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Abstract: This study determined arsenic, chromium, cadmium, copper, zinc,
nickel and lead concentrations in the sediment of the lake and river and evalu-
ated their ecological risk profile and compared the ecological risk profile of
some potentially toxic elements accumulated in surface sediment of stagnant
and running water ecosystems in the Meri¢ Delta Wetland, Turkish Thrace
which is located in the European part of Turkey and have two important river
systems, Meri¢ and Ergene, which provide freshwater resources for the region.
Sediment samples were taken seasonally from three stations (one station from
the river and two stations from the lake) in 2020. Ecological and biological risk
analyses were calculated using the potential ecological risk index (R]), biolog-
ical risk index (mERM-Q;), contamination factor (CF), contamination degree
(CD) and pollution load index (PLI). As a result, although R/ stated that Cd
was determined as the riskiest element and mERM-Q; stated that Zn was det-
ermined as the riskiest element, indicated that there were no high ecological
risks besides the investigated elements in the area. Although it is expected that
the sediment quality of running water systems is better than that of stagnant
water systems, the results of risk indices in the present study showed that the
station selected for running water was the riskiest station in terms of potentially
toxic elements.

Keywords: ecological risk indices; toxic elements assessment; lagoon lake; Merig
River Delta.

INTRODUCTION

Increasing toxic element (TEs) pollution has become a global ecological
concern for water, air, and soil ecosystems.! Supply to industry and agriculture
due to the growth of the population increases the accumulation of TEs, especially
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3 84 AYDIN

in aquatic ecosystems.2 Toxic pollution, which is discharged into aquatic eco-
systems by precipitation and waste channels, accumulates in the sediment. The
sediment plays a significant role in water quality and the health of aquatic org-
anisms and the intense accumulation in the sediment causes the complicated bio-
geochemical exchanges.3# Therefore, periodic investigation and monitoring of
the sediment quality are essential for sustainability of the aquatic ecosystem.3->
Some indices that were developed for determining the ecological risk profile of
potentially TEs in sediments are used and recommended for this purpose.!#:6-12
In the present study, the indices; potential ecological risk index (PERI),
biological risk index (BRI), contamination factor (CF), contamination degree
(CD) and pollution load index (PLI) were used because of their widely intended
application. However, they also have some disadvantages and in despite of their
disadvantages, they are very useful for saving and protecting a wetland.!!

The Turkish Thrace Region is located in the European part of Turkey and
have two important river systems, Meri¢ and Ergene. The rivers and their tribute-
aries provide freshwater resources for the region. Due to the availability of arable
lands and freshwater resources, the region is under intensive agricultural applic-
ations and pollution load.2 The Meri¢ Delta located in Turkish Thrace Region
lies in Turkey lands on about 35,000 ha area (about 10,000 ha part of the delta
lies in Greece lands) and it is in A Class Wetland category.!3 The delta have
different water bodies and the Dalyan Lagoon Lake is one of them. The Dalyan
Lagoon Lake is located in the area where the Meri¢ River empties into the Aeg-
ean Sea, in Edirne province. The lagoon lake is formed by alluvial flows from the
Meri¢ River. Due to its rich aquatic biodiversity, the lagoon lake is an important
wetland for fish and especially for waterfowl.!4 The Enez District centre is
located just north-east of the Dalyan Lagoon Lake and the lake is surrounded by
agricultural lands. This situation causes significant urban and agricultural
pressures on the lagoon lake.!4 There are many studies showing that wetlands in
the Meri¢ Delta is exposed to pollution (Gala Lake, Sigirc1 Lake, Ergene River,
Meric River and dam lakes).2:#413:15-17 In the present study, As, Cr, Cd, Cu, Zn,
Ni, and Pb concentrations in the sediment of the Dalyan Lagoon Lake and the
Meri¢ River connected with the Dalyan Lagoon Lake were determined seasonally
and were detected by spectrometric method. According to the element concen-
tration results, the ecological risk profile was evaluated and compared by using
the indices; PERI, BRI, CF, CD and PLI. Although, there are many studies about
sediment quality of the wetlands in the Meri¢ Delta,2-3:13,15,16 the Dalyan Lag-
oon Lake and the Meri¢ River segment connected with the Dalyan Lagoon Lake
were investigated for the first time in the present study. Thus, data about the
sediment quality and ecological risk profile of the area were obtained. In addit-
ional, with this study, sediment structures and deposition of stagnant and running
water ecosystems were compared in terms of flow dynamics.
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EXPERIMENTAL

Study area and sediment sampling
Details about the study area are given in the Supplementary material to this paper

Sediment sampling was conducted seasonally (spring, summer, autumn and winter)
between May 2020 and December 2020 from 3 stations. Two stations (St.1 and St. 2) were
selected from the Dalyan Lagoon Lake and one station (St. 3) were selected from the Merig
River (Fig. S-1 of the Supplementary material). Sediment samples were taken using Ekman
Grab (sampling 15%15 cm? area) from the lake and the river. The upper to 5 cm sediment
portion was collected with sampler in sterile glass bottles. Sediment sample belonging to each
station was obtained by mixing sediments randomly collected three times.

Chemical analysis

To determinate the elements (As, Cr, Cu, Cd, Zn, Ni, Pb) in sediment samples, obtained
material was dried for 3 h at 105 °C. One gram each of dry samples were dissolved in 3 mL of
distilled water. The solution obtained by adding an acid mixture HNO3, HCl, HCIO,, at the
volume ratio of 5:2:1, was passed through filter paper and taken into polyethylene bottles.!3
The element concentrations in the sediment samples were detected using the “Agilent 7700
xx” branded inductively coupled plasma-mass spectrometer (ICP-MS) device at the Trakya
University Technology Research and Development Application and Research Center
(TUTAGEM).!® Concentration values (given in mg/L) of all examined elements (As, Cr, Cu,
Pb, Zn, Cd, Ni) are presented in Fig. S-1.

Risk indices

Potential ecological risk index (R1). RI is used to evaluate the ecological contamination
risk and based on the sensitivity of the aquatic ecosystems productivity. The index is cal-
culated by the following formula:®

RI=YE' (H
Eir = Tircif (2)
Cly=C'y/C', (3)

where E’, = potential ecological risk index of an each element. The scale of EY, is given in
Table I; 7%, = toxic response factor;® Ci; = The contamination factor; C’y = The concentration
of elements in the sediment; C’, = The preindustrial reference value for elements.6

Biological risk index (mERM-Q). Biological risk index is used to evaluate the assessing
the potential effects of multiple element contamination in sediment. The index is calculated by
the following formula:20

mERM-0 = (3 n; = ERM-Q;)/n “4)
ERM-Q; = C/ERM; (%)

where mERM-Q = the effect range median quotient of multiple element contaminations. The
scale of mERM-Q is given in Table I; C; = the concentration of an element in the sediment
from the sampling stations; ERMi = the ERM value of a determined element;% n = the number
of selected elements.

Contamination factor (CF). This method is used to account for the contamination of
single elements and is calculated by the following formula.® The scale of CF is given in Table II:

CF= Csample/ Cbackground (6)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.
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where Cgypple = the concentration of an element in the sediment from the sampling stations;
Chackground = the reference value for elements.”

Contamination degree (CD). This method is defined sum of all CFs for given lake.® The
scale of CD is given in Table II:

CD=3%CF )

Pollution load index (PLI). This index is used to evaluate sediment contamination and is
defined as the n' root of the product of the nCF. The following formula is used to calculate
the index.2! The scale of PLI is given in Table II:

PLI = (CF1xCF2xCF3x--xCFn)/n (8)

TABLE 1. The scale for E',, RI, ERM-Q; and mERM-Q*°

Potential ecological risk assessment Biological risk assessment
o Monomial RI Multinomial ERM-Q; and Monomial and
! factor factors mERM-Q  multinomial factors
<40  Low ecological <95 Low ecological <0.1 Low priority side
risk risk
40-80 Moderate 95-190 Moderate 0.1-0.5 Medium-low
ecological risk ecological risk priority side
80-160  Considerable 190-380  Considerable 0.5-1.5 High-medium
ecological risk ecological risk priority side
160-320 High ecological >380 Very high >1.5 High priority side
risk ecological risk

>320 Very high
ecological risk

TABLE II. The scale for CF, CD and PLI;52! CF — contamination factor; CD — contamination
degree; PLI — pollution load index

CF Contamination | CD Contamination | PLI Pollution state
<1 Low <8 Low <1 Unpolluted
1<CF<3 Moderate 8§<CD<16 Moderate >1 Polluted
3<CF<6 Considerable 16<CD <32 Considerable
>6 Very high >32 Very high

RESULTS AND DISCUSSION

The results of measured element levels in the sediment are presented in Fig.
S-1. According to this, for As concentration values vary between 0.11 and 1.56
mg/L; for Cr between 0.06 and 0.52 mg/L; for Cu between 0.23 and 3.57 mg/L;
for Pb between 0.3 and 5.02 mg/L; for between Zn 0.33 and 39.9 mg/L; for Cd
between 0.001 and 0.043 mg/L; for Ni between 0.001 and 6.3 mg/L. The results
of Ei., multinomial R/, monomial ERM-Q; and multinomial mERM-Q for each
station and season were identified and given in Table S-I of the Supplementary
material. In addition, the results belonging to the CF, CD and PLI were identified
and given in Table III.
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TABLE III. The toxic element risk index values (CF, CD and PLI) in sediments of the Dalyan
Lagoon Lake (Ave: Average; St: Station)

St CF - CD PLI
As Cr Cu Pb Zn Cd Ni
Spring

1 0.008 0.002 0.012 0.006 0.005 0.025 0.005 0.063 0
2 0.01 0.001 0.006 0.004 0.007 0.003 0.005 0.037 0
3 0.104 0.004 0.071 0.03 0.038 0.01 0.084 0342 0
Ave 0.041 0.002 0.03 0.013 0.017 0.013 0.032

Summer
1 0.009 0.001 0.005 0.006 0.002 0.001 0.002 0.025 0
2 0.011 0.001 0.006 0.005 0.002 0.002 0.002 0.028 0
3 0.069 0.001 0.016 0.007 0.005 0.004 0.005 0.107 0
Ave 0.03 0.001 0.009 0.006 0.003 0.002 0.003

Autumn
1 0.017 0.003 0.022 0.028 0.228 0.01 0.011 0.319 0
2 0.046 0.004 0.028 0.048 0.032 0.02 0.008 0.186 0
3 0.03 0.004 0.028 0.072 0.119 0.01 0.012 0275 0
Ave 0.031 0.003 0.026 0.049 0.127 0.013 0.01

Winter
1 0.007 0.002 0.008 0.007 0.008 0.014 0.00001 0.046 0
2 0.021 0.002 0.012 0.005 0.009 0.012 0.00001 0.061 0
3 0.033 0.006 0.019 0.025 0.012 0.043 0.00004 0.138 0
Ave 0.021 0.003 0.013 0.012 0.01 0.023  0.00003
Average 0.03 0.002 0.02 0.05 0.04 0.01 0.01

According to PERI, the results of monomial factor Ei. and multinomial
factor R/ all the investigated stations and seasons exhibited “low ecological risk”.
The monomial factor E’, belonging to PERIs indicated that the density of the
investigated TEs can be followed as Cd > Pb > As > Cu > Zn > Ni > Cr (Fig. 2).
The multinomial factor R/ belonging to PER/s showed that the ecological risks of
the investigated stations can be sorted as St. 3 (2.597) > St.1 (1.287) > St. 2
(1.165), Table S-1.

According to BRI, although the results of monomial factor ERxM-Q; posed
“low priority side” at all the investigated stations and seasons, nickel at St. 3 in
spring season and zinc at St. 1 in autumn season posed “medium-low priority
side”. The results of multinomial factors (mERM-Q) posed “low priority side” at
all the investigated stations and seasons and the toxicity of the investigated ele-
ments can be sorted as Zn > Ni > Pb > As > Cu > Cr > Cd (Fig. 3). The multi-
nomial factor mERM-Q of BRIs indicated that the biologically risk of contamin-
ation to sediments of the investigated stations can be sorted as St. 3 (0.015) > St.
1 (0.008) > St. 2 (0.004), Table S-1.

As a results of CF values for all the investigated elements showed “low
contamination” and the risks of the investigated TEs in terms of CF can be sorted
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as Pb > Zn > As > Cu > Cd = Ni > Cr (Table IV). As a results of CD values for
all the investigated elements showed “low degree of contamination” and total
contamination degree followed the order of stations St. 3 (0.21) > St. 1 (0.11) >
St. 2 (0.08). Also, The PLIs indicated that all stations were unpolluted (Table III).

EENAs BN Cr BN Cu EENPh B Zn EENCd EEENi RI

3.0 3.0

25 3 2.5
2.0 2.0
1.5 15
1.0 1.0
0.5 ! 05
00 st.1 ‘ St.2 St.3 - 0.0

Fig. 2. Values of potential ecological risk index (PERI).

EENAs EECr B Cu EEOPh EEEZn EECd NI mERM-Qi
0.12 0.016

-0.014

o

-0.012
0.08

-0.010
0.06 = -0.008

- 0.006
0.04

-0.004
0.02

-0.002
0.00 +0.000

St.1 St.2 St.3

Fig. 3. Values of Biological Risk Index (BRI).

The present study was carried out to determine and compare the existence
and risk profile of some potentially TEs in stagnant and running water ecosys-
tems at Meri¢ Delta Wetland. According to result of mERM-Q;, Zn was det-
ermined as the riskiest element, and as a result of R/, Cd was determined as the
riskiest element for the sediments of the Dalyan Lagoon Lake. In previous stu-
dies performed in Meri¢ Delta, Cd was reported as the riskiest toxic element.415
In the studies carried out in dam lakes in the Meri¢ Delta* and Gala Lake,!5 it
was reported that cadmium was found to be the highest risk factor in terms of
potential RI.%!5 Cadmium is a toxic element in agriculture and it can be easily
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spread to water by using phosphate fertilizers.%:!5 According to the study,22
cadmium residues in fertilizers taken from different fertilizer factories were
investigated and the results showed that the vales were over the limit values
notified for fertilizers.2?2 Because of intensive agricultural applications in Meric-
-Ergene River Basin (especially rice production), excessive use of fertilizer can
cause Cd accumulation.

Zinc is exceedingly related to organic matter.23 Aquatic systems are inclined
to have a higher deposition rate of organic matter.24 So, the accumulation of Zn
is widespread in sediment. In the present study, Zn was determined as the riskiest
element and the monomial factor (ERM-Q;) for Zn posed a “medium-low priority
side” at St. 1 in the autumn season.

Nickel occurs naturally in the Earth’s crust and enters natural resources,
usually through anthropogenic activities.® In the study carried out in Gala
Lake;!5 Ni was the riskiest element according to BRI.!5 In the present study, the
results of the monomial factor (ERM-Q;) for Ni posed a “medium-low priority
side” at St. 3 in the spring season.

Since the water of the lake is connected with the water of the Merig river,
two stations were selected from the lake (St. 1 and 2) and one from the Merig
river (St. 3). The results of used risk indices in the present study indicated that St.
3 (selected from Meri¢ River) was the riskiest station in terms of investigated
TEs. In the studies conducted on other water bodies in the Merig¢ Delta, there is a
significant accumulation of TEs due to intensive agricultural and industrial
applications.2*15 For this reason, it is an expected result that the station (St. 3)
selected from the Meri¢ River in this study is the riskiest. In addition, there are
many studies investigating ecological risk analyzes in sediment in lagoon lakes in
Turkey.25-27 According to studies,25-27 there were no pollution and no moderate
or high ecological risk for Koycegiz (Mugla) Lagoon System. According to the
results of ecological risk assessment study of Cardak Lagoon Lake (Canakkale),
the toxic risk index ranged from 5.21 to 11.00, with a low mean value of 7.98.26

CONCLUSION

As a result of the study, it was concluded that toxic element pollution in the
sediments of selected stations at the present study (Dalyan Lagoon Lake and
Merig River) is less than in other water bodies in the Meri¢ River Delta (Gala
Lake, Sigirc1 Lake, Ergene River, Meri¢ River and dam lakes in the Meri¢ River
Delta). The presence of sea currents and channels in lagoon lakes is important in
maintaining water quality and thus sediment quality. Although there is agricult-
ural and industrial pollution in other water bodies in the delta, it can be said that
Dalyan Lagoon Lake has improved the water and sediment quality by the sea
connections. However, other biological and physicochemical studies that support
these results are needed in the region. Water and sediment quality of stagnant and
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running water ecosystems are different from each other due to their flow dyn-
amics. It is expected that the sediment quality of running water systems is better
than that of stagnant water systems. In this study, despite the flow dynamics of
the Meri¢ River, there is a higher risk of TEs compared to the Dalyan Lagoon
Lake due to intensive agricultural applications and the industrial pollution load of
the Ergene River. Because, the Meri¢ River arises in Bulgaria and unites with the
Arda River in Edirne. Then merging the Tunca River south of Edirne, it joins the
Ergene River and flows into the Aegean Sea (Saros Gulf). So, the Ergene River
increases the pollution load of the Meric River. The studies performed in the
Ergene and Meri¢ rivers showed that agricultural and industrial pollution load
were intensive. It is recommended that such studies must be carried out period-
ically and kept under control for the sustainability of the lagoon lake where
fishing is carried out intensively.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal web-
site: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12778, or from the correspond-
ing author on request.

U3BOJ
KOMITAPATUBHA CTYOHWJA O TIPOLIEHH EKOJIOIIKOT PU3UKA O] AKYMYJIALTMJE
HEKHX ITIOTEHUHWJATHO TOKCUYHHKX EJIEMEHATA Y ITIOBPITMHCKOM
CEOIUMEHTY EKOCUCTEMA CTAJARHUX U TEKYRHMX BOJA Y MOYBAPHOM
[oagpyuJy OEJITE PEKE MEPUY, TYPCKA TPAKHJA

GAZEL BURCU AYDIN
Trakya University, Faculty of Science, Department of Biology, 22100, Edirne, Turkey

OBoM CTynujoM yTBpheHe Cy KOHLIeHTpalje apceHa, Xxpoma, KagMujyma, bakpa, LIUHKa,
HHUKJ/Ia YU 0JI0Ba Y CEIUMEHTY je3epa U peke, NpolieheH je MPodHI BUXOBOT eKOJIOMIKOT PU3H-
Ka u ynopehen npodusn pusuka HEKMX MOTEHIIHjallHO TOKCHYHUX eJIeMeHaTa aKyMyJIUpaHuX y
NOBPUIMHCKOM CENMMEHTY eKocucTeMa crajahux v Tekyhux Boja y MouBapHOM TNOApPYYjy
nente Mepuya, Typcka Tpaxuja. OBa fenta HalasH ce y eBpOICKOM jeny Typcke U UMa IBa
BakKHa peyHa cucrteMa, Mepuyu u Eprene, xoju obe3dehyjy crnaTkoBomHe pecypce 3a pervoH.
Y30puu cefuMeHTa Cy y3UMaHHU CE€30HCKH ca TPH CTaHUlle (jeoHa CTaHMIa ca peKe U IBe CTa-
Hulle ca jesepa) y 2020. rooguHU. AHanu3a eKOJIOIIKOT U OMOJOMIKOT PHU3MKa HW3padyyHaTa je
KopuirhemeM MHAEKCA MOTEHIUjaTHOT €KOJOWKOr pusuKa (RI), MHAEKca HUOIOLIKOT pU3UKa
(mERM-Qi), paktopa xonTamuHauuje (CF), creneHa koHtaMuHauyje (CD) v uHpeKca onrepe-
hemwa sarahemem (PLI). Kao pesynraT Tora, Maxko je RI mnokasao na je Cd Hajpu3sU4HHUjU
enemeHT, a mERM-Q; je yka3ao Ha Zn Kao HajpU3UYHUjH €JIEMEHT, OBa CTyAHja MOKasyje na
HEMa BUCOKHMX EKOJIOIIKMX pU3HKa y OBOj odmactH. Mako ce ouekyje ma je KBaJIUTET Cemu-
MeHTa y CHCTeMHMa 3a Tekyhy Boxy Do/bH Hero y cucteMuma ca crajahum Bomama, pesynrati
WHJIeKCca pU3UKa y OBOj CTYOUjU Cy IT0Ka3aau fa je cTaHuLa onadpaHa 3a Tekyhy Bony Ouma
HajpU3MYHHUja CTaHULA y NOTJIefly UCTpaXKHBambha NOTEHLHjaIHO TOKCUYHHX eleMeHara.

(ITpumsbeHo 16. janyapa, peBunupaHo 12. jyna, npuxsaheno 21. HoBembpa 2024)
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