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Abstract: This study reports the presence of heavy metals (Cr, Ni, Cu, Cd, Pb) in the 

sediment and water column in the Köyceğiz Lagoon Estuary System (KLES) (South-

West Anatolia). The mean heavy metal concentrations (µg L-1) in the water were found 

as Cr: 3.72-8.36, Ni: 6.51-9.48, Cu: 1.29-11.88, Cd: ND-0.08, Pb: ND-0.34. The heavy 

metal concentrations in water samples were found to be below the internationally 

acceptable limits. The mean heavy metal concentrations (mg kg-1) in the sediment were 

found as Cr: 1.75-4.25, Ni: 5.24-12.69, Cu: 0.25-0.51, Cd: <0.01, Pb: 0.04-0.13. As a 

result of the analyses conducted concerning contamination factor (CF), geo-accumulation 

index (Igeo), pollution load index (PLI), monomial potential ecological risk index (ER), 

and total potential ecological risk index (RI) for heavy metals in the sediment, it was 

deduced that there was not any pollution and moderate or high ecological risks. 
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Özet: Bu çalışmada, Köyceğiz Lagün Östarin Sisteminin (Güney-Batı Anadolu) 

sediment ve su kolonundaki ağır metallerin (Cr, Ni, Cu, Cd, Pb) varlığı ortaya 

konmuştur. Sudaki ortalama ağır metal konsantrasyonları (µg L-1), Cr: 3,72-8,36, Ni: 

6,51-9,48, Cu: 1,29-11,88, Cd: TE-0,08, Pb: TE-0,34 olarak bulunmuştur. Su 

örneklerinde belirlenen ağır metal konsantrasyonlarının uluslararası kabul edilebilir 

limitlerin altında olduğu tespit edilmiştir. Sedimentteki ortalama ağır metal 

konsantrasyonları (mg kg-1) Cr: 1,75-4,25, Ni: 5,24-12,69, Cu: 0,25-0,51, Cd: <0,01, Pb: 

0,04-0,13 olarak belirlenmiştir. Sedimentte belirlenen ağır metal konsantrasyonları 

yönünden yapılan kontaminasyon faktörü (CF), jeobirikim indeksi (Igeo), kirlilik yük 

indeksi (PLI), monomial potansiyel ekolojik risk indeksi (ER) ve toplam potansiyel 

ekolojik risk indeksi (RI) analizleri sonucunda, herhangi bir kirlilik tespit edilmemiş olup 

orta veya yüksek ekolojik risklerin olmadığı sonucuna varılmıştır. 

Anahtar kelimeler 

 Ağır metal 

 Çevre kirliliği 

 Ekolojik risk 

 Lagün 

  

 

1. INTRODUCTION 

Coastal lagoons are important areas for fish species, and due to their abundant nutrient sources, 

they are compared to nurseries with optimum nutrition and development for juvenile fish (Whitfield, 
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1999; Innal and Giannetto, 2020). Being under the impact of both marine and freshwater ecosystems, 

lagoon areas are very rich aquatic habitats. For this reason, fish, sea turtles, and other aquatic animals 

use these habitats for feeding (Gilabert, 2001). The lagoon management concept emerged when it was 

understood that the protection of lagoons is extremely important for the development of aquatic 

animals. The scope of lagoon management includes protecting the ecological characteristics of 

lagoons, preventing the depletion of valuable biological resources, and destruction of sensitive habitats 

(Manzo et al., 2016).  

Iztuzu Lagoon has emerged with the set formed by Iztuzu Beach. Located within the borders of 

Ortaca, Mugla (Southern West Turkey), Iztuzu Beach is a Mediterranean coast with 4.5 km. length. 

This beach is crescent-shaped and has fine sand. The beach has also lagoons with labyrinth-shaped in 

its northeastern part through which waters from Köyceğiz Lake reach into the Mediterranean Sea in 

the west of the beach (Sari et al., 2017). The Times from the UK declared Iztuzu Beach and Lagoon as 

“The Best Open Space Europe” in 2008 after 6-year research (Anonymous, 2018). In 2013, the beach 

was selected as the best 7th beach in Europe by TripAdvisor. The beach is one of the important 

spawning areas of the protected loggerhead turtle Caretta caretta and Nile soft-shelled turtle Trionyx 

triunguis species in the Eastern Mediterranean basin. C. caretta species is also frequently encountered 

in the lagoon area. In this special region, sometimes the freshwaters of Köyceğiz Lake, which is 

located in the north of the lagoon, flows into the seawater, and sometimes seawater flows into the 

lagoon due to the tide effect in Dalyan mouth location. The lagoon area is overcrowded during the 

high season (April-October). The transportation from the hotels to the beach is generally provided via 

boats and this short trip mostly lasts almost 30 minutes. Pollution stress factors for the canal and 

lagoon are tourism, restaurants, boat traffic, agricultural activities, and transportation from Köyceğiz 

Lake.  

Pollutants in water can be defined as physical, chemical, or biological factors that cause harmful 

effects on aquatic life and consumers. With the development of urbanization and industrialization, 

several harmful pollutants are discharged into water (Srivastava et al., 2020). Inorganic and organic 

pollutants (e.g. nutrients, dioxins/furans, heavy metals) pose serious risks to many aquatic organisms 

(Scott and Sloman, 2004; Storelli and Marcotrigiano, 2003). Ecological risk assessment is very 

important to eliminate the negative effects of pollutants in aquatic ecosystems that can affect aquatic 

life. With the understanding of the importance of ecological risk assessment in recent years, many 

studies have been conducted in lagoon ecosystems (Maanan et al., 2015; Mendoza-Carranza et al., 

2016; Shaheen et al., 2019).  

In this study, (1) the heavy metal concentrations detected in the water samples were compared to 

the internationally acceptable limits. (2) pollution risk assessment in terms of heavy metals was made 

in sediments by using some indexes and (3) potential ecological risk levels were determined. 

 

2. MATERIAL and METHODS 

For heavy metal analyses, surface water and sediment samples were taken with grap (Van Veen 

type 0.1 m
2
 sampling area) twice a year (in winter and summer) from the 5 stations (Figure 1). During 

the study, the temperature, pH, and salinity values of the lagoon and open sea surface waters were 

measured with a multiprobe water quality measurement device (YSI Professional Plus). 
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Figure 1. The sampling points for heavy metals. 

 

2.1. Heavy metal analyses in water and sediment samples 
The water samples taken from each one of the stations were filtered through Whatman GF/F filter 

paper in the laboratory, then 15 ml was put into Falcon-type covered tubes. Until the analyses, to 

prevent metal ions dilution from changing, 5 ml nitric acid (HNO3 65%, suprapur) per liter was added 

onto water samples. Water samples were kept in the refrigerator at +4°C until further analysis (ASTM, 

1985). 

After sediment samples were stirred in a plastic cup, 5 sub-samples with 10 gr. were taken and put 

into polyethylene containers separately and nitric acid was added onto them (Moody and Lindstrom, 

1977). From the samples that had been brought to the laboratory under cool conditions, 0.5 gr for each 

one of the samples were taken and mineralized in 3 ml HCl–HNO3–H2O solution for 1 hour at 95°C. 

The mineralized sample was then diluted to 10 ml with ultra-pure water and filtered through 0.70 µm 

GF/F, then it was made ready for the analysis (Sastre et al., 2002). Heavy metal concentrations in the 

water and sediment samples were determined with Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS, Agilent 7700x). For elements Cr, Mn, Cu, Zn, Cd, and Pb, the detection limits (LOD) were 

0.038, 0.064, 0.016, 0.102, 0.0005, and 0.017 μg kg
-1

, respectively. 

The accuracy and certainty of the results of the heavy metal analysis were checked via standard 

reference matter (Sigma-Aldrich


 CRM016- Fresh Water Sediment 3 for Trace Metals) analysis. The 

applied method for sediment in determining recovery rate was applied for CRM016-050 with five 

repetitions. Table 1 presents mean concentrations and recovery rates (%) of certified reference matter 

used for checking the quality of the applied analytical method in heavy metal analyses. According to 

the results, a 90% recovery rate was obtained. 
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Table 1. The analysis results of certificate reference matter (CRM016) for trace metals and recovery rate results 

(mg kg
-1

). 

Element CRM016-050 This study %Recovery 

Cr 14.5 13.8 ± 0.8 95.17 

Ni 16.7 15.1 ± 1.3 90.42 

Cu 15.5 14.2 ± 1.1 91.61 

Cd 0.47 0.43 ± 0.07 91.49 

Pb 14.1 13.9 ± 0.6 98.58 

 

2.2. The calculation of contamination factor 

In the studies which reveal heavy metal contamination in sediment, contamination factor (CF) has 

been a commonly used method. Although the calculation of CF is extremely simple, it provides strong 

data about the current situation. The calculation was made according to the formula of Tomlinson et 

al. (1980) below: 

CF =
𝐶𝑚𝑒𝑡𝑎𝑙

𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 
 

In the formula, Cmetal refers to the obtained metal concentration; Cbackground refers to the estimated 

mean concentration in sediment for that metal. These reference values are cited from Taylor and 

McLennan (2001). Contamination factor results were evaluated according to Hakanson (1980) as 

below: 

CF<1 low contamination, 

1≤CF<3 moderate contamination, 

3≤CF<6 high contamination, 

CF>6 very high contamination 

 

2.3. The calculation of the geo-accumulation index 
Geoaccumulation index (Igeo) is a scale of values used for specifying the level of terrestrial-based 

heavy metal accumulation in sediment. It was developed by Müller (1969) for revealing anthropogenic 

modifications in heavy metal concentrations in coastal areas and is calculated via the formula below: 

Igeo = log2
𝐶𝑚𝑒𝑡𝑎𝑙

1.5 × 𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 
 

In the formula Cmetal and Cbackground refer to the same concepts as in CF formula. The obtained results 

were evaluated in relation with 7 levels suggested by Müller (1981). These levels are shown below: 

I geo = 0  → level 0→ Unpolluted/practically uncontaminated 

= 0-1  → level 1→ Unpolluted to moderated/uncontaminated to moderately contaminated 

= 1-2 → level 2→ Moderated polluted/moderately contaminated 

= 2-3  → level 3→ Moderated to high polluted/moderately to heavily contaminated 

= 3-4 → level 4→ Highly polluted/heavily contaminated 

= 4-5  → level 5→ Highly to extremely polluted/heavily to extremely contaminated 

= >5  → level 6→ Extremely polluted/ Extremely contaminated 

2.4. The calculation of Pollution load index (PLI) 
PLI is used for determining pollution load in sediment. It is calculated by the formula below 

(Tomlinson et al., 1980): 

PLI = (CF1 × CF2 × CF3 × … × CFn) × 1/n 

In the formula, CF refers to contamination factor; n refers to metal number. According to the 

obtained results, for sediment it is suggested as; PLI = 0 “Distinguished”, PLI <1 “No pollution”, PLI 

>1 “Polluted”. 
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2.5. Potential ecological risk indexes 
The potential ecological risk index developed by Hakanson (1980) was used to evaluate the 

negative effects of pollutants on the environment and therefore the ecological sensitivity of pollutants. 

Monomial (for a single element) potential ecological risk index (ER) was calculated according to the 

formula below: 

ER = T𝑖 × CF𝑖 

where CFi is the contamination factor value calculated for metal i, and Ti refers to the toxic 

response coefficient for metal i. In this study, the toxic response coefficients suggested by Hakanson 

(1980) were used as Cr = 2, Ni, Cu, Pb = 5, Cd = 30. The obtained ER results were evaluated as 

ER<40 “low ecological risk”, 40≤ER<80 “moderate ecological risk”, 80≤ER<160 “considerable 

ecological risk”, 160≤ER<320 “high ecological risk” and ER≥320 “very high ecological risk” (Li et 

al., 2017).  

In addition, total potential ecological risk index (RI) evaluation was made for all studied elements. 

RI represents the sensitivity of various biological communities and the possible risks posed by heavy 

metals (Ogundele et al., 2020). RI was calculated according to the formula below: 

RI = ∑ ER𝑛
𝑖=1  

where n refers to the number of metals studied. RI values were graded as follows: RI<150 “low 

ecological risk”, 150≤RI<300 “moderate ecological risk”, 300≤RI<600 “severe ecological risk” and 

RI>600 “serious ecological risk” (Hakanson, 1980; Guo et al., 2010; Ogundele et al., 2020). 

2.6. Statistical analyses 

For the statistical analyses of the data, IBM SPSS version 22.0 was used. To compare stations, one-way 

ANOVA followed by post hoc LSD was applied. 

 

3. RESULTS and DISCUSSION 

The temperature, salinity and pH values measured from the surface of the lagoon and open sea are 

presented in the Table 2.  

 

Table 2. Minimum and maximum temperature, salinity and pH values of surface water. 

 Water Temperature (°C) Salinity (mg L
-1

) pH 

Lagoon 18.77-19.65 17.92-25.21 9.02-9.33 

Open sea 20.75-20.83 34.11-36.29 8.32-8.96 

 

The mean heavy metal concentrations of surface water samples and guideline values based on the 

WHO (2011), USEPA (1995, 2009), EC (1998) are presented in Table 3. 

Heavy metals are accepted as a major anthropogenic contaminant in coastal zones. Due to their 

toxicity, persistence, and bioaccumulation characteristics, they present a threat to both human beings 

and aquatic organisms (DeForest et al., 2007; Ruilian et al., 2008). In this study, the highest 

concentrations in water samples were found as Ni>Cr>Cu>Pb>Cd respectively. In a study conducted 

in Huelva (Spain) region, in estuaries waters the concentrations were found to be similar to our study 

as Cu>Pb>Cd (Vicente-Martorell et al., 2009). ANOVA followed by Tukey post hoc LSD tests 

revealed no statistical differences between stations in terms of heavy metal concentrations in the water 

samples (p>0.05). It was determined that the heavy metal concentrations detected in the water samples 

did not exceed the minimum limits set by WHO (2011), USEPA (1995, 2009), and EC (1998) (Table 

3). 

 

 



Yabanlı et al., 2022 Acta Aquat. Turc., 18(1): 109-120 114 

 

 

 

 

Table 3. The mean heavy metal concentrations were determined in water samples and guideline values (µg L
-1 

± 

s.e.). 

Elements 
Stations WHO 

(mg L-1) 

USEPA 

(mg L-1) 

EC 

(mg L-1) 1 2 3 4 5 

Cr 3.78 ± 0.36 3.72 ± 0.11 4.56 ± 0.28 5.73 ± 0.97 8.36 ± 1.04 0.05 0.1 0.05 

Ni 9.48 ± 1.27 7.36 ± 1.05 6.61 ± 0.42 6.51 ± 1.01 8.11 ± 0.91 0.02 0.1 0.02 

Cu 4.43 ± 0.61 4.53 ± 0.33 1.29 ± 0.14 1.31 ± 0.27 11.88 ± 2.26 2 1.3 2 

Cd 0.08 ± 0.02 *N.D. *N.D. *N.D. 0.02 ± 0.004 0.003 0.005 0.005 

Pb 0.32 ± 0.09 0.34 ± 0.09 0.32 ± 0.10 *N.D. *N.D. 0.01 0.015 0.005 
  *N.D.: not detected.  

 

The heavy metal concentrations in water samples reported from previous studies in the Köyceğiz-

Dalyan Lagoon basin are given in Table 4. 

 

Table 4. A comparison of the results of the current study with previous studies in the region (min-max µg L
-1

). 

Element Location Concentration Current study References 

Cr 

Dalyan channel    27.76 - 209.60 

3.72 - 8.36 Avşar et. al. (2017) 

Köyceğiz Lake    25.82 - 38.57 

Sülüngür Lake    25.34 - 55.63 

Alagöl Lake  173.20 - 291.40 

Kocagöl Lake    37.00 

Köyceğiz Lagoon System      0.71 ± 0.28  Genç and Yilmaz (2017) 

Ni 

Dalyan channel      1.00 - 32.00 

6.51 - 9.48 Avşar et. al. (2017) 
Köyceğiz Lake      2.00 - 9.00 

Alagöl Lake   ˂ 0.10 - 101.00 

Sülüngür Lake      7.00 - 12.00 

Cu 

Köyceğiz Lagoon System      0.03  Genç and Yilmaz (2017) 

Dalyan channel   ˂ 0.02 

1.29 - 11.88 Avşar et. al. (2017) 
Köyceğiz Lake   ˂ 0.02 - 31.00 

Alagöl Lake   ˂ 0.02 

Sülüngür Lake   ˂ 0.02 

Cd Köyceğiz Lagoon System      1.15 ± 0.34 0.02 - 0.08 Genç and Yilmaz (2017) 

Pb 

Dalyan channel     14.14 - 169.14 

0.32 - 0.34 Arslan and Avşar (2020) 
Köyceğiz Lake     14.82 - 91.15 

Alagöl Lake   149.50 - 173.40 

Sülüngür Lake  13.69 - 29.00 

 

Ni and Cu concentrations detected in the water samples in this study were found to be at higher 

levels when compared to previous studies conducted in the region (Table 4). However, Ni and Cu 

values in water did not exceed the international limits specified in Table 3. In previous studies 

conducted in Köyceğiz Lake and Dalyan canal, it was stated that heavy metal pollution in the water 

may be caused by agricultural activities, thermal springs in the region, and the transport of substances 

from tributaries waterways (Yılmaz, 2009; Genç and Yılmaz, 2016; Arslan and Avşar, 2020).  

3.1. Determined Pollution Indices in Sediment Samples  

Table 5 presents the mean values obtained from heavy metal analyses of sediment samples. 
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Table 5. The mean heavy metal concentrations determined in sediment samples (mg kg
-1 

± s.e.). 

Elements 
Stations 

1 2 3 4 5 

Cr 4.25 ± 0.13 3.52 ± 0.41 1.75 ± 0.22 3.79 ± 0.57 2.44 ± 0.32 

Ni 12.69 ± 0.59 10.21 ± 1.06 5.24 ± 0.96 12.37 ± 1.14 8.56 ± 0.99 

Cu 0.51 ± 0.09 0.46 ± 0.08 0.30 ± 0.06 0.30 ± 0.05 0.25 ± 0.04 

Cd < 0.01 

Pb 0.13 ± 0.01 0.13 ± 0.01 0.04 ± 0.01 0.13 ± 0.03 0.08 ± 0.02 

 

3.2. CF 
CF values calculated for each metal in all the stations were found below 1. Accordingly, there was 

low contamination in terms of sediment in the studied stations (CF<1). In a study conducted in 

Manaduky estuaries on the western coast of India, likewise our study, low contamination (CF<1) was 

determined in sediment in terms of the same elements (Kumar and Edward, 2009). In the sediment 

from Delimi River (Nigeria), significant contamination was found at the level of 3≤CF≤6 in terms of 

Cd, high contamination was found in terms of Cd and Cr (CF>6) in Emet Stream (Kutahya, Turkey) as 

well as in terms of Ni in Orhaneli Stream (Bursa, Turkey) (Sabo et al., 2013; Omwene et al., 2018). 

3.3. I-geo 
According to I-geo results, there was not any heavy metal contamination observed in sediment 

samples taken from the studied stations (I-geo = 0). In the sediment from Köyceğiz Lagoon System, a 

highly polluted in terms of Cr was observed in the summer season (Genç and Yılmaz, 2016). In a 

study carried on Mangkabong lagoon (Malaysia), there was not found any contamination in terms of 

copper in sediment samples (level 0) like this study, however in terms of lead, level 1 I-geo was 

determined (Praveena et al., 2008). The I-geo results determined for Seyhan Dam Lake (Adana, 

Turkey), report that sediment was moderated polluted (level 2) and moderated to high polluted (level 

3) in terms of cadmium and unpolluted in terms of chromium and copper (Çevik et al., 2009). When I-

geo results calculated for surface sediment of Gulf of Suez were examined, extreme contamination in 

some of the stations especially in terms of nickel was observed (Khaled et al., 2006). In another study 

conducted in the Central Black Sea (Turkey), it was claimed that there was not any contamination in 

the sediment in terms of Cr, Cu, and Pb but moderately high contamination was detected in terms of 

Cd (Şimşek and Bakan, 2017). 

3.4. PLI 
As a result of calculations made in terms of evaluated heavy metals, PLI value was found as 0.04 

which indicated that the sediment was “unpolluted” as it was below 1. Genç and Yılmaz (2016), 

determined metal pollution caused from anthropogenic activities in Köyceğiz Lagoon System as a 

result of PLI calculations and claimed that this pollution increased during summer months. Omwene et 

al. (2018) found PLI values between 0.65-2.58 which they obtained as a result of different calculations 

from different stations in Mustafakemalpaşa, Orhaneli, and Emet Streams in North-Western Turkey. 

These high PLI values were reported to be potentially caused by industrial and mining activities in the 

region as well as by geological conditions. In another study which had similar results with the current 

study, PLI values were detected as <1 in an effluent channel and Dikrong River in India (Chakravarty 

and Patgiri, 2009; Kumar and Thakur, 2017).  

3.5. ER and RI 
According to the potential risk index calculations for a single heavy metal, ER was found as <40 in 

sediment samples taken from all the stations for each heavy metal under consideration. Therefore, low 

ecological risk was determined in terms of the studied heavy metals and it was concluded that there 

was no hazardous ecological risk for the aquatic life of Iztuzu Canal and Lagoon. Similarly, some 

researchers reported ER values as <40 for all the elements under consideration except Cd, in the coast 
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of Tamil Nadu (India) (Devanesan et al. 2017), coastal lagoons in south-east Brazil (Fernandes, 1997), 

and a lagoon in southern Mexico (Mendoza-Carranza et al., 2016). Genç and Yılmaz (2018), found ER 

values as 80≤ER≤160 for Cd during the winter season in Köyceğiz Lagoon System.  

In this study, the RI values obtained for all stations are <150, and there is a low ecological risk for 

the lagoon and the canal. In contrast to this study, moderate ecological risk in port sediment in Tianjin 

(China) and a lagoon in southern Mexico (Guo et al., 2010; Mendoza-Carranza et al., 2016), a very 

high ecological risk at some stations in Nador Lagoon (Morocco) (Maanan et al., 2015) were 

observed. 

 

4. CONCLUSION 

Ranking of heavy metals in water and sediment for the study area was determined as 

Ni>Cr>Cu>Pb>Cd according to the sum of the mean element concentrations of all the stations for the 

channel and lagoon. As a result of the analysis, it can be concluded that the heavy metal 

concentrations determined in the water samples do not exceed the internationally acceptable limits. 

According to CF, I-geo, PLI, ER, RI index calculations made for heavy metal concentrations detected 

in sediment, there is not any significant pollution and moderate or high ecological risk observed in this 

study.  

 

ACKNOWLEDGEMENT  

The authors would like to thank Dr. Daniela GIANNETTO (Mugla Sitki Kocman University, 

Mugla, Turkey) and Dr. Nisan YOZUKMAZ (Pamukkale University, Denizli, Turkey) for their 

contribution to the editing of the manuscript and for helpful comments. A part of this study was 

presented as an oral presentation at International Marine & Freshwater Sciences Symposium 

(MarFresh2018). 

 

FUNDING 

This study was supported by Mugla Sitki Kocman University Scientific Research Projects Office 

(BAP 13/106 and BAP 16/016). 

 

CONFLICT of INTEREST 

The authors declare that they have no conflict of interest. 

 

AUTHOR CONTRIBUTIONS 

Murat YABANLI, Aykut YOZUKMAZ, İdris ŞENER and Tülin ÇOKER performed the samples 

collection, laboratory process, interpretation of the data and writing the paper. Hatice 

HASANHOCAOĞLU YAPICI and Esra ÇETİN KASA contributed in samples collection and data 

processing. 

 

ETHICAL STATEMENTS 

Not applicable. 

 

DATA AVAILABILITY STATEMENT 

The data used during the current study are available from the corresponding author on a reasonable 

request. 

 

 



Yabanlı et al., 2022 Acta Aquat. Turc., 18(1): 109-120 117 

 

 

 

 

REFERENCES 

Anonymous. (2018). https://www.thetimes.co.uk/article/green-spaces-dalyan-turkey-2jh3x5cnxwp 

[Accessed 14 November 2018] 

Arslan, Ş., & Avşar, Ö. (2020). Assessment of heavy metal pollution in Köyceğiz-Dalyan coastal 

lagoon watershed (Muğla) SW Turkey. Arabian Journal of Geosciences, 13(15), 1-11. 

https://doi.org/10.1007/s12517-020-05690-3  

ASTM. (1985). Standard Specification for Reagent Water. Annual Book of Standards. Vol. 11.01. 

Philadelphia, PA, D1193-77. 

Avşar, Ö., Avşar, U., Arslan, Ş., Kurtuluş, B., Niedermann, S., & Güleç, N. (2017). Subaqueous hot 

springs in Köyceğiz Lake, Dalyan Channel and Fethiye-Göcek Bay (SW Turkey): Locations, 

chemistry and origins. Journal of Volcanology and Geothermal Research, 345, 81-97. 

https://doi.org/10.1016/j.jvolgeores.2017.07.016  

Chakravarty, M., & Patgiri, A.D. (2009). Metal pollution assessment in sediments of the Dikrong 

River, NE India. Journal of Human Ecology, 27(1), 63-67. 

https://doi.org/10.1080/09709274.2009.11906193  

Çevik, F., Göksu, M.Z.L., Derici, O.B., & Fındık, Ö. (2009). An assessment of metal pollution in 

surface sediments of Seyhan dam by using enrichment factor, geoaccumulation index and 

statistical analyses. Environmental Monitoring and Assessment, 152(1), 309-317. 

https://doi.org/10.1007/s10661-008-0317-3  

DeForest, D.K., Brix, K.V., & Adams, W.J. (2007). Assessing metal bioaccumulation in aquatic 

environments: the inverse relationship between bioaccumulation factors, trophic transfer factors 

and exposure concentration. Aquatic Toxicology, 84(2), 236-246. 

https://doi.org/10.1016/j.aquatox.2007.02.022  

Devanesan, E., Gandhi, M.S., Selvapandiyan, M., Senthilkumar, G., & Ravisankar, R. (2017). Heavy 

metal and potential ecological risk assessment in sediments collected from Poombuhar to 

Karaikal Coast of Tamilnadu using Energy dispersive X-ray fluorescence (EDXRF) technique. 

Beni-Suef University Journal of Basic and Applied Sciences, 6(3), 285-292. 

https://doi.org/10.1016/j.bjbas.2017.04.011  

EC. (1998). Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for 

human consumption. 

Fernandes, H.M. (1997). Heavy metal distribution in sediments and ecological risk assessment: the 

role of diagenetic processes in reducing metal toxicity in bottom sediments. Environmental 

Pollution, 97(3), 317-325. https://doi.org/10.1016/S0269-7491(97)00004-3  

Genç, T.O., & Yilmaz, F. (2016). Risk Assessment and Accumulation of Metals in Sediment of 

Köyceğiz Lagoon System, Turkey. Journal of Advances in Agriculture, 6(1), 804-812. 

https://doi.org/10.24297/jaa.v6i1.5386  

Genç, T. O., & Yilmaz, F. (2017). Metal accumulations in water, sediment, crab (Callinectes sapidus) 

and two fish species (Mugil cephalus and Anguilla anguilla) from the Köyceğiz lagoon system–

Turkey: an index analysis approach. Bulletin of environmental contamination and toxicology, 

99(2), 173-181. https://doi.org/10.1007/s00128-017-2121-7  

Genç, T. O., & Yılmaz, F. (2018). Heavy metals content in water, sediment, and fish (Mugil cephalus) 

from Koycegiz lagoon system in Turkey: Approaches for assessing environmental and health 

risk. Journal of Agricultural Science and Technology, 20(1), 71–82. 

http://jast.modares.ac.ir/article-23-321-en.html  

Gilabert, J. (2001). Seasonal phytoplankton dynamics in a Mediterranean hypersaline coastal lagoon: 

Mar Menor. Journal of Plankton Research, 23(2): 207-217. 

https://doi.org/10.1093/plankt/23.2.207  

https://www.thetimes.co.uk/article/green-spaces-dalyan-turkey-2jh3x5cnxwp
https://doi.org/10.1007/s12517-020-05690-3
https://doi.org/10.1016/j.jvolgeores.2017.07.016
https://doi.org/10.1080/09709274.2009.11906193
https://doi.org/10.1007/s10661-008-0317-3
https://doi.org/10.1016/j.aquatox.2007.02.022
https://doi.org/10.1016/j.bjbas.2017.04.011
https://doi.org/10.1016/S0269-7491(97)00004-3
https://doi.org/10.24297/jaa.v6i1.5386
https://doi.org/10.1007/s00128-017-2121-7
http://jast.modares.ac.ir/article-23-321-en.html
https://doi.org/10.1093/plankt/23.2.207


Yabanlı et al., 2022 Acta Aquat. Turc., 18(1): 109-120 118 

 

 

 

 

Guo, W., Liu, X., Liu, Z., & Li, G. (2010). Pollution and potential ecological risk evaluation of heavy 

metals in the sediments around Dongjiang Harbor, Tianjin. Procedia Environmental Sciences, 2, 

729-736. https://doi.org/10.1016/j.proenv.2010.10.084  

Hakanson, L. (1980). Ecological risk index for aquatic pollution control, a sedimentological approach. 

Water Research, 14: 975–1001s. https://doi.org/10.1016/0043-1354(80)90143-8  

Innal, D., Giannetto, D. (2020). Occurrence of Gambusia holbrooki Girard, 1859 (Poeciliidae) in four 

Mediterranean river estuaries of Turkey, nursery habitats of several native and threatened 

species. Acta Zoologica Bulgarica 72(4), 553-560. http://www.acta-zoologica-

bulgarica.eu/00SIO_4_01  

Khaled, A., El Nemr, A., & El Sikaily, A. (2006). An assessment of heavy-metal contamination in 

surface sediments of the Suez Gulf using geoaccumulation indexes and statistical analysis. 

Chemistry and Ecology, 22(3), 239-252. https://doi.org/10.1080/02757540600658765  

Kumar, S.P., & Edward, J.K. (2009). Assessment of metal concentration in the sediment cores of 

Manakudy estuary, south west coast of India. Indian Journal of Marine Science, 38(2): 235-248. 

http://nopr.niscair.res.in/handle/123456789/4674  

Kumar, V., & Thakur, R.K. (2017). Pollution load of SIDCUL effluent with reference to heavy metals 

accumulated in sediments using pollution load index (PLI) and geo-accumulation index (I-geo) 

at Haridwar (Uttarakhand), India. Journal of Environment and Biosciences, 31(1), 163-168. 

Li, N., Tian, Y., Zhang, J., Zuo, W., Zhan, W., & Zhang, J. (2017). Heavy metal contamination status 

and source apportionment in sediments of Songhua River Harbin region, Northeast China. 

Environmental Science and Pollution Research, 24(4), 3214-3225. 

https://doi.org/10.1007/s11356-016-7132-0  

Maanan, M., Saddik, M., Maanan, M., Chaibi, M., Assobhei, O., & Zourarah, B. (2015). 

Environmental and ecological risk assessment of heavy metals in sediments of Nador lagoon, 

Morocco. Ecological Indicators, 48, 616-626. https://doi.org/10.1016/j.ecolind.2014.09.034  

Manzo, C., Fabbrocini, A., Roselli, L., & D’Adamo, R. (2016). Characterization of the fish 

assemblage in a Mediterranean coastal lagoon: Lesina Lagoon (central Adriatic Sea). Regional 

Studies in Marine Science, 8, 192-200. https://doi.org/10.1016/j.rsma.2016.04.003  

Mendoza-Carranza, M., Sepúlveda-Lozada, A., Dias-Ferreira, C., & Geissen, V. (2016). Distribution 

and bioconcentration of heavy metals in a tropical aquatic food web: a case study of a tropical 

estuarine lagoon in SE Mexico. Environmental Pollution, 210, 155-165. 

https://doi.org/10.1016/j.envpol.2015.12.014  

Moody, J.R., & Lindstrom, R.M. (1977). Selection and cleaning of plastic containers for storage of 

trace element samples. Analytical Chemistry, 49(14), 2264-2267. 

https://doi.org/10.1021/ac50022a039  

Müller, G. (1969). Index of geoaccumulation in sediments of the Rhine River. Geojournal, 2, 108-

118s. 

Müller, G. (1981). The heavy metal pollution of the sediments of Neckars and its tributary: a 

stocktaking. Chemiker Zeitung, 105: 157-164s. 

Ogundele, L.T., Ayeku, P.O., Adebayo, A.S., Olufemi, A.P., & Adejoro, I.A. (2020). Pollution Indices 

and Potential Ecological Risks of Heavy Metals in the Soil: A Case Study of Municipal Wastes 

Site in Ondo State, Southwestern, Nigeria. Polytechnica, 3: 78-86. 

https://doi.org/10.1007/s41050-020-00022-6  

Omwene, P.I., Öncel, M.S., Çelen, M., & Kobya, M. (2018). Heavy metal pollution and spatial 

distribution in surface sediments of Mustafakemalpaşa stream located in the world's largest 

borate basin (Turkey). Chemosphere, 208, 782-792. 

https://doi.org/10.1016/j.chemosphere.2018.06.031  

https://doi.org/10.1016/j.proenv.2010.10.084
https://doi.org/10.1016/0043-1354(80)90143-8
http://www.acta-zoologica-bulgarica.eu/00SIO_4_01
http://www.acta-zoologica-bulgarica.eu/00SIO_4_01
https://doi.org/10.1080/02757540600658765
http://nopr.niscair.res.in/handle/123456789/4674
https://doi.org/10.1007/s11356-016-7132-0
https://doi.org/10.1016/j.ecolind.2014.09.034
https://doi.org/10.1016/j.rsma.2016.04.003
https://doi.org/10.1016/j.envpol.2015.12.014
https://doi.org/10.1021/ac50022a039
https://doi.org/10.1007/s41050-020-00022-6
https://doi.org/10.1016/j.chemosphere.2018.06.031


Yabanlı et al., 2022 Acta Aquat. Turc., 18(1): 109-120 119 

 

 

 

 

Praveena, S.M., Ahmed, A., Radojevic, M., Abdullah, M.H., & Aris, A.Z. (2008). Multivariate and 

geoaccumulation index evaluation in mangrove surface sediment of Mengkabong Lagoon, 

Sabah. Bulletin of Environmental Contamination and Toxicology, 81(1), 52-56. 

https://doi.org/10.1007/s00128-008-9460-3  

Ruilian, Y.U., Xing, Y., Yuanhui, Z.H.A.O., Gongren, H.U., & Xianglin, T. U. (2008). Heavy metal 

pollution in intertidal sediments from Quanzhou Bay, China. Journal of Environmental 

Sciences, 20(6), 664-669. https://doi.org/10.1016/S1001-0742(08)62110-5  

Sabo, A., Gani, A.M., & Ibrahim, A.Q. (2013). Pollution status of heavy metals in water and bottom 

sediment of River Delimi in Jos, Nigeria. American Journal of Environmental Protection, 1(3), 

47-53. https://doi.org/10.12691/env-1-3-1  

Sari, F., Koseler, A., & Kaska, Y. (2017). First observation of multiple paternity in loggerhead sea 

turtles, Caretta caretta, nesting on Dalyan Beach, Turkey. Journal of Experimental Marine 

Biology and Ecology, 488, 60-71. https://doi.org/10.1016/j.jembe.2016.11.018  

Sastre, J., Sahuquillo, A., Vidal, M., & Rauret, G. (2002). Determination of Cd, Cu, Pb and Zn in 

environmental samples: microwave-assisted total digestion versus aqua regia and nitric acid 

extraction. Analytica Chimica Acta, 462(1), 59-72. https://doi.org/10.1016/S0003-

2670(02)00307-0  

Scott, G.R., & Sloman, K.A. (2004). The effects of environmental pollutants on complex fish 

behaviour: integrating behavioural and physiological indicators of toxicity. Aquatic Toxicology, 

68(4), 369-392. https://doi.org/10.1016/j.aquatox.2004.03.016  

Shaheen, S.M., Abdelrazek, M.A., Elthoth, M., Moghanm, F.S., Mohamed, R., Hamza, A., ... & 

Rinklebe, J. (2019). Potentially toxic elements in saltmarsh sediments and common reed 

(Phragmites australis) of Burullus coastal lagoon at North Nile Delta, Egypt: a survey and risk 

assessment. Science of the Total Environment, 649, 1237-1249. 

https://doi.org/10.1016/j.scitotenv.2018.08.359  

Srivastava, V., Zare, E.N., Makvandi, P., Zheng, X.Q., Iftekhar, S., Wu, A., ... & Sillanpaa, M. (2020). 

Cytotoxic aquatic pollutants and their removal by nanocomposite-based sorbents. Chemosphere, 

127324. https://doi.org/10.1016/j.chemosphere.2020.127324  

Storelli, M.M., & Marcotrigiano, G.O. (2003). Heavy metal residues in tissues of marine turtles. 

Marine Pollution Bulletin, 46(4), 397-400. https://doi.org/10.1016/S0025-326X(02)00230-8  

Șimșek, A., & Bakan, G. (2017). Assessment at mid-Black Sea coast of Turkey for recovery valuable 

heavy metals from sediments. European Water, (58), 173-177. 

http://www.ewra.net/ew/pdf/EW_2017_58_25.pdf  

Taylor, S.R., & McLennan, S.M. (2001). Chemical composition and element distribution in the 

Earth’s crust. Encyclopedia of Physical Science and Technology, 312, 697-719. 

https://doi.org/10.1016/B0-12-227410-5/00097-1  

Tomlinson, D.L., Wilson, J.G., Harris, C.R., & Jeffrey, D.W. (1980). Problems in the assessment of 

heavy-metal levels in estuaries and the formation of a pollution index. Helgoländer 

meeresuntersuchungen, 33(1-4), 566-575. https://doi.org/10.1007/BF02414780  

USEPA. (1995). Nickel Drinking Water Health Advisory. U.S. Environmental Protection Agency, 

PB96-189345. 

USEPA. (2009). National primary drinking water regulations. U.S. Environmental Protection Agency, 

EPA 816-F-09-004. 

Vicente-Martorell, J.J., Galindo-Riaño, M.D., García-Vargas, M., & Granado-Castro, M.D. (2009). 

Bioavailability of heavy metals monitoring water, sediments and fish species from a polluted 

estuary. Journal of Hazardous Materials, 162(2-3), 823-836. 

https://doi.org/10.1016/j.jhazmat.2008.05.106  

https://doi.org/10.1007/s00128-008-9460-3
https://doi.org/10.1016/S1001-0742(08)62110-5
https://doi.org/10.12691/env-1-3-1
https://doi.org/10.1016/j.jembe.2016.11.018
https://doi.org/10.1016/S0003-2670(02)00307-0
https://doi.org/10.1016/S0003-2670(02)00307-0
https://doi.org/10.1016/j.aquatox.2004.03.016
https://doi.org/10.1016/j.scitotenv.2018.08.359
https://doi.org/10.1016/j.chemosphere.2020.127324
https://doi.org/10.1016/S0025-326X(02)00230-8
http://www.ewra.net/ew/pdf/EW_2017_58_25.pdf
https://doi.org/10.1016/B0-12-227410-5/00097-1
https://doi.org/10.1007/BF02414780
https://doi.org/10.1016/j.jhazmat.2008.05.106


Yabanlı et al., 2022 Acta Aquat. Turc., 18(1): 109-120 120 

 

 

 

 

Yilmaz, F. (2009). The comparison of heavy metal concentrations (Cd, Cu, Mn, Pb, and Zn) in tissues 

of three economically important fish (Anguilla anguilla, Mugil cephalus and Oreochromis 

niloticus) inhabiting Koycegiz Lake-Mugla (Turkey). Turkish Journal of Science & Technology, 

4(1).  

Whitfield, A.K. (1999). Ichthyofaunal assemblages in estuaries: a South African case study. Reviews 

in Fish Biology and Fisheries, 9(2), 151-186. https://doi.org/10.1023/A:1008994405375  

WHO. (2011). Guidelines for drinking-water quality- 4th ed. World Health Organization, Geneva. 

https://doi.org/10.1023/A:1008994405375

