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ABSTRACT. Anthropogenic activities have increasingly threatened aquatic 

ecosystems with the gradual increase of metalloids in the lake sediment. The profile of 

Al, As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, and Zn metal(loid)s that have been 

investigated in natural Boraboy Lake have been investigated in sediment. Their 

amounts in the sediment have been found as 

Mn>Fe>Al>Zn>Cu>Cr>Ni>Co>Pb>As>Mo>Cd. The findings have been analyzed 

using sediment quality values. The Enrichment Factor, one of the sediment quality 

values, has indicated that the lake has highly enriched in As, Cd, Co, Cr, Cu, Mn, Ni, 

Pb, and Zn. In addition to that, it has been detected that As, Ni, and Cu together 

constituted the 67% of the total toxic effect. While the mean value of Cu has been 

found to be higher than the reference value of the earth's crust at, 58.1±6.8 ppm, the 

mean values of As and Ni have been found to be lower than the reference value of the 

earth's crust (9.4±0.7 ppm) and (18.8±12.8 ppm) respectively. As and Cu have been 

detected above the Threshold Effect Level. Despite all these results, it has been 

revealed through sediment quality indexes that there is no threatening accumulation in 

the lake. 

 

1. INTRODUCTION 

Due to their ability to accumulate metal(loid)s (Ms), sediments are generally 

defined as aquatic cleaners of Ms [1]. Ms are found in the natural composition 

of the earth crust; however they have been gradually increasing in lake sediments 

with anthropogenic effects. Increasing Ms level has toxicological effects on both 

wetland and organisms in wetland when it is over a certain threshold value. 

Therefore, it is crucial to study the possible ecotoxicological effects of a 

metal(loid) and to reveal the Ms-Ms interactions of a lake [2]. Ms, which are 

harmless and naturally found in trace amounts in the earth crust, have been 

subject to many studies in which they generate ecotoxicological stress in 

wetlands due to anthropogenic effects such as industry, agriculture, trade, etc. 

[3-6]. It is very important to determine the distribution of Ms to stations in a 

sediment and to identify the spatial points where it is concentrated. Therefore, it 

is shown by these studies that such studies are of great importance in terms of 

timely intervention. 
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The Ms concentrations acquired from the sediment are not meaningful on their 

own. The results are only meaningful when they are evaluated with background 

level and sediment quality guides [6]. Thus, in investigation of the sources 

(natural/anthropogenic) of Ms, background levels such as probable effect level 

(PEL), threshold effect level (TEL), effects range low (ERL), and effects range 

median (ERM) and sediment evaluation methods such as Degree of 

Contamination (Cd), Modified Degree of Contamination (mCd), Contamination 

factor (Cf
i) and Enrichment factor (EF), Geoaccumulation index (Igeo), Toxic unit 

(TU), Pollution Load Index (PLI), mean ERM quotients (m-ERM-q) and mean 

PEL quotients (m-PEL-q) have been frequently used in the literature [3-6] The 

separation of the source of an Ms in the sediment provides important information 

about the contamination degree of that Ms. It also offers advantages in 

determining and maintaining the health status of the lake water system [2]. 

Boraboy Lake is 750 m long in general and 100 m wide in the eastern half and 

200 m wide in the western half. It has a perimeter of 2 km and an area of 11 ha 

(0.11 km2). The lake is generally used for irrigation of agricultural areas and 

recreation [7]. In the study, 13 different Ms in the sediment of Boraboy Lake, 

which is an important natural lake, have been investigated in terms of both 

accumulation and ecological hazard. The amounts of these metals have been 

interpreted using the sediment quality guidelines (SQGs) limit values, and their 

effects have been evaluated through the sediment assessment indexes. Ms-Ms 

accumulation relations have also been examined using multivariate statistical 

analysis. The main objective of this study is to understand the current Ms 

composition of the lake by determining the distribution of Ms at the stations in 

the sediment of Lake Boraboy. 

 

2. MATERIALS AND METHODS 

A total of 15 samples were taken from the surface sediment at one time in 

October 2021 (Figure 1, Table 1). The samples collected were sent directly to 

Bureau Veritas Mineral Laboratories Canada (ACME LAB.) and analyzed 

according to the AQ270 method. Duplicate, reference material and blank results 

and detection limits are as in Table 2. 

 



 

 

 

 Ş. FİKİRDEŞİCİ ERGEN 89 

 

Figure 1. Boraboy Lake stations 

 

Table 1. Coordinates of work stations 

Station No Latitude Longitude 

1 40°48'15.53"K 36° 9'29.03"D 

2 40°48'15.02"K 36° 9'24.10"D 

3 40°48'15.04"K 36° 9'19.59"D 

4 40°48'16.84"K 36° 9'15.41"D 

5 40°48'16.28"K 36° 9'11.15"D 

6 40°48'16.31"K 36° 9'60.67"D 

7 40°48'16.33"K 36° 9'10.81"D 

8 40°48'13.59"K 36° 9'30.11"D 

9 40°48'12.54"K 36° 9'70.56"D 

10 40°48'11.85"K 36° 9'12.07"D 

11 40°48'11.82"K 36° 9'17.26"D 

12 40°48'13.08"K 36° 9'22.63"D 

13 40°48'13.45"K 36° 9'28.70"D 

14 40°48'13.76"K 36° 9'18.22"D 

15 40°48'14.32"K 36° 9'90.96"D 
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Table 2. Duplicate samples, reference material, blank solution results and detection 

limits 

  
Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn 

  
(%) (ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) 

Pulp 

Duplicates-1 
3.38 5.8 0.23 24.2 9.7 60.97 4.30 968 0.37 10.8 29.61 240.4 

Pulp 

Duplicates-2 
3.47 6.0 0.23 24.0 9.9 61.87 4.37 982 0.39 11.1 29.64 248.4 

Reference value 

 BVGEO01 
2.46 124.8 6.11 27.7 192.9 4604.86 3.86 788 10.75 179.3 191.33 1858.7 

Reference value  

OREAS262 
1.26 34.8 0.60 30.3 45.1 126.94 3.46 570 0.65 64.4 57.02 156.2 

Blank <0.01 <0.1 <0.01 <0.1 <0.5 0.02 <0.01 <1 <0.01 <0.1 <0.01 <0.1 

Detection Limit 0.01 0.1 0.01 0.1 0.5 0.01 0.01 1 0.01 0.1 0.01 0.1 

 

Sediment Quality Indexes 

Source data from Turekian and Wedepohl [8] have been taken as reference. The 

scale including the meaning of the sediment quality indexes is as in Table 3. 

 

Contamination factor (𝑪𝒇
𝒊 ) [9]  

𝐶𝑓
𝑖 = 𝐶𝑖/𝐶𝑛

𝑖         

 (1) 

𝐶𝑖= Amount of Ms 

𝐶𝑛
𝑖 = Reference value  

 

Degree of Contamination (Cd) [9]   

𝐶𝑑 = ∑ 𝐶𝑓
𝑖𝑛

𝑖=1         

 (2) 

𝐶𝑓
𝑖= Contamination factor  

 

Modified Degree of Contamination (mCd) [10]  

𝑚𝐶𝑑 =
∑ 𝐶𝑓

𝑖𝑛
𝑖=1

𝑛
        

 (3) 

𝐶𝑓
𝑖= Contamination factor 

n= Number of Ms studied  
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Pollution load index (PLI) [11]  

𝑃𝐿𝐼 = (𝐶𝑓1  ×  𝐶𝑓2 ×  𝐶𝑓3 … .× 𝐶𝑓𝑛)1/𝑛     

 (4) 

𝐶𝑓1= Contamination factor 

n= Number of Ms studied 

 

Enrichment factor (EF) [12] 

𝐸𝐹 =
𝐶𝑛/𝐶𝑟𝑒𝑓

𝐵𝑛/𝐵𝑟𝑒𝑓
        

 (5) 

𝐶𝑛= Amount of Ms  

𝐶𝑟𝑒𝑓= Amount of Ms in the reference environment  

𝐵𝑛= Amount of reference element in sample  

𝐵𝑟𝑒𝑓= The value of reference element in reference environment  

AI has been preferred as reference element.  

 

Geoaccumulation index (Igeo) [13]  

 𝐼𝑔𝑒𝑜 = 𝑙𝑜𝑔2
𝐶𝑛

1.5 ×𝐵𝑛
       

 (6) 

𝐶𝑛= Amount of Ms  

𝐵𝑛= The amount of metal in the reference environment  

1.5= natural oscillation coefficient 

 

Mean effect range median ratio (m-ERM-Q) and average probable effect 

level ratio (m-PEL-Q) [14] 

𝑚 − 𝐸𝑅𝑀 − 𝑄 =
∑ 𝐶𝑖/𝐸𝑅𝑀𝑖

𝑛
𝑖=1

𝑛
      

 (7) 

𝑚 − 𝑃𝐸𝐿 − 𝑄 =
∑ 𝐶𝑖/𝑃𝐸𝐿𝑖

𝑛
𝑖=1

𝑛
      

 (8) 

𝐶𝑖=Amount of metal 

ERM= effect range median of metal  

PEL= average probable effect level of metal  

n= number of Ms studied 

 

Total toxic unit (Σ TU) and rational toxic unit 

𝛴𝑇𝑈𝑠 = ∑ 𝐶𝑖/𝑃𝐸𝐿𝐶𝑖

𝑛
𝑖=1        

 (9) 
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𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙 𝑇𝑈 =
𝐶𝑖/𝑃𝐸𝐿𝐶𝑖

𝛴𝑇𝑈𝑠
𝑋100     

            (10) 

 

Statistical Analysis 

The relationship between Ms-Ms has been revealed through correlation, 

principal components analysis (PCA) and clustering (CA) analysis. SPSS 21v. 

has been used for all statistical analysis. 

 

Table 3. Meaning scale of sediment quality indexes 

Contamination factor [9] 

CF<1 low contamination  

1≤CF<3  moderate contamination  

3≤CF<6  considerable contamination  

CF≥6  high contamination  

Degree of contamination (Cd) [9] 

Cd≤8  low degree of contamination 

8≤Cd≤16 moderate degree of contamination 

16≤Cd≤32 considerable degree of contamination 

Cd≥32  very high degree of contaminations  

Modified degree of contamination (mCd) [10] 

mCd < 1.5 nil to very low degree of contamination 

1.5 ≤ mCd < 2 low degree of contamination 

2 ≤ mCd < 4  moderate degree of contamination 

4 ≤ mCd < 8 high degree of contamination 

8 ≤ mCd < 16  very high degree of contamination 

16 ≤ mCd < 32  extremely high degree of contamination 

mCd ≥ 32  ultra high degree of contamination  

Pollution load index (PLI) [11] 

PLI <1  no pollution 

PLI is >1  deterioration 
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Table 3 (continued) 

Enrichment factor (EF) [12] 

<1 no enrichment 

1 to 3 minor enrichment 

3 to 5 moderate enrichment 

 5 to 10  significant enrichment 

10 to 25  severe enrichment 

25 to 50  very severe enrichment 

>50        extremely severe enrichment 

Geoaccumulation index (Igeo) [13] 

Igeo≤0 practically uncontaminated 

0<Igeo<1 uncontaminated to moderately contaminated 

1<Igeo<2 moderately contaminated 

2<Igeo<3  moderately to strongly contaminated 

3<Igeo<4 strongly contaminated 

4<Igeo<5 strongly to extremely contaminated 

Igeo≥5 extremely contaminated  

Ratio of average effects range median (m-ERM-Q)  [50] 

m-ERM-q<0.1 9% 

 0.11<m-ERM-q<0.5  21% 

0.51 <m-ERM-q <1.5   49% 

 m-ERM-q>1.50  76% probability of being toxic 

Ratio of average probable effect level (m-PEL-Q) [14] 

m-PEL-Q<0.1 unimpacted 

 0.1< m-PEL-Q<1 moderately impacted 

 m-ERM-Q>1 highly impacted  

  

 

3. RESULTS AND DISCUSSION 

As a result of the analysis, Ms accumulation in the sediment has been found as 

Mn>Fe>Al>Zn>Cu>Cr>Ni>Co>Pb>As>Mo>Cd, respectively (Table 4). 

Manganese (Mn) is in the form of Mn2+ in aquatic ecosystems [15]. The 

distribution of Mn in lakes may vary depending on the hydrophysical 

characteristics of the lakes and the redox changes of the lake habitat [16]. The 

Mn value in the study varied between 991 and 1675 ppm. The mean Mn value 

has been calculated as 1217.3±172.9 ppm. It is higher than the earth crust 

reference value. Due to its lower turbulence and higher pH compared to rivers, 
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the lake sediments act as an efficient sink for the iron element (Fe) [17]. Mn is 

affected more by redox changes than Fe [18]. The amount of Fe and Mn in a lake 

sediment does not only depend on redox changes. It also depends on the 

biogeochemical alteration of the lake water and the diagenesis of the sediment 

[19]. In the study, while the Fe concentration has varied between 351 and 682 

ppm, the mean value has been calculated as 536.1±86.1 ppm. This result is low, 

compared to the earth crust reference value. 

Although its content varies depending on the type of the rock, Aluminum (Al), 

one of the main elements of the earth crust, has been detected in all rocks. It 

constitutes approximately 7.91% of the lithosphere. Along with silicium and 

oxygen, it is one of the main elements of the earth crust and it is mostly in the 

form of Al+3 cation. It shows affinity for oxygen bonds [20]. Al is easily absorbed 

by sediment as it is in the form of metastable compounds and can activate as the 

acidity increases in water [21]. In the study, the Al value varied between 247 and 

457 ppm. The mean value has been calculated as 368.1±63.6 ppm. It has been 

found to be lower than the earth crust reference value. On the basis of 

anthropogenic zinc (Zn) release, there is the production of energy, cement, 

medicine, cosmetics and rubber etc. as well as processes such as waste 

incineration [22]. The Zn value in the study varied between 72.1 and 94.1 ppm. 

The mean value has been calculated as 85.1±6.4 ppm. While some stations of the 

lake are close to the earth crust reference value, the mean value has been found 

to be low. Copper (Cu) is a very important trace element for carbohydrate 

metabolism and the functioning of some enzymes [23]. However, it can also 

cause the pollution of a lake when it exceeds the threshold value. Vehicle 

exhausts, pesticides, mining and burning coal are effective Cu resources [24, 25]. 

Cu values varied between 46.9 and 71.5 ppm, and the mean value has been 

calculated as 58.1±6.8 ppm. The Cu concentration in each station has been 

observed to be higher than the earth crust reference value. Cr contamination in 

lakes is associated with the discharge of wastewater from industrial facilities 

[26]. In this study, Cr concentration has been observed in the range of 8.1 to 40.1 

ppm and the mean value has been calculated to be 24.2±12.1 ppm. The detected 

Cr concentration has been observed not to exceed the earth crust value at any of 

the stations. 

Nickel (Ni) is a commercially important metal that is used in stainless steel, 

metallurgy and food industry. Therefore, its oscillation into lakes is both natural 

and anthropogenic and it is a metal commonly found in waters [27]. In the study, 

its concentration has been found in the range of 8.9 to 43.3 ppm, while the mean 

value has been calculated as 18.8±12.8 ppm. Its concentration at each station has 

remained low compared to the earth crust reference data. Cobalt (Co) is one of 

the trace elements for organisms; however, it has very dangerous effects when it 

exceeds the threshold value. It is found in the stable cobalt sulfate phase in 

sediments [28]. In the study, its concentration has been measured between 10.9 

and 24.6 ppm. Its mean value has been calculated as 16.2±4.1 ppm. Although it 

exceeded the earth crust reference value at some stations, its average value has 
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been found to be lower. Adsorption and desorption speeds of lead (Pb) in the 

sediment vary due to the structure of the sediment. Pb ranks third in the world in 

Ms production. This makes Pb potentially dangerous among the lake pollutants 

[29]. It reaches the lake sediment easily due to its wide use in such as mining, 

ammunition, pipe construction, paint making and pesticides [30]. The mean 

value of Pb, which is detected between 7.8 and 24.6 ppm concentrations, has 

been calculated as 13.1±6.2 ppm. Except for a few stations, it has been observed 

to be below the earth crust reference value. Although in small amounts, Arsenic 

(As) is an Ms found in earth crust all over the world. Anthropogenic activities 

play a role in the distribution of As pollution. It is mostly used in wood 

preservatives and pesticides [31]. In the study, As concentrations have been 

found between 8.1 and 10.6 ppm. Its mean value has been calculated as 9.4±0.7 

ppm. It has been observed to be lower than the earth crust reference value. 

Molybdenum (Mo) is a metal that is naturally found in sediment and rocks, 

however, it has harmful effects when in high concentrations [32]. Mo can be 

absorbed by Al, Fe and Mn under acidic conditions and precipitated with cations 

such as Pb, Mn, Zn, and Cu [33]. While the mean Mo has been found to be 

0.48±0.12 ppm in the study, it has been found in the range of 0.28-0.67 ppm 

throughout the lake. This amount is a lot less than the earth crust reference value. 

Cadmium (Cd) is a highly toxic and non-essential Ms for organisms [9]. Its toxic 

effect may increase with other Ms such as Zn [34]. In the study, the Cd 

concentration range has been found to be between 0.05-0.18 ppm, while the 

mean concentration has been calculated as 0.09 ppm. It is quite low compared to 

the earth crust reference data as well. 

The result of the Ms has been compared with the limit values (Table 4). All the 

calculated metal(loid) values have been found to be below the Probable Effect 

Level (PEL). Only As and Cu values have been observed to exceed the Threshold 

Effect Level (TEL) value, and Ni, at the TEL limit value. Therefore, no toxic 

effects of Ms other than As, Cu and Ni are expected in the lake, and the effect of 

these Ms have been determined to be rare (Table 3) [35].  

 

Table 4. Ms values and limit values in sediment 

  Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn 

Mean 368.1 9.41 0.091 16.25 24.17 58.08 536.1 1217 0.476 18.83 13.05 85.12 

Min 247 8.1 0.05 10.9 8.1 46.87 351 991 0.28 8.9 7.77 72.1 

Max. 457 10.6 0.18 24.6 40.1 71.52 682 1675 0.67 43.3 24.64 94.1 

Std.  

Dev. 
63.6 0.77 0.05 4.10 12.12 6.79 86.1 172.9 0.12 12.8 6.24 6.41 

PEL 

X 

17.00 3.53 

X 

90.00 197.00 

X X X 

36.00 91.30 315.00 

ERM 85.00 9.00 145.00 390.00 50.00 110.00 270.00 

TEL 5.9 0.60 37.30 35.70 18.00 35.00 123.00 

ERL 33.00 5.00 80.00 70.00 30.00 35.00 120.00 

Earth 

Crust 
80000 13.00 0.30 19.00 90.00 45.00 47200 850.00 2.6 68.00 20.00 95.00 
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Ms with the potential of toxic effects in the lake are As (26.6%), Ni (25.7%), Cu 

(14.2%), Zn (13.0%) and Cr (12.9%), respectively. Studies supporting this result 

are available in the literature [5, 36]. Although the rates seem high, they are not 

highly risky for the lake and CF supported this result. The CF value is one of the 

most important indexes to observe the time-dependent increase of an Ms in the 

sediment and to evaluate the Ms [9,37]. This index has been used by many 

researchers studying metal(loid) pollution in sediment [5, 25, 38, 39]. The CF 

values of Al, As, Cd, Co, Cr, Fe, Mo, Ni, Pb, and Zn have been calculated to be 

less than 1. Therefore, the effect of these Ms on the lake is low contamination. 

The CF value of Cu and Mn is higher than 1, and its effects have been observed 

to be moderate contamination (Table 5). Thus, Cu and Mn indicate a moderate 

pollution, while other Ms’s potential to pollute is low. 

However, according to EF data, it has been observed that there is extremely 

severe enrichment in terms of As, Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn (>50) in 

the lake. The enrichment of all these Ms indicates that the anthropogenic release 

in the lake is high. In the study Withanachchi et al. [40] conducted in Mashavera 

River (Georgia), they reported that the EF value of Cd metal was similarly 

extremely severe enrichment at some stations. Seifi et al. [41] determined the EF 

value of Pb, Cd and Zn metals as significant enrichment in sediment samples 

they collected from places close to the urban and industrial areas of the Persian 

Gulf. EF, which is an important contamination index, provides powerful data in 

determining the raw information of the studied wetland and conveying this 

information to the necessary authorities [42]. Therefore, it has been determined 

that if the Boraboy Lake’s exposure to the anthropogenic effect is not dealt with, 

these Ms may create a high potential ecotoxicological risk for the lake in the 

future. Ms do not disappear in nature and tend to accumulate increasingly. 

Therefore, preventing continuous input to the lake is very important for the lake 

ecosystem.  Cd, mCd and PLI are indexes used to evaluate the quality of a lake 

sediment and provide very important information about the quality of the lake 

[43]. When the Cd, mCd and PLI levels of all Ms are evaluated, it cannot be 

mentioned that the lake is polluted by the detected Ms (Table 5). 

The toxic profile of the lake has been revealed through m-ERM-Q and m-PEL-

Q data. According to the result of the m-ERM-Q index, the lake is at level 1, 

which is 9% of rate. This indicates that the toxicity level of Ms, which have 

accumulated up to today in the lake, for the organisms in the lake is 9%. 

According to the m-PEL-Q index, it has been concluded that the lake is 

moderately impacted. According to the Igeo index result, it has been concluded 

that the lake is practically uncontaminated. The indexes used, have indicated 

consistent results in evaluating the presence and accumulation of Ms in the 

sediment (Table 5). 

When similar studies conducted recently in our country are examined, Cd 

accumulation has been observed to be a common and general problem just as in 

our study, most of which has been conducted in wetland. Şimşek et al. [3] 
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investigated the pollution caused by the metals they detected in the sediment of 

the creeks on the Samsun-Tekkeköy border in the north of Türkiye, through 

indexes such as EF, CF, PERI and Igeo. They determined that Cd metal, which 

is common in all creeks, is risky. Yüksel et al. [44] examined the pollution in the 

sediment of Çavuşlu creek in Giresun through indexes such as EF, Igeo, CF, and 

PLI. They also stated that the Cd metal was the greatest danger. Cüce et al. [4] 

examined the metal accumulation profile of the Ömerli Dam Lake sediment in 

İstanbul through the sediment quality indexes and pointed out that the Cd and Pb 

moderately enriched. Algül and Beyhan [45] studied metals in the Bafa Lake 

sediment using EF, CF and Igeo indexes. As a result, they revealed that the lake 

is contaminated by Ni and Cd metals, while Cu, Mn and Zn metals are included 

from natural resources. Of course, our wetlands, which are not only under Cd 

stress but also under other Ms stresses, have been revealed through many studies. 

In their study in Çubuk-2, Asartepe and Kesikköprü dam lakes, Fikirdeşici-Ergen 

et al. [5] drew attention to the accumulation of As and Ni Ms in all the three 

lakes. Metal determination study in a surface sediment made in the Tigris river, 

Igeo, CF, EF, and PLI indices were used. The results indicated that river 

sediment moderately polluted because of Co, Cu, Zn and Pb according Igeo [46]. 

In a study in which heavy metals were detected on the surface of 77 protected 

lakes in Poland, the amounts of Cr, Ni, Cd, Pb, Zn, and Cu and their ecological 

effects were examined. They determined that the lake sediment surfaces were 

contaminated with metals, and that Pb and Cd metals were higher than the 

background reference data. They reported that the lake surface sediments were 

also highly contaminated in terms of Pb and Cu, according to the EF and Igeo 

indexes [47]. Similar indices were used in a similar study on the surface sediment 

of Lake Manzala (Egypt) (Igeo, PLI etc.). As a result of the study, the researchers 

reported that the metals that cause the most stress in the sediment are Cd and Cu 

[48]. 

 

Table 5. The results of sediment quality indexes 

  Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn 

CF  0.005 0.72 0.30 0.86 0.27 1.29 0.01 1.43 0.18 0.28 0.65 0.90 

Cd 6.90 

MCd 0.57 

EF 1.00 157.27 65.69 185.85 58.38 280.51 2.47 311.28 39.85 60.20 141.87 194.75 

Igeo -8.35 -1.05 -2.31 -0.81 -2.48 -0.22 -7.05 -0.07 -3.03 -2.44 -1.20 -0.74 

PLI 0.354 

m-

ERM 

-Q 

0.18 

m-

PEL 

-Q 

0.30 

TTU 2.08 

TU   26.62 1.24   12.92 14.18       25.17 6.88 13.00 
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Correlation, cluster, and principal component analyzes have been employed to 

reveal the results and relationships of Boraboy Lake Ms. The strongest positive 

correlations have been observed among Cu-Fe (r=0.876), Cr-Ni (r=0.860), Mn-

Zn (r=0.793), Cd-Pb (r=0.780), and negative correlations among Mo-Ni (r). = -

0.737) and Co-Mo (r= -0.713) (Table 6). According to CA, the metals that are at 

the closest distance to each other are, (Cr-Ni (0.132) and Cu-Fe (3.66)), similar 

to the correlation. The farthest distances have been detected between metals that 

show negative correlation (Table 7, Figure 2). The PCA result also supports all 

these findings (Table 8, Figure 3). It indicates that Ms with positive correlations 

originate from common resources, while those with negative correlations do not 

have a common origin and also do not show similar behaviors during migration 

[49].  

 

Table 6. Correlation of Ms in sediment 

  Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn 

Al 1.000            

As .343 1.000           

Cd .669** .305 1.000          

Co -.221 .533* .013 1.000         

Cr -.009 .391 .436 .721** 1.000        

Cu -.079 .286 -.281 .269 -.243 1.000       

Fe -.294 -.005 -.542* .093 -.363 .876** 1.000      

Mn .155 .615* .210 .584* .468 .450 .290 1.000     

Mo .357 -.329 .054 -.713** -.634* .254 .366 -.184 1.000    

Ni -.009 .583* .446 .771** .860** -.121 -.347 .461 -.737** 1.000   

Pb .665** .213 .780** -.048 .377 -.567* -.692** .214 -.104 .397 1.000  

Zn .184 .536* .106 .473 .248 .768** .599* .793** .014 .314 -.054 1.000 

 

 

Table 7. CA proximity matrix 

  Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn 

Al 0.000 20.489 13.367 37.983 18.855 31.884 37.313 30.586 16.581 17.994 13.298 26.224 

As 
 

0.000 16.768 14.808 13.199 20.349 26.875 14.230 35.578 12.546 15.380 12.811 

Cd 
  

0.000 20.697 1.806 39.774 48.441 24.325 37.490 1.467 .744 29.870 

Co 
   

0.000 14.009 20.376 24.299 9.457 45.635 15.057 20.155 15.101 

Cr 
    

0.000 39.575 46.717 20.476 43.370 .132 1.091 27.787 

Cu 
     

0.000 3.664 15.696 19.916 39.317 41.952 5.282 

Fe 
      

0.000 15.527 16.964 47.131 49.181 9.272 

Mn 
       

0.000 31.305 21.493 23.956 9.683 

Mo 
        

0.000 43.319 39.582 25.430 

Ni 
         

0.000 .862 27.855 

Pb 
          

0.000 30.272 

Zn                       0.000 
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Figure 2. PCA analysis of Ms in the lake sediment 

 

Table 8. PCA Rotated Component Matrix 

  1 2 3 

Al .534 .039 .806 

As .521 .651 -.028 

Cd .969 -.024 .039 

Co .300 .569 -.704 

Cr .966 .074 -.221 

Cu -.463 .812 .095 

Fe -.736 .671 .042 

Mn .152 .800 -.242 

Mo -.414 .064 .836 

Ni .976 .066 -.188 

Pb .994 -.040 -.006 

Zn -.053 .945 .065 
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Figure 3. Cluster analysis of Ms in the lake sediment 

 

 
4. CONCLUSIONS 

The accumulation profile of metalloids in the sediment of Boraboy Lake has been 

investigated. The results have shown that there is a very high enrichment in the 

lake in terms of As, Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn. Additionally, As, Ni and 

Cu have been determined to be the ones with the highest potential to have a 

possible toxic effect for the lake. Despite all these results, it would not be correct 

to speak of any accumulation in the lake. Therefore, it is very important to control 

the lake regularly in order to prevent the accumulation that this enrichment will 

create. 

 

Acknowledgment. I am grateful to Prof. Dr. Ahmet Altındağ (Ankara 

University, Türkiye) for his valuable contributions. 

 

Declaration of Competing Interests The authors declare no conflict of interest. 

 

REFERENCES 

[1] Shafie, N.A., Aris, A.Z., Zakaria, M.P., Haris, H., Lim, W.Y., Isa, N.M., 

Application of geoaccumulation index and enrichment factors on the assessment of 

heavy metal pollution in the sediments. Journal of Environmental Science and 

Health, Part A, 48 (2013), 182–190. 

https://doi.org/10.1080/10934529.2012.717810. 



 

 

 

 Ş. FİKİRDEŞİCİ ERGEN 101 

[2] Looi, L.J., Aris, A.Z., Yusoff, F.M., Isa, N.M., Haris, H., Application of enrichment 

factor, geoaccumulation index, and ecological risk index in assessing the elemental 

pollution status of surface sediments. Environmental Geochemistry and Health, 

41(1) (2019), 27-42. https://doi.org/10.1007/s10653-018-0149-1.  

[3] Şimşek, A., Özkoç, H.B., Bakan, G., Environmental, ecological and human health 

risk assessment of heavy metals in sediments at Samsun-Tekkeköy, North of 

Turkey. Environmental Science and Pollution Research, 29(2) (2022), 2009-2023. 

https://doi.org/10.1007/s11356-021-15746-w. 

[4] Cüce, H., Kalipci, E., Ustaoğlu, F., Dereli, M.A., Türkmen, A., Integrated spatial 

distribution and multivariate statistical analysis for assessment of ecotoxicological 

and health risks of sediment metal contamination, Ömerli Dam (Istanbul, Turkey). 

Water, Air, & Soil Pollution, 233(6) (2022), 1-21. 

https://doi.org/10.1016/j.ijsrc.2022.06.004 

[5] Fikirdeşici-Ergen, Ş., Tekatlı, Ç., Gürbüzer, P., Üçüncü-Tunca, E., Türe, H., 

Biltekin, D., Kurtuluş, B., Tunca, E., Elemental accumulation in the surficial 

sediment of Kesikköprü, Çubuk II and Asartepe Dam Lakes (Ankara) and potential 

sediment toxicity. Chemistry and Ecology, 37(6) (2021), 552-572. 

https://doi.org/10.1080/02757540.2021.1902509. 

[6] Barbieri, M., The importance of enrichment factor (EF) and geoaccumulation index 

(Igeo) to evaluate the soil contamination. Geology & Geophysics, 5(1) (2016), 1–

4. http://dx.doi.org/10.4172/2381-8719.1000237. 

[7] Şenol, E., Boraboy Lake (Amasya) and around’s major problems based from 

recreational use. Doğu Coğrafya Dergisi, 23(39) (2018), 95-112. 

https://doi.org/10.17295/ataunidcd.412503. 

[8] Turekian, K.K., Wedepohl, K.H., Distribution of the elements in some major units 

of the earth's crust. Geological Society of America Bulletin, 72 (1961), 175-192.  

https://doi.org/10.1130/0016-7606(1961)72[175:DOTEIS]2.0.CO;2. 

[9] Hakanson, L., An ecological risk index for aquatic pollution control - a 

sedimentological approach. Water Research, 14(8) (1980), 975–1001. 

https://doi.org/10.1016/0043-1354(80)90143-8. 

[10] Abrahim, G.M.S., Parker, R.J., Nichol, S.L., Distribution and assessment of 

sediment toxicity in Tamaki Estuary, Auckland, New Zealand. Environmental 

Geology, 52(7) (2007), 1315-1323. https://doi.org/10.1007/s00254-006-0570-0. 

[11] Tomlinson, D.L., Wilson, J.G., Harris C.R., Jeffrey, D.W., Problems in the 

assessment of heavy-metal levels in estuaries and the formation of a pollution 

index. Helgoländer Meeresuntersuchungen, 33(1-4) (1980),  566-575. 

https://doi.org/10.1007/BF02414780. 

[12] Hasan, A.B., Kabir, S., Reza, A.S., Zaman, M.N., Ahsan, A., Rashid, M., 

Enrichment factor and geo-accumulation index of trace metals in sediments of the 

ship breaking area of Sitakund Upazilla (Bhatiary-Kumira), Chittagong, 

Bangladesh. Journal of Geochemical Exploration, 125 (2013), 130-137. 

https://doi.org/10.1016/j.gexplo.2012.12.002. 

[13] Müller, G., Index of geoaccumulation in sediments of the Rhine River. GeoJournal, 

2 (1969), 108-118. 

[14] Carr, S.R., Chapman, D.C., Long, E.R., Windom, H.L., Thursby, G., Sloane, G.M., 

Wolfe, D.A., Sediment quality assessment studies of Tampa Bay, Florida. 

Environmental Toxicology and Chemistry: An International Journal, 15(7) (1996), 

1218-1231. https://doi.org/10.1002/etc.5620150730. 



 

 

  

ECOLOGICAL RISK ASSESSMENT PROFILE OF BORABOY LAKE SURFACE SEDIMENT  102 

[15] Oldham, V.E., Mucci, A., Tebo, B.M., Luther, G.W., Soluble Mn(III)–L complexes 

are abundant in oxygenated waters and stabilised by humic ligands. Geochimica et 

Cosmochimica Acta, 199 (2017), 238–246. 

https://doi.org/10.1016/j.gca.2016.11.043.  

[16] Delfino, J.J., Bortleson, G.C., Lee, G.F., Distribution of Mn, Fe, Mg P, K, Na, and 

Ca in the surface sediments of Lake Mendota, Wisconsin. Environmental Science 

& Technology, 3 (1969), 1189–1192. https://doi.org/10.1021/es60034a006.  

[17] Neubauer, E., Kohler, S.J., von der Kammer, F., Laudon, H., Hofmann, T., Effect 

of pH and stream order on iron and arsenic speciation in Boreal Catchments. 

Environmental Science & Technology, 47(13) (2013), 7120–7128. 

https://doi.org/10.1021/es401193j.  

[18] Boyle, J.F., Inorganic geochemical methods in palaeolimnology. In: Tracking 

environmental change using lake sediments, Springer, Dordrecht, (2002) 83-141. 

[19] Davison, W., Iron and manganese in lakes. Earth-Science Reviews, 34(2) (1993), 

119-163. https://doi.org/10.1016/0012-8252(93)90029-7. 

[20] Kotowski, M., Saczuk, M., Aluminium in water and soil environment. 

Ekoinzynieria, 2 (1997), 22–29. 

[21] Wetzel, R.G., Limnology, Lake and River Ecosystems. Academic Press: London, 

UK, 2001. 

[22] John, S.G., Park, J.G., Zhang, Z., Boyle, E.A., The isotopic composition of some 

common forms of anthropogenic zinc. Chemical Geology, 245(1-2), (2007), 61-69. 

https://doi.org/10.1016/j.chemgeo.2007.07.024. 

[23] Bojakowska, B., Krasuska, J., Copper and other trace elements in sediments of 

lakes near Konin (Poland). Journal of Elementology, 19(1) (2014), 31-40. 

https://doi.org/10.5601/jelem.2014.19.1.589. 

[24] Varol, M., Şen, B., Assessment of nutrient and heavy metal contamination in 

surface water and sediments of the upper Tigris River, Turkey. Catena, 92 (2012),  

1-10. https://doi.org/10.1016/j.catena.2011.11.011. 

[25] Rahman, M.S., Ahmed, Z., Seefat, S.M., Alam, R., Islam, A.R.M.T., Choudhury, 

T.R., Begum, B.A., Idris, A.M., Assessment of heavy metal contamination in 

sediment at the newly established tannery industrial estate in Bangladesh: a case 

study. Environmental Chemistry and Ecotoxicology, 4 (2022), 1-12. 

https://doi.org/10.1016/j.enceco.2021.10.001. 

[26] Kastratović, V., Jaćimović, Ž., Bigović, M., Đurović, D., Krivokapić, S., The 

distribution and accumulation of chromium in the water, sediment and macrophytes 

of Skadar lake. Kragujevac Journal of Science, 38 (2016), 125-134. 

https://doi.org/10.5937/KgJSci1638125K. 

[27] Alkan, A., Alkan, N.,  Aktaş, M., Comparison of Ni enrichment and background 

concentrations in the Southeastern Black Sea sediments. Environmental Forensics, 

22(3-4) (2021), 364-371. https://doi.org/10.1080/15275922.2020.1850559. 

[28] Hamilton, E.I., The geobiochemistry of cobalt. Science of The Total Environment, 

150(1-3) (1994), 7-39. https://doi.org/10.1016/0048-9697(94)90126-0. 

[29] Todorović, Z., Polić, P., Đorđević, D., & Antonijević, S., Lead distribution in water 

and its association with sediment constituents of the" Barje" lake (Leskovac, 

Yugoslavia). Journal of The Serbian Chemical Society, 66(10) (2001), 697-708. 

[30] Rahman, Z., Singh, V.P., The relative impact of toxic heavy metals (THMs) 

(arsenic (As), cadmium (Cd), chromium (Cr) (VI), mercury (Hg), and lead (Pb)) on 

the total environment: an overview. Environmental Monitoring and Assessment, 

191(7) (2019), 419. https://doi.org/10.1007/s10661-019-7528-7 



 

 

 

 Ş. FİKİRDEŞİCİ ERGEN 103 

[31] Masuda, H., Arsenic cycling in the Earth’s crust and hydrosphere: interaction 

between naturally occurring arsenic and human activities. Progress in Earth and 

Planetary Science, 5(1) (2018), 1-11. https://doi.org/10.1186/s40645-018-0224-3. 

[32]  Kabata –Pendias, A., Mukherjee, A., Trace Elements from Soil to Human. Springer-

Verlag Berlin, Heidelberg, 2007. 

[33]  Fu, J., Hu, X., Tao, X., Yu, H., Zhang, X., Risk and toxicity assessments of heavy 

metals in sediments and fishes from the Yangtze River and Taihu Lake, China. 

Chemosphere, 93 (2013), 1887–95. 

 https://doi.org/10.1016/j.chemosphere.2013.06.061. 

[34] Rzętała, M.A., Cadmium contamination of sediments in the water reservoirs in 

Silesian Upland (Southern Poland). Journal of Soils and Sediments, 16(10) (2016), 

2458-2470. https://doi.org/10.1007/s11368-016-1477-3 

[35]  Enuneku, A., Omoruyi, O., Tongo, I., Ogbomida, E., Ogbeide, O.,  Ezemonye, L., 

Evaluating the potential health risks of heavy metal pollution in sediment and 

selected benthic fauna of Benin River, Southern Nigeria. Applied Water Science, 

8(8) (2018), 1-13. https://doi.org/10.1007/s13201-018-0873-9.  

[36] Tunca, E., Aydın, M., Şahin, Ü.A., An ecological risk investigation of marine 

sediment from the northern Mediterranean coasts (Aegean Sea) using multiple 

methods of pollution determination. Environmental Science and Pollution 

Research, 25(8) (2018), 7487-7503. https://doi.org/10.1007/s11356-017-0984-0. 

[37]  Ali, M.M., Ali, M.L., Islam, M.S., Rahman, M.Z., Preliminary assessment of  heavy 

metals in water and sediment of Karnaphuli River, Bangladesh. Environmental 

Nanotechnology, Monitoring & Management, 5 (2016), 27–35. 

 https://doi.org/10.1016/j.enmm.2016.01.002. 

[38] Gülşen-Rothmund, H.İ., Avşar, Ö., Avşar, U., Kurtuluş, B., Tunca, E., Spatial 

distribution of some elements and elemental contamination in the sediments of 

Köyceğiz Lake (SW Turkey). Environmental Earth Sciences, 77(14) (2018), 1-24. 

https://doi.org/10.1007/s12665-018-7724-8. 

[39]  Saha, N.,  Rahman, M.S., Jolly, Y.N., Rahman, A.,  Sattar, M.A., Hai, M.A., Spatial 

distribution and contamination assessment of six heavy metals in soils and their 

transfer into mature tobacco plants in Kushtia district, Bangladesh. Environmental 

Science and Pollution Research, 23(4) (2016), 3414–3426. 

  https://doi.org/10.1007/s11356-015-5575-3. 

[40] Withanachchi, S.S., Ghambashidze, G., Kunchulia, I., Urushadze, T., Ploeger, A., 

Water quality in surface water: a preliminary assessment of heavy metal 

contamination of the Mashavera River, Georgia. International Journal of 

Environmental Research and Public Health, 15(4) (2018), 621. 

 https://doi.org/10.3390/ijerph15040621. 

[41] Seifi, M., Mahvi, A.H., Hashemi, S.Y., Arfaeinia, H., Pasalari, H., Zarei, A., 

Changani, F., Spatial distribution, enrichment and geo-accumulation of heavy 

metals in surface sediments near urban and industrial areas in the Persian Gulf. 

Desalination and Water Treatment, 158 (2019), 130-139. 

[42] Caeiro, S., Costa, M.H., Ramos, T.B., Assessing heavy metal contamination in sado 

estuary sediment: an index analysis approach. Ecological Indicators, 5 (2005), 

151–169. https://doi.org/10.1016/j.ecolind.2005.02.001. 

[43] Islam, M.A., Romic, M.A., and Romic, M., Trace metals Accumulation in soil 

irrigated with polluted water and assessment of human health risk from vegetable 

consumption in Bangladesh. Environmental Geochemistry and Health, 40 (2017),  

59–85. https://doi.org/10.1007/s10653-017-9907-8. 



 

 

  

ECOLOGICAL RISK ASSESSMENT PROFILE OF BORABOY LAKE SURFACE SEDIMENT  104 

 

 

[44]  Yüksel, B., Ustaoğlu, F., Tokatli, C., Islam, M.S., Ecotoxicological risk assessment 

for sediments of Çavuşlu Stream in Giresun, Turkey: association between garbage 

disposal facility and metallic accumulation. Environmental Science and Pollution 

Research, 29(12) (2022), 17223-17240.  

 https://doi.org/10.1007/s11356-021-17023-2. 

[45] Algül, F., Beyhan, M., Concentrations and sources of heavy metals in shallow 

sediments in Lake Bafa, Turkey. Scientific Reports, 10(1) (2020), 1-12. 

 https://doi.org/10.1038/s41598-020-68833-2. 

[46] Varol, M., Assessment of heavy metal contamination in sediments of the Tigris 

River (Turkey) using pollution indices and multivariate statistical techniques. 

Journal of Hazardous Materials, 195 (2011), 355- 364. 

 https://doi.org/10.1016/j.jhazmat.2011.08.051. 

[47]  Sojka, M., Jaskuła, J., Barabach, J., Ptak, M., Zhu, S., Heavy metals in lake surface 

sediments in protected areas in Poland: concentration, pollution, ecological risk, 

sources and spatial distribution. Scientific Reports, 12(1) (2022), 1-16. 

 https://doi.org/10.1038/s41598-022-19298-y. 

[48] Redwan, M., Elhaddad, E., Heavy metal pollution in Manzala Lake sediments, 

Egypt: sources, variability, and assessment. Environmental Monitoring and 

Assessment, 194(6) (2022), 1-16. https://doi.org/10.1007/s10661-022-10081-0. 

[49] Singh, H., Pandey, R., Singh, S.K., Shukla, D.N., Assessment of heavy metal 

contamination in the sediment of the River Ghaghara, a major tributary of the River 

Ganga in Northern India. Applied Water Science, 7(7) (2017),  4133-4149. 

https://doi.org/10.1007/s13201-017-0572-y. 

 


