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Abstract

Establishing reference conditions is essential for performing ecological status assessments of
surface waters according to the EU Water Framework Directive. Ecological status is described as
the deviation from undisturbed (reference) conditions. This paper presents the process of
establishing preliminary reference values for chlorophyll a, total phosphorus, and Secchi disc
readings in different types of Polish lakes. This was done by selecting potential reference lakes
and performing statistical analysis of the values of the main eutrophication parameters. The
preliminary reference values for total phosphorus, chlorophyll, and Secchi disc depth were
defined as 0.033 mgP dm™, 3.75 ug dm>, and 3.6 m for stratified lakes, and 0.048 mgP dm>,
5.80 pug dm™, and 2.5 m. for polymictic lakes, respectively.
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INTRODUCTION

The Water Framework Directive (European Commission 2000) introduces a
new approach to surface water assessment and classification that requires
assessing ecological status, which is the expression of the quality of the
structure and functioning of aquatic ecosystems in terms of so-called biological
elements (assemblages of organisms inhabiting waters) and the supporting
physicochemical and hydromorphological elements. At a high ecological status,
the values of the quality elements reflect those normally associated with that
ecosystem type when conditions are undisturbed and show no or only very
minor evidence of distortion. High status, also referred to as reference status, is
the basis for the ecological assessment of water bodies and depends on the
deviation of values of quality elements from those observed in reference
conditions, which are type-specific. They are defined for each biological and
physicochemical element indicator as a numerical value which enables
comparing monitoring data with them in order to assess the ecological status of
the water body being monitored. All European countries are at the moment in
the course of establishing reference conditions for biological elements in
different types of waters in order to develop WFD-compliant classification
tools. Establishing reference conditions based on macroinvertebrates for
selected types of European rivers was discussed within the STAR project
completed under the 5" FP EU (Verdonschot 2006). The current REBECCA
project (6™ FP EU) is working to establish reference conditions in different
types and categories of water bodies (Lyche Solheim 2005).

The aim of the paper is to present different approaches to establishing
reference conditions for surface waters and the initial results of establishing
preliminary reference values for chlorophyll a, total phosphorus, and Secchi
disc depth for two broad lake types in Poland (stratified and polymictic).

METHODS FOR ESTABLISHING REFERENCE CONDITIONS

According to the guidance document on establishing reference conditions
and ecological status class boundaries for inland surface waters (European
Commission 2003a), the main options for establishing reference conditions are:

- the spatially-based method using data from existing undisturbed or
minimally disturbed sites (the best existing);
- predictive modeling using data available within a region/type or

“borrowing” the data from other similar regions/types;

- temporally-based method using either historical data or paleoreconstruction
or a combination of both; this method is usually site-specific and, hence,
may be of limited use for establishing type specific values;
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- expert judgment.

The reference value for biological or physicochemical indicators (metric) is
a suitable statistic (e.g., median or arithmetic mean) of the values pertaining to
reference conditions or high status.

The spatial method was adopted to define reference conditions for Polish
lakes. In order to identify existing potential reference lakes, a set of pressure
screening criteria and water quality criteria were elaborated. They were:

- land use in the catchment area (no urban areas, low population density, high
share of forests and wetlands, lack of villages in direct contact with the
shoreline);

- recreation use (not intensive);

- sources of pollution (no point sources of pollution);

- high water quality according to the Lake Quality Evaluation System
(LQES) (Kudelska et al. 1997).

It was assumed that potential reference lakes should be classified to quality
class I or II with a maximum score of 1.80 for stratified lakes and 2.00 for
polymictic ones.

RESULTS AND DISCUSSION

According to Polish lake typology and based on several abiotic criteria
described by Kolada et al. (2005), there are 13 types of lakes with a surface area
exceeding 50 ha. Monitoring data are too scarce to select a pool of potential
reference lakes for each type. That is why establishing preliminary reference
values for eutrophication parameters much more simple and rough was adopted
based on a few criteria only, namely: altitude (one class — lowland lakes); mean
depth (two classes — deep lakes >3 m and shallow lakes <3 m), and alkalinity as
the expression of catchment geology (high >1 meqdm™, low <1 meq dm™).
Such a harmonized approach was decided on in a pan-European intercalibration
exercise for lakes in the central part of Europe (European Commission 2003b).
Thus, for Polish lowland lakes preliminary reference values of eutrophication
parameters were established for high alkaline shallow lakes (polymictic) and
high alkaline deep lakes (stratified).

The selection of potential reference lakes was based on the analysis of lake
monitoring data collected in the JEZIORA database (Cydzik 2005) at the
Institute of Environmental Protection in Warsaw under the auspices of the
commission of the Chief Inspectorate for Environmental Protection. From the
list of hundreds of lakes monitored in recent years in Poland within regional and
national (benchmark) networks (Cydzik et al. 2005), a total of 26 deep water
bodies and 14 shallow ones were selected as references. They represent all
lakelands in Poland and meet screening criteria adopted for reference sites. The
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catchment areas of the majority of them are densely forested. Even if
agricultural use constitutes a significant share of the structure of catchment land
use, the cultivated fields are isolated and have no direct impact on lake waters.
There are neither urban areas nor point sources of pollution discharging
wastewater into the lake or its inflows. Some other characteristics of the lakes
selected as reference sites are listed in Table 1.

Table 1
Characteristics of lakes selected as potential reference sites
Feature Range of values
Stratified lakes (n=26) Polymictic lakes (n=14)

Surface area (ha) 51.4 —903.3 58.5-416.8

Mean depth (m) 3.9-38.7 1.2-6.0

Alkalinity (meq dm”) 11-3.3 15-28

Scoring acc. to LQES 1.13-1.80 1.27 -2.00

Preliminary reference values of chlorophyll content, total phosphorus
concentration, and Secchi disc depth (means from surface waters in spring and
summer) are represented by the median values of these eutrophication indicators
within the reference lake population (Table 2). They are considered to be robust
because relatively few data served as the basis for calculation and confidence
may be insufficient. The population of potential reference lakes consists of
water bodies with rather small catchment areas and low Schindler ratio values
(ratio of the sum of lake and catchment area to lake volume), which can be use
as a measure of the intensity of catchment area impact on the lake (Schindler
1971). This ratio does not exceed 2 in the case of 90% of the stratified lakes,

Table 2
Concentration of eutrophication parameters in reference lakes (range of values,

standard deviation) and preliminary reference values (median) for two broad
types of Polish lakes

Stratified lakes Polymictic lakes
Parameter (n=26) (n=14)
range SD [ median range SD | median
Chlorophyll a (ug dm™) 0.5-9.4 2.38 3.75 25-19.8 5.54 5.8
Total phosphorus (mg dm™) [ 0.014 —0.079 [ 0.016 [ 0.033 | 0.026 —0.124 [ 0.032 [ 0.048
Secchi disc depth (m) 24-6.9 1.32 3.6 1.3-43 0.82 2.5

while in the case of polymictic lakes some 80% are characterized by a ratio
below 4. This may limit the use of established reference values for lakes with
larger catchments. Thus, the next step should be to refine the derived reference
values for eutrophication parameters while taking into account the more detailed
typology of Polish lakes. When establishing reference conditions using the

Copyright© by Institute of Oceanography, University of Gdarisk, Poland



Establishing reference conditions for Polish lakes 109

spatially based method, the differentiation of values considered as the reference
within one water body type should be analyzed. On the one hand, strong
differentiation can be regarded as the effect of insufficiently refined typology
and, on the other, it can indicate that the metric itself needs improvement or
refinement (e.g., increased sampling frequency).

Reference values obtained for chlorophyll are in line with those calculated
for Central European dimictic lakes (mean depth 3-15 m) as part of the EU-
funded project REBECCA (Carvalho and Moe 2005) and for Danish polymictic
lakes (Sendergaard 2005). Reference values of phosphorus in Polish lakes are
relatively high in comparison to lakes affected only to a small degree by
anthropogenic pressure in other geographical regions, especially northern or
alpine, not exceeding 0.020 mgP dm™. This is related to the different geology of
the catchment areas which influences the natural characteristics of waters (Vighi
and Chiaudani 1985).

Comparing preliminary reference values for eutrophication parameters with
limit values adopted in the trophic classification by OECD (Vollenweider
1989), it is clear that the reference state of lowland lakes in Central Europe can
also represent eutrophic conditions. This indicates the necessity of establishing
reasonable and attainable goals in water management plans by considering not
only public expectations but also the limnological features of lakes.

ACKNOWLEDGMENT

This study was conducted for the Ministry of Environment. The state
monitoring data used in this study were provided by the Chief Inspectorate for
Environmental Protection. Financial support was provided by National Fund for
Environmental Protection and Water Management.

REFERENCES

Carvalho L., Moe J., 2005, Reference conditions for selected physico-chemical elements.
Chlorophyll, [in:] Reference Conditions of European Lakes. Indicators and methods for the
Water Framework Directive Assessment of Reference conditions, Eds. Lyche Solheim A,
REBECCA project, deliverable 7, pp. 63-71
http://www.rbm-toolbox.net/docstore/docs/3.1713.D7-uusi.pdf

Cydzik D., 2005, Running of computer database on Polish lake quality, Annual report, Warsaw,
Institute of Environmental Protection, pp. 8, (in Polish)

Cydzik D., Iwaniak M., Jarosinski W., Korol R., Sokotowska E. et al., 2005, Monitoring stagnant
surface waters (lakes), [in:] Quality of rivers, lakes, and the Baltic Sea based on results of
research performed within the framework of state monitoring programmes in 2003-2004,
Warszawa, Biblioteka monitoringu $rodowiska, Inspekcja Ochrony Srodowiska: 112-52, (in
Polish with English summary)

www.oandhs.org



110 H. Soszka, A. Kolada, M. Gotub, D. Cydzik

European Commission, 2000, Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for Community action in the field of
water policy, Official Journal of the European Communities, L 327 of 22.12.2000, pp. 72

European Commission, 2003a, Common implementation strategy for the Water Framework
Directive (2000/60/EC), Guidance document No 10, Rivers and Lakes — Typology, reference
conditions and classification systems, Produced by Working Group 2.3 — REFCOND,
Luxembourg, Office for Official Publications of European Communities, pp. 87

European Commission, 2003b, Common Implementation Strategy for the Water Framework
Directive (2000/60/EC), Guidance document No 6, Towards a guidance on establishment of
the intercalibration network and the process on the intercalibration exercise, Produced by
Working Group 2.5 — Intercalibration, Luxembourg, Office for Official Publications of the
European Communities, pp.47

Kolada A., Soszka H., Cydzik D., Gotub M., 2005, Abiotic typology of Polish lakes, Limnologica,
35: 145-50

Kudelska D., Soszka H., Cydzik, D., 1997, Polish practice in lake quality assessment, [in:]
Freshwater Quality: Defining the Indefinable?, Eds. Boon P.J., Howell D.L., Edinburgh,
Scottish Natural Heritage, pp. 149-54

Lyche Solcheim A. (Eds), 2005, Reference Conditions of European Lakes. Indicators and
methods for the Water Framework Directive Assessment of Reference conditions,
REBECCA project, deliverable 7, pp. 105
http://www.rbm-toolbox.net/docstore/docs/3.1713.D7-uusi.pdf

Schindler D.W., 1971, A hypothesis to explain differences and similarities among lakes in the
experimental lakes area, Northwestern Ontario, J. Fish Res. Bd. Can., 28: 295-301

Sendergaard M., Jeppesen E., Jensen J.P., Amsinck S.L., 2005, Water Framework Directive:
ecological classification of Danish lakes, Journal of Applied Ecology, 42: 616-29

Vighi M., Chiaudani G., 1985, 4 simple method to estimate lake phosphorus concentration
resulting from natural, background, loadings, Water Res., 19: 987-91

Vollenweider R.A., 1989, Global problems of eutrophication and its control, Symp. Biol. Hung.,
38: 19-41

Copyright© by Institute of Oceanography, University of Gdarisk, Poland




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Ustawienia Adobe Distillera dla Acrobata 7)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


