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ABSTRACT: The seven heavy metal levels were determined in marine macroalgae species from 15 stations determined from the North 

Aegean Sea coast. Considering the metal contents varying according to the species and region, the highest concentration determined in 

the study was Fe, and the lowest concentration was Cd metal. According to the green algae MPI values at the all stations, the most intense 

pollution was found in the Alsancak, Inciraltı and Güzelbahçe stations located in the inner and middle parts of Izmir Bay. In addition, the 

present results were compared with the maximum allowable heavy metal values in seaweed and it was determined that the Pb values were 

high in some stations. In addition, this study also attempted to compare the measured values with international standards for food. 

Keywords: Aegean Sea, bioindicator, heavy metal, Macroalgae, MPI, Türkiye. 

INTRODUCTION 

 The most important problem in the world is water pollution, which is the end point of all pollution. Because of 

bioaccumulation, biomagnification in food chains and toxicity of the heavy metal pollution in the aquatic environment has 

become a worldwide, ecological, economic and health problem (Naw et al., 2020). Natural events and anthropogenic activities 

are the main cause of heavy metals in seawater, sediments and marine organisms worldwide (Mazur et al., 2018; Bibak et al., 

2020; Corrias et al., 2020; Costa et al., 2020). Heavy metals are transported long distances by hydrological cycle and atmospheric 

processes (M´endez et al., 2021). The hydrological cycle of water can bring to significant pollution and exposing the aquatic 

ecosystems to heavy metals causing contamination of marine organisms (Corrias et al., 2020). The productive coastal zones are 

especially  devastated by the release of innumerable contaminants through a wide range of anthropogenic activities  such as 

unplanned urbanization, municipal wastewaters, industrialization, petrochemical complexes, mining ores, petroleum industry 

activities, port and shipping activity, agricultural chemicals,  fish farms, heavy metals, radioactivity, tourism activities and 

atmospheric sources e.g. burning of fossil fuels (Naggar et al., 2018; Corrias et al., 2020; Rakib, et al., 2021; M´endez et al., 

2021; Ameen et al., 2022). Aquatic ecosystems and the productive coastal zones are especially affected by heavy metals, which 

has become an emerging issue (Kostopoulou et al., 2013; Robin et al., 2017; Bibak et al., 2020; Arisekar et al., 2021). The 

distribution of heavy metal in freshwater and marine environment, macroalgae or seaweeds are used as biomonitors in water and 

sediment (Malea and Kevrekidis, 2014; Chakraborty et al., 2014; Naw et al., 2020; Ho and Bantoto-Kinamot, 2021). 

Biomonitoring with marine macroalgae has found to be a useful technique for environmental monitoring since it was first used 

in the early 1950s (García-Seoane et al., 2018; García-Seoane et al., 2019; García-Seoane et al., 2020; Rajaram et.al., 2020). 

Algae and molluscs are currently among the taxonomical groups most evaluated for the use of marine organisms as biomonitoring 

tools (Rybak et al., 2012; Malea et al., 2015; Bonanno and Orlando-Bonaca, 2018; Corales-Ultra et al., 2019; Anbazhagan et al., 

2021; Orlando-Bonaca et al., 2021). Macroalgae have the basic conditions as the most suitable bioindicator of nutrients and 

heavy metal accumulation in aquatic environment (Corales-Ultra et al., 2019; Anbazhagan et al., 2021; Ho and Bantoto-Kinamot, 

2021). 

 Another usage area of algae is water filtration applications. It is also used in the removal of nutrients, organic pollutants and 

heavy metals from wastewater (Yalçın et al., 2012; Yılmaz et al., 2016). The most dominant polysaccharides found in the cell 

wall of brown algae as cellulose, alginic acid and fucoidone are alginic acid and alginates (alginic acid salts) (Dodson et al., 

2015; Sahoo and Seckbach, 2015; Manev and Petkova, 2021). This alginic acid and carboxylic acid abundant in alginates are 

directly related to metal binding capacity and are abundant in brown algae (brown algae > green algae > red algae) (Dodson et 

al., 2015; Ali et al., 2020; Manev and Petkova, 2021). Moreover, the chemical composition of brown algae varies according to 

species, habitat and season (Ko and Wan, 2014). It contains compounds with biological activity such as laminarin, which is a 

product of metabolism. In addition to cellulose and alginic acid, sulfated polysaccharides are also present in the cell wall. These 

substances in algae offer functional groups such as hydroxyl, carboxyl, sulfate and amino. These functional groups serve as the 
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binding site responsible for biosorption (Sun et al., 2016). The bonding of the functional groups in the algal cell wall with metal 

ions varies according to the algae species and metal species (Ramakrishna et al., 2005).  

Concentrations of heavy metals in macroalgae of the Northern Aegean Sea were investigated to evaluate an environmental risk 

assessment from metals contamination in May and July 2009. This study was conducted to assess the status of 7 heavy metals 

(Co, Cu, Fe, Ni, Cd, Pb and Zn) in marine macroalgae in the Aegean Sea. In the present work the main aimes of the study were 

as follows: 

• to determine the concentration of Co, Cu, Fe, Ni, Cd, Pb and Zn in macroalgae (Ulva lactuca, Ulva intestinalis, 

Ulva linza, Codium fragile, Cystoseira barbata, Padina pavonica, Colpomenia sinuosa, Corallina elongata), 

samples collected from different stations of the Aegean Sea, at 15 station in 2009, 

• to know the class of studied macroalgae which have the ability to accumulate more the heavy metals than the 

other classes, 

• to compare the present results with maximal level of heavy metals authorized in seaweeds (mg kg-1 dry weight)  

to compare the present results with the similar studies have been carried out in the same region of the Aegean Sea. 

 

MATERIALS AND METHODS   

Study area and sampling stations  

 This study was carried out in fifteen stations (Akcay, Oren, Ayvalık Cunda Port, Ayvalık, Dikili Port, Çandarlı Port, Çandarlı, 

Aliağa Port, Aliağa PETKIM, Izmir Karşıyaka, Izmir Turan, Izmir Alsancak, Izmir Inciraltı, Izmir Güzelbahce, Izmir Çeşme 

Ilıca) of the Aegean Sea (Türkiye) (Figure1). The sampling sites in this study were selected the four bays (Izmir, Çandarlı, Dikili 

and Edremit Bay) within the Aegean Sea. Sampling stations within the study area present different degree of trace element inputs 

of anthropogenic origin such as industrial activities, tourism, shipping, shipbreaking area, and fishing activities (Table 1). 

 

Sampling materials 

 Macroalgae were collected from May to July 2009 from the fifteen sampling stations on coastal zone of North Aegean Sea. 

The sampling marine algae species were; green algae (Ulva lactuca, Ulva intestinalis, Ulva linza, Codium fragile,), brown algae 

(Cystoseira barbata, Padina pavonica, Colpomenia sinuosa), red algae (Corallina elongata). 

 

Chemical analyses 

 The macroalgae were collected by hand directly. About 500 g of the fresh weight were harvested at low tide. The samples 

were rinsed to remove sand, mud and epiphyte in the sea water and then with top water and distilled water. Then they were dried 

at 60oC to a constant weight and homogenized manually in porcelain mortar into powder. 0.5 g of dried macroalgae samples was 

digested in Teflon vessels with 10 mL analytical ultrapure HNO3 (Merck) using a microwave oven (MARS5 Microwave 

Digestion System-CEM Corporation). The microwave was programmed on a 20 min ramp, for macroalgae samples 15 min at 

200oC and potency of 1200 W. Tree replicate subsamples of each sample were processed. All procedure of the method (Method 

3051A) was similar to that previously described (USEPA, 2007, UNEP, 1984). Macrolagae samples were diluted with ultrapure 

Milli-Q water to a final volume of 25 mL and analyzed via ICP-MS. The concentration of the heavy metals were determined by 

ICP-MS. Standard solutions were prepared from stock solutions (Merck, multi-element standard). Certified Reference Material 

BCR-279 sea lactuca (Ulva lactuca) (powder) was used for calibration. The results showed good agreement between certified 

and analytical values (recovery rates 90-110%). 

The heavy metal content of algae at fifteen stations investigated in this study was compared on a regional and algae basis using 

the Metal Pollution Index (MPI) calculated with the formula for algae (Usero et al., 1997). 

MPI = (C1×C2×…×Cn)1/n 

 

Where: Cn are the average concentration of trace metals (n) in algae 

If this combined index is above 1 the concentrations of trace metals would be considered elevated and ecosystem could be 

regarded as "polluted" (Teodorovic et al., 2000). 
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 Figure 1. Sampling stations  

 

Table 1. Coordinates and characteristics of sampling stations 

 
Sampling stations Coordinates Pollution sources of sampling stations 

Akçay N39o 34.990/ E 026o 55.395/ Tourism, fishing activities 

Oren N39o 29.057/  E 026o 55.742/ Tourism, fishing activities 

Ayvalık Cunda Port N39o 19.591/  E 026o 37.168/ Tourism, fishing activities, shipping 

Ayvalık N39o 16.481/  E 026o 39.469/ Tourism, fishing activities, shipping 

Dikili Port N39o 04.246/  E 026o 53.180/ Tourism, fishing activities, shipping 

Çandarlı Port N38o 55.762/  E 026o 55.933/ Tourism, fishing activities, shipping 

Çandarlı N38o 56.404/  E 026o 56.152/ Tourism, fishing activities, shipping 

Aliağa Port N38o 48.359/  E 026o 58.393/ Industrial activities, refinery, shipping, shipbreaking area, 

fishing activities  

Aliağa PETKIM N38o 48.455/  E 026o 57.766/ Industrial activities, refinery, shipping, shipbreaking area, 

fishing activities  

Izmir Karşıyaka N38o 28.960/  E 027o 04.856/ Urbanization, shipping 

Izmir Turan N38o 28.070/  E 027o 09.522/ Urbanization, shipping 

Izmir Alsancak N38o 25.248/  E 027o 07.511/ Urbanization, shipping 

Izmir İnciraltı N38o 24.712/  E 027o 01.968/ Urbanization, shipping, fishing activities 

Izmir Güzelbahçe N38o 21.382/  E 026o 18.521/ Urbanization, shipping, fishing activities 

Izmir Çeşme Ilıca N38o 19.382/  E 026o 18.077/ Tourism, Fishing activities 

 

 

RESULTS AND DISCUSSION 

 The eight species of North Aegean Sea coast algae were examined for their accumulation ability in the uptake of different 

metals from the Turkish aquatic environment. A wide range of metal retention capacity among the different species was observed. 

The collected seaweed genera are listed as per sampling station, and the concentration values of the metals are summarized in 

Table 2. 

 The heavy metals accumulated in different algal taxa were: in green algae (U. intestinalis, U. linza, U. lactuca, C. fragile), 

Fe > Zn > Cu  > Ni > Co > Pb > Cd; in brown algae ( P. pavonica, C. barbata, C. sinuosa ), Fe > Cu > Zn > Ni > Co > Pb > Cd; 
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in red algae (C. elongata) Fe > Zn > Cu > Ni > Co > Pb = Cd. The Cd concentrations in tested macro algae samples were found 

to be below the lower limit detection (<0.01). In this study, high levels of Fe were detected in almost all the specimens tested, 

especially, U. intestinalis and U. linza in green algae, reaching a concentration higher than the other species. Algae belonging to 

the Chlorophyceae (U. intestinalis and U. linza) from the North Aegean Sea generally accumulated most elements.  

 The biomass concentration is another important variable during metal uptake. At a given equilibrium concentration, the 

biomass takes up more metal ions at lower than at higher cell densities (Mehta and Gaur, 2001). It has been suggested that 

electrostatic interactions between cells can be a significant factor in the relationship between biomass concentration and metal 

sorption. In this connection, at a given metal concentration, the lower the biomass concentration in suspension, the higher will 

be the metal/biosorbent ratio and the metal retained by sorbent unit, unless the biomass reaches saturation. High biomass 

concentrations can exert a shell effect, protecting the active sites from being occupied by metal. The result of this is a lower 

specific metal uptake, that is, a smaller amount of metal uptake per biomass unit (Romera et al., 2007). The highest uptake in 

macroalgae species at the sampling sites were as follows: Cu in C. sinuosa, U. linza, U. intestinalis, P. pavonica, Co in U. 

lactuca, U. linza, P. pavonica, Zn in U. linza, U. lactuca, U. intestinalis, Fe in C. sinuosa, U. intestinalis, Ni in U. intestinalis, 

C. sinuosa, U. lactuca, Pb in U. linza, and P. pavonica. Heavy metal levels of C. sinuosa, U. intestinalis and U. linza were 

significantly higher than those in other marine algae species. The highest levels of heavy elements were found in C. sinuosa 

collected from Ören, with concentrations up to 5667.3 μg g-1 for Fe.  Studies performed in other Aegean Sea Coast revealed that 

the concentration of heavy metals in macroalgae is at high levels of Fe (Tunçer, 1989; Türkan et al., 1989; Uysal, 1992; Çetingül 

and Aysel, 1998; Akçalı and Küçüksezgin, 2009). 

 The information acquired in this preliminary investigation supports of the assumption on the selective ability of macroalgae 

to accumulate inorganic contaminants from seawater. The concentration of trace elements in macro algae samples range widely, 

from <0.01 μg g-1 (Cd) to 5667.3 μg g-1 (Fe). This situation is supported by the results of other studies (Farias et al., 2002). 

Compared to metals accumulation; high levels of Fe and Cu were found in C. sinuosa collected from Oren, high levels of Co 

were found in U. lactuca collected from Turan, high levels of Ni were found in U. intestinalis collected from Akçay, high levels 

of Zn were found in U. linza collected from Güzelbahçe (Table 2). Biological, physical and chemical conditions affect both the 

distribution and the role of the elements, compounds and residues in a system. Furthermore, seaweeds have a high potential 

capacity for storing trace metals, depending on the species of alga and the metal. Previous studies have shown that members of 

the macroalgae have the high capacity for storing metals (Rodriguez-Castaneda et al., 2006). This study shows that 

concentrations of elements in the macroalgae collected in the Aegean Sea and the world vary depending on species and sampling 

area (Table 3), probably because many variables affect the accumulation of elements in algae including the abundance of these 

elements in the local environmental conditions, and by a species particular metabolic processes (Försberg et al., 1988; Rodriguez-

Castaneda et al., 2006). 

 The green macroalgae U. lactuca was the most widespread in the area of the sample, being found in 10 stations. Therefore, 

U. lactuca is selected that compare levels of heavy metal accumulation is thought to be appropriate. The variations in the 

concentrations of these elements in the U. lactuca can be related to the influence of territorial factors such as naturally resulting 

higher contents of heavy metals in the water and sediments of certain parts of the Aegean Sea. The area has been subject to very 

high levels of pollution due to industrial activity, municipal wastewaters, agricultural chemicals, oil pollution and airborne 

particles. The macroalgae species are usually used to indicate heavy metal levels in both estuarine and coastal waters throughout 

the world. In benthic food webs, macroalgae are key links and they act as time-integrators of pollutants (Türk Çulha et al., 2010). 

This study compared the amount of the metals. The relative abundance of the heavy metals was always the following Fe > Zn > 

Cu (5667.3, 93.52, 51.18 μg g-1, respectively). An analogous sequence is reported in other paper concerning metal distribution 

in seaweeds (Türkan et al., 1989; Ganesan et al., 1991; Uysal, 1992; Rajendran et al., 1993; Çetingül and Aysel, 1998; Malea 

and Haritonidis, 1999; Caliceti et al., 2002). In algae species collected from all stations, while the lowest level of Pb and Cd were 

also measured. 

 The MPI was calculated to compare the total metal concentrations in the algae of fifteen different stations (Table 2, Figure 

2). The MPI values determined according to the seven metals detected in all algae sampled from each station are as follows; 

Oren (6.89) > Akçay (6.18) > Ayvalık Cunda (4.73) > Alsancak (3.49). MPI values in the green algae seaweed species are 

summarized in Figure 3. The MPI values determined according to the green algae species found in other stations except Çeşme 

Ilıca station are as follows; Alsancak (3.49) > Güzelbahçe (2.69) > Inciraltı (2.63). According to the data obtained from the study, 

it was determined that the metal distributions in the stations differed. The higher metal content in the algae species sampled from 

these 4 stations is related to the amount of metal in the water, the form of the metal (ion, compound, dissolved, etc.) and the 

presence of the metal. It differs in metal concentrations in sampling stations compared to green algae. It has been determined 

that MPI values are high because the sampling stations with the highest metal concentrations are located in Izmir Inner and 

Middle Bay. Studies have shown that algae is a good indicator species for detecting heavy metals in the environment (Rakib et 

al., 2021). 
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Table 2. Average heavy metal concentrations (mg kg-1 dry weight) in marine algae samples of all sampling stations in the 

North Aegean Sea 

 

 

 

 

Figure 2. MPI values of total metal concentrations in all algae at fifteen stations 
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Stations Species Cd Pb Co Cu Ni Zn Fe MPI 

Akçay U. lactuca <0.01 <0.01 1.31 34.34 13.71 1.63 467.54 

6.18 
C. barbata <0.01 <0.01 1.44 22.85 6.24 10.28 340.73 

P. pavonica <0.01 2.34 2.90 11.98 10.10 41.20 2380.74 
U. intestinalis <0.01 6.30 0.40 31.26 17.97 21.36 4146.66 

Oren C. barbata <0.01 <0.01 1.50 32.36 3.18 10.22 640.32 

6.89 

P. pavonica <0.01 1.94 1.64 34.50 3.73 18.77 1034.46 
C. sinuosa <0.01 9.31 5.68 60.70 16.86 54.77 5667.30 

U. linza <0.01 14.01 2.45 39.12 1.93 10.81 280.84 

U. lactuca <0.01 <0.01 <0.01 26.12 1.34 1.67 330.37 
Ayvalık-Cunda Port C. barbata <0.01 1.52 <0.01 18.33 <0.01 13.21 528.41 

4.73 

U. lactuca <0.01 <0.01 1.72 34.53 1.76 11.25 457.07 

U.intestinalis <0.01 <0.01 1.17 24.27 2.83 11.51 972.30 

P. pavonica <0.01 11.4 0.19 31.50 1.51 44.68 1699.32 

U. linza <0.01 1.89 1.00 51.18 3.22 75.97 2132.94 

Ayvalık C. barbata <0.01 <0.01 1.76 23.82 2.32 45.60 838.74 

2.00 
U.intestinalis <0.01 <0.01 0.98 42.53 2.32 10.53 924.42 

P. pavonica <0.01 <0.01 <0.01 44.22 0.66 35.93 1738.08 

U. lactuca <0.01 <0.01 1.57 23.95 <0.01 0.35 1140.54 
Izmir/Dikili Port U.intestinalis <0.01 <0.01 2.82 34.87 <0.01 36.43 647.58 

1.78 
C. barbata <0.01 <0.01 <0.01 14.96 2.77 2.71 519.64 

Izmir/Çandarlı Port U. lactuca <0.01 <0.01 1.97 9.14 0.24 0.53 739.74 
0.85 

U. linza <0.01 <0.01 1.54 7.11 2.69 0.12 221.38 

Izmir/Çandarlı U. lactuca <0.01 <0.01 1.42 9.26 0.34 4.37 546.18 
1.37 

U.intestinalis <0.01 <0.01 <0.01 7.77 2.96 22.46 768.72 

Izmir/Aliağa Port U.intestinalis <0.01 <0.01 <0.01 4.44 2.37 61.10 539.32 
0.83 

C. elongata <0.01 <0.01 <0.01 8.54 7.43 11.51 299.46 
Izmir/Aliağa PETKIM U. lactuca <0.01 <0.01 0.49 7.93 6.36 12.69 304.76 

2.26 C.elongata <0.01 <0.01 2.16 37.94 9.69 71.97 2297.52 

C. fragile <0.01 <0.01 <0.01 2.93 1.64 16.14 526.57 

Izmir/Karşıyaka U. linza <0.01 <0.01 14.38 10.26 1.67 39.83 77.50 1.86 

Izmir/Turan U. lactuca <0.01 <0.01 15.96 10.76 <0.01 29.46 885.72 1.24 

Izmir/Alsancak U.intestinalis <0.01 <0.01 8.91 19.42 8.19 72.04 608.16 3.49 
Izmir/Inciraltı U. lactuca <0.01 <0.01 12.69 15.49 2.72 19.30 827.04 2.63 

Izmir/Güzelbahçe U.intestinalis <0.01 <0.01 4.52 6.66 3.83 32.20 454.89 

2.15 U. lactuca <0.01 <0.01 10.48 11.48 2.85 81.34 364.91 
U. linza <0.01 <0.01 1.93 1.57 <0.01 93.52 295.28 

Izmir/Çeşme-Ilıca P. pavonica <0.01 <0.01 12.32 18.16 <0.01 20.82 1450.80 1.31 
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Table 3. Comparison of heavy metal distribution in marine algae of Türkiye and in the world (μg g-1 dry weight). 

 
Species Sites Fe Zn Cu Pb Cd Ref. 

U. lactuca Izmir and Çandarlı Bay 

(Türkiye) 

34.30-583.80 3.20-37.13 0.39-6.22 0.29-8.40 0.01-0.60 1 

Ulva sp. Izmir Bay (Türkiye) 458-1300 32-80 39 67 31-132 0.56-1.06 2 

Ulva sp. Izmir Bay (Türkiye) -- 8.02 1.82 3.31 0.13 3 

Ulva sp. Aegean Sea (Türkiye) 223-1331 9.10-29.50 1.30-15.34 0.54–3.07 0.42- 3.00 4 
C. barbata Izmir Bay (Türkiye) 258-15060 31.2-150 4.60-56.50 0.0-30.0 0.30-2.40 5 

P. pavonina Izmir and Çandarlı Bay 

(Türkiye) 

40.70- 345.20 3.7-35.40 

0.50-2.60 

1.50-9.86 0.06-0.72 1 

Cystoseira sp. Izmir/Foça (Türkiye) 97.62 10.81 3.78 0.01 0,0052 6 

Cystoseira sp. Izmir/Urla (Türkiye) 212.14 27.17 2.25 0.01 0.19 7 
Codium sp. Izmir Bay (Türkiye) -- 4.89 0.92 3.13 0.14 8 

Codium bursa Izmir Bay (Türkiye) -- 1.98 0.63 1.64 0.18 8 

C.barbata Ayvalık (Türkiye) -- 4.36-7.95 3.12-7.87 20.7-67.44 <0.001 9 

P. pavonica Ayvalık (Türkiye) -- 0.28-3.09 6.95-10.85 24.20-45.35 <0.001 9 

 Ulva sp. Coast of Istanbul (Türkiye) 88.74 6.92 4.92 0.26 0.05 10 

U. intestinalis Kadin Creek (Gokova 
Bay/Türkiye).   

-- 7.20-68.22 1.50-38.95 2.49-8.02 0.01-0.19 11 

C. fragile Thessaloniki Gulf, Aegean Sea 

(Greece) 

-- 105.96 5.07 3.89 0.046 12 

U. lactuca  Iskenderun and Mersin Bay 

(Turkey) 

5828.50 129.0 29.56 12.09 0.24 13 

P. pavonica  Iskenderun and Mersin Bay 
(Turkey) 

777.90 25.48 8.01 5.89 0.24 13 

Cystoseira 

corniculata 

Iskenderun and Mersin Bay 

(Turkey) 

236.23 31.03 10.79 5.83 0.24 13 

U. lactuca Black Sea (Turkey) 1754 -- -- 0.08-1.90 0.09-0.66 14 

U. linza Black Sea (Turkey) -- 7 -- -- -- 14 

C. barbata Black Sea (Turkey) 327 65 5-37 -- -- 14 
U. intestinalis Sürmene Bay (Turkey) -- 351.50 493.00 15.80 -- 15 

Corallina officinalis Aegean Sea (Greece) -- 37.50 0.85 0.02 2.90 16 

U. lactuca  Gulf of Gaeta (Italy) -- 37-54 4.9-6.4 1.67-2.28 0.13-0.21 17 

U. intestinalis Thessaloniki Gulf, (Greece) -- 122.8 9.15 4.62 0.03 12 

P. pavonica Gulf of Gaeta (Italy) -- 45-56 11.8-13.2 0.34-4.82 0.39-0.66 17 

U. lactuca  Suez Gulf (Egypt) 464.10 22.35 5.70 8.69 0.66 18 
U. lactuca Suez Canal (Egypt) 628.00 13.90 8.92 7.19 0.59 18 

Ulva sp. Alexandria region (Egypt) 687.60 12.63 11.71 4.96 0.31 19 

 

*Ref: 1. Tunçer, 1989; 2. Türkan et.al., 1989; 3. Küçüksezgin and Balcı, 1994; 4. Uysal, 1992; 5. Çetingül and Aysel, 1998; 6. 

Akçalı and Küçüksezgin, 2009; 7. Akçalı and Küçüksezgin, 2009; 8. Küçüksezgin and Balcı, 1994; 9. Koçbaş et al., 2018; 10. 

Özden et al., 2019; 11. Yozokmaz et al., 2018; 12. Malea et al., 2015; 13. Erguden et al., 2021; 14. Arici and Bat, 2016; 15. 

Alkan et al., 2020; 16. Sawadis et al., 2001; 17. Conti and Cecchetti, 2003; 18. Mourad and El-Azim, 2019; 19. Saeed and 

Moustafa, 2013. 

  

 

Figure 3. Metal pollution index (MPI) for the forhteen station in the green seaweed species investigated 
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On the basis of our results we conclude that the Aegean Sea has suffered seriously from human impacts, and that the 

characteristics of this region encourage a natural increase in certain elements in the sediments and water, which is then reflected 

in the macroalgae. During each algal genera assorted in its ability to uptake and accumulate individual metals, general 

accumulation trendencies were still evident across all genera of algae. On the basis of the levels of heavy metals observed its 

wide distribution in the North Aegean Sea, this organism achieves a number of preconditions to be considered as an adequate 

biomonitor for future studies. Results obtained so far from macroalgae collected in the coastal waters of Aegean Sea demonstrate 

that there is localized variation in each of the different areas, and that the accumulation of some elements is probably identified 

by their relative concentration in the surrounding water and sediments, by a species’ particular metabolic processes, and by local 

environmental conditions. 

 Moreover, maximum allowed levels of heavy metal have been defined for edible seaweed (Table 4). According to CEVA 

(Centre d'Étude et de Valorisation des Algues) (2014)' s maximum limit in consumable algae, values; U. intestinalis from Green 

algae at Akçay station, U. linza from Green algae at Oren station, C. sinuosa from Brown algae and pavonica from Brown algae 

sampled from Ayvalık-Cunda Port station were found to be well above the limit values for Pb consumption. Since these algae 

are not consumed as food in Türkiye, they do not effect any health risk. 

 

Table 4. Maximal level of heavy metals and iodine authorized in seaweeds (mg kg-1 dry weight) (CEVA, 2014) 

 

Elements Max. Level (mg kg-1 dry weight) 

Inorganic Arsenic (As) 3 

Cadmium (Cd) 0.5 

Mercury (Hg) 0.1 

Lead (Pb) 5 

Tin (Sn) 5 

Iodine (I) 2000 

 

CONCLUSION  

Our results showed that Fe, Ni, Cu, Co and Zn concentrations are higher, but Pb and Cd levels are lower than in the same 

macroalgae species collected from the Aegean Sea in 2009. A comparison of the present results with data reported for similar 

macroalgae species from other Turkish marine environment, suggest that the heavy metal levels are higher in the Aegean 

macroalgae than Bosphorus and Marmara Sea, Mediterranean and Black Sea macroalgae. It has been determined that the 

macroalgae species examined in this study in the North Aegean Sea are good indicator species in determining environmental 

pollution. Compared to other seas, heavy metal concentrations determined in Aegean Sea macroalgae are quite high. Since these 

marine macroalgae are not consumed as food in Turkey, they do not pose any health risk. In future research, it is necessary to 

examine in more detail the exportable and consumable marine macroalgae in terms of heavy metal accumulation and to determine 

the maximum consumable limit values for Türkiye. 
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