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One of the tools used to achieve the objectives of the Water Framework Direc-
tive is monitoring, which should provide information on the status of surface
waters. The priority task of water protection is the prevention of the eutrophi-
cation process. Appropriate protection measures should be based on the relia-
ble assessment of trophic levels. There are different indexes for estimating the
trophic state of surface waters, but they are generally characterized by their lar-
ge complexity and high cost of assessment. This paper presents a new method
of trophic-level monitoring, based on numerical indicator ITS (Index of Trophic
Status). ITS is elaborated to consider the main functional characteristics of any
ecosystem — the state of biotic balance — and can be calculated by using routi-
ne measurements of the hydrochemical characteristics of water. The proposed
criterion is the instrument that simplifies the solution of many applied tasks:
express-monitoring of surface waters, retrospect analysis and eutrophication
process prognosis, setting of regional ecological standards of biogenic matter,
solving engineering tasks, and for the purposes of mathematical modeling. Ve-
rification of the ITS criterion was carried out under the conditions of different
types of waters in different countries. Actually, this method is gaining more
popularity as a simple, reliable, and low-cost tool for trophic status monitoring.

eutrophication, ITS index, running waters, trophic status

* AGH University of Science and Technology, Faculty of Mining Surveying and Environmental
Engineering, Department of Environmental Management and Protection, Krakow, Poland



64 E. Neverova-Dziopak, Z. Kowalewski

1. Eutrophication

Eutrophication is common known problem. Practically, it is unavoidable and
a proceeding factor that affects water ecosystems. Nutrient load increase waters pro-
ductivity. Excessive nutrient supply is the main cause of anthropogenic eutrophi-
cation. The concentration of nutrients in water is a basic eutrophication indicator.
Development of the process of production is a consequence of rising nutrient concen-
tration and depends on many abiotic factors: mainly hydrologic, thermal, morpho-
logic, and others. An overplus of nutrients at some point of eutrophication may cause
an infraction of the biotic balance. Primarily, it manifests as upsetting the natural bal-
ance between the production and decomposition of organic substances in water, and
its leads to the accumulation of organic matter in an ecosystem. As a consequence,
a delay in the ratio between heterotrophic and autotrophic organism development is
observed in surface waters. Changes in the qualitative composition are visible. Final-
ly, groups of bacteria disappear, and hard-to-decompose matter accumulates. Due to
the increase in organic matter in water and at the bottom, sediments are intensifying
the processes of its destruction, causing an increased consumption of dissolved oxy-
gen in the water, changing the redox conditions of the environment and increased
content in the bottom sediments of mineral labile forms of nitrogen and phosphorus.
In eutrophic waters, it becomes an important source of secondary pollution in nutri-
ents, and the eutrophication process begins to automatically accelerate. As a result
of the anthropogenic eutrophication of the aquatic ecosystem, a reduction of spe-
cies diversity begins to develop, and the dominance of a few species of hydrobionts
occurs. Changes in aquatic ecosystems are very important, and the potential duration
of recovery is very long. The adverse effects of eutrophication are most-vulnerable for
freshwater lakes and reservoirs; but, as a result of intense economic activity in recent
decades, this phenomenon is becoming more common in marine waters and flowing
waters. Tracking eutrophication processes and assessing the state of the trophic status
in water is an extremely important task in terms of research and application. Accord-
ingly, the essential indicators that reliably allow us to determine the dynamics of the
process are used to predict its state. Among the huge number of various indicators,
most pragmatic are aggregated indicators.

2. Aggregated Methods of Trophic Status Assessment

In the world literature, numerous methods for assessing the trophic status of
waters have been described. Among them, the most-popular and useful are aggre-
gated indicators: the so-called indexes of eutrophication. The most-popular and
applied indexes were TSI by Carlson and TRIX by Vollenweider. They are based
on the assumption that the basic factors of eutrophication are nutrients (primarily
nitrogen and phosphorus). The effect of eutrophication is increasing the content of
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chlorophyll-a, which is the result of algae biomass production; this is strongly cor-
related with the corresponding deterioration of water transparency measured by
Secchi disc visibility.

TSI Index

The TSI (Trophic State Index) was developed by American researcher Robert Carl-
son in the late seventies of the 20* century. The construction of the index is based on the
relationship between the transparency of the water and biomass of the algae. The index
is between 0 and 100 (and up to 110 in some cases). When the mass of algae is dou-
bled, the water transparency decreases, and the TSI index value increases by 10. Carlson
thought that the trophic level expressed numerically gives more accuracy than a tradi-
tional descriptive evaluation. As additional parameters to calculate the index, Carlson
suggested total phosphorus and chlorophyll-a, and its figures were based on correlation
and regression analysis. The TSI index is calculated using the following formulas [2]:

TSI(SD) = 60 — 14.41In SD, 1)
TSI(Chl) = 9.81In Chl + 30.6 @)
TSI(TP) = 14.42In TP + 4.15 3)

where:
SD - Secchi disk visibility [m],
Chl - chlorophyll-a concentration [ug/dm?],
TP - total nitrogen concentration [ug/dm?].

TRIX index

In the late nineties of the 20" century, R. Vollenweider developed the TRIX index. It
is based on the assumption that the trophic state is conditioned by the content of nutri-
ents available for the aquatic vegetation. The TRIX index consists of four elements: the
content of total phosphorus and total or inorganic nitrogen, chlorophyll-a (which reflects
the biomass of phytoplankton) and water oxygen saturation as a deviation of one-hun-
dred percent oxygen saturation (which is the characteristic intensity of the production
processes). The TRIX index value is calculated based on the following equation [14]:

(log10 [Chl - aD%O - minN - TP] + k)

TRIX 4)
m
where:
Chl — chlorophyll-a concentration [ug/dm?],
aD%O - oxygen saturation [100% — %Q,],
minN — mineral nitrogen [pg/dm?],

TP - total phosphorus concentration [pug/dm?],
k, m — scaling factors k=1.2 and m =1.5.
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EI Index

Based on the studies carried out in the Saronic Gulf (Greece), I. Primpas, G. Tsirt-
sis, and M. Karydis developed the EI (Eutrophication index) based on the concen-
trations of mineral forms of nitrogen and phosphorus as well as chlorophyll-a. The
index is calculated according to the following equation [12]:

EI=0.279PO, + 0.261NO, + 0.275NH, + 0.214Chl 5)

where:
PO, - phosphate concentration [pg/dm?],

4

NO, - nitrite concentration [ug/dm’],

NH, - ammonia concentration [pug/dm?],

3
Chl - chlorophyll-a concentration [pg/dm?].

LCI Index

In the seventies of the 20" century for monitoring eutrophication occurring in the
lakes of the US state of Wisconsin, P. Utomark and J. Wall developed the LCI index
(Lake Condition Index). The index consists of four parameters: dissolved oxygen, Sec-
chi disc visibility, level of fishing mortality, and visible algal blooms. The index ranges
from 0 to 23 points. The authors developed a set of reference conditions for each indi-
cator and a penalty point system providing a negative evolution. For each exceedance
of specific reference conditions, penalty points are calculated. The maximum value
(23 points) indicates a very advanced state of trophy (hypereutrophy). The system
does not take into account traditional divisions such as mesotrophy or eutrophy [11].

TLI Index

The TLI index (Trophic Level Index) was formulated by N. Burns in order to
assess the trophic status of lakes in New Zealand. There are two variants of this
index: TLI 4 (consisting of total nitrogen, total phosphorus, chlorophyll-a, and Sec-
chi depth) and TLI 3 (which does not include Secchi disc visibility). The Burns index
is calculated by using the following formulas [1]:

TLn=-3.61 +3.011og10(TN) 6)

TLp =0.218 +2.9210g10(TP) (7)

TLs =5.10+2.2710g 10 1 8
T8 sD T 10 ®)

TLc =2.22 + 2.54log10(Chl), )
(TLn + TLp + TLs + TLc)

TLI= (10)

4
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where:
SD — Secchi disk visibility [m],
Chl - chlorophyll-a concentration [pg/dm?],
TP - total phosphorus concentration [ug/dm?],
TN - total nitrogen concentration [ug/dm?],
NIM Index

In China, to assess the trophic state of coastal waters, the NIM index (Nutrient
Index Method) proposed by China National Environmental Monitoring Center is
widely used. This index is based on a comparison of the results of measurements
of the chemical oxygen demand, the concentrations of nitrogen, phosphorus, and
chlorophyll-a from the reference values. If the index is greater than 4, the water can
be considered eutrophic. The index is calculated using the following formula:

NIM — CCOD N CTIN N CTP N CChl (11)
SCOD STN STP SChl

where:
CCOD - chemical oxygen demand [mg/dm?],
CTN - total nitrogen concentration [mg/dm?],
CTP - total phosphorus concentration [mg/dm?],
CChl - chlorophyll-a concentration[pig/dm?],
SCOD - reference chemical oxygen demand value [mg/dm?],
STN - reference total nitrogen value [mg/dm?],
STP - reference total phosphorus value [mg/dm?],
SChl - reference chlorophyll-a value [pg/dm?].

NI Index

On a similar principle, the NI index is based on an index developed by J. Zou.
The values of the index are based on the chemical oxygen demand and concentration
of the dissolved mineral forms of nitrogen and phosphorus. The data is compared
with the reference conditions. When the index has a value greater than 1, the water is
considered to be eutrophic. The index is calculated using the following formula [15]:

_ CCOD-CDIN-CDIP

NI 12
e (12)
where:
CCOD - chemical oxygen demand [mg/dm?],
CDIN - dissolved inorganic nitrogen concentration [mg/dm?],
CDIP - dissolved inorganic phosphorous concentration [mg/dm?],

SC reference conditions.
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TNI index

For the purpose of monitoring lakes in China, an index of TNI (Total Nutrient
Index) was developed. The equations by which the index value is calculated are
nitrogen and phosphorus, BOD, COD, and chlorophyll-a [16].

TNI=) W, TNI, (13)

W = (14)

where:
TNL - TNIindex of j parameter,
W, - j parameter contribution in TNIindex value,
r; — chlorophyll-a and another parameters ratio.

The aforementioned aggregated indicators are based on indicators reflecting
the process of plant biomass production without taking into account its decompo-
sition processes. Full information about the processes of trophic changes may be
obtained only on the basis of the balance of production and decomposition in the
waters.

3. Proposal of New Index - ITS

The ITS index theoretical concept is the change of the balance of the produc-
tion processes and the decomposition of organic substances produced by algae
during eutrophication. Changes in the biotic balance lead to changes in the gas in
the waters (and consequently the quantitative ratios of the concentrations of oxy-
gen and carbon dioxide). When the velocity of the decomposition of organic sub-
stances exceeds the velocity of its production, the concentration of carbon dioxide
increases and oxygen concentration decreases; when the velocity of decomposition
is lower than the production velocity, the concentration of carbon dioxide decreas-
es and concentration of oxygen increases. This means that the change in the ratio
of the content of these two gases reflects the changes in the water balance of the
production and decomposition of organic substances. In an aqueous environment,
oxygen concentration [mg/dm?®] may be expressed by the saturation of water with
oxygen [%], and the CO, content [mg/dm?’] can be expressed by pH. Changing
the concentration of CO, leads to changes in pH values due to the balance of the
carbonate, which is the state of a certain proportion of bicarbonate ions that are
represented by the following equation:

CO,+H, & H,CO, & H + HCO* & H'+ CO* (15)



Foundation and Application of New Method of Trophic State Assessment 69

In surface waters with low salinity in the temperate climate zone, pH levels
typically have a value of 6.0 to 8.5. Under such conditions, all forms of the carbonate
system may exist at the same time. Dissolved in water, carbon dioxide is mainly in
the form of CO,, only approx. 1% is as carbonic acid H,CO,. Changing CO, concen-
trations in surface waters leads to a shift of balance and changes in the carbonate
concentration of hydrogen ions, and hence, the pH level of the water. When carbon
dioxide is present in excess, carbonates dissolves; with a deficiency of CO,, they are
deposited. With a deficiency of nutrients and low production, CO, concentrations
rise and the pH decreases. It follows that the trophy state can be described by the
balance of CO, (measured as pH) and O, concentrations (measured as percent degree
of oxygen saturation in water). The relationship between pH and the percentage
of water saturation with oxygen of specific trophic conditions can be described by
a linear relationship. If at the same time oxygen saturation and pH value are rising,
the higher the trophic state is. These relationships are presented in Figure 1.
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Fig 1. Relationship between pH and %O, for different trophic states

The ITS index was created for the research processes of the eutrophication of
the Baltic Sea, primarily to assess the trophic status of the Gulf of Nevsky and the
eastern part of the Gulf of Finland. The waters of the bay are characterized by low
depth, low salinity, and a relatively fast flow; therefore, Neva Bay can be equated to
inland flowing waters. During the work over bay waters, variants of the ITS adapted
to changing salinity and variable mineralization were also created. During the meas-
urements in the Nevsky Gulf, ITS demonstrated the high dependence of traditional
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methods and the indexes of eutrophication and was also used for retrospective stud-
ies. Thanks to the historical data, it was possible to create a model of changes in the
trophic status over the years [7, 10]. As the criterion of trophic status, the pH value
in the normal one-hundred percent water oxygen saturation was selected. ITS index
calculated by the following formula [7]:

H. %0
ms=y P '+a(100—2—[ - zlj (16)
n n
where:
pH, - pHvalue,
[%0,] - water oxygen saturation measured with pH measurements syn-
chronously,
a — empirical coefficient (from linear regression),
n — number of measurements.

The ITS index values corresponding to different trophic states are presented in
Table 1.

Table 1. ITS index values for various trophic levels

Trophic status ITS value
Dystrophy <5.7-6.0
Ultraoligotrophy 6.0-6.6
Oligotrophy 6.7-7.3
Mesotrophy 7.4-8.0
Eutrophy >8.0

4. Verification of Applicability of ITS Index

The legitimacy of the application of ITS for the surface waters of different kinds
in different regions of Europe has been proven in numerous studies of pH depend-
ence of O, and assessing the state of trophy under it. ITS has found wide application
in Poland, which was initially used for the experimental monitoring of the Pilica and
Warta Rivers. It found a special place in the monitoring of artificial reservoirs.

ITS was used to assess the trophy of the Tresna, Poragbka, and Czaniec Reser-
voirs situated on the Sota River. Sota is a mountain river located in southern Poland.
The reservoirs have different capacities: from 94 million m? of the Tresna to 27 mil-
lion m® of the Porabka to 1.3 million m?® of the Czaniec. During the research, the
results obtained using ITS with the assessment made on the basis of the TSI index
by Carlson and OECD normative were compared. All methods were consistent and
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indicated a state between mesotrophy and eutrophy. Similar studies have been con-
ducted exclusively for the Tresna Reservoir, reaffirming the legitimacy of the use of
the ITS index [4].

Another application for the ITS index was for the Rzeszow Reservoir located in
southeastern Poland, which is powered by two lowland rivers: the Strug and Wistok
rivers. The reservoir has an area of 68 ha and an average depth of 10 m. In the case
of ITS, the research index was calculated simultaneously with the Carlson index and
indicators of the OECD and Nurnberg. The results were the same and pointed to
eutrophy [3].

Another application of ITS is its use for determining the trophic status of
reconstituted shallow water bodies located in the Olsztyn lake lands in northern
Poland. Four lakes (Nowe WIloki, Setal, Dobrazek, and Gasiorowskie) were tested
for eutrophication. All four lakes are characterized by small size (3.7-15.2 ha) and
shallow depths (1.5-4.0 m). All of the lakes have the same origin — in the 19th centu-
ry, the areas on which they were dried, then filled again and restored between 1960
and 1980. In catchment, dominate agricultural areas. Research on trophy lasted for
two years, and samples were taken every six weeks. Besides the standard for ITS
(pH and oxygen saturation), total phosphorus, chlorophyll-a, and visibility of the
Secchi disc were investigated during the period from May to September in years
2010-2012; these were later used to determine the Carlson index TSI. Studies made
by the ITS have demonstrated high compatibility with the Carlson index (full with
Lake Gasiorowski), and in other cases, the ITS points to the same or a lower degree
of trophic state. In addition, ITS was used to determine which nutrients completely
dominate in the process of eutrophication and at what stage are the changes of the
reservoirs’ trophy [13].

ITS was also used to measure the trophic status of the Dobczyce Reservoir on
the Raba River. Raba is a mountain river located in southern Poland. The lake has
an area of 10.7 km* and an average depth of 10 m, and it is stratified. Data for the
study came from routine monitoring of the Regional Inspectorate for Environmental
Protection in Krakow from the years of 2002 and 2004. The reservoir is monitored at
two measurement-control points at two depths. Data includes the pH value, satu-
ration of water with oxygen, total nitrogen and phosphorus, and chlorophyll-a. The
analysis results using ITS were confronted with the measurements by the Regional
Inspectorate; in both cases, they indicated the meso-eutrophic nature of the reser-
voir [5].

Another type of water where the ITS index was used is the Szczecin Lagoon. It is
a lagoon of the Baltic Sea that is also the mouth of the Oder River and several small-
er rivers (such as the Gowienica and Wkra). The area of the basin is approximately
666 km?, the average depth is 3.8 m, and the salinity is from 0.5 to 2 per mille. The
study used data from the detailed monitoring carried out in 2003 by the Regional
Inspectorate for Environmental Protection in Szczecin. The study was conducted at
11 points located in both the Polish and German parts of the basin. The 11 monitored
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parameters included pH, oxygen, water saturation, total phosphorus, phosphate,
total nitrogen and form nitrites, nitrates and ammonia nitrogen, chlorophyll-a, Sec-
chi depth, and salinity. The measurement results of the trophic status using ITS
where compared with the TSI indications index and an TRIX index. The ratings by
TSI and ITS showed full compliance for all of the measurement-control points. In the
case of the TRIX index, the points considered by the ITS and TSI as eutrophic were
classified as mesotrophic [8].

Another very important advantage of the ITS index is its ability to track the
dynamics of the trophic status changes over time (with the possibility of pre-
diction). This property was used to assess the trophic status of the rivers in the
Podkarpackie province in southeastern Poland. Data from the monitoring of the
San and Wistok rivers came from the Regional Inspectorate for Environmental
Protection in Rzeszow. This is data from the diagnostic monitoring conducted
during the years 2000-2011 at measurement-control points located throughout
the mileage of the rivers. Also, ITS was used to calculate trophic status in past
years. As a result, it became clear that both the San’s and Wistoka’s trophic lev-
els have remained virtually unchanged and set between eutrophy and advanced
mesotrophy [9]. Table 2 presents the results of research with the use of the ITS
index in Polish waters.

Table 2. Cases of application of ITS index in Poland

Date | Author Place Pearson r Coefficient a
2007-2009 | A.Jagus Sota Dam Cascades 0.15-0.89 0.0032-0.032
20042008 | A Jasus Tresna Reservoir 0.37-0.89 0.018-0.032

E. Jachniak
. . Restored lakes
2010-2012 | A.Skwierawski in Olsztyn lake land 0.356-0.936 0.00899-0.035

2013 R. Gruca-Rokosz Rzeszow Reservoir 0.67 0.0221

20022004 | E. Kowalczyk Dobczyce Reservoir 0.36-0.79 0.0031-0.0099
E. Neverova-Dziopak, .

2003 7. Kowalewski Szczecin Lagoon 0.89 0.012

20002011 | B Neverova-Dziopak, | Wisioka River, 060-092 | 0.015-0.022
Z. Kowalewski San River

The ITS index was also used for a detailed examination of trophy in Polish riv-
ers during the years of 2000 through 2010, with 402 measuring points located in
more than 400 different rivers. The results of the ITS application were confronted
with the TSI, TRIX, and TLI indexes and standard indicators of the trophic status. It
showed a compliance of around 90% (in the case of evaluation based on the TSI and
TRIX indexes) and 89% (in the case of evaluation based on the TLI index). The graph
in the figure shows the percentage of conformity assessment results of the ITS index
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with the other indexes [6]. The graph in Figure 2 shows the rates of compliance in
the results of the assessment of eutrophication between the ITS index and the fol-
lowing indexes: Carlson (TSI TP, Chl TSI TSI), Burns (TLI TN, TP TLI, TLI Chl, TLI)
and Vollenveider (TRIX).

hilhl

TSITP TSI Chl TLITP TLITN TLI Chl

Fig. 2. Compliance in results of assessment between ITS and other indexes

5. How to Use ITS Index

The use of the ITS index is extremely simple and allows us to carry out express
evaluations of the trophic status of waters, conduct continuous monitoring of the
dynamics of the development of eutrophication processes on the basis of two water
quality parameters measured during routine monitoring — pH, and water saturation
of oxygen. The algorithm for the evaluation is as follows. The first step is the sta-
tistical treatment of the data: check the legality of the distribution ranks of pH and
oxygen saturation with a normal distribution (Shaphiro-Wilk test); rejection of the
results of outliers (Grubbs test). Further correlation analysis is performed in order to
obtain linear regression equations describing the dependence of the pH on the water
saturation of oxygen using the method of least squares. Correlation is considered to
be significant at the Pearson correlation coefficient when it is greater than 0.5. When
applying larger amounts of data aggregation methods like correlation tables, could
be used. The use of the ITS index algorithm is shown in Figure 3.
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ITS = mean pH + a - (100 — mean %DO)

Fig 3. Algorithm of ITS usage

An example of the application of ITS to assess the trophic status of the Vistula
River.

The output data comes from monitoring the Vistula River at the measure-
ment-control point at Plock. This is the data collected from the Regional Inspectorate
for Environmental Protection in Warsaw in 2012, representing a total of 12 sets of data
from monthly intervals. The point is located on 307 km of the river, and its abiotic type
is 21 — a large lowland river. During the measurements through the growing season,
there were blooms of phytoplankton all of the time, the average content of chloro-
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phyll-a was about 80 ug/dm? total nitrogen content average was 3.12 mg/dm? and
total phosphorus of 0.13 mg/dm?. According to the traditional indicators of the state of
the river, it was assessed by the Regional Inspectorate as eutrophic. Results obtained
by the Regional Inspectorate and based on ITS were compared. ITS performed based
on the data of Table 3.

Table 3. Baseline data necessary to calculate ITS index on the Vistula River

Date %DO pH
2012-01-03 93 8.2
2012-03-05 85.7 8
2012-03-12 93.8 7.8
2012-04-02 97.1 8.1
2012-05-09 115.5 8.6
2012-06-04 110 8.8
2012-07-13 97 .4 8.3
2012-08-08 100.1 8.5
2012-09-05 115.2 8.3
2012-10-17 92.2 8.2
2012-11-07 92.7 8.2
2012-12-05 82.5 7.8

mean 97.93 8.195

Both the pH and percentage of oxygen saturation are in accordance with the
normal distribution. Linear regression is expressed by the formula:

pH=6.118 + 0.0216 - percent oxygen saturation (17)

Dispersion of the pH and oxygen saturation relative to each other is shown in
the scatterplot in Figure 4.

The Pearson correlation coefficient is 0.768, and so it is reasonable to use ITS.
Using the equation, we can calculate the index value:

ITS = 8.195 + (100 — 97.933) - 0.0216 (18)

ITS = 8.24 (19)

According to Table 1 it is eutrophic. So, the results are the same as the Regional
Inspectorate’s.
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Fig. 4. pH, oxygen saturation scatterplot

6. Summary

The main advantage of ITS is its ease of use and low-cost evaluation of trophic
status and the ability to be used in the so-called express monitoring. It is calculated
on the basis of two routine water quality indicators: pH and water saturation of
oxygen. They can be implemented directly in the field and are easy to measure. The
table shows which parameters are needed for the use of the aggregate indicators of
eutrophication. ITS can also be used to determine the trophy of historical data and to
create predictive models. Table 4 compares the parameters to be measured in order
to be able to apply individual indicators.

The use of only two parameters that can be measured by instrumental methods
in the field significantly reduces the time and cost of monitoring. This is extremely
important for departments dealing with environmental monitoring. In connection
with the deterioration of trophy waters’ increased eutrophication processes, there is
aneed for a swift and unambiguous method for assessing trophic status. In addition,
the index should be as scalable as possible to adjust the results to the actual values
prevailing in different conditions. The ITS index deals with the requirements for
modern environmental indicators and can be used to assess the condition of surface
water trophy.
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Table 4. Comparison of data needed for different index calculations

Parameter TSI TRIX EI LCI TLI NIM Ni TNI ITS
pH ¥
%DO conc. * * *
COD * * *

BOD *
™~ * * *
NO, * *

NO, * * *

NH, * * *

TP * * * * *
PO, * *

Chl-a * * * * * *
sD * * *

Fish mortality *

Blooms *

No parameters 3 6 4 4 4 4 5 5 2

* Parameters used in method.
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Powstanie i zastosowania nowego sposobu
oceny stanu troficznego wod

Streszczenie: Jednym z narzedzi stuzacych do osiagniecia celéw ramowej dyrektywy wod-
nej jest monitoring, ktéry powinien dostarcza¢ informacji na temat stanu waod.
Zadaniem priorytetowym w zakresie ochrony wod powierzchniowych jest
zapobieganie procesom eutrofizacji. Odpowiednie srodki ochronne powinny
by¢ oparte na wiarygodnej ocenie poziomu troficznego. Istnieja rézne wskaz-
niki szacowania stanu troficznego wod powierzchniowych, ale generalnie cha-
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Stowa
kluczowe:

rakteryzuja sie one duza ztozonoscia i wysokimi kosztami oceny. W artykule
przedstawiono nowa metode oceny poziomu troficznego, oparta na wskazniku
liczbowym ITS (Index of Trophic Status). ITS zostal opracowany z uwzglednie-
niem gléwnej charakterystyki funkcjonalnej dowolnego ekosystemu — stanu
rownowagi biotycznej i moze by¢ obliczony na podstawie pomiaréw rutyno-
wych parametréw hydrochemicznych. Proponowany wskaznik jest instru-
mentem, ktéry ulatwia m.in.: szybki monitoring woéd powierzchniowych,
retrospektywna i predykcyjng analize stanu wdéd, ustanawianie regionalnych
standardéw emisji biogendw, rozwigzywanie zadan inzynieryjnych i modelo-
wania matematycznego. Weryfikacja indeksu ITS zastata przeprowadzona dla
wdd powierzchniowych réznego typu w réznych krajach. Obecnie spséb ten
zyskuje na popularnosci jako prosta, wiarygodna oraz niekosztowana metoda
oceny stanu troficznego.

eutrofizacja, indeks ITS, wody ptynace, stan troficzny



