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Abstract

Eutrophication is a phenomenon that causes the degradation of water quality which results in
negative impacts on living and non-living environment of any water body. Therefore, monitoring,
evaluation and classification of water quality are the utmost important issue for policy makers and
regional institutions/organizations in order to assess the quality and sustainable use of water bodies
and to take appropriate measures. Regional conventions such as the Helsinki Convention, Oslo-Paris
Convention, Barcelona Convention — Programme for the Assessment and Control of Marine Pollution
in the Mediterranean, Strategic Action Programme and Integrated Coastal Zone Management as
well as legislative instruments such as the Water Framework Directive, Marine Strategy Framework
Directive, Urban Wastewater Treatment Directive and Nitrates Directive in Europe; the Clean Water
Act, Water Quality Act, National Environmental Policy and Coastal Zone Management Act issued
by the United States Environmental Protection Agency addresses the importance of monitoring for
eutrophication. The eutrophication indexes have been developed in line with regional requirements
using specific data sets of state variables and parameters, representative of a location. In this study,
we reviewed commonly used eutrophication indexes within the areas applied, parameters, methods
and classification scales and presented the trophic status equivalences between the indexes. This study
aimed to provide a comprehensive examination of eutrophication indexes to researchers in trophic
status assessment of any water body.
Keywords: Trophic status classification, eutrophication indexes, water quality management

Oz

Otrofikasyon su kiitlesindeki canli ve cansiz ¢evre iizerinde olumsuz etkilere yol acarak su kalitesinde
bozulmalara sebep olan bir olgudur. Bu nedenle, su kalitesinin izlenmesi ve siniflandirilmasi, su
kiitlelerinin kalitesini ve siirdiirtilebilir kullanimini degerlendirebilmek ve gerektiginde rehabilitasyonu
icin zamaninda ve yerinde 6nlemler alabilmek adina politika yapicilar ve bdlgesel kurumlar/kuruluslar
icin biiyiik 6nem tagimaktadir. Bolgesel sozlesmelerden Helsinki S6zlesmesi, Oslo-Paris Sozlesmesi,
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Barselona Sozlesmesi - Akdeniz’de Deniz Kirliliginin Degerlendirilmesi ve Kontrolii Programi,
Stratejik Eylem Programi ve Entegre Kiy1 Alanlar1 Yonetimi ve yasal araclardan Su Cergeve Direktifi,
Deniz Stratejisi Cergeve Direktifi, Kentsel Atiksu Aritimi Direktifi ve Nitrat Direktifi; Amerika Birlesik
Devletleri Cevre Koruma Ajansi tarafindan yaymlanan Temiz Su Yasasi, Su Kalitesi Yasasi, Ulusal
Cevre Politikas1 ve Kiy1 Bolgesi Yonetim Yasasi, otrofikasyonu dnlemek adina izlemenin nemine
deginir. Bolgesel gereklilikler dogrultusunda &trofikasyon indeksleri, bir bdlgeyi temsil eden belirli
durum degiskenleri ve parametrelerden olusan veri setleri kullanilarak gelistirilmistir. Bu ¢aligmada,
diinya capinda yaygin olarak kullanilan 6trofikasyon indeksleri uygulama alanlari, parametreleri,
yontemleri ve siniflandirma 6lgeklerine gore incelenmis ve indekslerin trofik durum esdegerleri ortaya
konmustur. Bu ¢alisma, bir su kiitlesinin trofik durum degerlendirmesinde aragtirmacilara Strofikasyon
indeksleri ile ilgili kapsamli bir inceleme sunmak amaciyla yapilmistir.

Anahtar kelimeler: Trofik durum siniflandirma, étrofikasyon indeksleri, su kalitesi yonetimi

Introduction

Inecosystems, living and non-living environment interacts each other (Kupchella
& Hyland, 1989). For example, algal growth relies on nutrient uptake whose main
mechanism enables the removal of dissolved nutrient from water. Algae constitutes
the boosting compounds for primary production in lakes and estuaries, having a
prevailing role in subsequent trophic status (Bowie et al., 1985). Eutrophication
occurs under the effect of algal dynamics and poses significant problems to aquatic
ecosystem as losses in biodiversity, ecosystem degradation, harmful algal blooms
(HAB) and oxygen deficiency in bottom waters (EC 2010/477/EU, 2010; EU
2008/56/EC, 2008).

Eutrophication is one of the most important threats for ecological health and
water quality (Dodds, 2002; HELCOM, 2007; Jiang et al., 2011; OSPAR, 2008; Pan
et al.,, 2015). Despite the nutrients are natural ingredients of the ecosystem, their
excessive concentrations may cause negative effects in the aquatic strata (Heiskary
& Bouchard Jr, 2015). Dramatic increase of nitrogen and phosphorus accelerates
algal growth and thus, biomass increases. Harmful algal species altered by the
eutrophication dominate other algae populations. Changing the balance between
organisms results in the degradation of water quality (Heiskary & Bouchard Jr, 2015).
Overgrowth of algae and later, inhibition of sun rays in water surface causes the
shading decay, suffocation and even toxicity in shellfishes and fishes. In that sense,
the effects of nutrient enrichment are increase in chlorophyll concentration, decrease
in water transparency related to suspended algae, abundance of opportunistic macro
algae, abundance of perennial seaweeds and seagrasses, decrease in dissolved oxygen,
species shift in floristic composition (EC 2010/477/EU, 2010).
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Three types of HAB occur in aquatic ecosystem related with the global increase
of nutrient pollution which are toxic algae, potentially toxic algae, and red tides.
Toxic algae mainly involve Karenia, Alexandrium, Dinophysis and Pseudonitzschia
whereas potentially toxic algae mainly refer to Pseudonitzschia. The occurrence of
red tides is generated by large biomass blooms which may compose of Phaeocystis,
Lepidodinium, Noctiluca, and reflect brownish, green or white tides (Ferreira et al.,
2011; USEPA, 2008). Some of the studies shows HAB occurrence in aquatic ecosystem
in Turkey. For example, Tas and Noyan (2015) listed 23 potentially harmful and/or
bloom-forming microalgae of the Golden Horn Estuary which includes species of
Pseudonitzschia, Dinophysis, Noctiluca. Turkoglu (2013) observed that dramatically
increase on density of Noctiluca scintillans in bloom period March-June and October-
December in Canakkale Strait.

There are significant causes of nutrient enrichment in water resources namely
population increase resulting in domestic wastewater discharges and overuse
of nitrogen and phosphorus in agriculture. As a result of these pressures, aquatic
ecosystem continues to alter the sources in the food chain (Galloway & Cowling,
2002; Glibert et al., 2006; Howarth et al., 2002; Smil, 2004).

In the light of the above-mentioned reasons, the appropriate amount of nutrients
to protect the aquatic life, and the relationship between the biological conditions of
aquatic organisms and the nutrient concentrations requires a variety of methods to
describe. Considering chronological studies on eutrophication assessment, the studies
of Hoyer et al. (2015) and Kitsiou and Karydis (2011) have gained the importance.
The focus of relevant scientific resources is mainly on aquatic ecosystem’s health
and therefore, nutrient concentrations in water. The prominent studies about
eutrophication indexes were the ones related mainly to phosphorus concentrations
(Canfield Jr & Bachmann, 1981; Chapra, 1977; Liebig, 1840; Vollenweider, 1976).
Thereafter, estimation of chlorophyll concentrations from total phosphorus was
studied (Canfield Jr & Bachmann, 1981; Jones & Bachmann, 1976). The chlorophyll
concentration might still be regarded as an important indicator independently. On the
other hand, studies on water clarity were carried out and trophic status was defined by
the level of dependent phytoplankton colonization (Carlson, 1977; Hoyer et al., 2015;
USEPA, 2008). In that sense, various models were developed in order to assess the
relationship between biodiversity and nutrient loads (Cloern, 2001). Finally, various
indexes were developed to determine the trophic status based on specific indicators
(e.g. dissolved oxygen (DO), dissolved inorganic nitrogen (DIN), dissolved inorganic
phosphorus (DIP), total nitrogen (TN), total phosphorus (TP), secchi disk depth
(SD), chlorophyll-a (Chl-a), seagrass, macrobenthos, HAB, benthic invertebrates,
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phytoplankton, primary production, phanerogam coverage (Ph)) (Bricker et al., 2003;
Bricker et al., 1999; Carlson, 1977; Cloern, 2001; Giordani et al. 2009; HELCOM,
2007; Ignatiades, 2005; Souchu et al., 2000; USEPA, 2008; Vollenweider et al., 1992;
EC WEFD, 2009). These parameters and biological indicators are commonly used in
research and management of lakes and coastal waters (Andersen et al., 2011; Conley
et al., 2000; Cunha et al., 2013; Devlin et al., 2011; Nielsen et al. 2002; Parparov et
al., 2010; Pettine et al., 2007; Rask et al., 1999; Rinaldi & Giovanardi, 2011; Stips et
al., 2016).

The indexes provide statistical data on water quality for research and
management activities according to the sustainability criteria and objectives of local
or regional conventions and legislative frameworks (e.g. to achieve good ecological
status (GES) by Water Framework Directive (WFD), to achieve successful goals by
United State Environmental Protection Agency (USEPA), to protect the Northeast
Atlantic by Oslo-Paris Convention (OSPAR), to protect Baltic Sea by Helsinki
Convention (HELCOM), to protect the Mediterranean Sea by the Programme for
the Assessment and Control of Marine Pollution in the Mediterranean (MEDPOL))
(HELCOM, 2007; OSPAR, 2008; USEPA, 2008; EC, 2000).

In this study, worldwide used eutrophication indexes evaluated and compared
with regard to their parameters, variables, regions and specific states.
Method
Commonly Used Eutrophication Indexes
Several eutrophication monitoring and assessment methods have been

developed and implemented in lakes and marine water bodies. The summary of these
methods based on their integrated indicators and implementation areas (Table 1).
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Table 1

Methods for eutrophication assessment modified from Ferreira et al. (2011) and

Borja et al. (2012)

Biological Physico-
Method name aArefai c(;f';i on indicators and chemical Assessment
PP parameters parameters
EPA NCA .
. Water clarity, . .
Water Quality  US Chl-a DO, DIN, DIP Classified as good, fair, poor
Index
TRIX EU Chl-a DO, DIN, TP Scales from 0 (elevated) to 10
(bad).
US, EU, . .
ASSETS Asia, SC;;I-?; SI;laI(fIiZ';\Blgae, DO f:t:«lele(s)rfi':;m high to bad in four
Australlia £rass, &
Chl-a, macroalgae,
TWQI/LWQI EU seagrass, phanerogam DO, DIN, DIP Scales from 0 (worst status) to
100 (best status).
coverage (Ph)
Chl-a, macroalge, .
OSPAR North East  scagrass DO, TR TN, e e sece and
Atlantic phytoplankton DIN, DIP p P
T . problem areas
indicator species
Phytoplankton, DO, TP, TN, . .
Basque Chl-a, macroalgae, Scales from high to bad in five
WEFD 1 DIN, DIP, ;
Country, UK  benthic invertebrates, . categories
water clarity
seagrass
Areas with values <1.00 are
broduenon sergrass, DI DIB TN, 0 e o with
HEAT Baltic benthic invertebrates, ZIE’H.DO’ water values >1.00 are defined
HAB, macroalgae ty impaired and ‘affected by
eutrophication’.
BEAST 31;‘;1;?3’ Cgéi;ﬂr;nma;}; rass DIN, DIP, TN,
. p ction, seagrass, TP, DO, water ~ Scales from 1 (high) to 5 (bad)
Romania, benthic invertebrates, clari
Bulgaria HAB, macroalgae ty
DO, water
clarity, SRP,
Chl-a, seagrass, TP, TN, DIN,  Scales from blue (high) to
IFREMER France macrobenthos, HAB ~ DIP, sediment  red(bad) in five categories
organic matter,
sediment
Oligotrophic CTSI <40
CTSI North Mesotrophic 40 < CTSI < 50
America Chl-a TP, SD Eutrophic 50 < CTSI <70
Hyper-eutrophic CTSI>70
TLI (for lakes) Chl-a SD., TP, TN Scales from 1 (ultramicrotrophic)

to 7 (hypertrophic)
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Environmental Protection Agency National Coastal Assessment (EPA
NCA) Water Quality Index (WQI).

This index has been used to characterize degraded water quality conditions
in the US waters. The criteria have been identified for East/Gulf Coast Sites, West
Coast, Hawaii, Puerto Rico and Florida Bay. According to the EPA 2004 report, water
quality cannot be described by a simple index for all estuarine systems. For instance,
an index cannot work out for a specific estuary while it may be used for several
regions appropriately. Therefore, it is important to determine which indicator should
be weighted greater or less according to the characteristics of the region.

EPA, NCA and WQI includes five parameters which are Chl-a, water clarity,
DO, DIN and DIP. It describes poor, fair and good water quality status for each
parameters and defines a WQI value according to the number of each parameters
specific to region (see Table 2 and Table 3) (USEPA, 2004)
Table 2

Regional Biological Parameter Criteria (USEPA, 2004)

Chl-a (ug L")
Good Fair Poor
East/Gulf, West Coast Sites <5 5-20 >20
Hawaii, Puerto Rico <0.5 0.5-1 >1
Florida Bay <1 1-5 >5

Table 3

Regional Physico-chemical Indicator Criteria (USEPA, 2004)
DIN (mg L) DIP (mg L) WCI ratio* DO (mg L)

Good  Fair Poor  Good Fair Poor Good Fair Poor Good Fair Poor

East/Gulf Coast

. <0.1 0.1-0.5 >0.5 <0.01 0.01-0.05 >0.05
Sites

West Coast sites  <0.5 0.5-1.0 >1 <0.01 0.01-0.1 >0.1
>2 112 <<l >5 22-5 <<
Hawaii, Puerto
Rico, Florida <0.05 0.05-0.1 >0.1 <0.005 0.005-0.01 >0.01
Bay

Note. *WCI= (observed clarity at 1 meter)/ (regional reference clarity at 1 meter)
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Criteria for the determination of the WQI specific to region are given as “good
status: maximum one parameter is fair, and none of parameters are poor”; “fair
3%, ¢6

status: one of the parameters is poor or two/more parameters are fair”’; “poor status:
two/more of the five parameters are poor” (USEPA, 2004).

Trophic Index (TRIX).

As a multimetric index, TRIX describes trophic status regarding four indicators
(Chl-a, DO, DIN, DIP). It was presented by Vollenweider within the scope of the OECD
Programme on Eutrophication (Vollenweider & Kerekes, 1980; Vollenweider et al.,
1998). This index was formed to evaluate the coastal water quality in Italy by collecting
data between 1982-1993 along the coast of Emilia-Romagna in NW Adriatic. The area
was strongly affected by the Po river inputs (Vollenweider et al., 1992).

TRIX was adopted by MEDPOL for trophic classification of the coastal waters
in Mediterranean Sea and by this way, the parameters of TRIX were agreed to be
monitored (UNEP/MAP, 2007a, 2007b; WFD 2000/60/EC Technical Report, 2009).
TRIX was also used in various areas of the Mediterranean Sea (e.g. Adriatic Sea and
Tyrrhenian Sea) (EC WFD Technical Report, 2009).

Four parameters of TRIX are Chl-a, oxygen as absolute (%) deviation from
saturation, DIN (as NO,-N + NO,-N + NH,-N) and TP (Giovanardi & Vollenweider,
2004; R. Vollenweider et al., 1998). Numerically, the index scales from 0 to 10 covering a
wide range of trophic conditions from oligotrophy to eutrophy. Accordingly, lower TRIX
values show a good eutrophication status, while higher values represent worse conditions.

The basic structure of TRIX is given below Eq. 1 and Eq. 2:

< logU — logL
TRIX=(k/n)Z( 09~ — 092y,
1

logM — logL ! (1)

where

k: scale coefficient,

n: number of the variables,

1: number of the variables,

M: measured value of the variable,
U: upper limit,

L: lower limit.
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TRIX = (Log10 [ChA x aD%O x minN XTP] — k)/m. (2)

where

ChA: chlorophyll-a concentration (ug L),

aD%0: oxygen as absolute % deviation from saturation,

minN: mineral nitrogen: DIN: N (as NO,-N + NO,-N + NH,-N) (ug L"),
TP: total phosphorus (ug L)

m: scale coefficient

In addition to TRIX, turbidity index (TRBIX) defines the Secchi disc (SD)
transparency in combination with chl-a concentration. The trophic index (TRIX) is
combined with turbidity index (TRBIX) and a general water quality index (GWQI) is
formed covering microbiological conditions (Vollenweider et al., 1998).

TRIX is studied also in Mediterranean, Aegean Sea, Marmara Sea and Black
Sea between the years of 2014-2017 by Ministry of Environment and Urbanization of
Turkey (MEU) (MEU, 2018). For instance, their results show that in the Mediterranean,
minnimum TRIX value is less than 1 and maximum is more than 5 and in the Marmara
Sea, minnimum TRIX value is less than 3 and maximum is more than 6.

Assessment of Estuarine Trophic Status (ASSETS).

A substantial part of ASSETS methodology was developed for National
Estuarine Eutrophication Assessment (NEEA) by Bricker et al. (1999). NEEA has
three tools as Overall Eutrophic Condition (OEC), Overall Human Influence (OHI)
and Definition of Future Outlook (DFO). This approach combines primary and
secondary symptoms. NEEA approach was extended by Bricker et al. (2003) as
ASSETS method by modelling the relative contribution of anthropogenic nutrient
sources (OHI) and based on the combination of relational databases (e.g., Geographical
Information Systems) with a more quantitative procedure (e.g., statistical criteria) for
the determination of parameters to evaluate the status of OEC (Bricker et al., 2003).

While NEEA is applied only in the coastal waters of United States, ASSETS
aims to cover the requirements of the WFD with regard to a few quality elements for
transitional waters (S. Bricker et al., 2003). ASSETS which is a synthesis of three
different NEEA tools: OEC, OHI and DFO, defines five categories as bad, poor,
moderate, good and high, respectively. The categories of OHI value are classificated
as low: 0 to <0.2, moderate low: >0.2 to 0.4, moderate: >0.4 to 0.6, moderate high:
>0.6 to 0.8 and high: >0.8, respectively.

11
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The OEC value has two groups that are primary (early) and secondary (advanced)
symptoms of eutrophication. Chl-a, macroalgae and epiphytes are considered primary
symptoms. Low DO, losses of submerged aquatic vegetation (SAV) and occurrence
of nuisance and/or toxic algal blooms are considered secondary symptoms.

The formulas indicating symptom level and the level of expression value for
primary symptoms obtained are given below (Bricker et al., 2003).

Z (A_Z) (Expression Value) = Sypmtom level of expression value for estuary (3)
i=1
P n
=1y [Z (A—ZE1)]
pLs|La\Ae 4)
where

Az is the surface area of each zone,

Ac is the total estuarine surface area,

E, is the expression value at each zone,

n is the number of estuarine zones,

P, is the level of expression of the primary symptoms for the estuary,
p is the number of primary symptoms (Bricker et al., 2003).

Evaluation of ASSETS method is based firstly on the selection of the highest
of the three estuary symptom level of expression values, secondly on the chosen
the level of expression value of secondary symptoms for the estuary. Secondary
symptoms are evaluated to be a clear indicator of the problem. The evaluation is done
based on expression values between 0-1 and the conditions as high, moderate high,
moderate, moderate low and low, respectively (Bricker et al., 2003).

According to the ASSETS approach, some primary symptoms (e.g. epiphytes)
and secondary symptoms (e.g. toxic blooms) may only be evaluated by estimation
while others such as Chl-a and DO contents are assessed based on the quantitative
values (Bricker et al., 2003).

Transitional Water Quality Index (TWQI).
TWQI was developed from the water quality index of the U.S. National

Sanitation Foundation by Giordani et al. (2009). It is a simple tool which integrates
the information from abiotic and biotic measurements where SAV controls primary
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production due to shallow depth and provides a comprehensive assessment of trophic
status quantitatively. This multimetric index includes six main variables which are
the relative coverage of benthic phanerogams and opportunistic macroalgae species,
concentrations of DO, phytoplankton, Chl-a, DIN and DIP (Giordani et al., 2009).
The index scales from 0 (worst status) to 100 (best status).

TWQI has been used in transitional waters of Southern Europe. TWQI is
obtained by the sum of weighted Quality Values as a non-linear quality function of
measured variables as described in Eq. 5 (Bonometto et al., 2016).

TWQI= Y (WfQVs) (5)

Where wt is weighing factors and QVs is the quality values of the six main
variables.

Oslo Paris Convention Method (OSPAR).

The OSPAR Common Procedure inserts two procedural stages: an initial
screening of the selected marine areas and the implementation of a comprehensive
procedure assessment. Screening stage identifies the areas where there is no
eutrophication threat. These areas are classified as “non-problem area” which
does not need second stage of comprehensive procedure assessment. The other
classifications fall under “potential problem area” and “problem area” which need to
apply comprehensive procedure assessment (OSPAR, 2008).

The OSPAR comprehensive procedure has four categories to evaluate
eutrophication conditions in North East Atlantic. Category 1, namely nutrient
enrichment, includes nutrient inputs, DIN and DIP concentrations in winter period.
Category 2, namely direct effects of nutrient enrichment, includes Chl-a concentration,
elevated levels of toxic phytoplankton indicator species and macrophytes and shift
from long-lived to short-lived nuisance macrophytes species. Category 3, namely
indirect effects of nutrient enrichment, includes oxygen deficiency, kills and long-term
area-specific changes in zoobenthos biomass and fish and elevated levels of organic
carbon/organic matter (area-specific) in relation to oxygen deficiency. Category
4, namely other possible effects of nutrient enrichment, includes algal toxins and
transboundary transport.

13
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Water Framework Directive (WFD).

The WFD has five ecological classes which are “high, good, moderate, poor
and bad”, aimed to achieve good ecological status in all European water bodies by
2015 (EC, 2000; WFD Guidance, 2003). However, a large number of exemptions
were given to member states for extending the first deadline (2015) for meeting
the objectives to further deadlines as 2021 or 2027 due to technical inability,
disproportionate expenses or natural barriers for timely improvement (Tsakiris,
2015). Each member state is required to adapt the WFD assessment processes. In this
context, eutrophication assessment is done to define ecological status where nutrient
enrichment changes biological and physico-chemical parameters.

The WFD has two assessments. The first one is ecological status assessment for
current situation and reveals eutrophication status indicating the movement of quality
elements towards moderate/poor/bad. The second is risk assessment (predictive
analysis) to estimate future condition and prevent deterioration using information on
predicted changes in pressure that likely end in aquatic environment under the risk of
eutrophication in near future (EC WFD Technical Report, 2009).

Marine Strategy Framework Directive (MSFD) as a sub-directive of WFD
aims to achieve “Good Environmental Status (GES)” in the marine environment by
2020 at the latest, while the WFD aims “Good Ecological Status”. MSFD focuses on
minimizing anthropogenic sources of eutrophication in marine environment, while
the WFD covers the whole pressures for eutrophication. MSFD has complementarity
with the WFD in coastal waters as defined in Article 3.1 of MSFD (EC WFD Technical
Report, 2009)

HELCOM Eutrophication Assessment Tool (HEAT) and Black Sea
Eutrophication Assessment Tool (BEAST).

HEAT is an eutrophication indicator and developed for the Baltic Sea where
eutrophication has been a major problem since the 1900s (HELCOM, 2007). Based
on the same principles already proposed by Vollenweider (1998) HEAT determines
eutrophication level by five parameters which are nitrogen, phosphorus, chl-a, water
clarity and oxygen.

HEAT identifies areas as “affected by eutrophication” and ‘“unaffected by
eutrophication” according to the Ecological Quality Ratio (EQR). EQR changes
between 0 (worst) and 1 (best). The threshold value of EQR is 0,67 and if the result
is less than 0,67, it is unacceptable as its deviations from reference conditions are
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moderate, major or strong indicating that the area affected by eutrophication as its
status is moderate, poor or bad (HELCOM, 2009).

BEAST is developed for the Black Sea within the scope of the EU funded
Baltic2Black Project and tested for the eutrophication assessment of the Romanian
coastal waters (BSC, Helcom & EC, 2014). It has the same principles with HEAT and
its parameters are specific to country (Lazar et al., 2016). According to the developer
of the HEAT tool, BEAST could ideally be an improved version of HEAT. It can also
be used to assess the influence of seawater temperature at eutrophic condition (BSC,
Helcom & EC, 2014)

Institut Francais pour I’Exploration de la Mer (IFREMER).

IFREMER is in charge of the overall coordination of the WFD in France.
IFREMER method uses mean annual or mean seasonal data compared to a fixed scale
to define the status for chl-a with five coloured level to match the WFD evaluation
(see Table 4). The IFREMER method is based on the description of physical, chemical
and biological potential indicators of eutrophication in the various sections of the
lagoon ecosystem: benthic, phytoplankton, macrophytes, macrofauna, sediment and
water. This method uses the 90" percentile of annual or seasonal Chl-a data (Souchu
et al., 2000; Zaldivar et al., 2008).

Table 4

Trophic Status Classification Based on IFREMER (Zaldivar et al., 2008)

Parameter

A%0, sat 0
TUR NTU 0
PO,* uM 0 .
diN uM 0 g
NO,-N UM 0 'qé
NO,N UM 0 S
NH,-N UM 0 5
Chl-a M 0 5
Chl-a/phaco pM 0 ”~
N puM 0
TP uM 0

15
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Statistical Trophic Index (STI).

STI method was implemented in the Aegean Sea by Ignatiades (2005). This
index defines the classification as “open oligotrophic < offshore mesotrophic <inshore
eutrophic waters” according to Chl-a content and primary production. Accordingly,
the values for index parameters are 0.5<(0.5— 1.0)<1.0 mg m~ and 1.5<(1.5-3.0)<3.0
mg C m h! for Chl-a and primary production, respectively (Ignatiades, 2005).

Carlson Trophic State Index (CTSI).

CTSI was calculated in three Minnesota Lakes in 1972. This index used SD
transparency, TP and Chl-a as indicator parameters. According to Carlson, the best
indicator of trophic status may differ from one lake to another and seasonally. For this
reason, the best indicator should be chosen pragmatically (Carlson, 1977).

Carlson derived the TSI formula using the equations of the relationship between
TP and summer Chl-a concentration defined by Dillon and Rigler (1974). CTSI is
calculated via the formulas below (Carlson, 1977).

InSD

TSI SD =10 6- = (6)
TSI CRI = 10 6 204-068nCEl )
n2
lnﬁ

— _ 1P
TSI TP =10 6- 1 (8)
CTSI =§ TSI SD +TSI CRl + TSI(TP) 9)
where
TSI is trophic state index,
SD is secchi disk,

Chl-a is surface chlorophyll-a concentration (mg/m?),
TP is total surface phosphorus concentration (mg/m?)

The index indicates the potential concentration of a watershed or region, at least
on the basis of phosphorus. Table 5 gives the classification of CTSI.




January-February-March-April-May-June/Volume :4 Issue:1 Year: 2020

Table 5

Trophic StatusClassification According to CTSI (Carlson & Simpson, 1996)

Trophic State CTSI value
Oligotrophic <40
Mesotrophic 40<CTSI=50
Eutrophic 50<CTSI<70
Hypertrophic CTSI>70

Trophic Level Index (TLI).

TLI has been used for lakes in New Zealand. The index includes three
indicators which are SD depth, TP and Chl-a concentrations. TLI has subsequently
been supported with TN concentrations. Thus, each individual index of TLI (Tli)
is the form of a logarithmic function connecting the trophic level to four “trophic”
parameters (Burns et al., 2000).

Tli = ai + biLOG(Pari) (10)

where

I shows the indices (each of the four parameters),

a and b are coefficients,

Par, is SD depth, concentration of TN, TP and Chl-a

Equations (11), (12), (13) and (14) given below for the indices of TLI were
defined with the coefficients by Burns et al. (1999) and Burns et al. (2000).

TLc = 2.22 + 2.54 log(Chl-a) (11)
TLs = 5.10 + 2.27 log(1/SD— 1/40) (12)
TLp = 0.218 + 2.92 log(TP) (13)
TLn = -3.61 + 3.01 log(TN) (14)

Calculation of TLI is as below Eq. (15).
TLI="4 (TL +TL,, + TL+ TL) (15)

TLI has seven classification categories ranking from 1 (ultramicrotrophic) to 7
(hypertrophic).
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Assessment of Eutrophication Indexes

Throughout the development stages of eutrophication indexes, information
about trophic status has been provided to local authorities and policy makers.
International legislation like the WFD and the USEPA require further developing
tools, which can be implemented for different water bodies. Therefore, integrated
approaches for combining, analysing and evaluating information from various
interrelated variables are important for water quality management, environmental
sustainability and development of cost-effective indicators regarding eutrophication.
Consequently, different targets are required for water bodies at regional scale.

The indexes show that trophic status of water bodies related with nutrient
levels, water clarity (Secchi disc depth), DO and Chl-a levels, and the phytoplankton
community regarding physical, chemical and biological aspects. Additionally, it is
observed that the main phytoplanktonic parameter Chl-a is a common parameter for
all eutrophication indexes as it is directly related to the trophic status.

On the other hand, there is not any internationally defined and accepted
eutrophication index. Indexes are developed using specific data sets of state variables
and parameters representing a location. Therefore, there is not comparability between
indexes as they are specific to the region where they have been developed. They
might be adopted by the additional data representing the study area.

It is observed that the requirements of USEPA and WFD for eutrophication
monitoring are taken as basic approach. The EPA method is associated with US waters,
while the WFD comprises water resources of the European Union and candidate
countries. The WFD addresses all types of pressures and hence, assessment is done
accordingly. However, the HEAT and OSPAR indexes take into account nutrient
enrichment and deriving impacts.

In order to calculate an EQR, deviation from the recent monitoring data and
the data related to type-specific reference conditions are compared as recommended
by the WFD and HEAT. The results are assessed based on the status of the quality
element having the worst condition (one-out all-out principle).

The OSPAR uses area-specific and/or historical reference levels for each
criteria. This method reflects an additive mechanism across causative, direct and
indirect effects as well as other tangible effects. According to the WFD Guidance No
23, the OSPAR Common Procedure can be tested by non-OSPAR Contracting Parties
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but it is a difficult to handle nutrients as it only uses winter values of nutrients and is
used in open seas (WFD 2000/60/EC Technical Report, 2009).

Table 6

Comparison of Assessment Results According to WFD Guidance No 23 (EC WFD
Technical Report, 2009)

Ecological
& WFD OSPAR  HELCOM MSFD
status
. Non-
. Nearly undisturbed Area not affected by
High . problem . -
conditions eutrophication
area
Slight change in Non Area not affected by Human 'md}lcec'i
Good .\ . problem . eutrophication is
composition, biomass eutrophication o
area minimized
. Human in
Moderate change in problem  Area affected by uman dl.lceC.I
Moderate .\ : . eutrophication is not
composition, biomass area eutrophication L
minimized
Major change in problem  Area affected by Human .mdl.lcec.l
Poor . . .. . eutrophication is not
biological communities area eutrophication L
minimized
. Human induced
Severe change in problem  Area affected by oo
Bad . . . . eutrophication is not
biological communities area eutrophication

minimized

Table 6 gives the assessment results of conventions and legislation instruments.
Within this framework, the OSPAR and HELCOM assessments are similar with
respect to the eutrophication criteria. While the MSFD focuses on human induced
eutrophication, the WFD deals with the changing conditions of water bodies. TLI
has seven; WFD, IFREMER and ASSETS have five; OSPAR, TRIX and CTSI have
four; EPA and STI have three; and HEAT has two assessment categories, respectively.
Although the indexes have different methods and variables, they aim to categorise
trophic status according to their regional objectives. In that sense, the assessment
types are matching with each other. Table 7 shows a general assessment of the widely
used indexes and clearly indicates the trophic status equivalence between them.
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Table 7

Comparison of 11 Eutrophication Indexes According to Their Assessment Types of

Trophic Status
Index Trophic Status
WFD High Good Moderate Poor Bad
Not affected by eutrophication Affected by eutrophication
HEAT 1 0,67 0
< >
Non- Non problem area or Potential Problem  Problem
OSPAR problem . problem area or
potential problem area area area
area problem area
100 0
TWQI P N
- »
ASSETS High Good Moderate Poor Bad
<4 4-5 5-6 >6
TRIX Elevated Good Mediocre Bad
Good Fair Poor
EPA NCA 1 5
STI Open Oligotrophic Offshore Mesotrophic Inshore Eutrophic
Ultramicrotrophic ~ Microtrophic Oligotrophic Mesotrophic Eutrophic Supertrophic Hypertrophic
TLI 0 7
< >
CTSI Oligotrophic Mesotrophic Eutrophic Hypertrophic
<40 40-50 50-70 >70

According to Table 7, trophic state equivalences of TRIX results of MEU
(2018) in the other indexes could be read as Table 8.
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Table 8

Trophic Status Equivalences of TRIX Results of MEU (2018) in the Other Indexes

Mediterranean Marmara
Minnimum result ~ Maximum result Minnimum Maximum result
result
TRIX results Less than 1 More than 5 Less than 3 More than 6
Trophic status equivalences in the other indexes
WFD High Poor High Bad
HEAT Not affected by Affacted by Not affected by Affacted by
eutrophication eutrophication eutrophication eutrophication
IFREMER Blue Yellow Blue Red
OSPAR Non-problem area Potential Non-problem Problem area
problem area or area
problem area
TWQI More than 84 Less than 14 More than 50 Worst
ASSETS High Moderate High Poor
EPANCA Good Fair Good Poor
STI Open oligitrophic Offshore Open Inshore eutrophic
mesotrophic oligitrophic
TLI Ultramicrotrophic Mesotrophic Microtrophic Supertrophic
CTSI Oligotrophic Eutrophic Oligotrophic Eutrophic

By reviewing the indexes, researchers revealed that TRIX and HEAT have the
same basic structures and provide rather harmonic results concerning the eutrophication
status and trend (Stips et al., 2016). When TRIX and TWQI are compared one can
see that data inputs are comparable with the exception of benthic flora and SD depth
whose utilization is not obligatory in TWQI. IFREMER and TWQI show consistency
except for waters having lower quality. IFREMER is restricted due to the limited
variables whereas TWQI relies on integrated variables (Giordani et al., 2009 The new
tool BEAST matches with the MSFD requirements in terms of water quality, and is
much more correlated with the eutrophication parameters than TRIX as well as takes
into account the influence of seawater temperature on eutrophication.

Conclusion
Eutrophication indexes are used for monitoring and quality assessment of water

bodies. This study indicates that the classifications of the indexes are basically similar
to each other, while their indicator parameters are different resulting from the inherent
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characteristics of the applied regions. In this context, there is not an internationally
defined and accepted eutrophication index.

This paper is important to set forth a comprehensive search and categorizes
commonly used eutrophication indexes in terms of their trophic status equivalence
while indicating that there is no comparability between indexes as they are developed
specific to region.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Yaygin Olarak Kullanilan Otrofikasyon Indekslerinin Karsilastirilmasi ve Degerlendirilmesi

Otrofikasyon sucul ortamdaki besi maddesi artigina bagli olarak su kiitlesindeki canli ve
cansiz ¢evre lizerinde olumsuz etkilere, su kalitesinde bozulmalara yol acan bir olgudur. Sucul
ortamlarda trofik durumun oligotrofikten &trofik duruma dogru gitmesi ortamdaki besi maddesi
artiginin bir gostergesidir. Otrofikasyon indeksleri, trofik durumu smiflandirmaya yarayan bir arag
olarak kullanilmaktadir. Ayrica sucul ortamin siirdiiriilebilirligi agisindan trofik durumun izlenmesine,
siiflandirilmasina ve iyilestirilmesine bolgesel ve uluslararasi sozlesmelerde siklikla deginilmektedir.
Bu nedenle gegmisten giiniimiize, trofik durumu belirlemede bir¢ok ¢alisma yapilmis; birgok yaklagim
ortaya konmusgtur.

Otrofikasyon indeksleri bélgelere 6zgii olarak gelistirilmistir. Her bir bolgenin kosullari
birbirinden farkli oldugu i¢in bir bolgeye 6zgii gelistirilen indeks, baska bir bolgede gercekei sonuglar
vermeyebilir. Bu kapsamda, kullanilacak parametreler birbirinden farklilik gosterebilmektedir.
Bununla birlikte, baz1 indekslerin su kalitesinin iyi oldugu bdlgelerde birbiriyle uyumlu sonuglar
verdigi gorilmektedir. Ancak trofik durum kétiilestikge, bu sonuclarin birbirleriyle tutarliliginin
azaldig1 goriilmektedir. Bu nedenle, bolgeye 6zgii indeks se¢imi 6nem arz etmektedir.

Su Cerceve Direktifi (WFD) ve ABD Cevre Koruma Ajanst (USEPA) gibi uluslararasi
kuruluslarin mevzuatlarinda, farkli su kiitleleri i¢in uygulanabilecek degerlendirme araglarimin
gelistirilmesi 6nerilmektedir. Bunedenle, 6trofikasyonu yonetmek i¢in birbiriyle iliskili degiskenlerden
gelen bilgileri analiz etmek ve degerlendirmek amaciyla entegre yaklagimlar biiyiik 6neme sahiptir.
Bununla birlikte uluslararasi gegerliligi olan ve her bolge i¢in kullanilabilecek standart bir 6trofikasyon
indeksi yoktur. Otrofikasyon indeksleri, bolgesel gereklilikler dogrultusunda, bir bdlgeyi temsil eden
belirli durum degiskenleri ve parametrelerden olusan veri setleri kullanilarak gelistirilmistir. Bu
nedenle, indeks sonuglariin kiyaslanmast miimkiin degildir.

Bu c¢alismada, yaygin olarak kullanilan 11 farkli 6trofikasyon indeksi, her bir indeksin
uygulandigi bolgeler, kullanilan parametreler ve trofik durum smiflandirmalart agisindan
degerlendirilmistir. Bu ¢alisma ile arastirmacilara, bir su kiitlesinin trofik durumunu degerlendirirken
6trofikasyon indeksleri ile ilgili kapsamli ve karsilastirilmali bir yaklasim sunmak hedeflenmistir. Bu
degerlendirme kapsaminda klorofil-a temel biyolojik parametre olarak tiim indekslerde goriilmektedir.
Fiziko-kimyasal parametreler icerisinde ise c¢oziinmis oksijen gostergesinin tiim indekslerde
kullanildig1 goriilmektedir. Bu parametrelerin dogrudan &trofikasyon ile ilgilidir. Bununla birlikte;
¢ozlinmiis oksijen, ¢oziinmiis inorganik azot, ¢éziinmiis inorganik fosfor, toplam azot, toplam fosfor,
seki derinligi, bitkisel yayilim gibi parametreler indekslerin alan kosullarina gore hesaplama kriterleri
icerisinde yer almaktadir.

Asagida verilen tablo indekslerin trofik durum smiflandirma tiirlerini gostermektedir. Bu
kapsamda sirasiyla TLI yedi; WFD, IFREMER ve ASSETS bes; OSPAR, TRIX ve CTSI dort;
EPA ve STI ii¢; HEAT iki kategoride trofik durum sonuglarini sunmaktadir. indeksler farkli metot
ve parametreler kullansalar da, indekslerin trofik durum degerlendirme sekilleri temelde birbiriyle
ortismektedir. Bu caligmada, indekslerin trofik durum esdegerleri ortaya konmustur.
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Otrofikasyon indeksleri incelendiginde USEPA ve WFD yontemindeki degerlendirme
tiplerinin temel bir yaklagim oldugu goriilmektedir. USEPA yontemi, ABD sularindaki uygulamalari
kapsamakta; WFD ise Avrupa Birligi ve aday iilke su kaynaklarina ulasan her tiirlii baskiy1 dikkate
almaktadir. WFD su kiitlelerinin degisen durumlari tizerinde durmaktadir. WFD, HELCOM, OSPAR
ve MSFD gibi uluslararasi mevzuatlarina bakildiginda, WFD’nin 6trofik durum simiflandirmasimin
daha detayli oldugu goriiliirken diger mevzuatlar iki kategoride siniflandirma ile sinirhidir. WFD’nin
alt direktifi olan MSFD’de antropojenik kokenli 6trofikasyona dikkat ¢ekildigi goriilmektedir.

Tablo

Trofik Durum Degerlendirme Ozelliklerine Gore Otrofikasyon Indekslerinin
Karsilastiriimast

INDEKS Trofik Durum
WFD Gok iyi iyi Orta Zayif Kéti
Otrofikasyondan etkilenmemis Otrofikasyondan etkilenmis
HEAT 1 0,67 0
d »
- Ll
Sorunsuz Soruns.uz veya  Potansiyel Sorunlu Sorunlu
OSPAR Y potansiyel sorunlu  sorunlu veya ~ o
bolge . . bolge bdlge
bolge sorunlu bolge
100
TWQI P N
ASSETS Gok iyi yi Orta Zayif Kotu
<4 4-5 5-6 >6
TRIX Cokiyi iyi Orta Kotii
yi Orta Kot
EPA NCA 1 5
g -
- »
STI Agikdeniz Oligotrofik Kiyidanuzak Mezotrofik Kiyi Otrofik
Ultramikrotrofik ~ Mikrotrofik Oligotrofik Mezotrofik Otrofik Supertrofik Hipertrofik
TLI 0 7
CTSI Oligotrofik Mezotrofik Otrofik Hipertrofik
<40 40-50 50-70 >70
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HEAT ve OSPAR indeksleri 6zellikle besin zenginligi ve ¢ogalma durumlarinin etkilerini
dikkate almaktadir. OSPAR ve HELCOM &trofikasyon degerlendirmelerinin  benzer oldugu
goriilmektedir. WFD ve HEAT tarafindan 6nerilen sekilde, HEAT indeksinde bir EQR’yi hesaplamak
i¢in, son izleme verilerinden sapma ve tipe 0zgili referans kosul durumlari karsilastirilmaktadir.
Sonuglar, ekolojik durum agisindan degerlendirilerek en kotii sonuca sahip parametre iizerinden
belirlenir. WFD’nin “One-out all-out” prensibine gore, izleme sonuglarindan bir parametre dahi kotii
ise o bolgenin nihai su kalitesi sinifi o parametrenin sonucuna gore degerlendirilir. OSPAR, kriterlerin
her biri i¢in bdlgeye 6zgii ve/veya gegmis referans verilerini kullanir. Bu yontemde besin maddelerinin
yalnizca kis donemindeki izleme sonuglarinin kullanilmasi ve yontemin agik denizlerde kullanilmasi,
OSPAR’a akit olmayan taraflarca indeksin test edilmesini zorlastiracagi diisiiniilmektedir.

Detayli literatiir analizinden anlasildigi {izere arastirmacilar, TRIX ve HEAT in ayn1 temel
yapilara sahip oldugunu ve 6trofikasyon durumu/egilimi ile ilgili olduk¢a uyumlu bir sonug ¢ikardigini
ortaya koymuslardir. TRIX ve TWQI indekslerine bakildiginda ise, veri girislerinin TWQI’de
belirtilen bentik flora ve ayni zamanda TRIX’te kullanimi zorunlu olmayan seki diski derinligi
parametresi haricindeki benzerlikleriyle karsilastirilabilir olduklari goriilebilir. IFREMER ve TWQI
sonuglari, daha diisiik kaliteye sahip bolgeler disinda tutarlilik gostermektedir. [IFREMER sinirl
degiskenlere sahip iken, TWQI biitiinlesik degiskenlere dayanir. Diger taraftan, BEAST yaklagimi su
kalitesi degerlendirme prensibi agisindan MSFD gereklilikleriyle eslesmektedir. BEAST yaklagiminin
TRIX’e gore daha fazla 6trofikasyon parametresi ile eslesmekte oldugu ve ayn1 zamanda deniz suyu
sicakliginin otrofikasyon tizerindeki etkisini de dikkate aldig1 goriilmektedir.






