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The long term goal of the DRP is, in short, to strengthen capacities of key Danube stakeholders
and institutions to effectively and sustainably manage the Danube River Basin’s water resources
and ecosystems for citizens of Danube countries.

It is increasingly recognized that wetlands and floodplains provide important benefits both
environmental as well as socio-economic. Wetlands and floodplains can be important for flood
protection, tourism, fisheries, nature protection as well as for water quality. To some degree,
wetlands and floodplains may serve as either a sink or a storage area for pollutants. Given that
nutrient pollution is one of the most important transboundary problems within the DRB and the
Black Sea ecosystems, it is critical to know under what conditions such benefits as pollution
reduction can be optimized (and at what cost.)

A study supported by UNDP/GEF during the UNDP/GEF Pollution Reduction Programme (1997 -
1999) carried out by WWF determined that over 80% of wetlands and floodplains have been lost
during the last 100 years. Given this, there are many considerations to initiate wetland floodplain
rehabilitation activities. Important to know is what are the benefits for rehabilitating a
wetland/floodplain area (weighed against the costs!)

The purpose of this assignment was to identify and develop appropriate methodologies for
assessing nutrient removal in wetland areas. Potential pilot sites were reviewed in an effort to
identify appropriate places to test and revise monitoring programmes to measure pollution
reduction. One site has been agreed (in Bulgaria) and other possibilities have been identified for a
final selection to be made at the beginning of Phase 2.

One challenge is to identify monitoring strategies to fit the varying conditions at sites in different
parts of the Danube. Another challenge, is that benefits from changes in wetland management
practices might not be observed for years to come beyond the scope of this project. Therefore the
goals for phase 2 will be to have pilot monitoring programmes in place, initial lessons learned,
although real results will only be available after longer time frames (15-20 years.)

The results of this component are intended both for those involved in making decisions about
wetland rehabilitation projects as well as of course, those wetland managers charged with
managing wetland/ floodplain areas in order to optimize benefits.

The report was prepared by a team of experts led by the WWF Danube -Carpathian Programme and
reflects the views of the expert team. The report and its contents remain the property of the
UNDP/GEF DRP and should not be used without providing full credit to the DRP.

For further information about the DRP, objectives, activities, results etc. please visit the
DRP webpage at www.undp-drp.org
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A schematic example of a riverine wetland
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WWEF International Danube-Carpathian Programme
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This report summarises the activities and results from the first phase of activity of Output 4.3 of
the UNDP/GEF Danube Regional Project (DRP). It aims to contribute to Objective 4 of the DRP —
Reinforcement of monitoring, evaluation and information systems to control transboundary
pollution and to reduce nutrients and harmful substances .

The main purposes of Output 4.3 are:

To evaluate and identify the most effective monitoring strategies and programmes for
assessing nutrient removal capacities of wetlands as a basis for Danube River Basin
guidelines in relation to wetland classification;

To identify and prepare pilot activities that will be carried out in Phase 2 of the DRP; and

To set the basis for identifying management measures to optimise the nutrient removal
capacity of wetlands in Phase 2 (leading to a Danube River Basin wetland management
strategy).

A number of activities were carried out to meet these objectives, including a review of literature on
wetland functions and wetland management/restoration projects in the Danube River Basin and
beyond, the drafting of criteria for selecting pilot sites, the drafting of general principles and
guidelines for wetland monitoring schemes in relation to nutrient removal, a workshop of
international experts on wetland management and visits to potential pilot sites.

The results of the review of wetland functions and wetland projects demonstrated that such
ecosystems can substantially alter the biogeochemical fluxes of river systems. While nutrients are
only completely removed from the system during harvest or by denitrifcation, long-term storage
within wetlands can lead to reduced pollution loads in the main channel. In most riverine wetlands,
sedimentation and denitrification are the dominant process influencing, respectively, P and N
cycling. These processes, and the hydrogeomorphological factors that govern them (i.e. flooding),
therefore determine whether a specific wetland are functions as a nutrient sink or source. To
predict the role that a wetland will play, local environmental parameters must be considered,
especially during peak flows. Nevertheless, previous studies along the Danube have demonstrated
the potential for riverine wetlands to contribute to the reduction of nutrient pollution in the main
river.

Selection of sites for establishment of a pilot monitoring scheme was not straightforward.
Selection criteria included a combination of technical factors (e.g. the proportion of main river flow
reaching the riverine wetland in question) to logistical ones (e.g. does sufficient baseline
information exist and is enough logistical support available?). An initial search for sites suggested
that two wetlands in the Lower Danube, both the subject of extensive wetland restoration projects
supported by World Bank/GEF funds, might be suitable. Field visits proved that only one of these
sites — at Kalimok-Brushlen Protected Area in Bulgaria — offered appropriate conditions for
establishment of a pilot monitoring scheme. A second site will need to be found as a matter of
priority during Phase 2 of Output 4.3.

Following the definition of general principles and guidelines, work was undertaken at the Kalimok-
Brushlen pilot site to define a framework for a monitoring programme aimed at assessing the role
the 1,125ha of restored marshland will play in reducing nutrient loads in the Lower Danube.
Building on existing plans for monitoring surface waters — and in line with the EU Water Framework
Directive and the Wetlands Horizontal Guidance — a wide range of parameters have been suggested
for monitoring at a range of places and at varying frequencies. These parameters include
biological, physico-chemical and hydromorphological quality elements. In addition to suggesting
what, where and when to monitor, the report suggests requirements for equipment and detailed
methodological procedures with respect to each major group of parameters.
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This report concludes with a number of recommendations for taking the work forward including, a)
progressing with the suggested activities at the Kalimok-Brushlen pilot site, b) the identification of
a second pilot monitoring site, c) the establishment of a Danube River Basin wetland expert
network to review findings from the two sites and identifiy ways in which monitoring programmes
can be optimised, and d) increased dissemination of the results of this work.

WWEF International Danube-Carpathian Programme
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1. INTRODUCTION

1.1. Background

The potentially important role that riverine wetlands can play in improving water quality through
removal and modification of dissolved and suspended nutrient pollution has been documented by a
number of studies and reports, including several that refer to the Danube River Basin.

In a 1999 re port prepared under the UNDP/GEF Danube Pollution Reduction Programme (DPRP) the
significant loss of wetlands in the Danube River Basin, and the potential affect this had on water
quality in the Danube River and Black Sea, was extensively investigated 2 The report concluded
that, “it is an uncontested fact that recent, inundated floodplains have a positive effect on water
quality improvement and nutrient input reduction if they are not subjected to intensive agricultural
use.” The historical loss of riverine wetlands was assumed therefore to have had a negative affect
on the water quality in the Danube River and Black Sea. The potentially important role of wetland
restoration in an overall Danube River Basin nutrient reduction strategy was noted. However, the
authors of the report concluded that the extent to which wetlands remove nutrients “cannot be
definitely quantified at the moment due to insufficient and in-homogenous available data.”

Despite the lack of suitable data, a review of studies and the authors’ knowledge of factors
influencing the Danube River Basin led them to proposed ranges for nutrient reduction through
wetland restoration: the estimated range of Nitrogen (N) reduction was 100 — 150 kg ha™* year™;
that for Phosphorous (P) was 10 — 20 kg ha™® year®. Furthermore, results from simulations using
the Danube Water Quality Model (DWQM), using data from 17 wetland restoration projects,
indicated that wetlands might deliver reductions in annual nutrient pollution loads for the whole
Danube River Basin of 30 kt N and 3 kt P>.

In order to strengthen the understanding of the role of riverine wetlands in nutrient reduction,
further investigations and activities were proposed as part of the UNDP/GEF Danube Regional
Project (DRP). This report sets out the results from Phase 1 of DRP Output 4.3, Monitoring and
Assessment of Nutrient Removal Capacities of Riverine Wetlands. The intention is that the
conclusions and recommendations set out in this report will form the basis for the establishment of
monitoring and assessment programmes of nutrient dynamics in two Danube wetlands to be
carried out in Phase 2 of the project between 2004 and 2006.

1 e.g.:
Hauer FR, Smith RD. The hydrogeomorphic approach to functional assessment of riparian wetlands: evaluating impacts and
mitigation on river floodplains in the U.S.A. Freshw. Biol. 1998; 40: 517-530.

Henry CP, Amoros C. Restoration ecology of riverine wetlands: I. A scientific base. Environmental Management 1995; 19: 891-
902.

Tockner K, Pennetzdorfer D, Reiner N, Schiemer F, Ward JV. Hydrological connectivity, and the exchange of organic matter and
nutrients in a dynamic river-floodplain systemFreshw. Biol. 1999; 41: 521-535.

2 Evaluation of Wetlands and Floodplain Areas in the Danube River Basin, Final Report, May 1999. Report prepared by WWF
Danube-Carpathian Programme and WWF-Auen Institute (Germany) for Programme Coordination Unit UNDP/GEF Assistance

3 van Gils J. (1999). Danube Water Quality Model Simulations in Support to the Trans-boundary Analysis and the Pollution
Reduction Programme, Danube PCU UNDP/GEF Assistance, prepared by Jos van Gils, Delft Hydraulics, Delft, The Netherlands.
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1.2. Structure of this report

For reasons of clarity and logic, the structure of this report does no strictly adhere to the structure
of the original Terms of Reference as described in Chapter 2. Nevertheless, it should be
emphasized that all major tasks were carried out are reflected herein.

Following this introduction, Chapter 2 of this report sets out the rationale, objectives and specific
activities for Output 4.3, including the main objectives. Chapter 2 also includes a summary of the
methodology for the work.

Chapter 3 of the report reviews the scientific and project-based literature on riverine wetlands and
reduction of nutrient pollution. The chapter starts with a definition of what “riverine wetlands”
means within the context of this report. It then summarises the main mechanisms involved in
nutrient dynamics between the main channel and riverine wetlands, and within riverine wetlands,
with particular reference to transport, transformation and storage, removal and release.

Chapter 4 is more geographically specific, describing briefly the nutrient balance of the Danube
River Basin in terms of emissions to the river system and emissions from the river system to the
Black Sea. It also reviews the conclusions from the DPRP regarding the potential role of riverine
wetlands in removing nutrients from the Danube. It concludes with an example of the estimated
effects on nutrient pollution levels of one of the largest riverine wetland restoration projects in the
DRB — at Regelsbrunn in Austria.

Chapter 5 describes the process for selecting pilot sites at which the nutrient removal capacity of
wetlands can be assessed in greater depth, including some of the difficulties encountered in
identifying suitable sites.

Chapter 6 sets out general principles for monitoring the nutrient removal capacity of wetlands.
Such general principles can be established for monitoring but specific measures and activities can
only be effectively determined based upon site considerations. Chapter 7 then takes the principles
from Chapter 6 and develops them further to the specific pilot site identified for follow-up activities
in Phase 2 of Output 4.3.

Chapter 8 sets out the conclusions that can be drawn from Phase 1 of Output 4.3 and sets out
recommendations for action in Phase 2.

Further details of the project team, and acknowledgements to other individuals who helped with
Output 4.3 activities, can be found in Annex 1 of this report.

WWEF International Danube-Carpathian Programme
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2. RATIONALE, OBJECTIVES AND ACTIVITIES

2.1. Rationale

This report has compiled under the auspices of the UNDP/GEF Danube Regional Project (DRP). It
forms part of the work undertaken to meet Objective 4 of the DRP, Reinforcement of Monitoring,
Evaluation and Information Systems to Control Transboundary Pollution and to Reduce Nutrients
and Harmful Substances. More specifically, this report is the main result of Phase 1 activity under
Ouput 4.3, Monitoring and Assessment of Nutrient Removal Capacities of Riverine Wetlands.

Numerous wetland rehabilitation activities have been, and are being, undertaken in the DRB.

Some of these activities form part of the GEF Partnership Programme in which monitoring is
included or foreseen as a component. Therefore, before initiating a new observation programme, a
common methodology and approach for monitoring wetlands in the DRB should be agreed. This
should involve surveying current monitoring approaches, bringing together experts to determine a
harmonized methodology for measuring nutrient removal in DRB wetlands and assuring that such a
harmonized methodology is implemented.

Output 4.3 was designed to meet the need for a quantified and consistent approach to the
assessment of the nutrient removal capacities of Danube River Basin (DRB) wetlands. The central
objective of the work was to demonstrate the possibilities for understanding and optimizing
nutrient removal processes, alongside other benefits derived from wetlands, such as maintenance
and enhancement of biodiversity and/or flood mitigation, through better wetland management.
The intention was to define the technical and economic parameters for efficient wetland
management, making use of existing data and expertise about nutrient removal in riverine
wetlands in the Danube River Basin, the rest of Europe and beyond. It was expected that this
could contribute to further prioritization of wetland rehabilitation projects based on anticipated
nutrient removal benefits.

In a broader context, Output 4.3 supported a larger GEF need for targeted research. Based on
this, successful results were to be disseminated worldwide so that the general methodology could
be adapted to site -specific conditions based on accepted wetland classification schemes (e.g. the
Ramsar Wetland Classification).

2.2. Objectives

Three main purposes were identified for the work to be completed under Phase 1 of this Output:

> To evaluate and identify the most effective monitoring strategies and programmes for
assessing nutrient removal capacities of wetlands as a basis for DRB guidelines in relation
to wetland classification;

> To identify and prepare pilot activities that will be carried out in Phase 2 of the project;
and

> To set the basis for identifying management measures to optimize the nutrient removal
capacity of wetlands in Phase 2 (leading to a DRB wetland management strategy.)

Note that, while there is no explicit consideration in this report of the basis for a DRB Wetlands
Strategy, it is hoped and expecte d that the results from Output 4.3, together with those from other
DRP outputs and from other relevant activities such as the review of Annex 3.3 (regarding
wetlands) of the ICPDR Joint Action Programme, will provide such a basis.
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2.3. Activities

During the inception phase for Output 4.3, the following tasks were identified as being necessary
the fulfillment of the project objectives:

Review wetland restoration projects in and outside of the DRB that have addressed the nutrient
removal capacity of riverine wetlands (special focus was given to the methodology used, the costs
and the results).

Review existing projects related to wetland restoration within the DRB and define how they could
provide guidance and information on nutrient removal capacity in relation to their respective
classification (i.e. the Ramsar Wetland Classification). This activity was conducted in the form of
both a desk survey and direct contact with national experts and the managers of relevant wetland
projects. Special focus was given to other DRB wetland projects supported by GEF through either
the World Bank or UNDP.

Compare existing projects related to wetland restoration with regards to a) the consistency of
available data, and b) the potential for the collection of additional data that could contribute to
Output 4.3 at minimal additional cost.

Draft general guidelines for the assessment and monitoring of the nutrient removal capacity of DRB
wetlands.

Pre-select at least two representative pilot sites (if possible of different wetland typ es according to
the Ramsar Wetland Classification) where analysis of the nutrient removal capacity could be carried
out in Phase 2 of Output 4.3, and further into the future.

Draft specific guidelines and recommendations for the selected pilot sites. Special focus was to be
given also to the outcomes of DRP Output 1.4, Integrated Land-use Assessment and Inventory of
Protected Areas to ensure that the results of the components are consistent and complementary.

Organize a workshop including international and national experts on wetland management,
including representatives of the possible pilot sites, to discuss and review both the general
guidelines as well as the recommendations given for the pilot sites. This workshop was to include
the relevant experts of the ICPDR Secretariat and members of the relevant ICPDR Expert Groups.

Based on the outcomes of the workshop, finalize the general and the specific guidelines and
recommendations for the selected pilot projects, including a work plan and a budget for Phase 2
activities.

Based on these activities, a report was planned that would include:

> information on current knowledge of quantitative as well as qualitative removal of
nutrients in riverine wetlands (in relation to classification where appropriate);

> a description of methodological and monitoring approaches (including requirements,
benefits, costs, constraints etc);

> general guidelines and recommendations for the assessment of nutrient removal in the
Danube River Basin;

> Specific guidelines and recommendations for the selected pilot sites in the frame of the
proposed monitoring programme; and

> and outline for developing the wetland management strategy in Phase 2.
The remaining chapters of this report summarize the results of these activities.

A summary of the inception meeting held to determine these activities is in Annex 2. A note of the
Wetland Managers’ Workshop held to discuss and review the general guidelines and
recommendations for selecting pilot sites (activity 7 above) is in Annex 3.

WWEF International Danube-Carpathian Programme
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3. PROCESSES GOVERNING NUTRIENT DYNAMICS IN
FRESHWATER ECOSYSTEMS

3.1. The scope of this review

Wetlands perform many functions that are useful to society. They mitigate flooding, maintain and
improve biodiversity, provide pathways for discharge and/or recharge of groundwater and support
economic activities such as agriculture, forestry and tourism. Wetlands can also influence water
quality.

Within river corridors, riverine wetlands have been recognized globally for their value in nutrient
removal’. Wetlands have been investigated as buffer zones and retention areas which control

fluxes of matter between terrestrial and aquatic interfaces (van der Peijl & Verhoeven, 2000)5.
Surface water and groundwater fed natural wetlands have been found to affect the nutrient
transport along rivers as well as nutrient input into lakes and estuaries (Thompson & Finlayson,
2001)°

Due to the capacity of certain wetlands to control nutrient fluxes, efforts have been undertaken to
design and construct wetlands for specific environmental processes or functions. Wastewater
treatment wetlands (constructed wetlands) have been specifically built to treat municipal effluents
through the removal of mainly organic carbon, harmful microbial elements and nutrients from small
communal effluents. This cost-effective method to control specific waste water pollution has
motivated research on the efficiency of nutrient reduction by wetlands and as the controlling
factors involved.

Although much of the scientific literature regarding natural wetlands notes the positive influence
that wetlands have on water quality — particularly in removing nutrient pollution — there exists only

limited quantitative data on the mechanisms behind this function.” Much of the literature relates
to constructed wetlands that are smaller in scale, specifically built to act as natural filtration pools

and not directly comparable to natural wetlands.®

‘e.g.
Ambus, P. 1990. Cleaning of agricultural drainage by denitrification in a riparian meadow. Proceedings of 6" Workshop on
Nitrogen in Soils, Queen’s University, Belfast.

Cooper, A.B. 1990. Nitrate depletion in the riparian zone and stream channel of a small headwater catchment. Hydrobiologia
202,13-26.

Hill, A.R. 1990. Groundwater cation concentrations in the riparian zone of a forested headwater stream. Hydrol. Proc. 4, 121-
130.

Knauer, N. and M ander, U. 1989. Studies on the filter effect of various buffer biotopes along inland waters. Schleswig-Holstein
Z. Kulturtechnik Landentwicklung 30, 365-376.

Lowrance, R.R., Leonard, R.A., Asmussen, L.E. and Todd, R.L. 1985. Nutrient budgets for agricultural watersheds in the
southeastern coastal plain. Ecology 66, 287-296.

Pinay, G. and Labroue, L. 1986. Epuration naturelle des nitrates transportes par les nappes alluviales: I'aulnaie glutineuse.
Comptes rendus de I’Acad. Des Sci. de Paris 302 111, 629-632.

5 van der Peijl, M.J.; Verhoeven, J.T.A. Carbon, nitrogen and phosphorus cycling in river marginal wetlands; a model
examination of landscape geochemical flows. Biogeochemistry 2000;50: 45-71.

8 Thompson, J.R.; Finlayson, C.M. Freshwater Wetlands. In Habitat Conservation: Managing the Physical Environment, edited
by Warren, A.; French, J.R. John Wiley & Sons Ltd., 2001

7 Tockner K, Ward JV, Stanford JA. Riverine flood plains: present state and future trends. Env. Cons. 2002;29: 308-330.

8 Vymazal J. Nutrient cycling and retention in natural and constructed wetlands. Leiden: Backhuys Publishers, 1999
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As discussed in Chapters 1 and 2 of this report, optimal management of wetlands relies on a more
precise understanding of the mechanisms and processes by which nutrient removal takes place. In
particular it is important to understand:

> whether nutrient removal is permanent or time -limited and/or time -varying;
> how different wetland types affect removal capacity;
> the conditions under which nutrient removal takes place; and

> the quantity of nutrients removed.

It is important to note that wetlands act both potentially as sinks for the removal of nutrients from
rivers and as sources from which nutrients may enter rivers. Although both roles are important it
is the first — the role of wetlands in removing nutrients from rivers - which was the main focus of
this project.

As discussed in Chapter 2, one of the activities undertaken during Phase 1 of DRP Output 4.3 was a
review of the literature related to nutrient retention by riverine and other wetlands. To facilitate
this review a literature database was compiled by the project team. A description of the database
and the types of literature analysed is included in Annex 4. One recommendation to e merge from
the Wetland Managers’ Workshop held in Vienna in March 2003 was that this literature database
should be periodically updated with additional information and made available to wetland experts
across the DRB and elsewhere as a management support tool.

3.2. What are riverine wetlands ?

Wetland definitions

There have been many attempts to define wetlands. It is not for this report to review these
definitions comprehensively but a brief consideration of key elements is worthwhile.

Although they vary slightly in wording many definitions share the same basic characteristics. A key
feature is often the presence of water for some or all of the year. For example, Article 1 of the
Ramsar Convention9 defines wetlands as, “areas of marsh, fen, peatland or water, whether natural
or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salty,
including areas of marine water the depth of which at low tide does not exceed six meters.”

Similarly, Lewis (1990)lo defined wetlands as, “areas that are inundated or saturated by surface or
ground water at frequency and duration sufficient to support, under normal circumstances, a
prevalence of vegetation typically adapted for life in saturated soil conditions.” Three main
conditions for existence of wetland are included in this definition:

> the substrate is flooded or saturated with water during the growing season;
> wetland plants - hydrophytes and hygrophytes— are present; and

> hydric soils with anaerobic conditions are present.

Other definitions reinforce the importance of the presence of water but offer a more functional
definition of wetlands. For example, the EVALUWET project11 used the following definition:
‘wetlands are heterogeneous but distinctive ecosystems in which special ecological, biogeochemical
and hydrological functions arise from the dominance and particular sources, chemistry and
periodicity of inundation or saturation by water. They occur in a wide range of landscapes and may

® Convention on Wetlands of International Importance especially as Waterfowl Habitat, signed at Ramsar, Iran, 2 February 1971
19 Kusler, J. A. and Kentula, M.E. (eds.), 1990: Wetland Creation and Restoration. The Status of the Science. Washington,
D.C., Covelo, California.

11 EVALUWET - European Valuation and Assessment Tools Supporting Wetland Ecosystem Legislation - a research project
supported by the European Commission under the Fifth Framework Programme and contributing to the implementation of the
Key Action "Sustainable Management and Quality of Water" within the Energy, Environment and Sustainable Development
Contract n°: EVK1-CT-2000-00070
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support permanent shallow (< 2 m) or temporary standing water. They have soils, substrates and
biota adapted to flooding and/or water-logging and associated conditions of restricted aeration’.

The EVALUWET definition is preferred for the purposes of this project because of its emphasis on
the functional attributes of wetlands and because it has been drawn up with specific reference to
the role of wetlands within the EU Water Framework Directive (WFD)12. It is the WFD that will
drive water management efforts in the DRB over the coming years including, potentially, wetland
management initiatives.

Wetland classifications: riverine wetlands

Inland wetlands may be classified in a number of ways. One such classification divides wetlands
into palustrine, riverine or lacustrine ecosystems, according to how the wetland is supplied with
water. In riverine and lacustrine systems, wetlands are influenced by the water level of rivers and
lakes. In palustrine wetlands, water is supplied via groundwater, rain, snow or during periods of
floods. Further details on this classification are set out in Annex 5.

This report concerns only riverine wetlands. Riverine wetlands may be located in a narrow zone
along channels with moving water and near deepwater habitats (Figure 3.1).

Riverine system of waters and wetlands

palustrine system  riverine system ) riverine system palustrine system
ofwetlands ~_of wetlands deep water habitat of wetlands of wetlands

averagelevel

Figure 3.1: A schematic example of a riverine wetland

The average depth of the channel in riverine wetlands is normally at least 2m in some parts.
Wetlands along shallower channels, and those in which vegetation covers less than 50% of the
area, belong to the palustrine class. Riverine wetlands may be connected, or have had an
historical connection, with palustrine and/or lacustrine ecosystems. In this sense, riverine
wetlands may include the floodplain and even the former floodplain which is no longer connected
by surface water to the main channel because of anthropogenic interference (e.g. construction of
flood control dykes). Thus floodplain and former floodplain ecosystems can be regarded, sensu
lato, as riverine wetlands.

3.3. Nutrient dynamics between the main channel and riverine
wetlands: an overview of basic processes

Because riverine wetland ecosystems are complex, no two sites are identical. For example, there
may be considerable variation in vegetation type from softwood forests to hardwood forests to

12 Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for the Community action in
the field of water policy
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meadows. Each of these plant communities can influence the nutrient reduction capacity of
wetlands. However, some general principles and characteristics can be described, especially
regarding the processes by which riverine wetlands affect the nutrient content of the rivers, from,
and into which, they drain. There are four basic processes by which this occurs: transport,
storage, removal and release.

Transport

Nutrient removal in wetland systems is limited by the amount of nutrients transported into the
wetland. In order to study the efficiency with which wetlands remove nutrients, it is necessary to
consider the amount transported into the wetlands compared to the nutrient load transported in
the river itself.

Nutrients are transported in river systems in dissolved and/or particulate forms. In upstream parts
of river systems, the dissolved form of nitrogen is most prevalent. Phosphorus is mainly
transported in particulate forms. In downstream portions of big rivers, such as the Danube, the
particulate forms of nitrogen may increase. In addition to water-related nutrient fluxes for nitrogen
there is both atmospheric deposition and biotic N-fixation that have to be considered as inputs into
the wetlands systems.

Monitoring strategies need to focus on the transport of nutrients into and out of wetlands. The
transport of nutrients can occur under different conditions or via different pathways, including:

> Transport during low flow and mean flow conditions;
> Transport during high flow or flood conditions;
> Transport by groundwater or bank filtration; and

> Atmospheric deposition and N-fixation.
Transport at low flow and average flow conditions

Generally during low and average flow conditions in a river, the sum of dissolved fractions of
nutrients transported in river systems predominates over particulate forms. Nevertheless, in
downstream stretches of the Danube, organic particulate forms of nutrients may play an important
role during low flows. Concentrations of the dissolved fractions of nutrients usually do not change
very much in relation to the discharge (e.g. Figure 3.2). Transport into a wetland system during
low and average flow happens only where there remains a hydrological connection to the main
channel. The potential nutrient retention (removal or storage) of wetlands is therefore limited by
discharge (e.g. para potamons) in these channels.

Total Nitrogen
A Inorganic Nitrogen

AA

N (mg/l)

1000 2000 3000 4000 5000 6000 7000 8000
Q (mfs)

Figure 3.2 Discharge versus nitrogen concentration in the Danube, Vienna,
1978-1997 (Zessner, 1999)13

o

13 zessner, M., 1999: Bedeutung und Steuerung von Nahrstoff- und Schwermetallfliissen des Abwassers, Dissertation, Wiener
Mitteilungen, Band 157, Wien.
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Transport at flood conditions

Transport of suspended solids, and therefore of particulate nutrient matter, is highly dependent on
the flow regime of the river. Concentrations of suspended solids usually rise as flows increase. For
a single event, the increase in suspended solid concentration with increasing flow and the decrease
in concentration with decreasing flow usually follow a pattern of hysteresis. This means that the
suspended solid concentration at a certain discharge on the rising limb of a hydrograph will be
greater than the concentration at the same discharge on the falling limb.

The effect of a high flow event on transported loads also varies with season. Typically, the
transportation of suspended solids rises at a proportionally faster rate with increasing discharge.
Therefore, the transport of suspended solids happens primarily at high flow and flood conditions.
During flood events, large suspended solid loads can be transported considerable distances
downstream within a relatively short period (a few days). However, the magnitude of the increase
in suspended solid load depends on the discharge dynamics (e.g. the relation between discharge at
low, average and high flow situations). In general, the increase in the amount of total
phosphorous in suspension at high flow conditions is higher in upstream reaches than in
downstream reaches. For example, data from the Danube in Vienna (a mid- to up-stream location)
illustrate the effect of this dynamic (Figure 3.3). The increase in phosphorus in suspension
downstream was not significant.

During flood events nutrients are transported to all flooded areas within wetlands. This includes
temporarily connected channels as well as sites with permanent surface hydrological exchange with
the main channel. Monitoring transport of suspended solids, and nutrients bound to those solids,
into wetlands during flood conditions is therefore of particular interest.

— ¢ Tota Phosphorus
— 4 Dissolved Phosphorus

P (mg/l)

8000

Figure 3.3: Discharge versus phosphorus concentration in the Danube, Vienna,
1991-1997 (Zessner, 1999)'?

Transport by groundwater or infiltrating water

In addition to the input by surface water, nutrients may be transported into wetlands by
groundwater (from the catchment) or by bank filtration (from the main channel or other channels).
Nitrate is primarily transported this way over longer distances.

Transport of ammonia and phosphate might be more prevalent under anaerobic conditions. Under
aerobic conditions ammonia and phosphate are absorbed, precipitated or metabolized in the
ground.

Atmospheric deposition and N-fixation

Deposition is nutrient input from the atmosphere. Average values for atmospheric deposition in
Austria are about 20 kg N ha! year?! which is more than the average removal by a forest
ecosystem.
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N-fixation is performed by bacteria living in symbiosis with leguminous plants or specific trees. For
example, alder (Alnus glutinosa) is a tree species which host these symbiotic bacteria. The
amounts fixed depend on the presence of these plants. Free-living bacteria are able to fix up to 30
kg N ha! year?!. Generally, N-fixation is higher when nitrogen is limited.

Transformation and storage

Transformation of nutrients is a conversion from one nutrient compound into another. Storage can
either take the form of temporary or long-term retention in a riverine wetland. Most nutrient
transformation and/or storage in riverine wetlands is only temporary. However, the retention of
nutrients in riverine wetlands and the timing of nutrient subsequent releases to the main channel
may affect water quality in the main channel.

The main transformation and storage mechanisms and processes are sedimentation, precipitation,
adsorption to and filtration through sediments, algal uptake, uptake by terrestrial plants and
heterotrophic growth.

Sedimentation

The transport of suspended solids depends on flow velocity. In zones with reduced flow velocity
sedimentation takes place. This may happen in the channels (e.g. para potamons) of riverine
wetlands or in flooded areas. Only particle-bound nutrients are affected. These nutrients may be
further transformed through mineralisation, remobilisation/solution, re-suspension, etc.

Precipitation

Phosphate may be precipitated mainly as strengit (FePO,), variscit (AIPO,), struvit (MgNH4PO,) or
apatit (CA10(PO4)s(OH),). In waters that are rich with lime apatit precipitation induced by
macrophytes may play an important role with respect to the phosphorus cycle.

Algal growth leads to an increase in CO, consumption. This leads to an imbalance of the calcium

carbonate —calcium bicarbonate equilibrium. The precipitation of calcite occurs, but calcium may be
precipitated as apatit (e.g. dihydroxyapatit Ca;o(PO4)s(OH),) if ortho-phosphate is available (Figure
3.4). The growth of 1g of algae biomass may induce a precipitation of up to 2.3g of phosphorus in

this manner. This significantly increases the phosphorus uptake by algae (Kreuzinger, 2000) 14

HCO, €5 OH + SOy
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Figure 3.4: Apatit precipitation (Kreuzinger, 2000)°

Iron or aluminium precipitation occurs when water infiltrates the soil and groundwater,
underground and into groundwater. Together with ferric or aluminium ions phosphate may be

14 Kreuzinger N. (2000) Wechselwirkung von physikalischen, chemischen und biotischen Prozessen in aquatischen Systemen,
Dissertation, Institut fur Wassergute und Abfallwirtschaft, Technische Universitat Wien
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precipitated. Aerobic conditions are necessary, as is the availability of ferric or aluminium ions,
which are prevalent in the soil and sediment subsurface. In general this process is only significant
when water infiltrates into the bed layer and or subsurface layers (groundwater).

Adsorption and filtration

Polyphosphates, organic phosphorus compounds and ammonia can be adsorbed at the surface of
sediments (e.g. as clay particles, extra cellular polymeric substances (EPS)). This has important
ramifications with respect to infiltration into groundwater. Suspended substances and particulate
organic matter (POM) containing nutrients may be retained by filtration when infiltration occurs
from wetlands channels into groundwater.

Algal uptake

For algae growth equivalent to 1g of dry substance biomass (DS) an average of about 8mg of P
and 60mg of N are taken from the dissolved fraction in the water. The phosphorus take up by
macrophytes might be much smaller (e.g. 2.3 mg P g’ DS; Humpesch ed., 1998)15. The nutrients
taken up by algae are stored as algal biomass. After dying off the nutrients are transported to the
sediments through sedimentation processes (see above). In addition to nutrient availability, other
important factors controlling this process include temperature and light. Thus the intensity of algal
biomass production is highly dependent upon seasonal changes and by suspended solid
concentrations which might limit the availability of light for algal growth. Nitrogen is released with
degradation of algal biomass. Phosphorus is either precipitated and adsorbed to sediments under
aerobic conditions, or is released under anaerobic conditions.

Plant uptake

If transported to the terrestrial part of a riverine wetland (e.g. through transport and
sedimentation during a flood, transport by groundwater, or direct uptake from surface waters),
nutrients can be taken up by terrestrial plants. The nutrient uptake from plants in forest
ecosystems has been estimated to be at around 100 to 150 kg N ha™* year! and 3 — 10 kg P ha™®
year!. Fertilised agricultural systems have uptake rates between 130 and 200 N ha* year? and
about 15— 20 P kg ha™* year™.

Plant residuals (e.g. leaves) and other organic matter undergo processes of degradation,
humidification, mineralization and release and are often temporarily stored in soils. However, the
direct input of falling leaves into water can be considerable. Again seasonal variation is important
because the uptake by plants takes place in the growing season and leaf deposition at the end of
the growing season.

In contrast to algae, terrestrial plants capture more stable particulate organic matter (POM) for
storage. In addition the presence of trees in wetlands areas may influence the storage of nutrients
in wetlands through the formation of debris dams and consequent changes in hydraulic and
hydrological conditions.

Heterotrophic growth

Recent studies have pointed to the importance of the hyporheic zone for nutrient cycling and
organic matter processing in small streams with constrained mixing zones. For example, the
hyporheic zone of a piedmont stream contributed about 40% of the total ecosystem respiration
(Battin et al. 2003)16. The degree to which the hyporheic zone affects stream ecosystem function
has been ascribed to physical variables, biogeochemical processing rates, temperature, nutrient
and oxygen supply, and the proportion of the total discharge flowing through the hyporheic zone.
For large rivers and riverine wetlands, the exchange with the hyporheic zone also increases

15 Humpesch U.H., ed. (1998) Neue Donau 1997— Die Prognose hélt; Zwei Jahre Teilstau Erfahrung; Gutachten im Auftrag der
Stadt Wien, MA45.

6 Battin TJ, Kaplan LA, Newbold JD, Hendricks SP. A mixing model analysis of stream solute dynamics and the contribution of a
hyporheic zone to ecosystem function. Freshw. Biol. 2003;48: 995-1014.
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nutrient retention. Of major importance for matter processing and nutrient uptake is the biofilm on
the riverbed and at the interface of the hyporheic zone. In addition, macrozoobenthos grazing on
biofilm can intensify the nutrient transformation. Biological degradation of coarse particulate
organic matter (C-POM) to fine particulate organic matter (F-POM) at the sediment surface will
increase nutrient transport to deeper areas of the hyporheic zone and increase the substrate supply
there.

Removal

Removal is the final elimination of nutrients from a river into a riverine wetland ecosystem in such
a way that no future removal from the wetland back to the river will occur. In this sense only de-
nitrification and harvest can be considered as removal. Storage of nutrients over long periods of
time (e.g. decades) may also be considered as removal, depending on the time horizons under
consideration in management plans.

Denitrification

Denitrification in general is the reduction of nitrate. Several processes are known. The most
important process in case of nitrogen removal in riverine wetlands is denitrification by
heterotrophic microorganisms. Where dissolved oxygen is absent, nitrate is reduced to gaseous
N,. Depending on conditions of de-nitrification N,O may also be produced. From stechiometric
considerations it can be seen that for the denitrification of 1g of NO3 to N about 1g total organic
carbon (TOC) is consumed by bacteria®’. The availability of organic carbon and temperature are
important factors with respect to the intensity of this transformation.

In riverine wetlands, the carbon source from denitrification may consist of organic substances
transported into the system from the river. More important is algae production in wetlands. Up to
60mg of N are taken in for the production of 1g algal biomass. This algal growth leads to an input
of about 330mg TOC into the water. Degraded under anaerobic conditions this may lead to a
denitrification of up to 330 mg NOs-N, which is significantly more than the nitrogen consumed for
algae growth. In addition to the availability of TOC, scarcity of oxygen is also a controlling factor in
this process. Even if soluble oxygen is measured in the water phase, denitrification might take
place in locations where the transport of oxygen is restricted. Bottom sediments are important in
this respect. Even if there is enough oxygen on the surface of the sediments, transport into deeper
zones of sediment is restricted. This is not the case for the transport of nitrate, and conditions for
denitrification are therefore better in deeper sediments.

In addition to heterotrophic denitrification, autotrophic denitrification may be of importance in
sediment and subsurface zones in the presence of pyrite in oxygen-depleted circumstances. For
each gram of NOs-N removed about 0.7g of pyrite is needed'®.

Harvest

Harvest is the removal of plants or their products from the riverine wetland ecosystem. This type
of removal occurs if plants are mowed, eaten by grazing animals or harvested for wood production
or consumption. The removal of nutrients by grassland harvest can be remove 30 — 50kg N ha?
year! and 7 — 9kg P ha™! year? for each cut. By comparison, average values from wood harvest in
forests are 5kg N ha! year! and 0.5kg P ha™! year®.

Long term storage

Sediments (in the form of suspended solids, plant/algae residuals and precipitates) and adsorbed
nutrients can be stored in wetlands systems over long periods of time. If this process is continuous
within the time horizon considered in management planning, this kind of storage effectively can be
considered removal. In this case the sediments are retained in the wetland through siltation

17 Nowak 0. und Svardal K. (1989) Nitrifikation und Denitrfikation, Wiener Mitteilungen Band 81, Wien, in german

18 Kunkel R., Wendland F. und Albert H. (1999) Zum Nitratabbau in grundwasserfuhrenden Gesteinsschichten des
Elbeeinzugsgebietes, Wasser & Boden, 51/9, 16-19, in german.
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and/or the nutrient concentrations in sediments increase. Siltation may eventually lead to the loss
of wetlands.

Release

Nutrients stored in wetlands are usually released over time. One of the principle means of release
is through erosion of the sediment/soil layer and subsequent transport downstream by surface
runoff and channel flow. This happens at flood conditions and during heavy rainfall. In addition,
re-suspension can take place, involving the release of bottom sediments in a riverine wetland
channel. Re-suspension increases with higher flow. Stored nutrients may also be transformed into
dissolved forms by mineralization, solution and desorption. Transport of dissolved forms from
riverine wetlands occurs either via surface waters or groundwater.

3.4. Nutrient dynamics within riverine wetlands

The major components of nutrient cycling in wetlands are given by Misch & Gosselink (Fig 3.5).
Hydrological exchange conditions control inputs and outputs. Biotic and abiotic factors within the
wetlands control the efficiency of nutrient transformation and storage.

It is worth noting that natural and constructed wetlands are quite different in terms of nutrient
dynamics and in the predictability of transformation (Turner, 1999)19. In general, natural systems
diffuse comparatively low nutrient concentrations over large areas while engineered systems are
designed and developed to accommodate high concentrations typical for sewage or agricultural
runoff over small treatment areas. These differences and other management considerations need
to be taken into account in analysing wetland systems and their efficiencies in terms of nutrient
retention. For the most important nutrients, N and P, the transformation processes involved, and
the abiotic and biotic conditions that govern those transformation processes, are quite different.

Plant uptake and microbial denitrification

The effective absorption of nitrate within riverine wetlands?? is dependent upon whether there are
conditions conducive to denitrification and the maintenance of stable habitat structure. Studies
have identified vegetation uptake and microbial denitrification as the primary mechanisms
responsible for N removal in these systems (Haycock et al. 1993)21. These two primary storage,

transformation and/or removal proce sses provide an effective buffer that protects aquatic habitats
from excessive nutrient uptake.

1% Turner RE. A comparative mass balance budget (C, N, P and suspended solids) for a natural swamp and overland flow
systems. In Nutrient cycling and retention in natural and constructed wetlands, edited by Vymazal J., 61-72. Leiden: Backhuys
Publishers, 1999

20 According to the definition is area of riverine wetlands along a narrow zone of the channel. Here the emphasis is on riverine
wetlands with connected (currently or formerly) palustrine and/or lacustrine systems in the whole catchment. In this sense
riverine wetlands included remnant and former floodplains.

21 Haycock, Pinay, Walker. Nitrogen retention in River Corridors: European Perspective. Ambio 1993;22(6), 340-346
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guelle Mitsch und Gosselink 1986, 5. 57.

Figure 3.5: Conceptual model of the hierarchical structure of processes

determining the ecosystem function of wetlands (Mitsch & Gosselink, 1986).

22 Mitsch WJ & Gosselink JG. Wetlands, Third edition. John Wiley & Sons, 2001
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The uptake of nutrients by vegetation within riverine wetlands is variable in space and time.
Vegetation uptake in riverine wetlands reaches a maximum during the summer — normally the
driest, lightest and warmest period of the year in temperature latitudes. Microbial denitrification in
riverine wetlands in this period may be at minimum (Pinay et al. 199423) because soil moisture
levels are low and soils are well-aerated. During autumn and winter, when soil moisture stimulates
anaerobic processes, denitrification is the principle process maintaining the buffering capacity of
riverine wetlands. Soil temperature is sufficient in many cases (>4°C) to sustain denitrification
(Bremner & Shaw 1958)24, especially deep in the soil profile (mean = 10°C).

Nutrient removal within riverine wetlands is limited when saturation of the soil may not last long
enough to provide the anaerobic environment necessary for denitrification process to influence

nitrate loads; and/or when organic carbon availability provided by root exudates and leaf litter is
not sufficient to sustain microbial respiration (and therefore denitrification) on a long-term basis.

Ultimately nutrient removal is limited by nutrient inputs, which are in turn related to the position of
the riverine wetland within the river basin. In small streams, nutrients may be delivered to riverine
wetlands by hydrological flows from adjacent upland areas. In large rivers, nutrients are delivered

to riverine wetlands primarily during flood events.

Phosphorus dynamics in riverine wetlands

Many riverine wetland ecosystems are less effective as P sinks than other ecosystem types
(Vymazal, 1999 8). Phosphorus in wetlands is mainly (=95%) stored in the soil and leaf litter
components of the subsurface layer so understanding the role of wetlands in P storage and/or
removal requires assessing the interaction between soil and water.

Microbial and vegetative uptake along with sorption and precipitation regulate long-term P
retention in wetlands. Mineral sediment deposition of particle-bound P leads to long-term storage
and is dependent on surface water input and nutrient inputs. Unlike N and C, neither the organic
nor the inorganic form of P can be lost in exchange with the atmosphere. Instead, an accumulation
of P is frequently found in wetlands soils. The tendency towards release or storage of P depends
on the overlying water column and associated biogeochemical processes (Reddy & D’Angelo,
1994)25. These processes include adsorption/desorption reactions, precipitation, mineralization of
organic P, and diffusion of P from the soil to the water and vice versa.

The P storage capacity of a riverine wetland is determined by the physical and chemical soil
characteristics and the amount of inorganic P entering the wetland. In natural wetlands, the
sorption potential of a predominantly mineral soil appears to be higher than that of an organic-rich
freshwater swamp soil (Masscheleyn et al., 1992)26. Where the sorption capacity of an organic-
rich freshwater soil is limited, a higher transformation rate from inorganic to organic P is found. At
low P loadings, wetlands have been found to release rather than to retain P. This emphasises the
buffering capacity of wetlands. A mass-loading model for North American wetlands used for
wastewater treatment identified a proportional relationship for P storage and loadings entering the
wetlands until a threshold loading mass is reached (Richardson et al., 1997)27. Higher loadings
resulted in an increase of released P concentrations, with an estimated threshold loading in the

23 Pinay, G et al. The role of denitrification in nitrogen removal in river corridors. Global Wetlands: Old World and New; WJ
Mitsch ed, Elsevier Science B.V. pp 107-116, 1994

24 Bremmer, J.M. and Shaw, K. 1958. Denitrification in soil. 1: Method of investigation. J. Agric. Sci. 51, 22-39.

25 Reddy, D'Angelo. Soil processes regulating water quality in wetlands. Global Wetlands: Old World and New; W.J.Mitsch eds.,
Elsevier ScienceB.V., pp 309-324, 1994.

26 Masscheleyn PH, Pardue JH, DeLaune RD, Jr. WHP. Phosphorus release and assimilatory capacity of two lower Mississippi
valley freshwater wetland soils. Water Resources Bulletin 1992;28: 763-773

27 Richardson CJ, Qian S, Craft CB, Qualls RG. Predictive models for phosphorus retention in wetlands. Wetlands Ecology and
Management 1997;4: 159-175.



UNDP/GEF Danube Regional Project

page 24

range of 1g m2 yr*. However natural wetlands may exhibit different threshold capacities for P
retention (Turner, 1999)28.

Soil conditions affect the mechanisms of P retention. For example, in acidic soils P retention is
controlled by aluminium and ferric phosphates if the activities of these cations are high. In alkaline
soils P fixation is governed by the availability of calcium and magnesium compounds. The
availability of P is highest in soils with slightly acidic to neutral pH and depends on the redox
potential (Reddy & D’Angelo, 1994)29. Decreasing the potential for redox conditions leads to a
decline in the P retention capacity of the soil surface.

In constructed wetlands, P storage can be estimated by hydrologic transport models in short-term
experiments (e.g. Ho & Notodarmojo, 1995)30. Removal capacities for P in constructed wetlands
are found to decrease with the age of the wetlands (Vymazal, 1999 8). One reason for this is the
decline in available adsorption sites in the soil during constant flow conditions. In experimental
settings of constructed wetlands, P removal was stimulated by pulsing the hydrologic loading and
during frequent changes of soil conditions (Busnardo et al., 1992)31. Phosphorus removal by
harvesting usually accounts for less than 10% of the total P removal in constructed wetlands
(Vymazal, 1999 8).

Nitrogen dynamics

Nitrogen transformation and removal in wetlands is mainly caused by denitrification (Brettar et al.,
2002; Haycock et al., 1993; Johnston et al., 1997)32. Other processes, including biological
uptake, sedimentation and adsorption, lead to storage effects and internal N cycling within the
wetlands (Hanson et al., 1994)33.

The process of denitrification requires zones of fluctuating oxygen and a supply of organic matter.
The process is controlled by groundwater and surface water exchange conditions (Dahm et al.,
1998; Pinay et al., 1994)34. Of special significance is the link between hydrological dynamics and
the biogeochemical processes which occur in the soil layers among varying saturated and
unsaturated zones. Denitrification can occur in the groundwater/surface water layer and in deeper
depths with groundwater discharge when there are high concentrations of o rganic matter (Hill et

al., 2000)35. This suggests that denitrification is frequently carbon-limited. Denitrification

28 Turner RE. A comparative mass balance budget (C, N, P and suspended solids) for a natural swamp and overland flow
systems. In Nutrient cycling and retention in natural and constructed wetlands, edited by Vymazal J., 61-72. Leiden: Backhuys
Publishers, 1999

29 Reddy, D'Angelo. Soil processes regulating water quality in wetlands. Global Wetlands: Old World and New; W.J.Mitsch eds.,
Elsevier Science B.V., pp 309-324, 1994.

0 Ho GE, Notodarmojo S. Phosphorus movement through soils and groundwater application of a time-dependent sorption
model. Wat. Sci. Tech. 1995;31: 83-90.

31 Busnardo MJ, Gersberg RM, Langis R, Sinicrope TL, Zedler JB. Nitrogen and phosphorus removal by wetland mesocosms
subjected to different hydroperiods. Ecological Engineering 1992;1: 287-307.

32 Brettar. I, Sanchez-Perez J-M, Trémolieres M. Nitrate elimination by denitrification in hardwood forest soils of the Upper
Rhine floodplain - correlation with redox potential and organic matter. Hydrobiologia 2002;469: 11-21.

Haycock, Pinay, Walker. Nitrogen retention in River Corridors: European Perspective. Ambio 1993;22(6), 340-346

Johnston CA, Schubauer-Berigan JP, Bridgham SD. The potential role of wetlands as buffer zones. In Buffer zones: Their
processes and potential in water protection, edited by Haycock N. E., T. P. Burt, K. W. T. Goulding and G. Pinay, 155-170.
Hertfordshire: Quest Environmental, 1997

33 Hanson GC, Groffman PM, Gold AJ. Denitrification in riparian wetlands receiving high and low groundwater nitrate inputs. J.
Environ. Qual. 1994;23: 917-922.

34 Dahm NC, Grimm NB, Marmonier P, Vallet HM, Vervier P. Nutrient dynamics at the interface between surface waters and
groundwaters. Freshw. Biol. 1998;40: 427-451.

Pinay et al. The role of denitrification in nitrogen removal in river corridors. Global Wetlands: Old World and New; W.J.Mitsch
eds., Elsevier Science B.V., pp 107-116, 1994.

35 Hill AR, Devito KJ, Campagnolo S, Sanmugadas K. Subsurface denitrification in a forest riparian zone: Interactions between
hydrology and supplies of nitrate and organic carbon. Biogeochemistry 2000;51: 193-223.
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efficiently removes nitrate only when there is a frequent supply of organic matter, as is often found
in riparian zones, floodplains and riverine wetlands.

Vegetation growth is of great significance in terms of N removal. Consequently, in constructed
wetlands, the establishment of suitable abiotic soil conditions and the creation of micro-zones
suitable for organic matter release has been shown to increase the capacity to remove N from the
system (Meshram et al., 1994; Reddy & D’Angelo, 1994)36. The N removal capacity of riverine
wetlands can reduce instream transport and buffer local N input from the surroundings and thereby
affect N cycling in rivers (Dahm et al., 1998)%3.

3.5. Conclusions

Riverine wetlands can substantially alter biogeochemical fluxes of river systems. In a restored
wetland along a small Danube tributary, the Wien stream in the upper DRB, a significant
contribution to the self-purification capacity of the stream itself was found (Hein, 2002)37. In
addition, riverine wetlands can limit or slow the input of non-point sources of nutrients into rivers
from urban and agricultural sources. But these ecosystem services are especially vulnerable to

disturbance from human impacts such as excessive pollution (Johnston et al., 1997)38.

Nutrient transport in running waters can be described by a spiral model symbolizing the interaction
between transport and storage along path of the downstream passage of nutrients (Newbold

1992)39. Riverine wetlands can decrease the flow rate of water, increase the area of soil and
vegetation in contact with the water and increase nutrient storage time. In doing so, riverine
wetlands shorten the nutrient spiral lengths (Ward, 1989)40. Where large wetland areas are
inundated in downstream reaches, nutrient storage can increase substantially.

The spatial and temporal hydrological dynamics, in combination with the hydrogeomorphological
setting of riverine wetlands, control nutrient transport and the ecosystem function of nutrient
transformation, storage and/or removal. Nutrients entering a riverine wetland may be
transformed, stored or transported within the time frame of hydrologic exchange.

Nutrient standing stocks are largely a function of plant biomass in riverine wetlands (Oorschot,
1996)41 and positively affect nutrient storage and removal capacity (Niswander et al., 1995)42. In
most riverine wetlands sedimentation (e.g. Cooke, 1994)43 and denitrification are the dominant
processes influencing, respectively, P and N cycling. These processes therefore determine

36 Meshram J, Juwarkar AS, Juwarkar A, Sankale LU. Nitrogen and phosphate removal using wetland. Jr. Ind. Poll. 1994;10:
17-20.

Reddy, D'Angelo. Soil processes regulating water quality in wetlands. Global Wetlands: Old World and New; W.J.Mitsch eds.,
Elsevier Science B.V., pp 309-324, 1994

37 Hein T. Restrukturierung der Retentionsbecken: Bedeutung fur den Nahrstoffhaushalt und die Selbstreinigungskapazitat des
Wienflusses - Restructuring the retention basins: their importance for the nutrient balance and the self-purifying capacity of the
Wien River (in german with English translation). Perspektiven 2002;1/2, 18-25.

38 Johnston CA, Schubauer-Berigan JP, Bridgham SD. The potential role of wetlands as buffer zones. In Buffer zones: Their
processes and potential in water protection, edited by Haycock N. E., T. P. Burt, K. W. T. Goulding and G. Pinay, 155-170.
Hertfordshire: Quest Environmental, 1997.

39 Newbold JD. Cycles and spirals of nutrients. In The Rivers Handbook, 379-399, 1992.

40 Ward, JV. Riverine-wetland interactions. Freshwater wetlands and wildlife. R. R. Sharitz and J. W. Gibbons. Tennessee,
USDOE Office of Scientific and technical information: 385-400, 1989

41 oorschot. Effects of the vegetation on Carbon, Nitrogen and phosphorus Dynamics in English and French Riverine
Grasslands. PhD Thesis, University of Utrecht, Faculty of Biology, 1996.

42 Niswander SF, Mitsch WJ. Functional analysis of a two-year-old created in-stream wetland: Hydrology, phosphorus retention
and vegetation survival and growth. Wetlands 1995;15: 212-225.

43 Cooke JG. Nutrient transformations in a natural wetland receiving sewage effluent and the implications for waste treatment.
Wat. Sci. Tech. 1994;29: 209-217.
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whether a specific riverine wetland area functions as a nutrient sink or a source under given
circumstances.

Increasing the overall storage and removal capacity of riverine wetlands requires the establishment
or restoration of a broad range of habitats - such as inshore structures, riparian zones and side-
arms - so as to ensure that hydrological exchange, nutrient transformation and storage continues
throughout the year. (Brunet et al., 199444; Hein et al., 2003Y). In downstream reaches,
inundation areas control the retention capacities for phosphorus during high flows. To predict the
overall nutrient storage and removal capacities of riverine wetlands, local environmental
parameters must be considered and peak times for biogeochemical activity identified.

44 Brunet RC, Pinay G, Gazelle F, Roques L. Role of the floodplain and riparian zone in suspended mater and nitrogen retention
in the Adour River, south-west France. Regulated Rivers: Research & Management 1994;9: 55-63.
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4. A SUMMARY OF THE NUTRIENT BALANCE IN THE DANUBE
RIVER BASIN AND THE POTENTIAL ROLE OF RIVERINE
WETLANDS IN REMOVING NUTRIENTS FROM THE DANUBE
RIVER

4.1. Nutrient emissions to the Danube River

Total emissions of nitrogen and phosphorous in the Danube River Basin (DRB) have been estimated
as follows:

> 1988/89: 1000 - 1300 kt N a* and 130 - 180 kt P a™

> 1992: 850 - 1150kt Natand 110 — 150 ktP a*

> 1996/97: 750 — 1050 kt N a* and 90 — 130 kt P a™*.

Emissions by source sector and pathway

Tables 4.1 and 4.2 show the main source sectors and pathways for nitrogen and phosphorus within
the Danube Basin. The tables show the importance in the DRB of the nutrient input from agri-
cultural sector. Almost half of all nutrient loads (N and P) originate from agriculture (note that, in
addition to direct emissions from agriculture to ground- and surface waters, NH; emissions from
agriculture to the air are also significant). By comparison, private households contribute 21 % of N
and 29 % of P; and industry contributes 13% of N and 18 % of P.

Table 4.1: Sources and pathways of N in the Danube River Basin in 1996
(Zessner, van Gils, 2002)*

Pathways Sources (by %)

Agriculture Households Industry Others Total

Erosion/runoff 18 0 0 5 23
Direct discharges 5 4 6 0 15
Groundwater 23 5 0 14 42
Sewage treatment plant 1 12 7 0 20
Total 47 21 13 19 100

The most important pathways for N are groundwater (42 %) and direct discharges to the river.
Erosion/runoff and sewage treatment plant effluents contribute more or less equal shares of N.
With respect to P, the most important pathways are erosion/runoff (36 % mainly from agricultural
areas) and sewage treatment plant effluents (33 %).

45 Zessner, M. and van Gils, J., 2002: Nutrient fluxes from the Danbue Basin to the Black Sea, Water Science and Technology
Vol 46 No 8 pp 9-11
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Table 4.2: Sources and pathways of P in the Danube River Basin in 1996
(Zessner, van Gils, 2002)“°

Pathways [in %] Sources (by %)

Agriculture Households Industry Others Total

Erosion/runoff 32 0] (0] 4 36
Direct discharges 9 7 8 (0] 24
Groundwater 3 2 0] 2 7
Sewage treatment plant 3 20 10 0 33
Total 47 29 18 6 100

Point versus diffuse emissions

In the surface waters of most countries N stems primarily (=60 %) from non-point sources. For P,
about 40 % of the total load originates from such diffuse sources. Measures to reduce this load
would therefore need to focus on improving agricultural practices. However, even if the use of best
available agricultural techniques becomes widespread in the DRB, the existing long-term
phosphorus s tock will likely determine erosion/runoff of P for some time to come. Erosion/runoff of
P from this source today already contributes one third of the surface water load. Present and
future nutrient management should therefore continue to consider accumulated P in soils.

Emissions by country

Table 4.3 summarises estimated average emission values by country. Note that these estimates
are accurate to 20 %. The table shows that Romania, Hungary, Serbia and Montenegro, Germany
and Austria are the main contributors of the nutrient emissions in the Danube River Basin. This is
largely extent because these countries comprise the majorities of both land area and population in
the DRB.

A comparison of specific values (per inhabitant or per area) shows that countries with a highly
developed wastewater management infrastructure, such as Germany and Austria, emit relatively
low amounts of P. However, emissions of N from these countries are relatively high compared to
emissions from other countries. This result e mphasises the importance of nitrogen losses from
agricultural production.

It can be seen from the data that the decreasing tendency in emissions between 1988 and 1992
(EU/AR/102A/91, 1997)*" was continued from 1992 to 1996 (Kroiss & Zessner, 1999)'%. The

reduction of manure discharges in Romania and Bulgaria after the closure of large animal farms at
the beginning of the 1990s is the main reason for this decrease. Further reductions resulted from

46 Zessner, M. and van Gils, J., 2002: Nutrient fluxes from the Danbue Basin to the Black Sea, Water Science and Technology
Vol 46 No 8 pp 9-11

47 EU/AR102A/91, 1997: Nutrient Balances for Danube Countries— Final Report, Institute for Water Quality and Waste
Management, Vienna University of Technology and D epartment of Water and Wastewater Engineering, Budapest University of
Technology in the framework of the Danube Applied Research Programme.

48 Kroiss, H., Zessner, M., 1999: Update of estimations of nitrogen and phosphorus emissions to surface waters in the Danube

Basin for the year 1996/97, TU-Vienna, Insitut for Water Quality and Waste Management, working paper in the framework of
the River Danube Pollution Reduction Programme on behalf of UNDP-GEF
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improvements in wastewater treatment in Germany and Austria. In addition, the intensity of
agricultural production was significantly reduced after the economic breakdown in many countries.
Combining improvements in economic situations while reducing nutrient emissions will be a
significant challenge for DRB countries.

Table 4.3: Major features of individual countries and nitrogen and
phosphorus emissions to surface waters in the Danube Basin

D A Cz SK H SL CR BH SM RO BG MD UA DRB!

Area in DRB (10°km™ 56 81 21 47 93 16 35 39 89 238 46 13 26 817

9]
Population in DRB 9 75 28 51 103 1.7 3.2 29 90 227 39 11 28 85
(millions)

Runoff to the Danube 29.5 44.8 25 3.9 8.8 6.3 13.0 17.8 23.0 356 75 15 8.6 203

(km*a™)

N (kt a™d)

19882 108 106 38 65 125 29 414 47 20 35 1234
19922 109 102 36 62 86 23 314 41 13 34 1025
19923 123 100 32 56 85 24 314 41 13 34 1028
1996/97 120 96 32 54 82 24 35 37 106 231 34 13 34 898
P(ktah)

19882 10.3 10.3 40 6.5 17.3 25 62.4 8.1 2.7 7.1 164
19922 87 87 39 6.0 16.6 2.4 46.1 7.3 23 57 135
19928 78 82 35 56 14.0 2.8 44.4 7.9 23 57 128
1996/973 7.1 6.8 35 56 13.2 28 4.2 52 17.8 27.7 6.1 2.2 5.7 108

1 For the years 1988 and 1992 the sum of the country results (without CR, BH and SM) was
multiplied with 1,25 to come to an estimate for the total Danube River Basin (DRB)

2 From ARP Project EU/AR/102A/91, ,Nutrient Balances for Danube Countries* (1997)49

3 (Kroiss, Zessner, 1999)50; New estimate for 1992 and 1996 based on additional information

from data collection in the framework of RDPRP, EMIS/EG inventory and UBA-Berlin (1999)51

49 EU/AR102A/91, 1997: Nutrient Balances for Danube Countries — Final Report, Institute for Water Quality and Waste
Management, Vienna University of Technology and Department of Water and Wastewater Engineering, Budapest University of
Technology in the framework of the Danube Applied Research Programme.

50 Kroiss,H., Zessner, M., 1999: Update of estimations of nitrogen and phosphorus emissions to surface waters in the Danube
Basin for the year 1996/97, TU-Vienna, Insitut for Water Quality and Waste Management, working paper in the framework of
the River Danube Pollution Reduction Programme on behalf of UNDP-GEF

51 UBA-Berlin, 1999: N&hrstoffbilanzierung der FluRgebiete Deutschlands, Umweltbundesamt, Forschungsbericht 296 25 515,
UBA-FB 99-087.
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4.2. Nutrient removal by the Danube River

Figure 4.1 compares estimated emissions to the DRB river system over ten years with
measurements of the nutrient load in the Danube before it e nters the Black Sea. The Reni
sampling station is situated on the Danube just before the Danube Delta. The sampling station at
Sulina is located in one of the three main channels within the Delta, 5 km upstream in distance
from the discharge to the Black Sea. Measured nutrient concentrations were multiplied with the
flow at Reni to estimate annual load.

= measured loads at Reni, TN (van Gils, )
— measured loads at Sulina, inorg.N (DPRP, )
~~—— =—de= cmission estimates
—
_ | | | | | | | | |
T T T T T T T
@ measured loads at Reni, TP (van Gils, )

i I measured loads at Sulina, PO -P (DPRP, )
\ == cmission estimates

Tl oerben

Figure 4.1: Emissions estimates for the DRB and load measurements in the Danube for N and P
(van Gils, 1999°%; DPRP, 1999)°3

52 van Gils. J,. 1999: Danube Water Quality Model simulations in support to the Trans-boundary Analysis and the Pollution
Reduction Programme, Danube PCU UNDP/GEF Assistance, prepared by Jos van Gils, Delft Hydraulics, Delft , The Netherlands.
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Notwithstanding uncertainties about the emission estimates and instream load measurements,
Figure 4.1 indicates that there is a clear difference between emissions into the DRB river system
and transported loads to the Black Sea. It is clear that, between emission to the Danube and entry
of the Danube into the Black Sea, large amounts of both N and P are being retained and/or
removed. For the whole Danube Basin about 50% of all N emitted to the river system is retained
or removed in the river system (about 400 — 500 kt N a'!). The percentage of P retention is even
higher (up to 80 %, or 90 kt P a ). Note though that the instream load measurements for P may
have underestimated the actual loads.

Behrendt (200054) showed a correlation between the retention of a region, expressed as relation
between instream loads and emissions, and the area-specific runoff (I st km2) or the hydraulic
load (m a’). Stated simply this means that river basins with smaller (area specific) runoff and a
higher water surface area exhibit greater retention/removal of nutrients. For P the correlation of
retention (TP-transport/TP-emissions) is better with respect to the specific runoff (Figure 4.2). For
N the correlation of the retention (DIN-transport/TN-emission) it is better with respect to the
hydraulic load (Figure 4.3).

1,25 : —

0,75

= ra{ention model
® . Coritral Eurcpean rivars (1}
O other authors (2,3,4,6,6.6,10,12)
® Austiian rivers (5)
©- Scandinavian rivers (7}
W rivers Mecklehburg-Vorpommenm (11)
O Odra end tributaries (13)
X Swiss rdvers (14,15)
- 4 90% prediction limits

1

TP-transport / TP-emission

Lo L TR AR N O W |

specific runoff [/(km*s)]

Figure 4.2: The relationship between P-retention (TP-transport/TP-emission)
and specific runoff of catchment areas (Behrendt, 2000)

53 DPRP, 1999: Danube Pollution Reduction Programme: Causes and effects of eutrophication in the Black Sea , Summary
report, Programme Coordination Unit, UNDP/GEF Assistance prepared by Joint Ad-hoc Technical Working Group ICPDR-ICPBS

54 Behrendt, H., Huber, P., Kornmilch, M., Opitz, D., Schmoll, O., Scholz, G. and Uebe, R., 2000: Nutrient Emissions into River
Basins of Germany, Umwelt Bundesamt Texte 23/00, ISSN 0722-186.
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Figure 4.3: The relationship between N-retention (DIN-transport/TN-emission) and hydraulic load
of catchment areas (Behrendt, 2000)

According to Behrendt’s results, retention happens mainly in the smaller tributaries and not in the
main river channel. However, the Danube Water Quality Model (DWQM; van Gils, 1999)55 has
suggested that nutrient retention within the Danube itself is in the order of magnitude of 80 kt N a”

land 15 kt P a™t. For P the main part of the retention in the Danube is assumed to occur in the
Irongate dam (about 12 kt P a™1).

4.3. The potential role of riverine wetlands in removing nutrients
from the Danube river: lessons from the Danube Pollution
Reduction Programme

The Danube Pollution Reduction Programme (DPRP) the DWQM was used to simulate the effect of
17 wetland restoration projects on nutrient loads in the Danube River. The results were compared
to the total transported nutrient load and the effect of the implementation of the DPRP on point
source emissions. Figures 4.4 and 4.5 illustrate the results of this exercise.

55 van Gils, 1999: Danube Water Quality Model simulations in support to the Trans-boundary Analysis and the Pollution

Reduction Programme, Danube PCU UNDP/GEF Assistance, prepared by Jos van Gils, Delft Hydraulics, Delft , The Netherlands.
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Figure 4.4: DWQM simulation results for potential N-load reduction in restored wetlands along the
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Figure 4.5: DWQM simulation results for potential P-load reduction in restored wetlands
along the Danube River from its source to the Delta (van Gils, 1999)

Based on a total load of 566 kt N a™ and 48 kt P a™! transported in the Danube River, a reduction
of about 52 kt N a™* and 11 kt P a’! might be reached by implementation of emission reduction
from point sources considered in the DPRP. Reductions of 28 kt N a* and 2.5 kt P a™* might be
reached by implementing the wetland restoration projects. Thus, apart from the other socio-
economic and biodiversity benefits that might be derived from a programme of wetland restoration,
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there could be a significant contribution to the reduction of pollution in the Danube. More recent
results from the DANUBSs project are not available yet but could be used in Phase 2 of Output 4.3.

Table 4.4 summarises the recent estimates that have been suggested for the potential role of
riverine wetlands with respect to nutrient load reductions.

Table 4.4: Comparison of order of nutrient loads and retention in the DRB (kt a™%)

N (kta™) P (kta™l)
Emission loads 1996/97 900 110
Instream loads before the Danube Delta 1996/97 450 25
Retention in the whole river system 450 85
Retention in the Danube and its main tributaries (DWQM) 80 15 (3%)
Load reduction from 17 wetland restoration projects
(DWQM) 28 2.5

* without Irongate dam
A case study of a Danube riverine wetland: Regelsbrunn, Austria

Between Vienna and Bratislava lies perhaps the last more or less intact floodplain section along a
free-flowing stretch of the upper Danube. Along this stretch there still are near-natural
hydrological exchange conditions between the main channel and the adjacent floodplains. Because
of this potential for natural hydrological exchange, the floodplain segment at Regelsbrunn, located
25km downstream of Vienna, was the site of a major floodplain restoration project (Schiemer et al.
1999)56. The main aim of the project was to restore the surface connectivity between the main
channel and the side-arm system at medium flows to approximately pre -regulatation levels.

Investigations before and after restoration estimated the impact on the nutrient and matter cycling

of the riverine landscape (Tockner et al. 1999, Hein et al. 200357). The floodplain segment of
Regelsbrunn is 520 ha and is a discrete entity, clearly delineated by high terraces to the south and
west. Therefore it offered the opportunity to calculate input-output fluxes (Tockner et al. 19991).

Before restoration the Regelsbrunn floodplain (or side-arm system) was connected with the main
channel only through groundwater and bank filtration. Hydrological exchange with the main
channel occurred only during short high flow periods (transport phase approximately 4% of the
year). After the first restoration phases were completed in 1997, surface connectivity was
observed at mean water level. The proportion of total discharge from the main channel into the
side-arm now ranges from less than 0.5 % at low water (< 6 m®s™) up to 12 % (about 650 m® s™1)
at high water.

Before restoration efforts began, the potential for the Regelsbrunn floodplain to act as a sink or
source for matter was assessed for the period from September 1995 to November 1996 (Tockner
et al. 1999%). The floodplain hydrology during that period was characterized by several flood
events and long periods of low flow (mainly during winter). The mean flow level during the
observation period was slightly below that of the long-term mean flow and the mean discharge was
about 1,800 m?® s™!. It was found that Regelsbrunn served as a major sink for suspended solids
(250 mt ha* year?), particulate organic carbon (POC 2.9 mt ha™! year?) and nitrate (960 kg ha™*
year?) during this period, but was a source for dissolved organic carbon (240 kg ha! year?) and

56 Schiemer F, Baumgartner C, Tockner K. Restoration of floodplain rivers: The Danube restoration project. Reg. Rivers Res. &
Manag. 1999;15: 231-244

57 Hein T, Baranyi C, Herndl GJ, Wanek, Schiemer F. Allochthonous and autochonous particulate matter in floodplains of the
River Danube: Importance of hydrological connectivity. Freshwater Biology 2003; 48 (2), 220-232
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algal biomass (0.5 kg ha! year?). Based on the significant relationship (r?>=0.84, p<0.01, n=68)
between suspended solid concentrations and total phosphorus concentrations, an amount of 160 kg
ha! year!was estimated for the phosphorus retention in the floodplain.

As a result of restoration, the surface connection between the main channel and the side-arm
system at mean flow and bankfull flow increased and small-scale fluctuations in flow resulted in
more frequent fluctuations between dry and wet periods close to the aquatic parts of the floodplain.
Restoration efforts have not affected the inundation area during flooding but, based on the
assessment for the years 1997-99, the following tendencies are expected when this occurs:

> The Regelsbrunn floodplain should continue act as a sink for suspended solids because
the restoration measures will not significantly alter transport into the floodplain during
high flow years.

> Nitrate reduction in the main channel is expected to be of the same order of magnitude
with a tendency towards a slight decrease due to reduced retention time at lower flows.

> The long-term effects on the nitrate reduction of increased hydrogeomorphological
dynamics induced by restoration are uncertain and still need to be monitored.

> The export of aquatic biomass should increase significantly, mainly in the form of algal
biomass (particulate organic carbon - POC) and dissolved organic carbon (DOC). For
POC, Regelsbrunn should shift from being a sink to a source, mainly dominated by aquatic
material. The estimation for the post-restoration period indicates an increase of 100% of
algal biomass export.

> DOC, organic nitrogen and phosphorus export are all expected to increase during periods
of mean and high water flow levels.

> The transformation of inorganic, mainly dissolved nutrients to aquatic biomass will be
enhanced and export to the main channel will be intensified.

The example of Regelsbrunn points to the potential for nutrient retention within those riverine
wetlands that still maintain surface hydrological exchange with the main channel. For the section
of the upper Danube downstream of Vienna further projects are planned to restore the area to
near-pristine conditions. In terms of nutrient dynamics the following ecosystem functions have
already been re-initiated in this floodplain stretch of the Danube:

> The retention of nutrients during high flows;
> The removal of nitrogen through groundwater exchange;
> To some extent, the transformation of nutrients; and

> The provision of aquatic material to plant and animal communities within the main
channel downstream.
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5. PILOT RIVERINE WETLAND SITES FOR MONITORING AND
ASSESSING NUTRIENT REMOVAL

5.1. Selecting pilot sites

In order to develop further information on the role of wetlands in nutrient removal it was intended
that, during Phase 1 of Output 4.3, two pilot riverine wetland sites would be chosen at which
monitoring and assessment activities could be undertaken in more detail during Phase 2. The pilot
sites would ideally together constitute a relatively representative sample of the Danube River Basin
(DRB) in terms of restoration issues, river reach, habitat type, and level of infrastructure.

Decisions about the pilot wetland sites were made using two levels of criteria. A pre-selection
process, based on nine key questions, determined a small group of potential wetland sites.
Thereafter, additional analyses of shortlisted pilot sites was undertaken. Finally, once two wetland
sites had been determined, members of the Output 4.3 team visited the sites in question to discuss
possible future activities with local experts.

Pre-selection criteria

Possible project sites were only shortlisted if the answers to all the following questions are positive:

> |s sufficient baseline information on geomorphology, wetland habitat types, quantity and
quality of surface and groundwater water, biomass production (in particular habitat types)
available?

> Logistic support and the capacity to implement a monitoring scheme are necessary. Are
there active, credible stakeholders working on restoration issues in the area?

> |s the area somehow typical in the DRB?

> Is there no significant point-source pollution (e.g. large municipal area without waste
water treatment or industrial waste products) within the selected river reach?

> No adjustable weirs or pipes should be used to establish the hydrological exchange
between the main channel and the adjacent wetlands. Are the exchange conditions near
natural between the main channel and the wetland?

> The main source of water (groundwater, surface water) and the temporal variability
(frequency and duration) of the exchange need to be estimated. Is the hydrologic
exchange regime known?

> Is the size of the area large enough and the proportion of discharge draining the restored
wetland significant enough (as a guideline, >1% of mean main channel discharge, >10 %
of peak main channel discharge?)

> Will the selection of the area somehow contribute to the body of knowledge on land use
practices or interact with any other part of the UNDP/GEF project?

> Can the implementation of a monitoring on nutrient reduction strengthen future plans for
wetland restoration with support not only from local stakeholders but also from
local/regional/national governmental agencies and authorities?

Following use of these criteria to evaluate potential sites for further monitoring and assessment it
became clear that only a few locations fulfilled the criteria.

Additional analyses

During the pre -selection process a number of key questions emerged that needed to be resolved to
both select the final pilot sites and design the follow-up monitoring and assessment programme for
Phase 2. Of particular importance were the relative benefits and problems of monitoring wetland

restoration projects against near natural wetlands. Although the original assumption was that pilot
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sites should be existing or planned wetland restoration sites, information on the role of wetlands in
nutrient retention and removal might be best addressed through monitoring and assessment of
near natural wetlands. It was therefore proposed to choose an area(s) that were large enough to
combine all three types of projects.

Three additional criteria were also developed to help select the final pilot sites:

The monitoring and assessment programme should focus on long-term assessment and
building of an information base that expands the knowledge and understanding of wetland
capacity to influence instream nutrient loads.

The monitoring and assessment programme should focus on development of a programme
of assessment and not use the resources of Phase 2 for purchase of expensive monitoring
equipment. For this reason it was important for us to chose pilot sites which have or will
have an existing monitoring programme where the resources of the DRP would enhance
the assessment capacity. In some instances this could mean additional monitoring but in
general the focus should be on designing an assessment system based on already collected
data where an existing institution will have long term capacity for data collection.

It was not intended that the monitoring and assessment programme should provide results
in three years. Rather a system should be put in place to provide information and a
structure for information collection and interpretation and analysis over a longer period of
time.

Based upon this consideration a more detailed analysis was undertaken of a monitoring and
assessment project that involves a larger stretch of the Lower Danube (between Romania and
Bulgaria). This more detailed analysis led to the decision to focus on two specific sites where
wetland restoration projects are in planning (World Bank/GEF projects in both countries) and some
intact wetlands exist. Those sites were Kalimok Island in Bulgaria and Calarasi-Raul in Romania.

Results from site visits

Representatives from the Output 4.3 team traveled to Romania and Bulgaria to see the proposed
sites and discuss opportunities for monitoring and assessment programmes with local experts.
Reports from these visits are in Annex 6.

After the visit to Calarasi-Raul, it was clear that the site was not suitable for a monitoring and
assessment programme. The hydrological exchange with the main channel was very limited (less
than two months annual exchange period) and the existing wetland habitats were degraded with
the majority of land taken by intensive agriculture and drylands. In addition, feedback from Dr
Liviu Popescu suggested that there might be general problems of data reliability for overall
instream phosphorous and nitrogen monitoring in the Danube Trans National Monitoring Network
(TNMN), which would make the evaluation of wetland effect on stream segments based on the
TNMN data difficult.® However, there was considerable capacity among local experts — including
the Danube Delta Institute and the local Environmental Protection Inspectorate — and there was a
possibility that wetland restoration activities could begin in the near future. If this proves to be the
case, the site could yet remain an option for a monitoring and assessment programme.

The wetland restoration project at Kalimok Island offered the possibility to instigate a monitoring
and assessment programme in Phase 2. Although in its present condition the area offered only
limited opportunities for nutrient removal, restoration works scheduled to finish in 2005 would
enhance the possibilities. There were some obstacles that would need to be overcome, including
the lack of baseline data and the need to ensure quality standards in monitoring laboratories.

58 Liviu Popescu, personal comments during field mission.
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5.2. Conclusions

The site selection process has identified a number of difficulties in establishing a monitoring and
assessment process for Phase 2. In particular the site visit to Romania and Bulgaria came to the
conclusion that a monitoring and assessment programme in connection with the Calarasi project
would be much more difficult than anticipated. An assessment in connection with the Bulgarian
wetland restoration project on the other hand appeared both sensible and complimentary to
existing plans. This situation means that only one of the two priority pilot projects have been
developed in the manner foreseen.

The reasons for the difficulties in carrying out a pilot project in Romania are described in the
mission report (Annex 6) but relate specifically to the uncertainties of the restoration project and
the limited amount of water that would be entering the restored habitat.

Alternative locations for pilot sites have been considered but have not been evaluated in detail in
Phase 1. These include:

> The lower Danube in Hungary (Danube Drava National Park) and the bordering region of
Croatia (Kopacki Rit) where both existing high quality wetlands are present and
restoration plans are in preparation.

> The Sava River (at the mouth of the Drina River) between Bosnia and Serbia
> The Morava in Slovakia/Austria/Czech Republic
> The Danube between Vienna and Bratislava.

In addition the considerable work going on in the Danube Delta on wetland restoration would offer
a basis for pilot activities but this option suffers from the fact that the Delta is not representative of
the Danube system.

It is recommended that discussions with experts from these sites be held early in Phase 2 to
identify a second pilot site from among those listed. In addition, it will probably be necessary for
representatives of the Output 4.3 team to visit one or two of the sites before a final decision can be
made on which is best suite d to the establishment of a monitoring and assessment programme.

A workshop should be held early in Phase 2, and before investment is made in any pilot site, to
refine the work programme for Phase 2 and determine an optimal monitoring and assessment plan.
The key experts from each of the potential sit