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Abstract

Elemental accumulation, distribution and relationship profiles for sediment samples taken at 81 localities in the Kdycegiz
Lake were investigated. Spatial distribution maps for ten elements (Cu, Pb, Zn, Ni, Cr, Co, Mn, Mo, Al, Fe) were created
using the ordinary kriging interpolation method. Statistical tests revealed that the sediments taken from areas close to the
Namnam (NamSM) and Kargicak (KarSM) stream mouths have the highest element content. In addition, sediments close
to NamSM have the highest contamination, according to contamination degree and modified contamination degree values.
On the other hand, sediments close to KarSM have the highest value on the pollution load index. The enrichment factor and
contamination factor values of Cr and Co, and especially Ni, close to NamSM are striking and have significantly higher values
compared to the rest of the lake. There are strong correlations between these three elements, which were also confirmed by
cluster analysis. Ni is the element having the highest value on the geoaccumulation index. In addition, according to the toxic
unit results, it was found that 84-89% of the element-based toxic effect in the lake is due to Ni alone. According to the mean
effect range median quotient values, the sediments of Koycegiz Lake have a potential to show toxic effects of at least 76%
in living organisms, which is due to the high levels of Ni. According to the mean probable effect low quotient value, it has
been determined that Koycegiz Lake is at a “highly impacted” level, which is the worst possible value on the quality scale.
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Introduction related to metal persistence as well as concentration in the

environment (Bakan and Ozkog 2007; He et al. 2009; Ismail

Recent studies have shown a trend in heavy metal contami-
nation, especially in coastal areas, rivers and lakes (Wu et al.
2017; Zhang et al. 2017; Zhu et al. 2017). The trend in heavy
metal contamination in many areas has been attributed to
untreated disposal by industry, as well as from agricultural
chemicals, settlements and mining (Eziz et al. 2018; Kin-
imo et al. 2018; Kusin et al. 2018; Rahman et al. 2014).
The toxicity of heavy metals to aquatic organisms is in part
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and Beddri 2009; Nobi et al. 2010; Sany et al. 2013). From
this perspective, it is important to analyze the sediments
of an aquatic environment such as lakes, rivers and seas to
evaluate the degree of heavy metal contamination. Analyz-
ing sediments as a component of metal contamination is
also important, because the suspended sediment particles in
water transfer heavy metals from the surface to the bed sedi-
ment, thus becoming a potential source of contaminants in
aquatic ecosystems (Ridgway and Shimmield 2005; Alexakis
2011). Almost 99% of discharged heavy metals precipitate in
the sediments of the aquatic environments (Joksimovic et al.
2011; Rahman et al. 2014).

Metal contamination of aquatic ecosystems requires
careful evaluation of geochemical datasets by applying spe-
cific contamination analyses methods. Since these meth-
ods compare the present metal concentrations with pre-
industrial concentration levels (geochemical background),
they can reveal anthropogenic metal contributions (Balik
and Tunca 2015; El-Sorogy et al. 2016). Sites impacted by
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anthropogenic sources of metals may be compared to a back-
ground site to gauge aquatic life impacts attributed to human
activities/pollutants.

In this study, sediment samples were collected at 81 dif-
ferent locations in Koycegiz Lake. We evaluated elemental
concentrations with two main objectives: (1) understanding
the co-occurrence and accumulation of elements in a lacus-
trine environment and the accumulation relation between
elements and (2) assessing the possible negative effect of
the accumulated elements to the ecosystem.

Study area

Koycegiz Lake (53 km?) is located in Mugla province
in the southwest of the Republic of Turkey (Fig. 1). The
catchment area of Koycegiz Lake (874 km?) comprises
different lithological units: (1) Quaternary alluvium

(~170 kmz), (2) carbonaceous clastics (~40 km?), (3)
limestone (~ 120 km?), (4) basalt (~44 km?), and peri-
dotite (~500 km?) (Fig. 1) (Senel 1997). Mafic and ultra-
mafic igneous rocks cover almost 60% of the Koycegiz
catchment area. Weathering products from the lithological
units are carried into the lake by three main inlets, namely
Namnam, Kargicak and Yuvarlak streams. However, the
lake is discharged into the Mediterranean Sea through the
Dalyan Channel (Fig. 1). The study area includes subaque-
ous and terrestrial hot and cold springs which affect the
hydrogeochemical content of the aquatic systems (Avsar
et al. 2017). Koycegiz town (35,000 population) is the
main settlement in the lake catchment. Citrus crops are
the primary agricultural commodity and are farmed on
Quaternary alluvium.

Fig. 1 Map showing the distribution of lithological units and settlements in the catchment of Kdycegiz Lake, as well as the sediment sampling

locations within the lake (modified from Senel 1997)
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Materials and methods

Fieldwork

The sediment core samples acquired in 2014 for this study
were taken from boat using a gravity corer at 81 locations.
The corer, consisting of a 50 cm-long PVC pipe, was left to
free fall approximately 2 m above the sediment/water inter-
face. Soon after the PVC pipe penetrated the sediments,
the corer was extracted. A vacuum system, used with the
corer, enabled the sediments to be kept in the PVC pipe. The
sediment cores were a minimum of 10 cm in length. The
cores were stored in a cooling room at 4 °C until they were
submitted for ICP-MS analysis. Only the top 5 cm of the
sediments was used for element concentration analyses. For
this study, 81 sediment samples from Koycegiz Lake were
analyzed (Fig. 1). Sixty-seven of the 81 sample localities
were distributed randomly across the study area; 14 samples
were concentrated near the subaqueous hot springs (SUB-1,
SUB-2 and SUB-3) in the south of the lake.

The use of a gravity coring system for this study (rather
than an Ekman sampler) was important because the sedi-
ment/water interface is not disturbed during gravity coring.

This allowed the most recent, age-equivalent sediments to be
sampled and analyzed for element contamination.

Element analyses

Sample preparation was completed in the Fatsa Faculty of
Marine Sciences Research and Laboratory Center. Eighty-
one samples were completely desiccated at 105 °C in a
furnace. Dried samples were ground in a porcelain mortar,
and approximately 100 g of sediment was sieved through
a 63 um mesh (El-Said et al. 2014; Omar et al. 2015). The
amount of material coarser and finer than 63 pum was meas-
ured, and 2-3 g (min. 2 g) of material finer than 63 pm was
separated for inductively coupled plasma—mass spectrometer
(ICP-MS) analysis in an AQ270 packet (Acme Lab., Bureau
Veritas Commodities Canada Ltd.).

The analysis of Mo, Cu, Pb, Zn, Ni, Co, Mn, Fe, As, Cd,
Cr and Al elements was done using the ICP-MS method.
Reference materials and duplicate measurements of three
samples are presented in Table 1. Cd was not studied
because the concentration of this element was below the
detection limits of 0.5 ppm for Cd.

Table 1 Comparison of reference material values with measured values and measurement limits for elements

Method AQ270

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

Unit mg/kg mg/kg mgkg mgkg mgkg mgkg mgkg % mgkg mgkg %

MDL 0.5 0.5 0.5 5.0 0.5 0.5 5.0 0.0 5.0 0.5 0.0

Pulp duplicates
K27 Sediment pulp 8.0 355 10.7 480 697.8 497 573.0 3.1 <5 197.8 1.2
K27 REP 8.5 353 10.5 52.0 699.6 51.9 5510 3.1 <5 195.6 1.2
K70 Sediment pulp 8.8 27.1 86 440 5734 424 5900 25 <5 157.8 1.1
K70 REP 8.5 27.1 87 440 5728 42.8 5900 25 <5 161.3 1.1
K-T-3-634 Sediment pulp 9.4 22.4 8.5 24.0 506.0 321 2990 2.1 <5 1485 0.7
K-T-3-634 REP 9.2 21.0 8.1 23.0 4849 295 2910 20 <5 141.0 0.6

Reference materials
STD GBM398-4-AR STD 929.6  3904.0 119455 5463.0 4217.6 2005.6 5261.0 39 6.0 19832 0.5
STD OREAS927-AR STD 09 11015.7 2200 7520 271 30.6 1026.0 8.0 12.0 409 32
STD GBM398-4-AR STD 948.3  4003.8 118952 5632.0 42254 2059.6 5285.0 3.7 6.0 2088.6 0.5
STD OREAS927-AR STD 1.1 11039.6 2224 769.0 30.3 29.6 1009.0 8.1 13.0 425 33
STD GBM398-4-AR STD 940.7  3997.1 12043.1 5442.0 4256.1 2024.3 5311.0 39 6.0 2034.1 0.5
STD OREAS927-AR STD 1.1 10870.7 236.5 756.0 29.7 28.8 1049.0 8.0 14.0 410 33
STD GBM398-4-AR STD 927.6  3919.1 117479 5230.0 4180.6 2125.5 5240.0 39 7.0 20913 0.5
STD OREAS927-AR STD 1.0 10750.9 190.9  694.0 27.3 275 9910 79 12.0 389 3.1
STD GBM398-4-AR STD 913.1  3968.7 11887.7 5462.0 42653 1975.3 5244.0 3.7 50 1966.0 0.5
STD OREAS927-AR STD 1.2 10869.0 2312 7610 289 28.7 1084.0 8.0 12.0 404 3.1
STD GBM398-4-AR (expected) 917.0  3919.0 11750.0 5345.0 4135.0 1950.0 5300.0 4.0 6.0 1950.0 0.48
STD OREAS927-AR (expected) 1.1 10715.0 2320 7260 309 29.4 11100 8.2 135 41.7 33
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Ordinary kriging

To visualize the spatial distribution of elements in the study
area, interpolation maps were created for the studied ele-
ments utilizing a conventional Kriging method with the help
of the Geostatistical Analyst module of ArcGIS 10.2.1 com-
puter program. The interpolation maps were prepared using
equal variogram parameters such as nugget effect, range and
sill. Kriging surfaces are useful for showing the geographical
distribution of anomalously high, moderate and low element
concentrations.

Contamination analyses

Most of the techniques for element contamination evalua-
tion compare the concentration of element in the modern
sediments with the concentrations from the pre-industrial
period. This type of evaluation can be used to assess anthro-
pogenic influx of contaminants that are toxic to aquatic
organisms. The contamination investigation techniques can
be categorized into three groups as indicated by the pro-
posed analysis methods; (1) those revealing the amount of
anthropogenic pollution in sediments, (2) those investigat-
ing the effect of sediment pollution on ecosystems and (3)
those presenting the reference and/or limit values (Balik and
Tunca 2015). The most widely used reference values are
the ones presented by Turekian and Wedepohl (1961). The
parameters and their calculation methods used to evaluate
the element contamination in Kdycegiz Lake are presented
below.

Contamination factor (C,’;)

The contamination factor (C}) was first introduced by

Hakanson (1980) to evaluate the anthropogenic element con-
tamination in sediments. The method fundamentally makes
a comparison between the present concentrations and the
concentration of the reference baseline value of the pre-
industrial time. Cji is calculated by Eq. 1, and ranges for C}

classes are presented in Table 2.

G=¢ 0
where C; is the amount of the element and C, is the reference
value of the element [average crustal abundance was used as
areference (Turekian and Wedepohl 1961)].
Contamination degree (Cd)

Contamination degree (Cd) was aslo presented by Hakanson

(1980), and this strategy computes the anthropogenic ele-
ment contamination in sediments. This method sums the

@ Springer

total element concentrations, and the formula for (Cd) is
written below (Eq. 2). The ranges for Cd classes are also
presented in Table 2.

Cd = Z C'f, 2)
i=1

where C'f is the contamination factor.

Modified contamination degree (mCd)

Abrahim and Parker (2008) modified the equation for con-
tamination degree (C,) by dividing the contamination degree
by the quantity of the elements; using an average, the value
is established using Eq. 3. The ranges for mCd classes are
presented in Table 2.

X CF

n

mCd = (3)
where C'f is the contamination factor and n is the number
of elements analyzed.

Enrichment factor (EF)

The enrichment factor (EF) is another commonly utilized
index for detecting anthropogenic element contamination
in the sediments. This method aims at detecting the human
effect on element contamination by taking elements such
as Al and Fe as reference. Al and Fe are used as reference,
since these elements are abundant in the aquatic environ-
ment and less affected by contamination. Fe was utilized in
this study as the reference element (Sallam et al. 2015; Zhu
et al. 2017). The classification ranges for EF, which can be
calculated with Eq. 4, are presented in Table 2.

C

n

EF = 2, @)

where C,, is the quantity of the elements, C, is the value of
the studied element in the reference sample (e.g., the Earth’s
crust), B, is the value of the reference element in the studied
sample (e.g., Fe or Al) and B, is the value of the reference
element in the reference sample.

Geoaccumulation index (Igeo)

Another method used to evaluate the anthropogenic element
contamination in the sediments calculates the geoaccumula-
tion index (Igeo), which was initially proposed by Miiller
(1969). Igeo can be obtained using Eq. 5, and the ranges for
the Igeo classes are presented in Table 2.
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C
leeo = log 2 —=>
geo =log (1.5 ><Bn>’ ©)

where C, is the quantity of the studied elements, B, is the
element concentration in the studied sample and 1.5 is the
natural oscillation coefficient

Pollution loading index (PLI)

The pollution loading index (PLI), which can be calculated
with Eq. 6, was introduced by Tomlinson et al. (1980) to com-
pare the anthropogenic element contamination in sediments
for different locations. The classification ranges for PLI can
be found in Table 2.

PLI = (Cf1 X Cf2 X Cf3 X ... ... Cfn)r, (6)

where C; is the contamination factor and 7 is the quantity of
the studied elements.

Potential ecologic risk factor (ERi)

The potential ecologic risk factor, first utilized by Hakanson
(1980), which can be calculated using Eq. 7, has been used to
demonstrate the impact of element contamination on organ-
isms and on ecosystems. The classification ranges for ERi can
be found in Table 2.

_ Tirx Ct
Co

E'r , @)
where T'r is the toxic response factor, C'! is the amount of
element in samples and C is the reference value of the
element.

Mean effect range-median quotient (m-ERM-q) and mean
probable effect level quotient (m-PEL-q) methods

m-ERM-q and m-PEL-q indices are useful for understanding
the effect of element contamination in sediments on ecosys-
tems using the effect range median (ERM) values and probable
effect level (PEL) values (Table 2). The formulas are given
below (Eqgs. 8 and 9).

G

m-ERM-Q = ) FRM, (8)
i=1

)
n

where C; is the value of the studied element in the samples,
ERM is the influence interval value of the studied element
and N is the quantity of the studied elements.

G

m-ERM-Q = PEL )
i=1

s
n

@ Springer

where C; is the value of the studied element in the samples,
PEL is the average possible level of the effect value of the
studied element and N is the quantity of the studied elements

Toxic unit sum (XTUs) and proportional toxic unit
(proportional TU)

The toxic unit sum (XTUs) and proportional toxic unit (pro-
portional TU) indices demonstrate the impact of the element
contamination in sediments. The proportional TU can be
calculated by using the values of XTUs. These indices are
calculated by Egs. (10 and 11).

ZTUs— S Ci
= Z PEL,’ (10)

where Ci is the amount of the studied element in the sam-
ples, PELC; is the PEL (probable effect level) value of
the studied element and N is the quantity of the studied
elements.

G

PEL,

P tional TU = .
roportiona STUs (11

Statistical methods

Before comparison of the means and correlation analyses,
the Shapiro—Willk test was used to identify the distribution
of the data. This test is useful for evaluating small data sets
(Aydin et al. 2014). Since the distribution was not paramet-
ric, the Kruskal-Wallis test and Mann—Whintney U test
from the comparison tests were utilized, and the Spearman
correlation analysis was used as the correlation analysis
method (Aydin et al. 2017). In cases where the data were
insufficient to be identified as normally distributed, tests
were used regardless of the distribution (Tunca et al. 2016).
Cluster analysis (CA) was used after z-score correction via
Euclidean distance according to the Ward method (Ugiincii
Tunca et al. 2016). All statistical analyses were performed
with SPSS v. 21 (IBM, USA).

Results and discussion

Current element level in the lake and intermetallic
relationships

The coordinates of 81 sediment sampling locations and
the results of ICP—MS analysis on these samples are pre-
sented in Table 3. The results show that there are some
differences between the areas of stream inlets and the
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rest of the lake in terms of the sediment element con-
centrations. This difference is seen both in element con-
S - o o o A e — centrations that accumulate in the sediment and in the
= drLL2EZS S s interrelationships between metals. For this reason, the
. element concentrations in the sediments were evaluated
en . .
=3 separately for the entire lake and for four sub-regions,
— o . . .
% g % g . g = a g E % namely, at stream inlets including: (1) Namnam Stream
O e = A = = mouth, (NamSM), (2) Kargicak Stream mouth, (KarSM),
(3) Yuvarlak Stream mouth (YuvSM) and (4) the south-
— western part of the lake where subaqueous hot springs are
S laagg-gagzagy located (HotSR).
= Am s A A= Kriged surfaces displayed on maps were used to show
- sediment element concentrations (Fig. 2a—j). In Table 4,
g descriptive statistics of elemental concentrations for the
=~ RXIEEERZR ire lak he f - A
§ 5|2 73335 F83. entire lake and the four sub-regions are presented. Accord-
_ ingly, the region with the highest amount of elements accu-
é" mulation in the lake is NamSM, followed by KarSM. Ele-
\%b Nt~ = 0 o N ment concentrations in the sediments taken from YuvSM
S IEesdEraaRE and HotSR are relatively low. The amount of mean elemental
R concentration for the entire lake is intermediate between the
< elemental concentration values in the four sub-regions. The
o0 LMn = QXY Y . . . " o Lo .
) U o3 28 E8 8o dg sediment in Koycegiz Lake has significantly higher concen-
z e @ e o s n e trations of Cr and Ni (Table 4). It is well known that the
~ chemical weathering products of mafic and/or ultramafic
éo rocks are expected to be rich in clay minerals, and elements
= AT ezqesg such as Cr and Ni (e.g., Wronkiewicz and Condie 1989).
N Since peridotite and basalt cover almost 60% of the catch-
gn ment of Koycegiz Lake (Fig. 1), we attribute the source of
2 high Cr and Ni concentrations in the sediments to the weath-
= 2drTsa2gno ering of these rocks.
o = = . . . . .
Sediment evaluation methods yield a similar picture.
2 The degree of contamination (cd), modified degree of
g contamination (mCd) and pollution load index (PLI) were
~ N 0 O NN Oy ®© .
3 Ssdxsdsfggsg used to compare KarSM, NamSM, as well as the entire lake
(Tables 5, 6, 7). These methods are commonly used to com-
= pare the general state of elements in multiple areas (Zhao
§,-\ N = O < % = AN et al. 2015; Alshahri 2017). Accordingly, the areas with the
s 2 = S a b highest contamination indices are NamSM and KarSM, but
the region that has higher contaminations varies accord-
2285 =28gsR : :
A N =Tt ing to the method used. According to Cd and mCd values,
g % % % % % % % § % NamSM (34.09 and 3.41, respectively) is more contaminated
>~ FYSSISFT SIS than KarSM (21.45 and 2.15, respectively). These values
put NamSM at a level of ‘very high contamination’ (yhe
SRR RS contamination scale is given on Table 2), which is the high-
AR e v & v <o .
9 g % % % % % % % % % est value on the scale; KarSM at a level of ‘considerable
contamination’, which is the second highest value on the
a8 OB B SRR K scale. The reason why Cd gives such high results is largely
o ISER=I-EIN-EE-EER AR " . . . . .
S % Caddbdvnnhy due to the high contamination factor value of Ni. Since Cd
g R R . -
2|3 VYRRV R RVEVEVEYERY, is t.he sum .of the.conta.mmatlon factor values of the el§ments
g being studied, Ni dominates the results. The arithmetic aver-
= age of Cd and mCd, on the other hand, reveals a slightly
2 more optimistic picture. Since the high contamination factor
g QR ERRE® value of Ni occurs in the arithmetic average, its predominant
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Fig.2 Spatial distribution of ten elements in the sediments of Koycegiz Lake: a Cu, b Pb, ¢ Zn, d Ni, e Cr, f Co, g Mn, h Mo, i Al and j Fe

effect on the overall data is relatively small. According tothe = and KarSM are similar, but KarSM has a slightly higher
results of mCd, both regions are moderately contaminated.In ~ value than NamSM (1.13 and 0.98, respectively). When we
the comparison based on PLI values, the results for NamSM consider that the deterioration initiation value, which is the
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Fig.2 (continued)
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Fig.2 (continued)
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Fig.2 (continued)
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Fig.2 (continued)
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Fig.2 (continued)

critical level for PLI=1, the values obtained are at the upper
limit. Similarly, the PLI value for the entire lake is 0.90,
which indicates a severe contamination and at the upper
limit of the contamination scale.

When we evaluated the general profile of the ten elements
studied together with accumulation differences, it is seen that
the strongest correlation is between Cr and Ni (r=0.965)
(Table 8). Other significant correlations were observed
between Co and Ni (r=0.934), and Cr and Co (r=0.907).
Strong correlations can also be seen between these elements
on the kriged surface maps (Fig. 2a—j). Cluster analysis (CA)
results are consistent with correlation analysis results. In
the dendrogram, Ni, Cr and Co are in a single cluster and
show the strongest relationship (Fig. 3). When we look at
the distance proximity matrix of CA, it can be seen that the
closest distances are between these three elements (Table 9):
Cr-Ni (Euclidian distance =2.10), Co—-Ni (Euclidian dis-
tance =2.33), and Cr-Co (Euclidian distance =2.43). The
strong correlation between Cr, Co and Ni, and the accumu-
lation levels in the sediments reveal the possibility of either
an anthropogenic or rock (ultramafic) source, which is also
supported by the EF values, with reference to the Earth crust
values (Tables 5, 6, 7).

Cr—Co and Ni show elevated concentrations in lake sedi-
ments when compared with crustal abundances (Tables 5, 6,
7). The contamination factor (C”;) values of these three ele-

ments (Ni=20.45, Co=4.58, Cr=4.19) in NamSM are
higher than in other parts of the lake. These values are ‘very
high’ for Ni (Cfi > 6), which is the highest value in the clas-
sification, and ‘considerable’ (3 <Cfi> 6) for Co and Cr. EF
(Ni=18.85, Co=4.22, Cr=3.86) and geoaccumulation
index (Igeo) (Ni=3.75, Cr=1.47, Co=1.59) results also
support the C}results. Different scales are used in the inter-

pretation of the enrichment factor (EF). According to the
first scale, a level of 1.5 indicates an anthropogenic source,
and Ni, Co and Cr are well above this limit (Zhang and Liu
2002). In the five-stage scale developed by Haris and Aris,
Ni shows strong accumulation, and Cr and Co show moder-
ate accumulation (Haris and Aris 2012). According to the
shown values, there is a strong contamination of Ni, which
is the fifth level of the seven-level scale, and moderately
contaminated for Co and Cr, which is the third level of the
same scale (Tomlinson et al. 1980).

Another pair of elements with very high correlation
values within the lake sediments is Al and Zn (Al-Zn
r=0.943). The strong relationship between these two ele-
ments is also supported by cluster analysis. These two ele-
ments were located in the same cluster in the cluster analysis
(Fig. 3) and showed very close proximity in the proximity
matrix with an Euclidian distance of 2.47 (Table 9). This is
the second closest distance after the Cr—Ni—Co triple. When
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Table 6 Sediment assessment method results for Namnam Stream region (NamSM) for the elements studied

Cu Pb Zn Ni Cr Co Mn Mo Al (%) Fe (%)
Contamination factor
Mean 0.92 0.39 0.55 20.45 4.19 4.58 1.12 0.73 0.15 1.00
Min 0.73 0.34 0.45 0.35 3.18 3.49 0.81 0.00 0.12 0.73
Max 1.04 0.51 0.58 26.00 4.93 5.75 1.39 2.58 0.17 1.15
STD 0.08 0.05 0.04 3.75 0.59 0.77 0.17 0.79 0.02 0.13
Enrichment factor
Mean 0.85 0.36 0.50 18.85 3.86 4.22 1.03 0.78 0.14 0.92
Min 0.67 0.31 0.42 13.59 293 322 0.75 0.00 0.11 0.68
Max 0.96 0.47 0.47 23.96 4.54 5.30 1.28 3.09 0.16 1.06
STD 0.07 0.05 0.03 3.45 0.54 0.71 0.16 0.92 0.02 0.12
Geoaccumulation index
Mean -0.71 -1.96 —1.46 3.75 1.47 1.59 —-0.43 —1.45 -3.31 -0.60
Min —-1.04 -2.16 -1.73 3.30 1.08 1.22 —-0.89 -2.96 -3.67 -1.03
Max  —0.53 -1.56 -1.37 4.12 1.72 1.94 -0.11 -0.29 -3.11 -0.38
STD 0.13 0.18 0.10 0.27 0.21 0.25 0.23 1.09 0.18 0.20
Potential ecological risk factor
Mean 4.59 1.94 0.55 102.25 8.38
Min 3.66 1.68 0.45 73.73 6.36
Max 5.20 2.55 0.58 130.01 9.86
STD 0.40 0.26 0.04 18.74 1.18
Toxic unit
Mean 0.50 0.21 0.39 89.17 9.74
Min  0.38 0.14 0.30 88.03 8.97
Max  0.63 0.34 0.48 90.20 10.78
STD  0.08 0.06 0.06 0.74 0.61
Degree of contamination Modified degree of cont Pollution load index
Mean 34.09 3.41 0.98
Min 25.25 2.53 0.00
Max 40.88 4.09 1.35
STD 4.86 0.49 0.53
Mean ERM quotient Mean PEL quotient Total toxic unit
Mean 6.16 8.66 43.28
Min 4.48 6.30 31.52
Max 7.75 10.89 54.45
STD 1.09 1.53 7.64

the values of Al and Zn in the lake sediment were compared
with the Earth crust values, accumulation levels in the sedi-
ment were found to be very low. It is difficult to suggest an
anthropogenic effect for these two elements because the EF
value obtained based on the Earth crust reference is very
low (Tables 5, 6, 7). This means that the strong relationship
between these elements is of lithological origin. Similarly, it
can be seen in the literature that Al and Zn demonstrate very
strong correlations without exceeding the Earth crust val-
ues. Another interesting point between these two elements
that draws our attention is that they are both concentrated in

@ Springer

KarSM. In the sediment samples in this area, significantly
higher levels of Al and Zn were detected compared to the
lake in general and other important areas.

Copper was also evaluated. In particular, Cu content of
the sediment samples near KarSM, which contain more Cu
than the entire lake (Table 4), resulted in higher C} values

(Cu=1.44) (Tables 5, 6, 7). According to the EF values
(Cu=1.84), an enrichment in Cu occurs. In addition, Igeo
with a value of 2.60 is ranked at level 4 on the seven-level
scale and indicates a moderate to strong contamination level.
When we look at the elements that are most strongly
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Table 7 Sediment assessment methods results for the entire Kdycegiz Lake for the elements studied

Cu Pb Zn Ni Cr Co Mn Mo Al (%) Fe (%)
Contamination factor
Mean 0.75 0.46 0.49 10.46 2.35 2.56 0.84 2.45 0.14 0.65
Min 0.36 0.26 0.23 3.02 1.09 0.36 0.29 0.00 0.07 0.32
Max 2.06 1.25 1.22 26.00 4.93 5.75 323 5.77 0.34 1.15
STD 0.30 0.14 0.16 4.43 0.86 0.97 0.49 1.53 0.05 0.21
Enrichment factor
Mean 1.16 0.75 0.77 16.08 3.63 3.93 1.27 3.85 0.22 1.00
Min 0.74 0.30 0.48 3.04 1.10 1.61 0.63 0.00 0.12 1.00
Max 1.85 1.27 1.23 22.63 4.47 5.09 4.07 9.07 0.34 1.00
STD 0.20 0.20 0.15 3.01 0.57 0.52 0.60 2.39 0.04 0.00
Geoaccumulation index
Mean -1.08 -1.75 —1.68 2.70 0.57 0.68 —1.04 0.68 -3.46 -1.27
Min -2.06 -256 -2.70 1.01 -0.45 -033 -239 -3.56 —4.53 -2.24
Max 046 —-027 -0.30 4.12 1.72 1.94 1.11 5.47 -2.14 -0.38
STD 0.47 0.35 0.43 0.53 0.47 0.49 0.74 1.42 0.46 0.44
Potential ecological risk factor
Mean 2.31 0.49 52.31 4.70 4.70
Min 1.80 1.28 0.23 15.08 2.19
Max 10.31 6.23 1.22 130.01 9.86
STD 1.47 0.67 0.16 22.13 1.71
Toxic unit
Mean 0.83 0.53 0.74 87.32 10.57
Min 0.38 0.14 0.30 73.35 8.97
Max 4.30 3.52 4.74 90.20 14.09
STD 0.47 0.39 0.51 1.97 0.81
Degree of contamination Modified Pollution
degree of load index
cont
Mean 21.16 2.12 0.90
Min 12.01 1.20 0.00
Max 40.88 4.09 1.20
STD 6.02 0.60 0.31
Mean ERM quotient Mean PEL Total toxic
quotient unit
Mean 3.21 4.51 22.53
Min 1.12 1.55 7.77
Max 7.75 10.89 54.45
STD 1.31 1.85 9.23

correlated with Cu, it can be seen that these are Al and Zn,
and Cu forms a strong correlation with these elements
(Cu—-Al=0.88, Cu—Zn=0.87) (Table 8). These correlations
are also supported by CA (Table 9; Fig. 3). It can also be
seen that these elements are introduced to the lake in signifi-
cant amounts through the Kargicak Stream. When we con-
sider that the source of these two elements within the lake is
natural based on sediment evaluation methods (Tables 5, 6,
7), and EF values in particular, the high concentration of Cu

may not be anthropogenic despite its high EF values. It is
known that EF gives high values when elements from natural
sources produce high values in sediments (Lar and Gusikit
2015). Considering the relationships between these three
elements derived from Kargicak Stream inlet, a common
natural source is more likely than a possible anthropogenic
source.

Among our findings, perhaps the most important were the
molybdenum results. Mo was not only the single element

@ Springer
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Table 8 Correlation matrix of

the studied eloments Mo Cu Pb Zn Ni Co Mn Fe As Cr Al
Mo 1.000
Cu —0.409 1.000
Pb  —-0.258 0.539 1.000
Zn  —0.561 0.874 0.623  1.000
Ni —-0446 0.614 0.063 0.511  1.000
Co —-0.571 0.724 0.246  0.680 0.934 1.000
Mn —0.823 0.543 0.371 0.706 0.596 0.743  1.000
Fe —-0.682 0.863 0418 0.855 0.821 0.889 0.798 1.000
As  —0490 0434 -0.029 0.387 0477 0520 0472 0.532 1.000
Cr —-0493 0.619 0.092 0524 0965 0907 0.638 0.811 0.506 1.000
Al —-0.537 0.880 0.667 0943 0.515 0.670 0.699 0.859 0.273 0.518 1.000

with significant negative correlation among all studied ele-
ments, but also showed negative correlation with all other
elements (Table 8). CA results also fully support this situa-
tion. In the dendrogram, Mo is also clearly separated in a dif-
ferent cluster from all other elements (Fig. 3). In the proxim-
ity matrix, its distance to other elements ranges from 14.37
to 16.73 Euclidian distances. These values are the largest
for distance among all the elements (Table 9). This means
that the source of Mo’s accumulation in the lake is differ-
ent from the source of other elements. However, EF values
indicate Mo enrichment in the lake. Interpolation maps for
Mo (Fig. 2h) show that the area with the highest density in
the lake is the in-lake water source located south of the lake.
Statistically, this area contains significantly more Mo than
the areas NamSM and KarSM (Table 4). Despite the fact that
it contains more Mo than the area near Yuvarlak Stream and
the lake in general, this difference is not statistically signifi-
cant. Groundwater sources can carry large quantities of Mo
(Wang et al. 2016; Jones 2017). Based on these findings, it
is clear that the factor constituting a significant proportion
of Mo in lake sediments is a groundwater source located to
the south.

Based on our findings, Pb, As, Mn and Fe do not pose
an environmental risk. These elements are within the limit
values for all values analyzed, and do not behave differently
across the lake.

Environmental impact of the current element levels
in the lake

The effect of current element concentrations in the lake
on living organisms was investigated near stream inlets,
water inflows and the entire lake using different methods.
According to the sediment quality guidelines, there are
two elements that could pose a threat to the lake. These
are Ni and Cr. Both elements have values above all crite-
ria (Table 4). Although Ni is an essential micronutrient
for the metabolism of some aquatic organismes, it is also
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Fig.3 Cluster analysis (CA) dendrogram showing the relationships
between the elements studied in the sediments of Koycegiz Lake

toxic in high concentrations (Bielmyer et al. 2013). More-
over, it is also not clear whether Ni is essential for animals
(Blewett and Leonard 2017). Rocks, volcanic activity and
forest fires are natural sources of Ni, coal and oil fumes,
wastewater, electroplating, cement and steel industry
activity, and phosphate-containing fertilizers all contain
Ni (Savorelli et al. 2017). The toxic characteristics of
Ni emerge in five different ways: (1) disruption of Ca>*
homeostasis, (2) disruption of Fe?*** homeostasis, (3)
ROS-induced oxidative damage, (4) disruption of Mg+
homeostasis and (5) allergic response of respiratory epi-
thelia. These pathways manifest themselves in three dif-
ferent ways: (1) reducing the availability of Ca’>* required
for exoskeleton, shell and bone formation, (2) respira-
tory disturbance and (3) cytotoxicity and tumor formation
(Brix et al. 2017). Cr is found naturally in rocks, soil and
volcanic emissions; anthropogenic sources of Ni include
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Table 9 Proximity matrix of the Mo Cu Pb 7n Ni Co Mn Fe As Cr Al
cluster analysis performed on
the studied elements Mo  0.00

Cu 1527  0.00

Pb 1437  7.79 0.00

Zn 15.69  4.70 5.57 0.00

Ni 1546 1030 1394 1125  0.00

Co 16.04  9.16 12.81  9.83 2.33 0.00

Mn 1673 11.15 11.61 10.15  9.65 8.67 0.00

Fe 1649  5.64 10.11  6.32 5.98 4.55 8.64 0.00

As 1549  9.90 11.66 993 7.51 7.29 1082 7.73  0.00

Cr 15.84 9.24 13.38 1045 2.10 2.43 9.11 498 736 0.00

Al 1563 3.64 5.90 2.47 11.42 1001 1015 629 10.64 1047 0.00

alloys and coatings, stainless steel production in the auto-
motive sector, nuclear and high-temperature research, and
paint and metallurgical industries (Vaiopoulou and Gikas
2012). Despite its role in carbohydrate metabolism as part
of the glucose tolerance factor, it is associated with cardi-
ovascular risks and some metabolic syndromes (Bilandzi¢
et al. 2017). The presence of a toxic effect or the nature of
the toxic effect depends on the concentration and valence.
Although its valence can vary between —2 and + 6, it is
mostly found in nature in its most stable forms of + 3
and + 6 valence. Of these forms, + 6 is more toxic and is
the non-essential form with higher dissolution properties
(Ergul-Ulger et al. 2014).

Toxic unit results indicate that Ni has the highest envi-
ronmental risk factor for the lake (Tables 5, 6, 7). Ni
alone makes up 87% of the total toxic effect in the lake.
This rate is 84% in KarSM and 89% in NamSM. Accord-
ing to the total toxic unit values, the area where the toxic
effect is most apparent is NamSM, with a value of 43, and
the area with the lowest toxic effect is HotSR with a value
of 17. The mean effect range-median quotient (m-ERM-q)
and mean probable effect level quotient (m-PEL-q) val-
ues were used separately on lake sediments for different
regions, to understand the toxic effect rate of element
accumulation on living organisms. These results also sup-
port total toxic unit results. According to m-ERM-q and
m-PEL-Q values, the area with the highest toxic effect
on living organisms is NamSM, and the area with the
least toxic effect is HotSM. However, all m-ERM-q and
m-PEL-Q values in terms of both the regional analysis
and for the entire lake show toxic effects at the top of
their scales. The rate of impact according to m-ERM-q is
over 76%. According to m-PEL-q values, all regions are
at a “highly impacted” level.

Although Cd was also studied in the lake, it was at
concentrations below the limits of detection, and there-
fore they were not included in the tables. The findings of

previous studies at different locations can also be seen in
Table 10.

Conclusion

The sediment element accumulation levels, relationships
between the accumulated elements and the effects on the
ecosystem have been investigated in Koycegiz Lake, both
in sub-regions and across the entire lake. Multivariate
statistical techniques, sediment assessment methods and
interpolation maps were effective tools in understanding
the contamination in the lake.

The results show that the highest level of element is
found in the sediment samples taken from the area near
Namnam and Kargicak stream inlets, and the lowest ele-
ment concentrations were found in the area where there
are in-lake groundwater sources. According to sediment
assessment methods, these two regions have the highest
contamination level and the degree of contamination in
these regions varies between the upper—intermediate and
the highest levels, while showing some differences based
on the methods used. Average lake element concentrations
are low compared to other inlet areas, although the lake
sediments still show element contaminations. The sources
of the high contamination values observed in the lake were
determined to be primarily Ni and to some extent Cr.
These two elements, particularly in the area where Nam-
nam Stream flows into the lake, are above the limit values
for the lake, and this creates contamination throughout
the lake. Ni and Cr were found to be highly statistically
correlated. Apart from these two elements, there is no sig-
nificant element contamination in the lake. When the effect
of existing element accumulation on the ecosystem was
evaluated, the two different methods used gave the highest
toxic effect values.

Based on these findings, we can conclude that in-depth
studies should be carried out in the lake for Ni and Cr, but
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most importantly Ni. In these studies, it is of utmost impor-
tance that the source of these elements be clearly deter-
mined, and the status of accumulation in living organisms,
especially those living in the sediments, be revealed.
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