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Phosphorus in standing freshwaters

Paul Boers

An overview was giving of setting standards in the Netherlands. A summer average of 0.15 mg P l-1 was found to be steering for a concentration of 100 (g l-1 of chlorophyll a. (borderline or threshold value) Later research, in which more lakes with cyanobacterial dominance were incorporated, 0.05 mg P l-1 was suggested. This latter value became the legal target value for recovery of eutrophied lakes. The reason for the discrepantion was that there is a kind of hysteresis effect in ecosystems upon changes in eutrophication (Margalef, 1976; Hosper et al., 1987, Janse and van Liere, 1995). This ‘ecosystem memory’ causes resilience, which retards recovery of lakes (Sas, 1989 ). Boers gave examples of restoration of lakes in the Netherlands where additional measures (flushing, biomanipulation) “broke” the resilience of the hysteresis. Characeans returned.

Boers emphasised that the internal phosphorus flux was greater than external inputs, and a great deal of phosphorus was stored in biomass of fish, especially bream. Additional measures should aim at those fluxes and storages.

Informative discussion after the paper:

· Tony Edwards suggested comparison between Dutch and Finnish lakes in an attempt to classify lakes.

· Trevor Champ presented examples of oligotrophic Lough Sheelin and Lough Enell in which Characeans were wiped out within 2 years after a rise of the phosphorus input. Also mayflies decreased dramatically, which was important for trout. When phosphorus inputs were reduced and chlorophyll level diminished as a result both Characeans and mayflies  rapidly recolonised. Many Irish lakes are still oligotrophic/mesotrophic. Total P >20 (g l-1 already shows symptoms associated with enriched waterbodies, particularly floating bluegreen algae. Characeans are extremely sensitive to light reduction, so total P must not increase over  20 (g l-1. In other lakes char (Salvelinus alpinus) have disappeared when total P was 15 (g l-1. Champ concluded that Irish lakes resemble those which Forsberg (Sweden) studied, and that there seems to be a tremendous difference between Dutch and Irish lakes, presumably due to the level of eutrophication.

Phosphorus in flowing waters
Martin McGarrigle and Trevor Champ

Impact of phosphorus was studies on 1100 sites. Especially considered were enhanced growth of aquatic plants and exhaustion of oxygen at night. This in order to find threshold values. Q-values (Quality values; a very sensitive biotic eutrophication index in which macro invertebrates, algae were concerned) were compared with unfiltered SRP samples. At [P]> 0.07 mg l-1 problems with trout were observed.

The results of the study were used for:

· a basis for national P regulations in Irelands river section

· setting up a standard 30 (g l-1 SRP (median concentration) for flowing waters

Further results:

· Plant phosphorus was strongly and positively correlated to total phosphorus concentration. Total-P was found to be ~ 2* SRP.

· In the case of point sources there was a strong ‘dilution’ effect along the stream since the P-limited plant population took up the phosphorus very fast.

· The opposite was found in the case of diffuse agricultural sources.

Informative discussion after the paper:

· The answer of some questions I have already taken up in the paper itself.

· Colin Reynolds brought forward that 20 (g l-1 was set for calcareous lakes. In the case of peaky lakes this might be higher because of P-binding to humic acids.

Standardisation of methods for measuring sediment phosphorus

Tony Edwards

According a review of Ruban et al. (1999) 4 schemes have been evaluated. Interlaboratory comparison and certification of sediment reference material have been carried out. Expert consultation suggested to choose for the modified Williams extraction procedure.

Remobilization of sediment P in freshwaters

Tony Edwards

1. We are reducing phosphorus, most of the time with no success. We are looking at the system from only one point of view. Necessary is an integral view, taken into account the whole system.

2. We do not know precisely ‘what is bioavailability’

There is a necessity to establish a framework to guide our view:

Agricultural system


Soil N of P status


Loss of N or P


Riverine load/concentration


Environmental impact

· Equilibrium Phosphorus Concentration (EPC) decreases in winter and increases in summer in lakes; this is reversed in riverine systems.

· What should we aim at? Concentrations or load?

· What are our targets? There are differences between available P and total P

Paper was presented with information from Edwards et al. 2000. 

Informative discussion after the paper:

· When the residence time is long, we find production of organic matter in the system; when the residence time is short external loads are more important (Paul Boers).

· Empirical relations between trophic state and sediment release processes are extremely complicated (Paul Withers). There will be various types of soil in one catchment.

· According to Martin McGarrigle loads can be calculated using an ‘average’ soil with weighted factors from grasslands. Prediction, however, is hardly possible

· In Scotland the differences between SW and E are completely governed by precipitation.

· Thresholds in Sweden (New Swedish Eutrophication Criteria) {Gunnar Persson}; www.environ.se
[P] (g l-1 = 5 + 48 * Absorbancy (5 cm, ( = 420 nm)

· In Germany the emissions are divided in 3 sources: urban waste water (30%); erosion (22%) and groundwaterflow (15%), others (23%).
And now for something completely different:

· If eutrophy and inhabitants in the catchment area are compared there is a threshold of 30-44 km2 in which the inhabitants are responsible for the eutrophication, much more than agriculture. According to Martin McCariggle; in more than half of the 1100 sites concerned in his overview agricultural losses were determining the trophic state.

· It would be nice to see whether there is the same threshold level of 30-44 km2 (Lowie van Liere).

At the end of the discussion there were raised two point for the ‘final’ discussion

· What will be our ‘message’  to the other groups of COST 832? (Paul Whithers)

· We need an ‘overview’, to classify our lakes and rivers.  A  typology to define standards in accordance to reference data and functioning of the systems (Tony Edwards).

Overall discussion

1. Requirements for other groups (Paul Whithers)

WG1
Inputs (fertilisers, manure) and impact on losses of total and extractable phosphorus. To which extent (on a production basis) must the surplus of phosphorus added to maximise the crop be reduced to keep the losses to the environment at minimum level.

WG2
* How much are the losses on a field scale (particulate as well as soluble forms)? Are they related to farm systems? Soil type? Etc.


* With what requirements can we characterise the system, e.g. EPo/BAP?

WG3
^ Is it possible to calculate on an flow weighted concentration (or load) the inputs to riverine systems on a catchment basis?


^ How much reduction in catchment load would be sufficient>


^ Possible questions: sensitivity of system to inputs, deviation from backgrounds, critical threshold values.
WG4
Defining impacts, bioavailability of P and characterisation of the different water types, necessity for a typology, threshold values of various waters, type- and area differentiaton of waters (suggested by Lowie van Liere, who wants to present this at the next meeting).

Many “remarks” were made to the discussion, to which  an answer wasn’t at hand, but may be used to guide later discussions:

· To what extend does COST want to define quantifiable numbers, this might be a very difficult question (Colin Reynolds)

· Is it the aim to develop methodologies too (Colin Reynolds)

· Background values are of uttermost importance (Paul Boers)

· Sensitivity is a key issue, it seems easy to judge. P is not limiting if you can measure it (Colin Reynolds)

· There is no single threshold to be defined. Surroundings, hysteresis. There is a need for different thresholds within individual water types (Jörg Köhn), see also water type – and area differentiated thresholds (Lowie van Liere)

· For rivers the pristine conditions should be <1870, there is evidence that they changed before lakes did. For lakes the background level can be 1950 (JensPeder Jensen ??)

· Trevor Champ rejects this, in Ireland the background level must be at least 1930.

Generalisation: biological systems have a staged response.

2. How to take approaches forward

· A joint meeting with WG3 is needed

· WG3: methodology of load estimation, gathering data on loss coefficients and flow weighted concentrations <100 km2 catchment, modelling – empirical vs. determination, framework for determining background loads and concentrations

· WG4 critical loads from ecological point of view, defining ecoregions ?
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