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Table 5. Toxic element concentrations in sediment of Gala Lake (mg/kg)

Stations
Elements

Cd Cr Cu Ni Pb Zn B As

G1

min 0.101 32.48 9.820 26.40 8.460 34.90 1.827 0.039

max 0.240 41.06 10.06 30.64 9.940 35.32 2.796 0.054

mean 0.187 36.74 9.933 28.96 9.326 35.05 2.207 0.044

STD 0.075 4.290 0.120 2.252 0.771 0.231 0.516 0.008

G2

min 0.040 43.62 12.64 38.4 12.52 93.94 2.200 0.051

max 0.120 48.72 13.36 39.64 14.96 96.48 2.820 0.071

mean 0.073 45.94 12.94 38.90 13.80 94.8 2.433 0.063

STD 0.041 2.579 0.374 0.650 1.224 1.455 0.337 0.010

G3

min 0.060 55.08 10.12 31.48 8.700 36.76 2.200 0.044

max 0.120 60.10 10.46 32.92 9.520 37.64 3.820 0.052

mean 0.093 57.78 10.28 32.18 9.120 37.08 2.938 0.047

STD 0.030 2.533 0.170 0.720 0.410 0.481 0.819 0.004

G4

min 0.120 72.62 14.08 42.38 12.92 49.26 2.000 0.109

max 0.300 76.44 14.40 44.08 17.96 51.12 3.440 0.223

mean 0.213 74.22 14.28 43.10 14.98 50.10 2.560 0.161

STD 0.090 1.980 0.179 0.879 2.642 0.941 0.771 0.057

G5

min 0.280 62.90 11.10 32.98 8.880 38.62 2.024 0.050

max 0.380 66.58 11.50 34.48 11.44 39.50 2.420 0.080

mean 0.326 64.95 11.30 33.92 10.17 38.94 2.213 0.063

STD 0.050 1.876 0.200 0.823 1.280 0.481 0.198 0.015

G6

min 0.160 105.2 21.80 49.72 9.200 65.54 16.50 0.081

max 0.300 120.8 23.62 51.60 12.38 66.90 25.68 0.106

mean 0.233 111.3 22.60 50.90 10.95 66.09 20.25 0.091

STD 0.070 8.360 0.930 1.027 1.614 0.714 4.814 0.013

G7

min 0.560 148.9 25.80 56.46 23.38 71.18 30.00 0.265

max 0.640 153.2 26.40 60.04 27.94 72.76 38.54 0.292

mean 0.613 151.1 26.15 58.19 25.14 71.91 34.33 0.283

STD 0.046 2.130 0.313 1.792 2.447 0.796 4.271 0.015

G8

min 0.060 31.78 2.560 9.88 2.800 16.38 1.819 0.019

max 0.160 37.18 2.780 10.26 3.200 16.68 2.110 0.031

mean 0.106 34.59 2.686 10.04 3.013 16.56 1.943 0.025

STD 0.050 2.707 0.113 0.194 0.201 0.158 0.149 0.005

G9

min 0.100 50.66 9.720 28.88 8.780 77.12 3.860 0.041

max 0.160 67.20 9.840 30.02 12.56 78.30 5.020 0.058

mean 0.126 59.27 9.773 29.54 10.50 77.76 4.500 0.051

STD 0.030 8.291 0.061 0.594 1.912 0.598 0.589 0.009

G10

min 0.680 61.94 12.08 33.18 15.26 40.00 15.05 0.054

max 0.920 70.58 12.36 34.74 17.80 40.70 22.58 0.081

mean 0.813 64.95 12.18 33.95 16.73 40.42 17.89 0.071

STD 0.122 4.876 0.151 0.780 1.316 0.370 4.084 0.015

G11

min 0.240 31.78 5.580 16.14 4.400 25.96 1.700 0.024

max 0.380 47.56 5.600 16.80 6.200 26.74 2.052 0.050

mean 0.306 40.77 5.586 16.50 5.066 26.30 1.884 0.034

STD 0.070 8.118 0.011 0.336 0.986 0.399 0.176 0.014

min: minimum; max: maximum; STD: standard deviation
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Factor Analyses (FA) were used to determine the effective 
varifactors on the system by using correlated variables. 
Uncorrelated variables were removed to increase the reliability 
of FA and a total of seven variables (Cu, Zn, As, B, Cr, Ni 
and Pb) were used to detect the varifactors (n = 20 for all 
parameters). Eigenvalues higher than one were taken as 
criterion for assess the principal components that required 
to explain the sources of variance in the data. According to 

rotated cumulative percentage variance, two factors explained 
86.6% of the total variance (Table 8).

The parameter loadings (> 0.5) for two components 
(after rotation) and component plot in rotated space that 
shows the related variables of two factors are given in 
Figure 5.

First factor (F1) named as “Agricultural Factor” explained 
48.8% of the total variance, and it was related to the variables 

Table 6. Toxic element concentrations in sediment of the Irrigation Canal (mg/kg)

Stations
Elements

Cd Cr Cu Ni Pb Zn B As

C1

min 0.240 94.86 11.84 34.72 9.640 38.00 7.920 0.051

max 0.340 100.3 12.64 39.12 11.84 46.38 9.600 0.063

mean 0.293 97.92 12.11 37.04 10.61 41.86 8.953 0.059

STD 0.050 2.791 0.455 2.209 1.121 4.233 0.904 0.006

C2

min 0.22 90.86 11.60 35.12 9.440 37.20 6.720 0.021

max 0.26 98.72 11.62 36.72 11.64 38.82 7.600 0.024

mean 0.24 95.96 11.60 35.70 10.41 37.93 7.173 0.023

STD 0.02 4.427 0.011 0.881 1.121 0.820 0.440 0.001

C3

min 0.12 98.92 10.42 33.60 4.260 34.88 10.20 0.012

max 0.22 105.1 10.52 33.64 4.460 35.44 12.02 0.015

mean 0.166 102.3 10.46 33.62 4.366 35.17 10.82 0.014

STD 0.050 3.159 0.050 0.020 0.100 0.280 1.042 0.001

C4

min 0.440 73.28 11.84 39.18 4.660 42.20 14.80 0.018

max 0.680 109.3 12.48 40.36 7.700 43.16 15.22 0.019

mean 0.560 89.15 12.18 39.92 6.653 42.68 15.02 0.018

STD 0.120 18.43 0.321 0.649 1.727 0.480 0.212 0.001

C5

min 0.380 133.8 13.38 61.94 4.240 46.64 20.18 0.041

max 0.600 161.8 14.20 62.60 6.200 47.72 24.00 0.045

mean 0.506 146.1 13.80 62.17 5.146 47.01 22.58 0.043

STD 0.113 14.35 0.410 0.370 0.988 0.612 2.094 0.002

C6

min 0.660 198.4 29.16 98.76 19.70 86.22 29.24 0.146

max 0.860 216.6 29.92 99.08 23.46 87.12 36.14 0.149

mean 0.793 207.0 29.56 98.89 21.92 86.74 31.74 0.147

STD 0.115 9.121 0.382 0.166 1.973 0.466 3.822 0.001

C7

min 0.580 178.6 37.02 84.22 32.30 107.3 7.640 0.226

max 0.680 214.2 37.40 86.22 35.76 111.5 10.20 0.283

mean 0.620 199.1 37.24 85.16 33.55 109.6 9.160 0.252

STD 0.0529 18.37 0.200 1.005 1.916 2.107 1.345 0.028

C8

min 0.800 109.4 19.08 48.84 15.14 63.02 9.900 0.083

max 1.080 131.6 19.84 49.90 20.06 63.62 11.06 0.084

mean 0.920 122.7 19.44 49.30 17.78 63.37 10.33 0.084

STD 0.144 11.69 0.381 0.543 2.480 0.313 0.635 0.001

C9

min 0.780 42.00 19.84 14.86 18.52 60.62 4.200 0.018

max 0.900 56.08 19.96 15.36 23.86 60.96 6.400 0.019

mean 0.826 51.28 19.91 15.04 20.69 60.82 5.500 0.019

STD 0.064 8.043 0.064 0.277 2.805 0.181 1.153 0.001

min: minimum; max: maximum; STD: standard deviation



40 C. Tokatli

Fi
g.

 3
. A

rs
en

ic
, b

or
on

, c
hr

om
iu

m
 a

nd
 n

ic
ke

l d
is

tri
bu

tio
ns

 in
 s

ed
im

en
t o

f G
al

a 
La

ke



 Bioecological and statistical risk assessment of toxic metals in sediments of a worldwide important wetland... 41

Fi
g.

 4
. C

op
pe

r, 
zi

nc
, l

ea
d 

an
d 

ca
dm

iu
m

 d
is

tri
bu

tio
ns

 in
 s

ed
im

en
t o

f G
al

a 
La

ke



42 C. Tokatli

Table 7. Pearson Correlation Index coeffi cients

Cd Cr Cu Ni Pb Zn B As
Cd 1
Cr .519* 1
Cu .583** .835** 1
Ni .437 .937** .829** 1
Pb .606** .600** .886** .618** 1
Zn .307 .585** .801** .685** .774** 1
B .544* .736** .575** .679** .364 .324 1

As .322 .654** .779** .679** .807** .628** .497* 1

**: Correlation is signifi cant at the 0.05 level (p<0.05);
**: Correlation is signifi cant at the 0.01 level (p<0.01)

Table 8. Extracted values of FA parameters

Component
Initial Eigenvalues Extraction Sums of

Squared Loadings
Rotation Sums of
Squared Loadings

Total % of
Variance

Cumulative
% Total % of

Variance
Cumulative

% Total % of
Variance

Cumulative
%

1 5.122 73.174 73.174 5.122 73.174 73.174 3.419 48.845 48.845

2 0.946 13.518 86.692 0.946 13.518 86.692 2.649 37.847 86.692

of Pb, Zn, Cu and As parameters. All parameters were “strong 
positively” loaded with this factor.

Second factor (F2) named as “Industrial Factor” explained 
37.8% of the total variance, and it was related to the variables 
of Ni, Cr and B parameters. All parameters were “strong 
positively” loaded with this factor.

Bioecological risk indices
The potential ecological risk indices monomial (Ei

r) and 
multinomial (RI) and biological risk indices monomial 
(ERM-Qi) and multinomial (mERM-Q) for each station 
selected on the Gala Lake and Irrigation Canal were 
identifi ed and all the results are given in Table 9.

Ei
r is the monomial and RI is the multinomial heavy metal 

potential ecological risk indices; ERM-Qi is the monomial and 
mERM-Q is the multinomial biological risk indices; 

Bold types indicate the sample sites with moderate 
ecological risks for “potential ecological risk index” and high-
-medium and high priority sides for “biological risk index”

According to the results of monomial potential ecological 
risk indices (Ei

r), cadmium posed moderate ecological risk at 
G10 station on the Gala Lake and at C6, C8 and C9 stations 
on the Irrigation Canal. The potential ecological risk indices 
for monomial regulators indicted that the intensity of the 
investigated toxic metals can be followed as Cd > Ni > Cr > Pb 
> Cu > Zn > As. 

According to the results of multinomial potential 
ecological risk indices (RI), all the investigated stations 
exhibited low ecological risk. The potential ecological risk 
indices for multinomial regulators indicted that the ecological 
risks of the system can be sorted as Irrigation Canal > Gala 
Lake (Figure 6).

Fig. 5. Component matrix (left side) and component plot (right side)
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