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Abstract: Deep analysis of trophic state assessment methasided to conclusion, that currently there is no
universal methodology and existing methods are aatarized by significant shortcomings. The approach
proposed by the authors is different from genenadigd. Authors start from the assumption, thathioptate can
be reflected by the state of biotic balance, whielm be described by the values of Index of TroBtite.
Researches were carried out in order to assedmofftéc state of running waters and to estimatdithiging role

of biogenic substances for eutrophication procesgldpment on the base of author’s concept foundeabove
mentioned index.
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Introduction

Eutrophication is an essential and widespread pssgng factor of the impact on
aquatic ecosystems which practically cannot be dmdi The problem of eutrophication
since the seventies of the last century takes @iobhal scale because of its negative
consequences, which could result in total loss a@nemic and biospheric functions of
aquatic ecosystems.

Negative consequences of eutrophication are theé wmserable in freshwater lakes
and reservoirs, but in recent decades as a rdsdualieasive anthropogenic activity, it can be
occurred more often in coastal and running wateeep analysis of the methods of surface
water trophic state assessment has led to theusion| that there is currently no universal
methodology and existing methods are characteiigesignificant shortcomings that lead
to low reliability of the results.

Eutrophication processes are characterized by diyglamism and the dependence on
complex of different factors, such as: hydrologieadd hydrodynamics characteristics;
hydrobiological and morphological features; edaphitd climatic conditions. So, the
assessment of trophic status of different typesatérs is rather complicated task.
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In European Union water policy the problem of ephigation is regarded as a priority
issue. Many EU directives contain a requiremenassfessment and control of this process
and the necessity of water protection measureseimghtation in order to prevent its
development. These requirements are containedexXample, in Directive 91/271/EEC
(Directive on Urban Waste Water Treatment), Dinec®1/676/EEC (Directive concerning
the nitrates from agricultural land) and Directi2900/60/EEC (Water Framework
Directive). These directives contain neither unifodefinition of eutrophication, no
universal approach for assessing the trophic Etas.

In Poland the requirements of EU directives aréectéd in the Water Act and three
Regulations of the Minister of Environmeiigcording to which the evaluation of trophic
status is carried out on the base of traditiondicexors in the frames of general water state
assessment, and only in terms: “subjected to ehicafjon” or “not subjected to
eutrophication”. Moreover, different Regulationsntain divergent normative values of
eutrophication indicators [4-6].

Analysis of methodological problems in the sphefeswtrophication assessment in
different types of water bodies allowed confirmitigp necessity of the development and
application of such indicators of trophic statet th@respond to the objectives and tasks of
water protection and water management. Modern reopgints for such environmental
indicators are the following: they must be thewadty and technically founded; to reflect
the changes in aquatic ecosystems; to reflect thelaimental functions of aquatic
ecosystems; to integrate information in time anacepto be based on a limited number of
parameters; to be useful for forecasting of theatigienvironment changes and to be low-
cost [7, 8].

Eutrophication of streams and rivers

The hydrographic network of any basin is dominabgdmedium and small rivers,
which are highly dependent on situation in the lwaent; meanwhile anthropogenic activity
in this area greatly impacts the state of riversgstems. Not long ago the primary sources
of river pollution were urban and industrial wasééers. In recent years the pollution loads
from point sources have been decreased due todahstraction and modernization of
wastewater treatment plants, but at the same tineeshare of run-off from agricultural
lands and adversely effects of navigation and hyolner increased.

Length of the river network in Poland is quite krgnd amounts 74 714 km, 52% of
which are regulated rivers. Positive feature oérrivegulation is responding the economy
needs, however such a drastic interference intéir@mment leads to the loss of natural
values of the river, changes of structure of riveriota, and consequently - to decrease of
self-purification ability, progressing eutrophiaatiand secondary contamination.

Eutrophication process pattern is best studiedtagnant waters - lakes, ponds and
coastal areas. Definitely the majority of trophitatgs evaluation methods are also
developed for these waters. Much less is knownethteophication processes in running
water ecosystems which are functioning in differemty due to the following specific
features:

- flow of water, which plays a significant role asimiting factor of eutrophication;
- more intensive exchange between water and |&iadl,hakes the rivers to be an "open
ecosystem" with heterotrophic type of metabolism;
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- more uniform distribution of dissolved oxygen iivers and therefore the lack of

thermal or chemical stratification [9].

Specific features of river ecosystems condition difeerent course of eutrophication
process as compared to limnetic ecosystems, anefthe it cannot be described accurately
on the basis of methods established for lakes aastal areas.

Current concept of eutrophication in running waté&sfocuses mainly on water
enrichment in nitrogen and phosphorus compounds-1P10 Earlier research on
eutrophication in rivers focused on the discharfieorganic matter together with raw
wastewater and agricultural run-off [13, 14]. lie thst 30 years the studies were carried out
to determine the relation between the nutrient doatischarged to rivers and the
development of autotrophic organisms.

Limnological studies allowed to establish a clearelation between the enrichment of
lake water in nitrogen and phosphorus and the &sgref plant biomass. Also the leading
role of phosphorus in stimulation of autotrophiogesses was established. This allowed the
determination of the basic traditional indicatofsotrophication: nutrients and chlorophyll
content. Correll [15] wrote that the excess of phmsus is the most common cause of
eutrophication in freshwater lakes, reservoirsendvand estuarine waters. However, this
statement was not based on specific research arpiriesh observations of lotic
ecosystems. Therefore, the methods of trophic staisessment elaborated mainly for
lentic ecosystems are not always reliable in thee ad trophic status evaluation of running
waters.

Materials and methods

The approach proposed by the authors of this papdifferent from generally used
methods, which focus mainly on nitrogen and phosphoenrichment and primary
production. The proposed method starts from theimagson, that trophic state can be
reflected by the state of biotic balance, i.e.lihi&ance between the processes of production
and destruction of organic matter synthesized btemplants. Hence, the indicator of
trophic status of aquatic ecosystem should refteetintegral result of processes of organic
matter production and destruction. Similar viewiiesented also by other authors [16-19].

Dystrophic waters are characterized by exceedirgygdnic matter decomposition rate
(Vg) in relation to the rate of its productio¥y} and thervV,/Vy < 1; while oligotrophic are
characterized by the balanced rates of these mes®4/Vy =~ 1; and in waters subjected to
eutrophication the rate of organic matter productics higher than the rate of
decomposition, s¥/Vy> 1 [20].

It can therefore be assumed that the criterionchvhihost adequately reflects the
trophic status of surface waters, is the indicabbrthe balance of production and
decomposition of organic matteée, biotic balance.

Index of trophic status of waters ITS (Index of pinc State) based on theoretical
assumptions, according to which the imbalance efréttes of water vegetation production
and its decomposition in any water ecosystems |padwrily to changes in the quantitative
ratios of the concentrations op@nd CQ [17, 18].

When the rate of organic matter decomposition edsesf rate of its production,
concentration of C@in water increases, and concentration @fd@creases and vice versa.
From this it follows that the ratio of GGand Q concentration in water environment
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represents the relationship between the rates ofanar matter production and
decomposition processés,the state of biotic balance, as follows also frgmetosynthesis
balance equation:

Vi

nCO, +nH,0 L - (CH,), +nO, 1)
Vd
where: V, and Vy - rates of production (photosynthesis) and decoitippnsprocesses,
n - number of molecules participating in the reattio
In aquatic ecosystems the ratio of £&hd Q concentrations can be expressed by the
ratio of pH and saturation of water with oxygen, iehh results from the following
considerations. According to the chemical Law ofsklaAction of C.M. Guldberg and
P. Waage defining the chemical equilibrium depegdin the concentration of reactants
and reaction products, it can be presented asieqad®)-(6) [21]:

V, =k[CO,]'[H,0]", and V, =k,[CH,O]"[0,]" 2)
Whence:
v, Vg = kl[COZ]n[HZO]n /kz[CHzo]n[Oz]n (3

where: k; and k, - rate constants of production and decompositiespectively,
n - concentration of the reactants.

In accordance with the same law concentrationsa€tants in individual phases are
fixed and do not affect the rate of a chemical tieacand then:

[H,0] =[CH,0] = constandV, 1V, = k,[CO,]"/k,[0,]" (4)

In surface water of low dissolved salt content¢hanges of C@concentrations lead to
the changes of pH values, because the contentrbbrtalioxide and hydrogen in aquatic
environment are linked together by carbonate dmyuilin, that is, the certain proportion
between the concentrations of carbonates and loinatés:

CO,+H, - H" +HCO; «~ H'+CO% (5)

The change in COconcentration in surface water leads to displac¢rokcarbonate
equilibrium and hydrogen ion concentration changes, thus the pH value. Natural waters
due to the content of the carbonic acid salts lgamesl buffering properties:

CO, +H,0+CaCQ, .. CaHCO,) ©)

In conditions of CQ excess the carbonates are dissolving, and inbdgeree - are
settling. Under sufficient buffer capacity the pldlue fluctuations are negligible and its
value is in the range 6.5-8.5. It is these pH valaee taken as normative for fresh surface
water. In some cases, the pH value may differ fieenstandard values and be less than 5.0
due to a low mineralization and the presence ofibuatids. The same can be observed in
the high mountain lakes. In hard water pH is tyijcgreater than 7, and in salt waters -
above 8 [21].

The pH value corresponding to carbon dioxide canteder carbon equilibriunig the
part of dissolved free COdetermining the maintenance of the dissolvedrbimaates) is
called the pH of carbon equilibrium (pHS).
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During eutrophication the biotic balance may beuwlised (as the result of organic
matter production). Then the G@oncentration decreases and the pH values exbeed t
values of pHS. In the case of toxic pollution otriant deficiency the opposite changes can
be observed. The same can be occurred in winteeiabsence of photosynthesis, when the
process of C® accumulation takes place, the pH value decrealasse processes are
simultaneously accompanied by corresponding inereasdecrease of water saturation by
oxygen, and thus: under intensive photosynthesis diver 100%, and under inhibition of
photosynthesis it falls below 100% [21, 22].

Empirically it was established that in low-minerald oligotrophic waters the oxygen
content is mainly conditioned by atmospheric aeratind corresponds to its maximum
solubility at specific pressures and temperatuiesreaches 100% of saturation at
pH~ 7.0 pHS [20].

When water is polluted by acidic or alkaline indigdtwastewaters the changes of pH
value are not accompanied by changes of oxygenasitu and pH values quickly return to
normal thanks to the buffer properties of naturatess [21, 23].

In the light of this assumption the problem seembé the choice of indicator, which
reflects the balance between the production antrui¢i®n of organic matter in surface
waters during the annual cycle. The authors proposese the criterion ITS (Index of
Trophic State) elaborated by Neverova-Dziopak, Wwh&based on the above mentioned
theoretical assumptions. Index of Trophic Statelmacalculated according to equation (7):

ITS= 3 pH,/n+al100- 3" [0,%]n) @)

where: pH - pH value; [Q%] - oxygen saturation measured synchronously \pith
a - an empirical coefficienty - number of measurements [21].

The state of biotic balance and the values of IfiSwaters of different trophic
conditions are shown in Table 1.

Table 1
Values of ITS in fresh waters of different tropbtate [21]
State of biotic balance Yy/Va) Trophic state ITS
Negative Dystrophic <57+0.3
(Vp/Va< 1) Ultraoligotrophic 6.3+0.3
Balanced .
(Vy/Va = 1) Ologotrophic 7.0+£0.3
Positive Mezotrophic 7.7+0.3
(Mp/Va> 1) Eutrophic >8.3+0.3

The researches ware carried out in order to usexinfi Trophic State for the purposes
of trophic state assessment of running waters. skhdies on the limiting factors of this
process were also carried out on the base of IT8.a6sessment was realized for different
types of running waters determined in Poland adogrdo Frame Water Directive [1].
There were appointed 26 types of courses in Polamdng them are: 3 types of mountain
streams, 12 types of upland rivers, 7 types ofdowdlrivers, 4 types of rivers independent
on ecoregion and group of indefinite types.

The researches were carried out for selected nerasat points located on the rivers
of different types on the base of long-term momitgrdatabase obtained in the frames of
Polish State Monitoring System (Table 2).
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Table 2
Measurement points analyzed in the research
Type of . Period of o .
the river Measurement point monitoring Description of river type
5 Katowice Bolina before Przemsg 2000-2009 Upland IanQScape': small silicate stream wjith
0.3 km fine-grained substrate
6 Kielce Silnica Bialogon 0.9 knj ~ 2000-2009 | UPland landscape: small carbonate stregm
with fine-grained substrate
9 Krakow Rugdgvl?nPodkamycze 2000-2009 Upland landscape: small carbonate rive
10 Lodz Pilica Sulejow 159.8 kn 2000-2009 Uplamitlscape: middle river
14 Krakow Czarna Orawa Jablonka 2000-2009 Upland landscape: small river on flysc
25 km structures
17 Bialystok K_rynka - boundary 2000-2009 Lowland landscape: small sand stream
profile 4.5 km
20 Olsztyn Guber Sepopol 76 km 2000-2009 Lowlandd$aape: medium gravel river
21 Warszawa Narew Pultusk 64 km 2000-2008 Lowland landscape: great river in théngla
22 Gdansk Lupawa Rowy 2001-2009 Estuary part of the_rlver under the influence
0.7 km of saline water
. d Small streams in the valleys or large lowland
23 Lublin Czyzoi/vg?(r\]lqanow Podias 2000-2009 rivers under the influence of peat-forming
) processes
. . Small rivers in the valleys or large lowland
24 Zielona Gora(l) lesﬁqka before Ogra 2000-2008 rivers under the influence of peat-forming
) processes

The results of comparative trophic state assessoagried out on the base of ITS and
boundary values of traditional indices, elabordigdlifferent authors, presented in Table 3.
The assessment was made on the base of averagal aahues of parameters measured

during 10-year monitoring period [24].
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Results of comparative trophic state assessmeaneasurement points
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Results of the research

Analysis of Table 3 shows high compliance of assests made on the basis of ITS
and boundary values of traditional indicators ofraphication, developed by different
authors. On the base of the assessment conduct&tiSbfor selected points located on
rivers of 5, 9, 17, 23 and 24 types, it can be haled, that these measurement points
belong to mesotrophic waters. However, water ingbimts located on the rivers of 6, 10,
14, 20, 21 and 22 types are characterized as dutrofherein, the measurement points
located on small silicate streams and carbonatrsief upland landscape, small sandy
rivers of lowland landscape and small streams arads in the peaty areas were classified
as mesotrophic waters. Waters in the points on Iserad medium rivers of upland
landscape, medium and large rivers of plains amdagse rivers under the influence of
saline waters were classified as eutrophic wafengphic state assessment realized on the
base of ITS index allowed to follow the long-terryndmics of trophic level in selected
measurement points (Figs. 1, 2).
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—#— 14 Krakow Czarna Orawa Jablonka 25 km

Fig. 1. Long-term dynamics of trophic level in me@snent points on upland rivers
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Fig. 2. Long-term dynamics of trophic level in me@snent points on lowland rivers

The authors of the paper also made an attempttesrdiee the role of total forms of
nitrogen and phosphorus in eutrophication processldpment in rivers. The database
consisted of average annual values of pH, oxygduora#on, total nitrogen and total
phosphorus measured in the mentioned points danmgjtoring period of 2000-2010. For
this purpose a preliminary statistical analysisafrelation between ITS and concentrations
of total nitrogen and phosphorus was carried olte Values of Pearson's correlation
coefficient characterizing the relationship betwedis and total nitrogen and total
phosphorus content are presented in Table 4.

Table 4
Pearson's correlation coefficient value

Typ(_e of Measurement point T otal Total

the river nitrogen phosphorus
5 Katowice Bolina before Przemsza 0.3 km - 0.29 40.0
6 Kielce Silnica Bialogon 0.9 km -0.31 -0.31
9 Krakow Rudawa Podkamycze 9.3 km 0.26 0.76
10 Lodz Pilica Sulejow 159.8 km -0.33 -0.61
14 Krakow Czarna Orawa Jablonka 25 km 0.17 - 0.02
17 Bialystok Krynka - bondary profile 4.5 km -0.80 -0.32
20 Olsztyn Guber Sepopol 76 km - 0.50 -0.47
21 Warszawa Narew Pultusk 64 km - 0.56 0.03
22 Gdansk Lupawa Rowy 0.7 km - 0.06 -0.33
23 Lublin Czyzowka Janow Podlaski 4.2 km 0.39 90.0
24 Zielona Gora Pliszka before Odra 0.3 km 0.09 50.3

Analysis of the data from Table 3 made it posstblelraw the following conclusions.
Virtually none of measurement points showed nitreljmiting role in the development of
eutrophication. An exception may be a measuremeint on the lowland river of type 23
and in some degree - on the river of type 9. Inrtiagority of the points total nitrogen
contributed rather to the repression of developmémutrophication. In the points located
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on the rivers of type 14, 22 and 24 practicallynitoogen influence on eutrophication was

obtained.
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Fig. 3. Seasonal dynamics of nitrogen, phosphonas cnlorophyll in 2002 (type 9rakow Rudawa
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The limiting role of total phosphorus was statednieasurement points located on the
rivers of 5, 14, 21 and 23 types. However, a sigaift correlation between ITS and

phosphorus was observed in the points on the o¥e&r and 24 types. In the remaining

points total phosphorus showed rather inhibitorfeaf on eutrophication. Only in the

measurement point located on the river of type Wai$ observed the limiting role of total
nitrogen and phosphorus, wherein total phospholaysghe key role. Such relationship in
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this point shows similarity with the traditionalgudarities of eutrophication process in

limnetic waters.

Percentage monthly changes of chlorophyll togettigr total nitrogen and phosphorus

content for the selected measurement points argrshoFigures 3-7.
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Fig. 5. Seasonal dynamics of nitrogen, phosphonascalorophyll in 2007 (type 2M/arszawa Narew
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Discussion

The conducted studies showed that the examinedr wataitoring points are
characterized by a high content of total nitroged phosphorus, qualifying these waters as
eutrophic. But it was also stated that the enriagitned river waters in nutrients does not
always lead to a corresponding increase of prinfamgduction. Chlorophyll content
indicated the mesotrophic conditions, and in solmes - oligotrophic conditions. These
findings correlate with the results obtained byeotAuthors concerning the limiting role of
nitrogen and phosphorus in eutrophication procasthé rivers [16, 25]. Assessment of
trophic status made on the basis of ITS in the ritgjof measurement points agrees with
the assessments based on chlorophyll contentnlbeaexplained by the fact that both of
these indicators reflects the integrated ecosystamsSponse to the effects of pressure
factors, whereas the content of nitrogen and phmsigh- only the eventuality of plant
biomass growth.

The results of preliminary statistical analysisrrieal out in order to determine the
limiting role of biogenic compounds in the examimedasurement points, correlate with the
results obtained by other researchers. It is gépercognized, that increased content of
nitrogen and phosphorus brings to the intensiveaealgrowth. But increased algae
production not always results in accumulation afaal biomass excess. Accumulation of
excessive biomass is influenced by a number oéwdifft factors, such as light penetration,
grazer activity, morphological features and eta. &mample, primary production in heavily
grazed rivers is either consumed or exported, whitkiced grazing activity lead to biomass
accumulation and its decomposition [26]. Francd2it provided the following results of
studies on limiting role of phosphorus in the pgx®f eutrophication in 237 rivers: in
16.5% the nitrogen showed a limiting role, 18.1%hewed the limiting role of phosphorus,
23.2% - showed the equal role of nitrogen and phosps, 5% - inhibition of the growth of
plant biomass as a response to nitrogen or phogsphoad and 43% showed the lack of
response to nitrogen and phosphorus enrichment. ediwthe content of biogenic
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substances is also regulated by a number of abiatiors. Regional differences may
determine the limiting nutrients for water planbeth [9].

The above mentioned considerations mean that ntitcientent may not always be
a reliable indicator of eutrophication, as tropéiiatus is determined not only by the content
of these substances, especially in riverine ecesyst Other authors also confirm the
diversity of eutrophication processes in runningters [16, 26]. The concentration of
chlorophyll-a also may lead to low reliability abphic level assessment in running water
due to its high seasonal volatility, mobility ivers and large variety of factors determining
the development of aquatic vegetation [9, 21, ZBiis indicator can be used rather for
eutrophication assessment in so called “chloroplypé rivers”. In Poland there are only
5 types of such rivers: 21 (great lowland rivese)ne rivers of 19 type (lowland sandy-clay
rivers), 20 (medium lowland gravel rivers), 24 (dmwalleys rivers under the influence of
peat-forming processes) and 25 (lakes connectiegs).

Due to the complex nature of eutrophication in fognwaters further studies are
needed in order to verify the preliminary resuli¢he researches.

Conclusion

The studies presented in this paper were devotedetp complicated problem of
trophic state assessment of running waters. Thétsesf statistical analysis based on long-
term monitoring data concerning the rivers of défg types allowed to verify the
possibility of ITS usage and to state its conforogarwith modern requirements to
environmental indicators. It allowed in simple dod-cost way to assess the trophic state
and to evaluate the changes and tendency of eitadfsim development in different types
of rivers during 10-year period. ITS-based approaeah also used in order to carry out the
preliminary studies on complicated nature of limgtirole of total nitrogen and total
phosphorus in eutrophication development.
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METODOLOGICZNE PROBLEMY OCENY
STANU TROFICZNEGO WOD PLYN ACYCH

Katedra Ksztattowania i Ochrorfyodowiska, AGH Akademia Gorniczo-Hutnicza, Krakéw

Abstrakt: Szczeg6towa analiza stosowanych wnych krajach sposobéw oceny stanu troficznego wdéd
powierzchniowych pozwolita wnioskowaze obecnie nie ma uniwersalnej metodologii, a stesmwvmetody
posiadag réznorodne mankamenty i nie zawsze pozwalaysk& wiarygodne wyniki oceny. Analiza pokazata
réwniez, ze zdecydowana wkszai¢ metod oceny jest opracowana dla wodsstgih i stref przybrzenych moérz.
Zdecydowanie brakuje wiarygodnych i prostych spésoloceny stanu troficznego wod piaych. W zwizku

z tym, ze eutrofizacja jest procesem, ktory charakteryaijeduza dynamicznécia i zalery od zespotu wielu
wspoidziatagcych medzy sola czynnikbw morfologicznych, hydrologicznych, hydiolbgicznych,
klimatycznych i innych, ocena stanu troficznego wedwtaszcza w rzekach i strumieniach, jest zaariardzo
skomplikowanym. Metoda oceny zaproponowana przeoréw artykutu zasadniczo #0i sii od metod
tradycyjnych i opiera si na definicji stanu troficznego jako wyniku stanilabsu biotycznego w wodach.
Przedstawiono midiwos¢ oceny statusu troficznego wod pdgiych na podstawie autorskiego wshika ITS
(Index of Trophic State) oraz wsine wyniki bada nad kluczowymi czynnikami ogranicaaymi proces
eutrofizacji w rzekach rhego typu w oparciu o wskaik ITS.

Stowa kluczowe:wody ptymce, eutrofizacja, metodologia oceny, bilans biotycz wskaniki poziomu
troficznego



