spring Summer Spring Summer Spring Summer Spring Summer 

S1 0.47±0.01 0.54±0.05 0.37±0.03 0.42±0.08 0.17±0.01 0.21±0.008 ND 0.002±0.0 

S2 0.15±0.08 0.20±0.05 0.24±0.03 0.31±0.01 0.11±0.2 0.17±0.05 ND 0.001±0.0 

S3 0.16±0.08 0.21±0.05 0.36±0.01 0.41±0.08 0.28±0.2 0.35±0.05 ND 0.002±0.0 

S4 0.12±0.01 0.20±0.06 0.41±0.01 0.52±0.01 0.29±0.05 0.31±0.01 ND 0.004±0.0 2 

S5 0.37±0.01 0.41±0.01 0.36±0.02 0.45±0.08 0.28±0.01 0.36±0.01 ND 0.005±0.002 

S6 0.12±0.01 0.21±0.08 0.28±0.01 0.31±0.08 0.41±0.01 0.52±0.01 0.002±0.0 0.004±0.01 

 

 
Fig 29: Average concentrations (μg l-1) in water collecting during spring season 2016, along stations 

of Derna coast. 
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Fig 30: Average concentrations (μg l-1) in water collecting during summer season 2016, along 

stations of Derna coast. . 

9. Indices of pollution  

i) Bioaccumulation factor (BAF) 

Bioaccumulation assessment is important in 

the scientific evaluation of risks that chemicals 

may pose to humans and the environment. The 

bioaccumulation factor of heavy metals (Pb, 

Mn, Zn and Cd), in different samples was 

quantified as the ratio of the concentration of a 

specific heavy metal in the dry tissue of the 

organism (µg /kg) to the concentration of the 

heavy metal in the water sample (µg /l) (El-Adl 

et al., 2017). Metal accumulation by algae was 

highly variable. Different algal species showed 

preferential assimilation towards specific 

elements. There are several attributing factors 

for such differences in metal accumulation by 

different species, including life span, 

morphology, contact surface area, growth rate 

and specific affinity for selective metals by 

particular species (Chakraborty et al., 2014). 

Figure (31), show that heavy metals were 

accumulated in the different algal species in 

stations to different extents. According to 

Chakraborty et al., (2014), the state of 

conservation of an ecosystem or the choice to 

monitor its state can be evaluated using the 

bioaccumulation factors (BAF) of the living 

organisms for heavy metals. A somewhat, BAF 

of the different heavy metals showed a 

common pattern of peaking at S2, with 

moderate reduction at S6, S3, S4 and S1, and a 

relatively great reduction at S5. The average 

BAF of the species of S2 attained peaks of Cd, 

Pb, Mn and Zn respectively, and a lower 

average of BAF in the S5 by pattern Pb, Mn, 

Zn and Cd respectively, where its BAF at S2 

was about 3 times its value at S5. The BAF was 

lowest for Cd - the least abundant metal in sea 

water - and averaged around 0.20, 0.86, 0.91, 

1.25, 3.07 and 9.00 at S5, S1, S6, S4, S3 and 

S2 respectively but the BAF was highest for Pb 

and averaged around 1.81, 2.59, 4.95, 5.38, 

6.46 and 8.59 at S1, S5, S3, S2, S4 and S6 

respectively. This reflects the fact that 

accumulation highly dependent upon the 

ambient pollution levels (Chakraborty et al., 

2014).

 

 
Fig 31: Bioaccumulation factor (BAF) of algae species along the six stations of Derna coast.



Marine Algae As Bioindicator Of Environmental Pollution At Derna Coast – Libya 
 

1864 

ii) Metal pollution index (MPI): 

The average MPI was highest (0.86) for the 

algae species inhabiting S6, intermediate (0.50, 

0.58 and 0.59) for the algae species of S2, S5 

and S4, and least (0.30 and 0.41) for the algae 

species of S1 and S3 (Table 14 and Fig. 32). 

Metal pollution index (MPI) can be used to 

compare the average heavy metal content of 

different algal species within the same site or 

among different sites (El-Adl et al.,017). 

The ability to accumulate heavy metals was 

highest in Laurencia sp., which was 

substantially higher than those of the 

accompanying species at all species at all 

stations. This points to a marked genotypic 

variability in heavy metal accumulation and 

agrees with the findings of (Khan et al., 2015) 

who reported that some macroalgae can 

concentrate heavy metals in their tissues to 

several times higher than those in the ambient 

water.

 

Table 14 : MPI of algae species along six stations of Derna coast. 

Algae S1 S2 S3 S4 S5 S6 

U. lactuca 0.29 0.46 0.25 0.23 0.31 0.25 

Laurencia sp 0.25 1.18 0.38 0.31 0.7 1.63 

Amphiroa anceps 0.22 0.21 0.24 1.04 0.68 1.21 

Cystoseria asmundaceace 0.26 0.66 0.13 0.83 0.76 1.07 

Enteromorpha sp. 0.32 0.37 0.37 0.16 0.31 0.41 

Chaetomorpha sp. 0.32 0.36 1.09 1.21 1.06 1.16 

Corallina sp. 0.43 0.24 0.42 0.38 0.22 0.29 

 

 
Fig 32:Metal pollution index (MPI) of algae species along the six stations of Derna coast.



Journal of Survey in Fisheries Sciences  10(1) 1837-1869  2023 

 

1865  

Conclusion 

The increase of environmental factors in the 

study that effect on the concentration and 

accumulations of heavy metals in some marine 

algae despite of the levels of the heavy metals 

(Pb,Mn,Zn, and Cd),in sea water and nature 

study area resulting from discharged wastes 

and sewage, that removal by no correct method 

causes unsafe on human life, Mn was the most 

abundant metal, whereas Cd was the least 

abundant one. The radical variation in floristic 

composition among the studied sites along 

with the limited variation in heavy metal 

composition of sea water justifies the use of 

biological indices rather than chemical indices 

as criteria for assessment of environmental 

pollution. Dominance of brown and red algae 

at the sites of study points to their ability to 

tolerate heavy metal pollution. The expected 

results and concentrations, which do not appear 

for the most part, have the potential to have 

adverse effects on the local environment. 

However, these minerals should be monitored 

to ensure their survival at non-harmful levels. 
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