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Abstract: The study was performed in five fourth-order ttdmies of the Bystrzyca Lubelska River (Eastern
Poland, Lublin Upland), differing in the degree aoiver-bed transformation and level of pollution.
Hydro-morphological methods (descriptive method llmycki and Lewandowski - IL, and index method by
Oglecki and Pawlat - OP) and biological indicesgoiagn the composition of zoobenthos (DiversiBy, and index
based on proportions between the density of Oligetzhand Chironomidae - O/Ch) permitted distingngslof
four classes, from Il to V. The distinguishing aflptwo quality classes (lll and 1V) was possible theans of
physical-chemical methods and by benthic index BMWRE Those two methods seem to show the lowest
sensitivity to the spatial variability of the emsiiment quality. The BMWP_PL index was the leassiie to
year-to-year environmental changes, and O/Ch wasrbst sensitive. Relatively high conformity wagadifed
between hydro-morphological assessments perforrgeddans of the OP and IL methods. Results obtaiyed
means of these tools weakly corresponded with thasipal-chemical assessments. The latter assessmwent
the most similar to those obtained by means oBtM&VP_PL (degree of similarity = 57%) aml(47%) indices,
and considerably less in the case of O/Ch (36%% BMWP_PL andD indices better corresponded with the
results of the hydro-morphological assessment pedd by means of the IL method than with thosequeréd

by means of the OP method whilk index showed a reverse pattern. The O/CH indexegaraiseful for the
assessment of the degree of organic pollutionefitter’'s water, but not the sediments.

Keywords: river classification, ecological status, hydro-ptoslogy, water chemistry, zoobenthos

Introduction

The assessment of freshwater resources and qumathg current period of progressing
human pressure and water scarcity is a worldwigsging problem posing a major risk to
the global economy and sustainable management][1TH2 assessment of quality of
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flowing waters has long been, and in some partghef world still is [3], based on
physical-chemical analyses. It has recently becewigent that the assessment of riverine
environments requires introducing biological evébra[4, 5]. Moreover, the determination
of the full image of the degradation status of diguecosystems requires the analysis of the
hydro-morphological status of river-beds and th@sarian zones in order to assess the
nature of the habitats and the degree of theistommation/naturalness [6-10]. This is also
currently stipulated by the Water Framework Direet{WFD) [11]. As a result of such an
approach, it is not the quality of river water tiatissessed, but rather the ecological status
of the entire river together with its channel aadiay.

When the Water Framework Directive was introduaethe European law, it did not
specify the tools for the implementation of paréeu provisions. Pursuant to the
assumptions of the document, particular EU memtages were expected to develop their
own systems of assessment of water quality withcthesideration of local environmental
and geographical conditions. As a result, a nurob@ublications appeared over the recent
years, aiming at the development of river evaluatg&ystems. Works considering all
of the three assessment criteria simultaneouslyneha the hydro-morphological,
physical-chemical, and biological criterion, ar@l sélatively scarce. Moreover, these are
usually proposals of assessments [6, 12-21]. Cerdidy more seldom, they are works
aimed at the determination of the sensitivity of tmoels and the degree of their
compatibility and complementarity in the final assment of a river's ecological state
[9, 10, 20, 22], although they can provide inforimatsupporting river management
decisions [9, 23, 24].

The present contribution is an attempt to fill thep based on the example of small
lowland-upland rivers located in eastern Polandih@ scope of the assessment of the
quality of rivers, we compared the sensitivity @fot hydro-morphological and three
biological methods based on the composition of eotins. We confronted the obtained
results with the assessment of water quality peréot by means of a routine
physical-chemical method. This way, we attemptedabksessment of the compatibility of
the applied methods. We assumed that the compigtilof assessments performed by
means of various methods can be interesting frarthtboretical point of view, but it does
not have to be the necessary condition of the sefeof methods in the water quality
monitoring practice. On the contrary, lack of comitphty of results may suggest that
various aspects of the structure/functioning of ¢ésesystem are analysed, increasing the
complementarity of the final assessment of theaggoal state of a river. This seems to be
in accordance with the assumptions of the WatemEreork Directive.

Materials and methods

Study area

The study was carried out on five small 4th-ordeens: Ciemiega, Czechowka,
Czerniejowka, Kosarzewka, and Krezniczanka. They tmibutaries of the Bystrzyca
Lubelska River, the right tributary of the Wieprav& (Type Il according to the Polish
classification of catchments; Report on the st@@32 [25] (Fig. 1). They flow through the
Lublin Upland, Eastern Poland (51°18'24” N; 22°33'1E), draining loess soils and
Cretaceous rocks.
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Fig. 1. Sketch map of the Bystrzyca Lubelska Rivies, water divide, tributaries, and location of
sampling sites

The lengths of the studied rivers vary from 17.5 tond0.5 km, and the areas of their
catchments are between 78.5 and 225.Kfihe mean annual precipitation fluctuates
between 550 and 650 mm. The elevation ranges fnerséa level up to 300 m.

Methods

The field research was conducted in 2003 and 200ée times a year (in spring,
summer, and autumn). A total of 13 sampling sitesewselected, representing different
geo-morphological and hydrological conditions, adlas local settings such as land use,
riparian zone management, channel characteriséing, water pollution. Each of the
sampling sites represented a typical section ofea with a length of approximately 100 m.
The sites were mapped for a variety of physicaiabdes, e.g. substrate types, aquatic and
riparian vegetation, erosion or depositional aremsd hydro-technical constructions.
At each visit, measurements of the river deptharth, as well as current velocity at the
sampling sites were performed. Current velocid,fcd Was determined by the float
method [26], according to the following formula:

Vsurtace= travel distance/(travel timek) (1)

wherek - a coefficient equal to 0.85 as a commonly usalde; taking into account that
surface velocities are typically higher than meaawerage velocities.
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Hydro-morphological assessment of the river habitatjuality

The degree of naturalness/degradation of the iigatst river sections was assessed
by means of two methods, developed by Oglecki aadld® [27], and by lInicki and
Lewandowski [28]. Further in the paper, the metharsreferred to by the corresponding
symbols OP and IL. Both of the methods consideritrex-bed and its riparian zone (a belt
of approximately 20-30 m width along the banks)e Plarameters assessed in the river-bed
assume to reflect the in-stream habitat heterogerEhey include: water quality (colour,
turbidity, and mineral and organic pollution), nivehannel morphology (the route of the
watercourse, shape of the shoreline, slope andestapanks, embankments, presence of
natural obstructions and engineering constructiomsild scope and manner of
channelization), hydrological parameters (edhangeability of water flow, water depth,
and width of the water table), nature of bottomimmedits, water and riparian vegetation
(species diversity, cover), as well as developnwdnthallophytes, bushes, and woodlots
along the banks (composition, age, density, shadingthe riparian zone, the following
metrics are evaluated: the degree of naturalnebar relief, nature of riparian vegetation,
and certain characteristics of terrestrial vegetate.g the breast-height diameter of trees.
Moreover, the IL method considers land-use in tlierrvalley, and the OP method - the
possibility of faunal migrations along the rivemrgdor. In the OP method, points ascribed
to particular criteria are multiplied by an appriape coefficient, depending on the adopted
importance of a given criterion for the river's essment. The IL method treats all of the
ecological and landscape parameters equally. It beyoncluded that the OP method
considers biological characteristics as more ingartand the IL method emphasises
physical-chemical and morphological characteristics

In both of the methods, the final classification rofer stretches depends on the
obtained score. They are classified to particulgdrd-morphological (HM) categories:
| - near pristine; Il - slightly modified; 1l - nderately modified, in some places
channelized; IV - extensively modified, regulatesleo large stretches; V - heavily
transformed or artificial watercourses.

Physical-chemical assessment

Physical-chemical analyses of the waters were pedd in the Voivodship
Inspectorate of Environment Protection in LublimeY involved the determination of the
following parameters: physical (water temperatwdour, colour, total suspended matter,
and pH), oxygen [dissolved oxygen, organic mattepressed as Biological Oxygen
Demand (BOI[ and Chemical Oxygen Demand (Cf) COLx,)], biogenic (ammonia,
nitrates, nitrites, total nitrogen, phosphates, aathl phosphorus), salinity (electric
conductivity, dissolved substances, chlorides, fetips, calcium, and magnesium), and
selected hazardous substances (heavy metals).rEfysas were carried out according to
the methodology based on international standarthadst[29]. In 2003, water physical and
chemical properties were analysed at all of thepsiag sites, while in 2004, only at those
located close to the river mouths.

The status of surface waters was assessed by dogplae monitoring results with the
criteria expressed as threshold values of waterditquandicators, according to the
Regulation of the Polish Ministry of the Environmerf 9 November 2011 on the methods
of classification of surface water bodies [30]. Tdlassification system is in accordance
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with that proposed by WFD. It distinguishes fiveypitgal-chemical (PhCh) quality classes:
class | - high; class Il - good; class Il - moderalass IV - poor; and class V - bad.

Biological assessment

The assessment was performed based on the anafybiesnthic macroinvertebrate
communities. Benthos samples were taken by meaasuife sampler with a sampling area
of 12.6 cm. Each time five sediment samples were taken frorana@lom location. Each
sample consisted of six sediment cores, each 1indength. This number was defined
earlier by the evaluation of representativenessbioiogical material based on the
Beklemieszew's criterion [31], determining the telaship between the number of samples
taken and the number of taxa found in the samglis. collected sediment was sieved
through a net with a mesh size of 0.25 mm, andsfeared to plastic containers without
water. In the laboratory, each sample was placed white tray. The trays were filled with
water. Benthic invertebrates longer than 2 mm weodlected macroscopically and
preserved in 4% formaldehyde solution. The colat@acroinvertebrates were identified
to the lowest practical taxonomic level accordioghte appropriate studies [32-34].

The biological assessment of water quality wasi@adrout by means of three indices
applied for the assessment of the quality of rweters, two in Poland, and one in the
USA:

Index BMWP_PL was based on the English index BMVBilpgical Monitoring
Working Party Score) [35] and adapted by Kownatldle[36] for Polish conditions. The
index is provided by the following equation:

BMWP_PL =X (ni) (2
where:i - value of purity class assigned to particular f&sj n - number of families in
particular classes of water quality.

The BMWP_PL index categorises rivers into five sk Class | - very pure waters
(BMWP_PL > 100), Class Il - pure waters (BMWP_PL78-99), Class Il - slightly
polluted waters (BMWP_PL = 40-69), Class IV - ptdld waters (BMWP_PL = 10-39),
and Class V - strongly polluted waters (BMWP_PL}.1

The index of biodiversityld) is expressed as follows [36]:

D =5logN 3)
where:S- number of taxa (familiesN - fauna abundance [ind.th

The index of biodiversityl§) permits defining five river purity classes: | ery pure
waters D > 5.50), Il - pure watersD( = 4.00-5.49), lll - slightly polluted waters
(D = 2.50-3.99), IV - polluted waterdD(= 1.00-2.49), V - strongly polluted waters
(D < 0.99).

The Oligochaeta/Chironomidae index (O/Ch), as a samea of organic pollution
[37-39], according to the following formula:

O/Ch =a/b 100 A3)

where:a - density of Oligochaetd, - total density of Oligochaeta and Chironomidaeda
(excluding ubiquistic predatory larvae Bfocladius sp.).

Based on the results of research by Goodnight tB&]following river purity classes
were distinguished: | - very pure waters (O/Ch <),201 - pure waters
(O/Ch = 20-40), Il - slightly polluted waters (QiC= 39-59), IV - polluted waters
(O/Ch = 60-80), Class V - strongly polluted wat@@¢Ch > 80).
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Statistical methods

Shapiro-Wilk normality tests preceding one-way AN®VAnd Kruskal-Wallis tests
performed in Statistica 10.0 software were condiicte detect potential significant
differences between dominating taxa of the studi#nlitaries. To determine the general
character of relationships between three biologindices (BMWP_PL,D, O/Ch) and
different environmental variables of different tgpewe selected 19 representative
parameters (environmental, physical, oxygen andebi) for the multivariate ordination
analyses. Changes to river bed were given as theeeeof regulation (1 - semi-natural
courses with very high natural values, 2 - courséetively poorly transformed, with high
natural values, 3 - moderately valuable courset) véigulated stretches, 4 - low natural
values, some fragments of the course with cleadpsformed ecosystems, 5 - rivers
stretches completely regulated, natural values Vaw). Organic matter and substrates
were provided at five-degree scales. The lowestummof organic matter corresponded
with the first degree, the highest amount, respelsti with the fifth degree. Substrates
were coded as follow: 1 - fine sand, 2 - mediunds&n coarse sand, 4 - fine and medium
sand with pebbles, 5 - medium to coarse sand wettbles. At first we performed the
method of Detrended Correspondence Analysis (D@Arier to assess the range of the
environmental gradient. Since it was lower tharC2(Standard Deviation) units, we chose
Redundancy Analysis (RDA) [40]. No transformatiamsre applied to data matrix as well
as no collinearities between variables were foumd. test the significance of the
environmental variabled(< 0.05), forward selection (FS) was used withMuente Carlo
permutation test. All multivariate statistics wererformed in CANOCO 4.5 for Windows
[41]. Finally, to compare the results obtained Iy different methods (IL, OP, PhCh,
BMWP_PL, D, O/Ch) we performed the cluster analysis (UPGMAthwhe use of PAST
3.05 program [42]. This procedure, widely used imilar studies [43, 44], allowed to
distinguish the most important similarities betwetfierent approaches to water quality
assessment. The strength of Spearman’s correlatiesad as supporting methods was
determined as follows: 0.0-.19 “very weak” .20-.39 “weak”e .40-.59 “moderate”

» .60-.79 “strong™ .80-1.0 “very strong”.

Results

Hydro-morphological assessment
Physical features of riverine habitats

The width and mean depth of the rivers studiededasubstantially over the study
period, although the values generally did not edcéeand 0.6 m, respectively (Table 1).
Current velocity fluctuated between 0.02 and 0.4§, miso with strongly marked temporal
changes. The mean values were generally highehénldwer sections of the rivers,
regardless of the extent of channel modificatiohe Tchannel morphology of the six
sections of the rivers (Dys, Plisz, Jab, Bych, Oang KrJ) was close to the natural state.
The remaining ones, mostly located in urban areeste modified by means of
channelization and engineering works to a varyiegrde. The bottom substrates were
mostly mineral, and composed of sand and gravdinteuged vegetation occurred in the
majority of the sections (Fig. 2, Table 1). The efdjon near the banks in the sections
located in rural areas (e.g., Dys, Plisz, Jab, krdd was varied, composed of herbaceous
plants, single trees, and shrubs (Fig. 2). Thegs sections were usually distinguished by
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considerable shading (30-75%) caused by crowneeebtgrowing on the banks (Table 1).

Vegetation near the banks along the urban secti@ssusually composed exclusively of

herbaceous plants, with occasional single treessuich cases, the water surface was
strongly exposed to solar radiation (sites: Slays, Glus, Fab, and Belz).
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Fig. 2. Conceptual aerial sketch of the studiedimeshowing their hydro-morphological features and
topography. For more characteristics of the sigesTable 1

Table 1
Environmental characteristics of the studied ra@stions
. Mean Mean Man-induced
River Location Csolgee width depth velct:) 2i”eFr; /s] changes to
[m] [m] ty river-bed
) 3.8 0.4 0.30 .
Jastkow Village Jas 35.40| 03.0.6| 0.18.043 straightened chanrel
Ciemiega (Ciem) Dys Village Dys 3 55’% 5| o gg 71 o 29525 33 none
. . . 49 0.5 0.45
Pliszczyn Village Plisz 4557 | 0.4-06| 036-058 none
] ] 1.6 0.2 0.18 .
Dabrowica Village| Dab 1025 | 02:03| 0.15.022 straightened chanrel
Lublin City, Slaw 2.0 0.3 0.39 straightened channel
Czechowka (Czech)| Slawinkows-ka Str 1.0-25] 0.2-0.4| 0.27-0.58 9
Lublin City, Tys 24 0.3 0.34 tra| S(;rz?)l%rgleggr?(’:re e
Tysiaclecia Str. | Y° | 2.0-3.5| 0.3-0.3| 0.20-0.45 |"@P hoanel
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. Mean Mean Man-induced
River Location csclziee width depth velcc:) zirre[lr:] /s] changes to
[m] [m] y river-bed
) 7.3 0.5 0.02
Jablonna Village Jab 7075 | 05.0.6 | 0.02-003 none
trapezoidal,
- Lublin City, Gluska| 4.0 0.6 0.30 meandering
Czemiejowka (Czem) str. Glus | 3547 0507 | 0.100.37 | channel, artificial
rapids
Lublin City, 3.4 0.3 0.34 .
Fabryczna Str. | "2 | 33.36| 0.3-0.3 | 0.18-0.41 |Staightened chanr
2.7 0.4 0.27 .
Krezniczanka (Kre2) Belzyce Town Belz 2530 03.05| 0.17-032 straightened chann
Kreznica Jara KrJ 7.5 0.4 0.31 none
Village 7.0-8.0| 0.4-05| 0.25-0.35
1.7 0.2 0.29
BychawaTown | Bych) 1 550 | 0.2:0.3| 0.25-0.37 none
Kosarzewka (Kos)
Osmolice Village Osm 6.5 06 0.27 none
6.0-7.0 | 0.6-0.6 | 0.20-0.33
River Land use Sedimentj Macro-phytes Rlparla_n Canopy
vegetation cover [%]
meadows, |gravel and regular and dense patch single trees
arable fields sand of Saargamum EMErsUM. | herbaceous plants 11-50
Callitriche verna
N . gravel andsporadic and sparse patchessingle trees, R
Ciemiega (Ciem) meadows sand of C. verna herbaceous planis 31-75
meadows, |gravel and reg;:ﬂqiaﬂ:aenus;iﬁgtm PS trees, shrub, 31-75
arable fields sand C q " |herbaceous plants
. verna
meadows, silt sporadic and sparse patchessingle trees, 11-75
arable fields of Veronica beccabunga |herbaceous plants
dense and irregular patches
Czechowka (Czech) urban areas sand| of Elodeacanadensis, |herbaceous plants 0-30
Ceratophyllum demersum
urban areas sand no vegetation herbaceous plants0
silt and | sporadic, sparse patches|of single trees, R
meadows mud C. verna herbaceous planis 31-75
regular, dense patches of
gravel, | Potamogeton graminaeum,
Czerniejowka urban areas | sand and P. pectinatus, herbaceous plants 0-30
(Czern) silt E. canadensis,
C. demersum
regular, sparce patches of
urban areas Sand| P.crispus, Zannichela |herbaceous plants 0-30
palustris
regular and dense patches
of C. verna, Sparganium
. urban areas sand erectum, Nasturtium herbaceous plants 0
Krezniczanka (Krez) officinale
meadows, sand sporadic and sparse patchegrees, shrubs, 31-75
forest of E. canadensis herbaceous planits
urban areas sand no vegetation herbaceous plarnt4-50
Kosarzewka (Kos) meadows, | sand and| irregular and dense patchesees, herbaceous 11-75
arable fields silt of E. canadensis plants

e
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Evaluation of the river sections

Both of the methods applied, OP and IL, provided/wsnsistent results (Fig. 3). They
permitted distinguishing the same number of foudrbymorphological (HM) categories
among the river sections, from HM category Il (stly modified) to V (heavily
transformed). The differences only concerned twerrisections (Jas and Bych). In the
former case, a higher, and in the latter, a lovemrele of naturalness was determined, with
a difference of one category.

5
W category |

category Il

category Il

Scoring []

0 i u s ! ! ! "} sl " & 3
Jas DysPlisz DabSlaw Tys Jab GlusFab ‘Belz KrJ
Ciem | Czech Czern ‘ Krez

m Evaluation by lInicki & Lewandowski method = Evaluation by Oglecki & Pawlat method

Fig. 3. Hydro-morphological evaluation of the riveections by means of two methods: lInicki and
Lewandowski [28] and Oglecki and Pawlat [27]. Foe sites code look at Table 1. Categories:
| - near pristine; Il - slightly modified; 1ll - nmderately modified; IV - extensively modified;
V - heavily transformed

Physical-chemical assessment
Physical-chemical water quality

The majority of physical and salinity indices, atiwbse suggesting high content of
organic matter (BOE) ammonia, and total nitrogen), usually showedédased values on
river sections flowing through urbanised areas (@merniejowka, Krezniczanka, and
Czechowka rivers, with the exception of site Dalf)e values were usually considerably
higher than in the waters of the Ciemiega and Kaesa@ka Rivers, mainly flowing through
agricultural areas (Tables 2 and 3).

The Ciemiega River was also distinguished by nedéfilow concentrations of biogene
indices. An interesting pattern was observed incdge of magnesium. Its concentrations,
irrespective of the manner of management of therrivalley and hydro-morphological
category, were two or three times higher in ther@iéga and Czechowka Rivers than in the
remaining ones (Table 2).
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Table 2
River water properties in terms of physical, oxygamd biogenic indicators. Means
and ranges for 2003 and 2004
Lo Tributaries Ciemiega Czechowka
S 9
2 © Sites Jas Dys Plisz Dab Staw Tys
_ pH 8.00-8.37| 8.08-8.498.07-8.45| 7.67-8.3§ 8.24-841 7.78-8/31
8 [ 8.13 8.24 8.20 7.73 8.31 8.52
2
2 Suspended matter 5-13 3-14 3-12 2-52 13-53 7-40
o [mg dmd
9.7 9.0 6.15 19.7 33.0 26.1
c Dissolved oxygen | 4.3-10.7 | 7.6-10.9 8.8-12.7 7.2-11.8 3.5-129 7811
§ [mg G;dm™] 7.9 9.5 10.5 8.9 9.3 10.0
6 BODs 2.0-5.6 2.3-1.0 0.7-2.1 0.9-2.1] 3.3-6.8 2.2-9,5
[mg G;dm ] 3.2 1.7 14 16 5.1 6.1
Total nitrogen 1.24-1.47| 1.5-1.9 2.0-2.7 3.4-4.4 2.3-2.9 1.8-3.8
[mg N dnt?] 14 1.7 2.4 4.0 2.6 2.8
Ammonia 0.36-0.60| 0.18-0.560.06-0.38| 0.07-0.26 0.26-0.82 0.06-1/13
[mg NH, dnmJ] 0.48 0.33 0.21 0.15 0.48 0.66
Q Nitrites 0.13-0.02| 0.02-0.060.01-0.03| 0.03-0.04 0.04-0.37 0.04-0)20
§’ [mg NO, dnd] 0.05 0.04 0.02 0.03 0.15 0.12
Q Nitrates 0.84-1.81| 2.12-2.435.87-6.77| 11.00-15.331.54-6.01| 2.60-7.24
o [mg NO; dnd] 1.32 2.29 6.29 13.39 3.93 4.77
Total phosphorus | 0.09-0.28| 0.11-0.180.11-0.24| 0.18-0.22 0.22-0.29 0.25-0)52
[mg P dm 0.13 0.15 0.15 0.19 0.23 0.40
Phosphates 0.07-0.22| 0.11-0.390.16-0.40| 0.30-0.47 0.03-0.59 0.15-0(72
[mg PQ dmi | 0.12 0.23 0.28 0.41 0.22 0.39
Lo Tributaries Czerniejowka Krezniczanka Kosarzewka
= O
23 Sites Jab Glus | Fab Belz Krd Bych | Osm
_ pH 7.54-8.36/7.91-8.31]7.95-8.41 7.84-7.90| 7.74-8.187.90-8.20,7.67-8.18
3 [] 7.93 8.14 8.15 7.90 8.0 8.01 7.95
[
2 Suspended mattef 3-69 9-51 6-166 4-12 3-14 4-92 4-12
e [mg dm]
25.0 27.7 44.8 8.7 8.2 33.3 8.5
c Dissolved oxygen| 6.9-13.5| 7.5-14.3 6.6-14/6 7.7-10.1 | 8.2-12.3 9.9-13.5 7.5-10.6
S [mg O,dm™| 9.7 6.9 10.0 9.2 10.0 11.1 8.7
g BODs 10-21 | 2341] 2110 2.3-4.9 1.9-44 15-23 -48
[mg O,dm | 1.6 3.4 47 3.2 3.2 2.0 2.8
Total nitrogen 4.2-4.3 2.3-3.1] 1.5-3.% 3.7-6.1 1.9-419 3.6-4.3 -2
[mg N dnt?] 4.3 2.7 25 4.9 3.4 3.9 35
Ammonia 0.06-0.27/0.13-0.300.06-0.93 0.04-0.19| 0.12-0.3p0.04-0.08/0.38-0.82
[mg NH, dnid] 0.13 0.18 0.40 0.12 0.16 0.06 0.55
o Nitrites 0.04-0.07/0.03-0.080.04-0.11 0.03-0.17| 0.06-0.120.03-0.040.06-0.20
= [mg NO, dmid] 0.05 0.06 0.37 0.08 0.10 0.03 0.12
-§ " Nliltgtgfn 9 11‘;'23' 4.11-7.863.00-8.04 1223'_%%' 4.02-15.14 11‘;'_11%' 18'2£.1fi
9 14.71 5.79 4.99 23.02 10.56 14.85 9.7
Total phosphorus| 0.14-0.190.12-0.230.12-0.36 0.08-0.13| 0.15-0.610.08-0.25 0.17-0.4
[mg P dm? 0.15 0.16 0.22 0.10 0.20 0.14 0.25
Phosphates | 0.32-0.39 0.06-0.390.07-0.417 0.03-0.28| 0.28-1.1{10.17-0.26/0.29-0.8Q
[mg PQ dm | 0.35 0.18 0.27 0.16 0.69 0.23 0.54




Quality of rivers: comparison of hydro-morpholodigzhysical-chemical and biological methods 111

Table 3
River water properties in terms of salinity indmatand hazardous substances.
Means and ranges for 2003 and 2004
L ® Tributaries Ciemiega Czechowka
5 8 . .
cg Sites Jas Dys Plisz Dab Slaw Tys
Electric conductivity] 658-816 593-674 538-640 522-729 584-646 553-17/99
[uS cm?] 731 635 588 652 616 858
« | Dissolved substances 342-435 350-422 368-426 436-459 315-388 356-743
S [mg dm 394 390 392 450 358 485
_S Chlorides 11.7-14.0 8.9-13.1 11.4-17.9 14.4-26|6 18.6-25.4 .8-62.4
2 [mg Cldm 12.8 11.1 14.2 20.2 215 33.1
> Sulphates 4.1-15.7 13.7-18.2 13.5-36.7 23.0-28|7 21.0-31.7 .9-b4.1
£ [mg SQ dnm 10.4 15.6 19.9 26.0 26.3 35.1
s Calcium 98.4-127.0] 98.3-109.0 95.1-106,0 101.0-11270.7-92.5| 78.6-120.0
[mg Ca dm? 1145 105.4 102.0 108.3 85.2 91.5
Magnesium 16.5-18.7| 16.4-19.2 16.5-18.7 6.5-20.6 16.3-18.3 .4-P3.2
[mg Mg dm?| 17.9 17.6 17.5 15.9 17.4 18.1
» Copper ] ]
g 3 (mg Cu dm] < 0.004 < 0.004 | <0.004-0.0p6 < 0.004 <0.004 | <0.004-0.0p8
5 g Lead <0.005 | <0.005 <0.005 < 0.005 <0.005 < 0.005
N 3 [mg Pb dm? ) ) ) ) ’ )
T a Total iron 0.515-0.9550.176-1.040 0.004-0.444| 0.044-0.858.208-0.689 0.008-1.440
[mg Fe dm?] 0.725 0.480 0.120 0.317 0.524 0.470
) Tributaries Czerniejowka Krezniczanka Kosarzewka
= O
2 S Sites Jab Glus Fab Belz Krd Bych Osm
Electric 553-566 | 460-524 27-1220 662-685 536-5p9 553-556 -SBBA
conductivity
[uS cnt 557 496 612 659 563 552 444
Dissolved 355-373 | 282-336| 292-1000 443-464  355-464 352-8399 8-F3
o substances
% [mg dnt 364 312 438 450 497 370 362
% Chlorides 18.9-21.3| 14.2-18.4| 11.4-355.0| 22.5-30.0 16.5-27.9| 14.7-19. 8.9-18.3
£ [mg Cldm?| 19.7 16.0 74.4 25.3 24.2 16.7 14.1
%‘ Sulphates 22.6-26.3| 20.7-27.3| 20.1-51.3| 66.3-78.0 33.3-58.3| 18.3-23.% 14.9-21.p
= [mg SQ dn 24.1 24.1 27.7 71.3 44.4 20.1 17.4
0 . 101.0- 103.0-
Calcium 105.0 91.4-98.0| 68.7-99.1 | 95.0-131|®4.5-122.0 106.0 94.4-102.0
[mg Ca dm? 102.7 915 86.6 115.7 102.9 1012 97.7
Magnesium 5.3-5.7 5.6-5.9 4.1-6.7 2.9-3.7 2.6-5.[ 6.7-7\2 -g2A
[mg Mg dm| 5.5 5.8 5.8 3.1 5.0 6.9 7.6
Copper < 0.004- < 0.004-
g § (mg Cu dn] <0.004 | <0.004| 770 <0.004 | <0.004| <0.004 " oos
o
=R Lead i < 0.005 < 0.005 < 0.005 < 0.00% < 0.005 <0.0p5 .00®
© @ [mgPb dm?|
Qo
£3|  Totaliron 00 | 997 00130283 991> | 90 10.04-0.0540.004-0.007
[mg Fe dm’ 0.054 0.230 0.120 0.110 0.050 0.050 0.038

Physical-chemical classification

Good water quality was only suggested by the physidices and content of heavy
metals. This was recorded on a total of four rseetions (Table 4). The remaining indices
usually suggested lower water quality. The finadessment permitted distinguishing two
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physical-chemical (PhCh) water quality classes: st frequently occurring moderate
water quality (PhCh class Ill), and poor water gyalPhCh class 1V), usually found in
urban river sections (Tys and Fab). In the secaat ¢f the study, only one section (Fab)
obtained a different, worse water quality assessmen

Table 4
Physical-chemical evaluation of river waters in 2@0d 2004 (where available), respectively

Site Physical Oxygen Biogenic Salinity Hazardous Final
code | indicators | indicators | indicators | indicators | substances| evaluation
Jas 1] I\ 1] 1] 1] 11}
Ciemiega Dys Il 11} 1] 11} \ 1]
Plisz I, 1l I, 1l I, 1l I, 1l I, 1l [l
Dab v Il Il 1] 1] 1]
Czechowka | Slaw \Y V 1] 1] 1] \
Tys V, v, IV v, 1l I, 1l \YAl! IV, IV
Jab \Y Il 1] 1] Il I}
Czerniejowka | Glus v 11l Il Il 11l 11
Fab V, IV I, V I, 1l I, IV I, | 1, IV
Belz | 11] 1} 11} 1] 1]
KrJ 11, 1 Il 1l IV, V 11, 1l I, | 1, 1l
Bych 11} Il Il 1] [ 1]
Osm 11, 1 1, v I, v I, 1 I, | [TR11]

River

Krezniczanka

Kosarzewka

Biological assessment
Richness, composition, and density of benthic invertebrates

The zoobenthos included a total of 194 taxa ofoteriranks, particularly species and
genera (Table 5). The lowest humbers of taxa wererded at the strongly regulated (EM
category V) and the most polluted (PhCh qualitgslfy) site Tys, located in Lublin on the
Czechowka River. The upper and lower sections ef Giemiega River (Jas and Plisz)
belonging to EM category I, and the middle sectafnthe Czerniejowka River (Glus)
included in EM category Ill were the richest inaaX heir waters were categorised to PhCh
class Ill.

The lowest mean densities of bottom fauna were doimnthe Krezniczanka River
section KrJ of high EM category (1), with water wioderate quality (PhCh class Ill). The
highest densities were recorded at the heavilystommed (EM category V) urban sites:
Tys (26044 ind./f) and Belz (14450 ind./f carrying waters of the PhCh class IV and II,
respectively.

The mean zoobenthos density in specific river eastivaried strongly, and their
values showed a trend reverse to species richiagde(5).

The faunal communities in all of the studied rigections were always dominated by
Tubificinae and Chironomidae, irrespective of the hydro-morpholagistatus or water
quality (Table 5).

As for the sum of taxa as well as their total aadipular densities of dominating taxa
(Table 5) some significant differences were foundtween tributaries except for
Hydrachnidia p = 0.034). Among all taxa included in Table 5 orfBammaridae
(rs = —=0.73) and the genw&sidium (rs = —0.61) showed negative statistically important
correlations with final, physico-chemical evaluatiof the water quality. Gammaridae also
showed negative correlatiors(= —0.67) with salinity indicators whileisidium showed the
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same s = — 0.77) for physical indicators. In turn, twoichopteran families
Lepidostomatidae and Hydropsychidae correlated wither indices: the first family
demonstrated moderate negative correlatiorr (— 0.56) with classes obtained with the use
of biogenic indicators, while the second family aleed strong positive correlation with
hazardous substances € 0.74).

Table 5
Total taxa, total mean density, and densities afidant taxa [ind. rf] of zoobenthos in the tributaries of the
Bystrzyca Lubelska River. Values for the period 2@004. For sites abbreviations see Table 1

Tributaries Ciemiega Czechowka Czerniejowka | Krezniganka | Kosarzewka
sites Jas| DygPlisz|Dab [Slaw| Tys | Jab |Glus|Fab | Bych | Osm Belz | KrJ
Number of taxa 87| 58 72 37 55 29 44 8 43 48 58 5657

=

Total density 580%225|7892(9317|4846|26044|7106|6680(8756| 6590 | 7843 | 1445Q0 438
Tubificinae 19674358|3611|5657|2664[16355| 359 | 943| 7063 2695 | 1525| 10061 121p
Chironomidae 122|1657|16722987|1084| 8741 | 56713550| 714 | 2700 | 2824| 2574 80

Gammaridae 263 4501 345 338 O [0 6 391 [45 5865  133G5 90
Pisidiumsp. 725| 464 698 1§ 73 5| 237 163 186 160 8620 128854
Sphaerium sp. 454 72 5 g Siil g D 170 334 20 42 P5 4 |13
Sialidae 1820 93] 0| 33 O 0| 363 31 D 5 0 0 X
Lepidostomatidae 0 0 367 ( ( 0 D D 9] 0 ( [0 0
Hydropsychidae 90 30 118 5 5 D 1B4 [0 0 0
Limoniidae 135] 34| 278 75 104 O 1p 315 D 199 61 28156
Hydrachnidia 49| 32| 37 4 4 0| 104 365 §7 15 217 f 59

Assessment by means of macroinvertebrate indices

The biological evaluation of water quality basedtbe BMWP_PI index permitted
distinguishing two water quality classes: Il (moate) and IV (poor) (Fig. 4). The lowest
index values were determined for section Tys (EMegary V, PhCh class V), and the
highest values for sections located on the Ciemiigar (predominantly EM category I
and PhCh class Ill). A different assessment waaiobd in the following years for three
river sections. In two of them (Glus, Osm), bett@ter quality was recorded, and in one
(Fab) - worse.

The application of the index of biodiversity D pétted distinguishing 4 water quality
classes, from Il (good) to V (bad) (Fig. 5). In Ibodf the study years, the highest
assessment was determined for the weakly hydrodmotwgically transformed (HM
category Il according to OP method; HM categoryakitording to IL method), section Jas
with waters of PhCh class lll, and section Glus (lddtegory Ill by both methods; PhCh
class Ill). The lowest index values, similarly asthe case of the BMWP_PL index, were
recorded in the hydro-morphologically degraded isacfTys (Lublin, the Czechowka
River). In the second study year, five of the rigections changed their classification. In
three cases the classification improved, and inoase, it deteriorated.

The assessment of water quality performed baseth@rOligochaeta/Chironomidae
(O/Ch) index showed the differentiation of wateralifly corresponding to four classes,
from Il to V (Fig. 6). Similarly as in the case thfe D index, the O/Ch index showed the
lowest water quality on section Fab (HM category PiCh class 11I-IV). These were all of
the similarities between the classifications. Adiog to the O/Ch index, the best
conditions occurred in the Czerniejowka River ontisas Jab and Glus, and somewhat
worse on both of the sections of the KosarzewkaelRand one of the Krezniczanka
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River (KrJ). These sections reached only HM categidk or IV, and PhCh class
between Il and IV.

70

60 A

50 A
class Il

[-]

a0 1M mE W

30 A

BMWP_PL

20 A

Czern

m2003 =2004

Fig. 4. Biological assessment of water qualitylia Bystrzyca Lubelska River’s tributaries basedhen
BMWP_PL index in 2003 and 2004. For sites abbreviatsee Table 1

Biodiversity index D [-]

W2003 %2004

Fig. 5. Biological assessment of water qualitylia Bystrzyca Lubelska River’s tributaries basedhen
D index in 2003 and 2004. For sites abbreviatioesTsble 1
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Fig. 6. Biological assessment of water qualityhia Bystrzyca Lubelska River's tributaries basedhan
O/Ch index in 2003 and 2004. For sites abbreviatise Table 1

In the second year of the study, as many as egftions were assessed differently. In
five cases the assessment improved, and in twa éasketeriorated. These were usually
differences of one class, and in one case of 2etaksite KrJ).

The task of the index was to determine the degfe@aber pollution with organic
substances suggested by the BQOfex. A rather weak, but statistically significant
correlation was indeed determined between the sab@fethe O/Ch and BOPindices
(r =0.308816p = 0.05;n = 54).

The results of the RDA analysis (Fig. 7) showed #raong 19 selected parameters
only three were statistically significant: subatrat (conditional importanceéa = 0.17,

F = 6.56,P = 0.004), the degree of river regulation (conagisibimportancetla = 0.13,

F = 5.16,P = 0.016) and the content of organic matter (cood#l importancéa = 0.07,

F = 63.15,P = 0.034). All environmental variables used exmain70% of the total
variance of the indices. The biplot (Fig. 7) reprged 65% of the variance in the data.
Along the gradient of the first axis the highestretation was found for substratum
(rs = - 0.5), in case of the second axis this score etmserved for the content of organic
matter (s = — 0.38). Among three significant variables, aiiganatter and substratum were
almost fully correlatedré = 0.91). D index showed the strongest relationship towards
substratum and organic matter since all vectorspdaieed in the same biplot quarter.
BMWP_PL is in clear opposition to the degree okrivegulation: its highest values were
obtained for the sites with lower impact of mantioed changes. O/Ch index was spatially
separated from the remaining indices. Worth memipiis the fact that it was related the
most withBODs and pH, however, those variables were not stedibyiimportant.
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Fig. 7. The RDA biplot showing relationships betwethree biological indices (BMWP_PL, D and
O/Ch) and 19 selected environmental variables. é&ibtions: Width - river width, Depth - river
depth, Curr - current velocity, Subst - substrat@| - organic matter, RegDeg - the degree of
river regulation, Temp - temperature, © dissolved oxygen, BOD- biochemical oxygen
demand, pH, SM - suspended matter,,NFhmmonia, N@ - nitrates, N@- nitrites, N- total
nitrogen, PQ - phosphates, P - total phosphorus, DisSub - Wisdcsubstances, EC - electric
conductivity. Underlined parameters were stati#lficagnificant

Sensitivity and compatibility of the indices

The evaluation of the sensitivity of the appliedtimegls of assessment of environment
quality can be performed by taking into consideratihe responses of indices to both the
differences in environmental conditions betweeassiand temporal changes occurring at
the same sites (Table 6).

Table 6
Assessment of the rivers sections by means ofytiekmorphological, physical-chemical, and bioladic
methods in 2003 and 2004 (if available), respeltive

. . Hydro-morphological Physical- Biological
River Site oP IC chemical | BMWP_PL D OlCh
Jas 1] 111 111 11, 11 11, 11 11, IV
Ciemiega Dys Il Il I 1, ni 1, 1 v, 1
Plisz 1l 11 111, 11 11, 111 1, 11 V, IV
Dab [\ [\ 1] IV, IV IV, IV 1V, 1l
Czechowka | Slaw v I\ [\ v, IV v, 1l v, IV
Tys \Y \% IV, IV IV, IV IV, IV V, IV
Jab [\ 1\ 11 v, IV v, IV Il
Czerniejowka | Glus 11 1] Il 1V, 1l 1, 11 I, 1l
Fab [\ v I, vV I, vV v,V Vv,V
Krezniczanka Belz \ \ 1] v, IV v, 1l V, IV
KrJ 11 1] 11, 111 v, IV IV, 1l 1, 1
Kosarzewka Bych 1 [\ I v, IV I, v I, 1
Osm 11l 11l 1, 11 [\l 11, 1 11, 11
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The hydro-morphological methods showed a wide rasfgenvironmental variability
on particular river sections, covering four HM aaiges, from Il to V. The same range of
variability of environmental values was suggestgdhe biological indices D and O/Ch.

The lowest sensitivity to the spatial variabilityenvironment quality seemed to occur
in the case of physical-chemical methods and theABMPL index (Table 6). Each of the
methods permitted distinguishing only two qualitgsses (1l and V).

The weakest response to year-to-year environmetia@hges again occurred in the
case of the BMWP_PL index, and the strongest ircéise of the O/Ch index (Table 6).

The degree of similarity of results obtained by neeaf particular methods, expressed
as percent contribution of river sections qualifieml the same classes, is presented
in Table 7.

Table 7
Compatibility of the methods of river quality ass@ent, expressed as percent contribution of siitbstine same
quality class based on the comparison of partigotiices

Index IL PhCh BMWP_PL D O/Ch
OoP 81 35 38 51 36

IL 35 54 43 33
PhCh 57 47 36
BMWP_PL 58 27

D 23

Distance
o oEos B KGR 8 8
lelis]

FhCh

BMWE-PL

D

op

IL

Fig. 8. Linkages between the methods of river duadissessment provided with the method of
unweighted pair-group average (UPGMA) (Euclideastatices)

Notice the relatively high conformity of hydro-mdwogical assessments performed
by means of the OP and IL methods. The same readtgiven in Figure 8, which shows
in details interconnections between all six meth@IB and IL create clearly distinguished
group with highest similarity. Results obtained tmeans of such methods correspond
relatively weakly with the physical-chemical asseents (degree of similarity = 35%).
Assessments performed by means of the physicalichémethod are the most similar to
the results obtained by means of the biologicateslBMWP_PL (57% accordance) abd
(47%), and considerably less in the case of O/@%3 In Figure 8 first three methods
form the second homogenous group, while the lastopical index is even strongly
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separated from the remaining methods which alsoesponds with the Figure 7. The
BMWP_PL index corresponds better with the resulfs tlee hydro-morphological
assessment performed by means of the IL method lihathe OP method. The index
showed a reverse pattern.

Discussion

Both of the hydro-morphological methods appliedhie study provided comparable
results (Table 7). However, both of the methodssamaewhat inconsistent. Similarly as
other methods, e.g. the River Habitat Survey, thegy criteria of physical-chemical quality
of water. It is a useful criterion, although ithsoader than the requirements imposed by
WEFD [45]. The hydro-morphological assessment oftises of Lublin rivers weakly
corresponded with the results of the physical-ckhafrassessment (Table 2). Irrespective of
the adopted hydro-morphological method, only in 3586 the analysed cases,
hydro-morphological assessments were in accordawidd the physical-chemical
assessment (Tables 6 and 7).

Results of assessments of rivers performed by mamgdro-morphological methods
developed by Oglecki and Pawlat and by lInicki amdvandowski have not been so far
confronted with results based on benthic indicegaMvhile, it is believed that the
hydro-morphological status of rivers can play asiderable role in shaping the structure of
benthic macroinvertebrate communities [6, 46-48jveR regulation leads to habitat
impairment through scouring, sedimentation, halfitanogenization, and altered riparian
vegetation, resulting in the loss of taxa of narreaological requirements [49-52].
The studied case showed a high similarity of assests performed by means of the
hydro-morphological IL method and biological indeBMWP_PL, and by the
hydro-morphological OP method and tBeindex. Higher values of the indices were
generally recorded in near-natural sections tharegulated and transformed ones which
was demonstrated the best by RDA analysis. The adegn of the three benthic indices
applied in this study, namely BMWP_PDR, and O/Ch, evidences the usefulness of the two
former ones. Their advantage is relatively high phtementarity in relation to
hydro-morphological as well as physical-chemicalthods. TheD index permitted
distinguishing twice as many water quality classe8MWP_PL. Therefore, it seems to be
more sensitive to changes occurring in the riveirenment.

Benthic indices BMWP_PL anD, and particularly the former one, turned out hyghl
complementary also with the physical-chemical mé#hadrhis is in accordance with the
observation that benthic invertebrates respond hanges in water pollution [53-55].
According to Raczynska et al. [56], the concordantehysical-chemical and biological
assessments may occur exclusively in extremelyugsall or very clean rivers. This,
however, seems to depend on the selection andisépsif the applied benthic indices.

The benthic index O/Ch was earlier applied in tlsseasment of the degree of
pollution of river waters with organic substanceshe USA [37, 38, 10]. In the case of the
rivers of Lublin, results obtained by means of ithdex weakly corresponded with results
obtained by means of the other two benthic indidssussed above. This is justified,
because the O/Ch index is expected to provide ipadiormation, namely that concerning
the degree of pollution of a river with organic teat This type of pollution is usually
related to certain water cleanliness parametecs) a8 e.gBODs [57] which corresponded
with the results of RDA analysis. Therefore, a pwesicorrelation could be expected
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between the O/Ch values and concentrations ofdh@nmeter. Such a correlation did occur.
No significant correlation was determined, howewmstween the O/Ch index values and
the content of organic matter in the sedimentss Toiuld have resulted from the mosaic
character of the bottom habitat. In rivers, in latireely small space, the process of elution
can occur simultaneously with sediment accumulatAsa consequence, its composition
in rivers shows exceptional spatial and temporabbdlity. Due to this, the applicability of
the O/Ch index for the assessment of river sedismentdoubtful. An opposite situation
occurs in the profundal of lakes, where the O/Ctieinis successfully applied in the
assessment of the trophic status [34]. The comdittbere, however, are strongly unified in
terms of space, and relatively stable in time. Mpobmising in this respect for riversis
index whose clear relationships to sediments whbtaimed by our results.

The study results may be helpful for the continlpusonducted works on the
development of benthic indices in Poland. They konfthe necessity of simultaneous
application of biological methods as well as phgkithemical and hydro-morphological
analyses for the comprehensive determination ofett@ogical status of rivers. In many
cases, their results do not correspond with edwérobut are supplementary to each other.

Conclusions

When assessing river environments, the Water FrameDirective (WFD) requires
not only physico-chemical analyses of water/sedimgthe only applied method for
decades), but also the evaluation of biota andyaisabf the hydro-morphological status of
river-beds and their riparian zones. This stimdatew studies aiming at the development
of river evaluation methods. Publications consitgrall the three assessment criteria
simultaneously, however, are still scarce. In théper we examined the reliability and
compatibility of three evaluations required by WRbDe degree of river-bed transformation
(descriptive method by lInicki and Lewandowski - ind index method by Oglecki and
Pawlat - OP), analyses of zoobenthos (its diversily proportions between the density of
Oligochaeta and Chironomidae - O/Ch, and BMWP_Rdex), and physical-chemical
water properties. The study was performed on fiwerth-order upland rivers (Eastern
Poland).

The study results may be helpful for the continlpusonducted works on the
development of benthic indices in Poland. They iconfthe necessity of simultaneous
application of biological methods as well as phgkithemical and hydro-morphological
analyses for the comprehensive determination ofett@ogical status of rivers. In many
cases, their results do not correspond with edwérobut are supplementary to each other.

Hydro-morphological methods (both IL, and OP) aimldgical indices P and O/Ch)
permitted the designation of four classes, frontollV. Physical-chemical methods and
benthic index BMWP_PL allowed for the designatidronly two quality classes (Il and
IV). The latter two methods seem to show the lowesisitivity to the spatial variability of
environment quality. The BMWP_PL index was also tbast sensitive to year-to-year
environmental changes, while O/Ch was the mostitbensResults obtained by means of
the OP and IL methods weakly corresponded withptinesical-chemical assessments. The
latter assessments were the most similar to thbtened by means of the BMWP_PL and
D indices, and considerably less in the case of O/Gte BMWP_PL and indices
corresponded better with the results of the hydospiological assessment performed by
means of the IL method than with those performedr®ans of the OP method while
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index showed a reverse pattern. The O/CH indexqutawseful for the assessment of the
degree of organic pollution of the river’'s wateut bhot the sediments.

The study confirms the necessity of simultaneoysiegttion of biological methods as
well as physical-chemical and hydro-morphologicahlgses for the determination of the
ecological status of rivers. They provide varioust lsomplementary information that
together comprehensively characterise the stateeafiverine environment.
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