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Abstract: This study determined arsenic (As), chromium (Cr), cadmium (Cd),
copper (Cu), zinc (Zn), nickel (Ni), and lead (Pb) concentrations in the sediment
of the lake and river and evaluated 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 possesses
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 by using the Potential
Ecological Risk Index (RI), Biological Risk Index (mERM-Qi), Contamination
Factor (CF), Contamination Degree (CD), and Pollution Load Index (PLI). As a
result, although RI stated that Cd was determined as the riskiest element and
mERM-Qi stated that Zn was determined 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 indicated that the station selected for running water was the riskiest station
in terms of investigating potentially toxic elements.

Keywords: ecological risk indices; toxic elements assessment; lagoon lake; Meri¢
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 in
aquatic ecosystems.? Toxic pollution, which is discharged into aquatic ecosystems
by precipitation and waste channels, accumulates in the sediment. The sediment
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plays a significant role in water quality and the health of aquatic organisms and the
intense accumulation in the sediment causes the complicated biogeochemical
exchanges.>* Therefore, periodic investigation and monitoring of the sediment
quality are essential for sustainability of the aquatic ecosystem.’* Some indices
that were developed for determining the ecological risk profile of potentially TEs
in sediments are used and recommended for this purpose.'*67&%100L1Z Ty 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
possesses two important river systems, Meri¢ and Ergene. The rivers and their
tributaries provide freshwater resources for the region. Due to the availability of
arable lands and freshwater resources; the region is under intensive agricultural
applications and pollution load.> 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."® The delta
possesses 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
Aegean Sea, in Edirne province. The lagoon lake is formed by alluvial flows from
the Merig¢ River. Due to its rich aquatic biodiversity, the lagoon lake is an important
wetland for fish and especially for waterfowl.!* 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.!* There are many studies showing that wetlands in
the Meric Delta is exposed to pollution (Gala Lake, Sigirct Lake, Ergene River,
Meri¢ River, and dam lakes).>*!3131617 In the present study, As, Cr, Cd, Cu, Zn,
Ni,-and Pb concentrations in the sediment of the Dalyan Lagoon Lake and the
Merig River connected with the Dalyan Lagoon Lake were determined seasonally
and were detected by spectrometric method. According to the element
concentration 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®*!>!516| the Dalyan
Lagoon 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
additional, 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

The study area is located between latitude 40° 42° N and longitude 26° 04’ E (Fig: 1). The
Dalyan Lagoon Lake is formed by alluvial flows from Meri¢ River and is fed by water flows
from Merig River and Aegean Sea. It has an area of 3.7 km? and its length is 5 km. The Merig
River originates in Bulgaria and forms part of the Greece-Turkey border. The Meri¢ River with
a catchment area of more than 56.000 km? (covers 14.600 km? in Turkey) is 480 km long. It
merges with the Ergene River in the Ipsala district and flows into the Aegean Sea near Enez.
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 Meri¢ River (Fig.1).
Sediment samples were taken by using Ekman Grab (sampling 15 x 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.

Legend Legend
il rd |(mg/l) As . (mg/L) Zn .
GREECE 7 > 7
29 567 09
g : 5 [[wimer 138 151 212
» K __ - | @ L7| |sping - 02 515 158| [spring : 08 12 &7
) (mg/L) Cd
= LA
7 gt \ 001 0g2 001
4 | Winter ; 0,014 0.012 0,043
1 Enez r 5| | épeiny - 0025 nowa 001
i
o2 ‘ (mg/L) Ni
(G ‘ st1 stz s13
g s |[sunmer 013 013 04
Dalyan Lake | St.1 8 ; e 03 08 09
‘ g FJ |winter - 04 081 097 |winter - 0,001 0,001 0003
i i Spring - 062 031 357| |sping 04 04 83
meg/L -
Aegean Sea ‘ (mg/L) Pb
‘ |
TURKEY

Fig. 1. The study area, sampling stations, and concentration of the investigated elements (As,
Cr, Cu, Pb, Zn, Cd, Ni)

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. 1 g of dry samples were dissolved in 3 mL of distilled
water. The solution obtained by adding an acid mixture HNO3; HCI, HC1O4, at the rate of 5:2:1
mL, was passed through filter paper and taken into polyethylene bottles.'® The element
concentrations in the sediment samples were detected by 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. 1.
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Risk indices
Potential ecological risk index (RI)

The Potential Ecological Risk Index is used to evaluate the ecological contamination risk
and based on the sensitivity of the aquatic ecosystems productivity. The index is calculated by
the following formula:®

RI=Y E! (1)
Eir = T', C¢ ()
Cle= Ciy/Cl, (3)

Where;

RI = Potential ecological risk index that is the sum of all the elements. The scale of RI is
given in Table 1.

E', = Potential ecological risk index of an each element. The scale of Eir is given in Table
L

T, = A toxic response factor °

Clr= The contamination factor

Cly) = The concentration of elements in the sediment

C', = The preindustrial reference value for elements °

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;*

mERM-Q = (3 ni=1 ERM-Qi) /n 4)
ERM-Qi = Ci/ERM; (5)
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)

Where;

Caample = The concentration of an element in the sediment from the sampling stations

Crackground = The reference value for elements &’

Contamination Degree (CD)

This method is defined the sum of all contamination factors (CF) for given the lake.® The
scale of CD is given in Table II.

CD=YCF (7)
Pollution Load Index (PLI)

This index is used to evaluate sediment contamination and is defined as the nth root of the
product of the n CF. The following formula is used to calculate the index.?' The scale of PLI is
given in Table II.
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PLI=(CF1xCF2xCF3x.......xCF,)1/n (8)
TABLE I. The scale for Eir, RI, ERM-Qi and mERM-Q.?
Potential ecological risk assessment Biological risk assessment
; Monomial Multinomial ERM-Q;and Monqnnal gnd
E' RI multinomial
factor factors mERM-Q
factors
Low Low ecological Lo
<40 ecological risk <95 risk <0.1 Low priority side
4080 ~ Moderate g5 g Moderate 0105 Medium-low
ecological risk ecological risk priority side
80-160 Cons1(.1erab.1e 190-380 Cons1c.1erab.1e 05-15 ngh-med}um
ecological risk ecological risk priority side
High Very high . Lo
160-320 ecological risk =380 ecological risk >15 High priority side
Very high

>320 ecological risk

TABLE II. The scale for CF, CD, and PLI ¢!

CF CD PLI
CF<1 Low CD<8 Low degree of vy 1 oliuted
contamination contamination
Moderaté Moderate
1<CF<3 LS 8§<CD<16 degree of PLI> 1 Polluted
contamination ..
contamination
Considerable Considerable
3<CF<6 . 16 <CD <32 degree of
contamination ..
contamination
. Very high
CF>6 Very .hlg}.l CD=>32 degree of
contamination ..
contamination

CF - Contamination factor; CD - Contamination degree; PLI - Pollution load index
RESULTS AND DISCUSSION

The results of measured element levels in the sediment are presented in Figure
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 (Fig. 1). The results of
the Potential Ecological Risk Index monomial (E'), multinomial (RI), and the
biological risk indices monomial (ERM—Q;), multinomial (mERM—Q) for each
station and season were identified and given in Table III. In addition, the results
belonging to the CF, CD, and PLI were identified and given in Table IV.
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According to PERI (Potential Ecological Risk Index), the results of monomial
factor (E';) and multinomial factor (RI) all the investigated stations and seasons
exhibited “low ecological risk”. The monomial factor (E';) belonging to PERISs
indicated that the density of the investigated TEs can be followed as Cd> Pb > As
> Cu > Zn > Ni > Cr (Fig.2). The multinomial factor (RI) belonging to PERIs
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 SI).

According to BRI (Biological Risk Index), 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 elements can be sorted as Zn > Ni > Pb > As > Cu > Cr > Cd (Fig.
3). The multinomial factor (mMERM—Q) of BRIs indicated that the biologically risk
of contamination to sediments of the investigated stations can be sorted as St.3
(0.015) > St.1 (0.008) > St. 2 (0.004) (Table SI).

As a results of CF (Contamination. Factor) values for all the investigated
elements showed “low contamination” and the risks of the investigated TEs in
terms of CF can be sorted as Pb > Zn > As > Cu > Cd = Ni > Cr (Table V). As a
results of CD (Contamination Degree) 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
(Pollution Load Index) indicated that all stations were unpolluted (Table IV).

The present study was carried out to determine and compare the existence and
risk profile of some potentially TEs in stagnant and running water ecosystems at
Meric Delta Wetland. According to result of mERM-Q;, Zn was determined as the
riskiest element, and as a result of RI, Cd was determined as the riskiest element
for the sediments of the Dalyan Lagoon Lake. In previous studies performed in
Merig Delta, Cd was reported as the riskiest toxic element.*!” In the studies carried
out in dam lakes in the Meri¢ Delta* and Gala Lake'”; it was reported that cadmium
was found to be the highest risk factor in terms of potential ecological risk Index
(RI).*!5 Cadmium is a toxic element in agriculture and it can be easily spread to
water by using phosphate fertilizers.*!> According to the study?? 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.?
Because of intensive agricultural applications in Meri¢-Ergene River Basin
(especially rice production), excessive use of fertilizer can cause Cd accumulation.

Zinc is exceedingly related to organic matter.”> Aquatic systems are inclined
to have a higher deposition rate of organic matter.?* So, the accumulation of Zn is
widespread in sediment. In the present study, Zn was determined as the riskiest



ECOLOGICAL RISK IN SEDIMENT OF MERIC DELTA 7

element and the monomial factor (ERM—Q;) for Zn posed a “medium-low priority
side” at St. 1 in the autumn season.

TABLE IV. The toxic element risk index values (CF, CD, and PLI) in sediments of the Dalyan
Lagoon Lake (Ave: Average; St: Station)

Seasons St CF CD  PLI
Spring As Cr Cu Pb Zn Cd Ni
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 O
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 0025 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 O
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 O
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 0.02 005 0.04 o0.01 0.01

BN As BN Cr B Cu WP BN 7Zn BENCd T Ni RI
3.0 3.0
2.5 L - 2.5
2.0 -2.0
1.5 1.5
1.0 - -1.0
0.5 - - 0.5
0.0 - 0.0

St.1 St.2 St.3

Fig. 2. Values of Potential Ecological Risk Index (PERI)
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EmAs e Cr B Cu P mmZn mmCd NI mERM-Qi
0.12 0.016
0.10 vammn 0014
0.012
0.08
0.010
0.06 - 0.008
0.04 - 0.006
- 0.004
0.02 1 - 0.002
0.00 - - 0.000
St.2 St.3

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

Nickel occurs naturally in the Earth's crust and enters natural resources,
usually through anthropogenic activities.’ In the study carried out in Gala Lake';
Ni was the riskiest element according to Biological Risk Index.'® 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 Meri¢ Delta, there is a significant
accumulation of TEs due to intensive agricultural and industrial applications.>*!?
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.?>2%27
According to studies®?’; there were no pollution and no moderate or high
ecological risk for Kdycegiz (Mugla) Lagoon System. The result 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 7.98.2

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 Meri¢
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).
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The presence of sea currents and channels in lagoon lakes is important .in
maintaining water quality and thus sediment quality. Although there is agricultural
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 running water
ecosystems are different from each other due to their flow dynamics. Itis 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 Merig
rivers showed that agricultural and. industrial pollution load were intensive. It is
recommended that such studies must be carried out periodically and kept under
control for the sustainability of the lagoon lake where fishing is carried out
intensively.

SUPPLEMENTARY MATERIAL

Additional .data 'are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/12778, or from the corresponding
author on request.

H3BOJ

KOMITAPATHUBHA CTYIHUJA O [TPOLUEHU EKOJIOIKOI PU3UKA O] AKYMYJIALIMJE
HEKUX TTOTEHIMJAJTHO TOKCUYHUX EJTJEMEHATA V ITIOBPITMHCKOM CEOIVUMEHTY
EKOCHUCTEMA CTAJARMX U TEKYRMX BOJA Y MOUBAPHOM ITOJAPYUJY OEJITE PEKE

MEPHY, TYPCKA TPAKHJA

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

OBoMm cTynujom yTBpheHe cy koHLeHTpauuje apceHa (As), xpoma (Cr), xanmujyma (Cd),
Oaxpa (Cu), nuHka (Zn), uwia (Ni) u onosa (Pb) y cefuMeHTy jesepa ¥ peke, IpOLiEHEH je
npoduI HBUXOBOI EKOJNIOUIKOT PHU3WKa U yropeheH Npodun pusMKa HEKHUX MOTEeHIHjaHO
TOKCUYHHX €JleMeHaTa aKyMY/JIMpaHWX Yy IMOBPLUIMHCKOM CEIUMEHTYy eKocucTeMa cTajahux u
Texyhux Bofa y MouBapHOM nozapyyjy nente Mepuya, Typcka Tpakuja. OBa nenrta Hanasu ce 'y
eBPOICKOM fieny Typcke U ocenyje jBa BaykHa peyHa cucteMa, Mepud u Eprene, koju 06esdelyjy
CIaTKOBOJHE Pecypce 3a PErHoH. Y30pLy cefUMeHTa Cy Y3UMaHH Ce30HCKH ca TpH CTaHHUIle (jefHa
CTaHUIIa ca peke W ABe cTaHule ca jesepa) y 2020. roguHU. AHaIM3a €KOIOUIKOT U OHOMIOIIKOT
pH3HKa H3padyHaTa je KopullhemeM HHAEKCA NOTEHIHjaTHOT exoslolKor puskka (RI), uHoekca
duonouikor pusrka (MERM-Qi), dpakropa kontamunanuje (CF), creneHa kontamuHauyje (CD) u
uHnekca onrtepehema 3arahemem (PLI). Kao pesynrar Tora, wako je RI mokazao ma je Cd


https://www.shd-pub.org.rs/index.php/JSCS/article/view/12778

AYDIN

Hajpu3u4HUjH enemeHnT, a MERM-Qi ga je yka3ao Ha Zn Kao HajpU3H4YHHU]H €JIEMEHT, 0Ba CTy[Hja
NoKa3yje a HeMa BUCOKHX eKOJIOUIKUX pU3MKa y 0BOj 0dnacTu. Mako ce ouyexyje [a je KBaJuTeT
ceguMeHTa y cUcTeMUMa 3a Tekyhy Bomy Ho/bH Hero y cucteMuma ca crajahum Bogama, pesyiaTatia
WHJIeKCa pU3HKa y OBOj CTYOWjU Cy TOKasalM JAa je cTaHWLA ojadpaHa 3a Tekyhy Bomy dumna
HajpU3UYHUja CTaHHLA Y [IOIJIely UCTpaXKMBamba NOTEHIUjalTHO TOKCUYHUX elleMeHaTa.

(TTpumsseHo 16. jaHyapa; peuaupaHo 12. jyna; mpuxsaheno 21. Hoemdpa 2024.)
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