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1 Introduction

1.1 The purpose of this deliverable

Based on the overall objectives of WP4 and Tasks 1-5 within the WP, this deliverable (D4.2)
summarises the outcomes of both field investigations and theoretical studies of wetlands coupled
with different agricultural applications related to sediments, nutrients and pollutants and their
impacts, both positive and negative.

In particular, this report presents the following:
(i) field study results from the two case study sites.
(i) assigned activities for each partner.

(iii) knowledge base of the wetland-water-nutrients-sediment complex with analysis, evaluation and

review.
This deliverable is structured as follows:

e Section 1: Purpose of the report and an overview of its objectives.
e Section 2: Realised activities from partners for D4.2.
e Section 3: Other WATERAGRI project-related work.

1.2 Objectives

With the widespread and large-scale application of constructed wetland technology, there is a strong
need to further investigate the benefits and risks of direct coupling of wetland system to agricultural
production activity regarding sediments, nutrients, pollutants and the water flux in both directions. A
knowledge base of the wetland-water-nutrients-sediment complex with analysis, evaluation and
critical review will provide answers to not only technical problems but also societal aspects (such as
public acceptance level and participatory issues) as well as legal and policy level insights.

WATERAGRI D4.2 will achieve the following objectives:

A. Summary of field experiments and data analysis within WP4 and related WPs. This is to support
the following point B as well.

B. Aknowledge base of wetland-water-nutrients-sediment interactions in the form of a state-of-the-
art report and a scientific literature review.

C. Otherrelated measurements and activities.

2 Activities within the framework of D4.2

2.1. Brief introduction of Dewaterability Estimation Test device DET

Together with WP4's main activities, one of the tasks is the functional test of the Dewaterability
Estimation Test device (DET) apparatus (within D3.3 and D4.2). The DET device consists of the DET
software and the DET equipment (Figure 1). The DET equipment is currently available as a stainless-
steel prototype for high accuracy and durability with main elements of slot funnel, light-emitting
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diode, camera, temperature and humidity sensors, light diffuser, laptop to laptop host the device
software, cooling thermal paste and fan. This test aims to estimate the dewaterability of sludges, a
sludge being a mixture of water and solids (speaking in simplified terms). In the WATERAGRI project,
the DET apparatus measures how well a sludge can be dewatered. And this information can then be
used to inform management decisions regarding the selection of dewatering technology. The testing
and evaluation analyses have been described in report D3.3.

Figure 1. Dewaterability Estimation Test in the WATERAGRI Project.
https://www.youtube.com/watch?v=h2TxSo3v6D0&t=31s&ab_channel=-WATERAGRIProject

2.2. Continued field data collection and analysis from, Farm
constructed wetlands for nutrient recovery (C1)

As part of the Roadshow Concept, described in Task 8.2, Open Days are envisioned as events designed
to demonstrate to a farmer community all the benefits of implementing individual and combined
WATERAGRI solutions by showcasing them to the farmers first-hand at our test site locations. The first
presentation of a test site location was given online during the 1st WATERAGRI Consultation
Workshop on 5th October 2020. Gustaf Ramel (the owner of Gardstanga Nygard company) was
responsible for demonstrating the construction of dikes, wetlands, and reservoirs at Gardstanga
Nygard (Sweden).
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As one of the farmer partners of WATERAGRI, Gardstanga Nygard (GN) is a limited company operating
agricultural activity on 200 ha of organic and 800 ha of conventional farmland. It is located in the
municipality of Eslov, northeast of Lund, Sweden, and is vulnerable to droughts. The C1 Farm
constructed wetlands for nutrient recovery have been set up with a field plot for experiments. The
experimental field includes key dikes, wetlands and reservoir interventions, with semi-automatic
water level control in the reservoir. The detailed experimental setup and the location of plots for
sampling are shown in Figure 2. The field comprises 64 parcels (each is 12 m x 12 m). In the
experiment, three variables were tested (four replicates each): irrigation with water that passed
through the wetland, water retainer product and phosphorus. There are 16x4 parcels and 4 controls.
The harvest in 2021 was spring barley, and in 2022 it was winter wheat. The quantity and quality of
harvests were analysed by an external organisation via GN.

I GN constructed wetland
Water Sampling Points
+ Water Level Logger
Weather Station
P Pumping Station
== Rjver reach

Figure 2. Gardstdanga Nygdrd scheme. Small experimental field with 64 parcels, next to the new Farm Constructed Wetland.
North and west of the wetland is the Rdabdck river which feeds the wetland. (The markers: USR, Inlet, 1-6, Outlet, P, and
DSR are locations for water sampling points).

Besides the soil sampling for nutrients and pollutants analysis, a monthly water quality sampling
program has also been carried out (The water sampling points are marked in Figure 2). Three
categories of element samples were collected and analysed during the period of 2021-06-11 and 2022-
11-30, with 15 samplings in total. The three categories are Physical (pH, Redox, DO, TSS, Salinity, EC,
Resistivity, TDS, Turbidity); Mineral (Al, As, Cu, Ni, Pb, Zn, Co, Cr, B, Cd, Ca, Fe, Mg, Mn, Na) and Organic
matter and nutrients (TOC, DOC, TP, TN, NH4-N, NO3-N, K, BOD, COD).

The results of the first step analysis of these elements are discussed and presented in WATERAGRI
D4.1 and D5.3, except for variations of TSS and TDS, which are discussed here in this paragraph.
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Figure 3. Variation of TSS and TDS (Total Dissolved Solids) at different locations (from upstream point to
downstream point) during the sampling period.

The temporal variation of TSS and TDS (Total Dissolved Solids) at different locations during the
sampling period shows the largest interval in terms of amplitude. The TSS have a clear decreasing
trend during the sampling period, with a few (seasonal) fluctuations, whereas TDS's decreasing trend
and the variations are not as large as TSS for the same period. On the other hand, the decreasing
spatial trend from upstream to downstream is clearer for TDS, as shown in Figure 3. This means that
TSS is more sensitive to seasonal flow fluctuations and that the newly constructed small-scale wetland
at GN has already demonstrated a good function in reducing the TDS content along the flow direction
downwards.
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2.3. Literature review

2.3.1 Selected Swedish case reports

Since the C1 experiment is carried out in Sweden, a knowledge base of the wetland-water-nutrients-
sediment complex in a summary report based on Swedish conditions is highly relevant. A literature
search found that the national organisation Svenskt Vatten (Svenskt Vatten is owned collectively by
all Swedish municipalities) has a comprehensive collection of information in the form of statistics and
reports for the Swedish water sector. Two recently published reports, “Sludge spreading on arable
land - the importance of humus content” (Svenskt-Vatten, 2021), and “Recycling of nutrients from
sewage” (Svenskt-Vatten, 2022), see Figure 4, gave in-depth analyses of current practices and
conditions in nutrients use and re-use.

Figure 4. Two recent Swedish publications on nutrient recovery and re-use.

In the English summary of Report Nr 2021-9 (Svenskt-Vatten, 2021), it is stated that the most
important buffering factor for tackling extreme weather conditions is the soil’s organic matter, and an
easy way to promote this is the supply of root sludge to the arable land. The original hypothesis was
to test the function of this idea, analysing the long time series with harvest data from the two field
trials with sludge dispersal on arable land in southwestern Skane that have been going on since 1981,
together with meteorological data on precipitation, where the evapotranspiration was calculated
from data obtained through estimates for the region. However, the report did not make it clear
whether the above hypothesis was confirmed or not.

This field experiment-based study also considered the effects of future climate change. The
conclusions and results are based on the three pre-defined hypotheses:

= The positive moulding effect of sludge is especially important in dry growing seasons.
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= Harvests are less consistent due to moulding, both within the field and between years.

= Significant carbon sequestration occurs, which means that the amount of greenhouse gases
in the atmosphere is reduced.

After the implementation of the study, the report found the following three main conclusions:

1. The hydrological (water balance) models that have been used do not provide unequivocal
results in understanding whether increased soil content through sludge application can favour
plants during dry periods. However, there were tendencies for increased yields with higher
water availability in the sludge-treated lines for spring-sown crops in Igeldsa (A village some
kilometres from the WATERAGRI case study site).

2. The application of digested sludge gives an increased variation in yield, both between years
and within fields. This variation is eliminated by fertilisation with N-P-K.

3. Digested sludge provides significant carbon storage. Down to a depth of 40 cm, an average of
35 % of the sludge has been stored as carbon in the soil at Igel6sa, while the corresponding
figure is lower for Petersborg (outside of Lund), 18%, which can be explained by the difference
in clay content (26 and 14% respectively).

In the second report Nr 2022-6 (Svenskt-Vatten, 2022), A detailed description was given of new
technologies for nitrogen recovery from wastewater together with a comparison of the nitrogen
recovery methods with other ways of producing nitrogen fertiliser in terms of climate impact and
costs. The report also includes a brief review of potassium and sulphur recovery opportunities and a
status update on phosphorus recovery methods.

In this literature review-based study, both Swedish and international publications were included. The
report warned that there is a risk that even the minor nitrogen recycling of sludge in Sweden today
will be stopped if sludge use on arable land is to be banned at the same time as the requirement for
phosphorus recycling is introduced. The most interesting phosphorus recovery methods involve
sludge incineration and recovery from ashes, which means that the nitrogen content is lost during the
incineration. Some alternative methods for phosphorus and nitrogen were also discussed. For
instance, several technologies for nitrogen recovery from rejected water are available at full scale. The
technology that has been implemented to the greatest extent is ammonia stripping. The technology
is particularly interesting if recovery at a wastewater treatment plant can be combined with large-
scale production of nitrogen fertiliser from other sources, such as at the VEAS in Oslo, or if a solid
nitrogen product can be produced, such as with the so-called Eco:N technology that is currently being
trialled. Contact membranes are another technology available on a full scale in Germany and being
evaluated on a pilot scale at Recolab in Helsingborg. The technology provides similar consumption of
chemicals and energy as ammonia stripping.

It is summarised that ammonia stripping and contact membranes are the techniques for nitrogen
recovery from rejected water that is applied on full scale and have a similar and relatively high
consumption of chemicals and energy. Other methods have been tested for wastewater streams like
reject water, including thermal strip-ping of ammonia with further chemical reaction with gypsum or
distillation to ammonia water. Evaporation and distillation are also developed techniques that can
potentially recover nitrogen.
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2.3.2 Literature review

There are lots of examples of constructed wetland (CW) applications worldwide in wastewater
treatment and reuse (Dell'Osbel et al.,, 2020), pollutant removal (Ebrahimi et al., 2021), nature
conservation (Everard et al., 2012) as well as multi-purpose ecological and environmental restoration
(Shingare et al., 2019, Gupta et al., 2021, Nan et al., 2020). There are also emerging and tangible
technologies and applications developed

in parallel, such as nature-based solutions y
(Abrahams et al.,, 2017), stormwater Wetland
. coupled
control (e.g., low-impact development) as .
agriculture

described by (Alihan et al.,, 2018) and
blue-green infrastructure concept for a

Wetland

sustainable society (Bell et al., 2019, y Water

Gulbaz and Kazezyilmaz-Alhan, 2017, Nutrients

Hager et al., 2019, Zhang and Chui, 2019). ' Sedimnt

However, there is a strong need to further Cnstructed

assess the benefits and risks of direct wetland Nature-based
coupling of wetland systems to technology solution

agricultural production activity regarding

sediments, nutrients, pollutants and the
water flux in both directions. In this Figure 5. Inter-relation of wetlands coupled to agriculture activities.

- L“ . &'
iy A
Treated wastewater reuse °

Figure 6. Chord-diagram illustrating inter-dependences of search keywords.
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review study, the authors particularly focus on the inter-relationship of nature-based solutions,
constructed wetlands and agriculture concerning the wetland-water-nutrients-sediment nexus. This
simplified inter-relation is illustrated in Figure 5.

A scientific literature review article: for the international perspective, a scientific literature review has
been carried out based on the most relevant international publications of the last 20 years. The title
of the resulting review article will be “Risk Assessment for Wetland Sediment Applications on
Agricultural Land: A Critical Review”.

Compared to Figure 5 showing the nexus relationship, the inter-relationships of the associated
keywords are more complex, showing multiple connections and interactions. A graphical relation map
as a chord diagram is shown in Figure 6 where the “legislation barrier”, for instance, is impacting all
other aspects.

The literature search with relevant keywords relating to the wetland and agricultural activity has
identified the following aspects as the most relevant and crucial for the current risk assessment of
Farm Constructed Wetlands (FCW): The most relevant paper using the concept of farm-constructed
wetlands (FCW) exclusively is one by (Carty et al., 2008). A more frequently used term is integrated
constructed wetland (ICW), which usually comprises more than one wetland cell (Harrington and
Mclnnes, 2009, Scholz et al., 2010, Everard et al., 2012, Mustafa et al., 2009, Ludwig and Hession,
2015). In some countries like Italy, drainage ditches are often regarded as farm-constructed wetlands
(Dollinger et al., 2015). In Sweden, the FCW has been less relevant since the main focus has been on
nutrient uptake and heavy metal removal (Davidsson, 2003),(Jordbruksverket, 2004).

1) Wetland nutrient recovery in agriculture.

In recent years, many research studies on wetland nutrient recovery have been carried out (Xia et al.,
2016, Rosolen et al., 2015, Uwimana et al., 2018b, Magwaza et al., 2020, Yamanaka et al., 2017,
Banaszuk et al., 2020, Zubair et al., 2020, Qin et al., 2021, Bonanno et al., 2013, Francisco et al., 2014,
Craft et al., 2018, Schweizer et al., 2018, Rosemarin et al., 2020, Hopple and Craft, 2013, Adegbeye et
al., 2020). However, specific applications in agriculture and farming land are much less studied both
internationally and in Sweden (Magwaza et al., 2020, Banaszuk et al., 2020, Cui et al., 2020, Abbott et
al., 2018, Costantini et al., 2020, Adegbeye et al., 2020). Wetland nutrient recovery in, in general
terms, is very commonly practised in Sweden, but much less so for agricultural products (SFA, 2023),
(Tonderski, 2002),(Marmolin, 2009).

2) Wetland treated effluent reuse in agriculture.

(Ofori et al., 2021) used a benefit-drawback analysis approach for treated wastewater use for crops
and other agricultural products and found it beneficial provided the use is optimised for local
conditions. Even wastewater-based vegetable production was reported with some success ((Inyinbor
et al., 2019). A quantitative study on nitrogen and phosphorus removal rate was applied and reported
by (Dal Ferro et al., 2018) and (Andreo-Martinez et al., 2017) with promising results which can be
expanded to other similar areas. However, this kind of reuse has legal difficulties, especially in Sweden.
The food security concern related to treated effluent reuse in agriculture (especially crops) is strictly
regulated in Sweden. Constructed wetlands are covered by habitat protection according to the
Ordinance 1998:1252 on area protection according to the Environmental Code (SWEPA, 2014). Within
a habitat protection area, conducting any activity or taking any action that may harm the natural
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environment is prohibited. Therefore, anyone planning to conduct an activity or take action within a
habitat protection area must first assess whether it may harm the natural values of the habitat. If
there is a risk of damage to the natural environment, the County Administrative Board must seek a
dispensation from the habitat protection regulations. If there are special reasons, a dispensation from
the prohibition may be granted in individual cases.

3) Wetland coupled with agriculture.

From a historical perspective from the 18" century, (Guldner and Krausmann, 2017), used an index-
based method for organic farming analysis and concluded that organic farming could introduce some
instability in nutrients exchange. The trend of combining wetlands with agricultural production is
increasing worldwide. A public policy design study in a region of France with wet grassland was
reported by (Hardy et al., 2020), where a so-called Agri-Environmental Scheme (AES) was introduced
to farmers as an incentive for increased biodiversity, although the acceptance level by the farmers
must be improved in order to resolve a number of contradiction and/or dilemmas in environmental
development. A Canadian research study coupling wetlands with agriculture was carried out by
(Brunet and Westbrook, 2012), where the transport of nutrients, bacteria and salt were quantified
under field conditions and compared to natural spills. These results could be a good reference base in
comparison with European conditions, such as the historical review study carried out by (Giildner and
Krausmann, 2017). For a larger area in India, (Singh and Sinha, 2019) performed a detailed land
use/land cover (LULC) analysis connected to hydrology. An SWMM model-based simulation of
horizontal subsurface flow in constructed wetlands was carried out by (Alihan et al., 2018), where
hydraulic/hydrologic parameters were studied for a series of storm events. A vegetable crop
production combined with wetland soil nutrient transport was given by (Solaiman et al., 2019). For a
quick analysis method, (Rebelo et al., 2019) proposed a wetland hydro-geomorphic unit system to
qguantify the ecosystem service in a multi-wetlands case. We strongly suggest using a unified
framework to quantify the ecosystem service benefits linked to general agriculture and farming
activities.

4) Nutrient uptake in farming.

Many general studies on nutrient uptake in farming practices were found by literature search (Dai et
al., 2021, Xia et al., 2016, Semida et al., 2019, Pooniya et al., 2021, Uwimana et al., 2018a, Marandure
et al., 2020, Cardinal et al., 2014, Marella et al., 2021, Wielemaker et al., 2019, Vroom et al., 2020,
Vundavalli et al., 2015, Temmink et al., 2017, Mazhar et al., 2021, Mishra et al., 2019, Campling et al.,
2021, Adamtey et al., 2016, Konrad et al., 2019, Szymczak et al., 2020, Biernat et al., 2020, Knook et
al., 2020, Dungait et al., 2012, Higgins et al., 2019, Martin et al., 2020, Branca et al., 2021, Jew et al.,
2020, Kour et al., 2020, Giildner and Krausmann, 2017, Avila et al., 2021, Costantini et al., 2020, Collins
et al., 2021, Gordon et al., 2021, Alavaisha et al., 2019, Adegbeye et al., 2020). Most of these authors
described both advantages and disadvantages (advantages are often related to economic gain and
increased income, whereas the disadvantages are mostly related to environmental concerns and
ecology) of farming, such as crop-based farming like rice or fish farming. (Biernat et al., 2020) discussed
the organic farming system with a focus on TN in a European context related to the EU-Nitrate
directive and found that organic farming systems often fail to meet the requirements of given
environmental standards for water protection in the EU, calling for integrated approaches. In
Sweden, such activities are often focused on restoration rather than uptake. The most common
purposes in Sweden are to achieve 1) conversion of nitrate to nitrogen gas by denitrification process,
2) plant nutrient uptake in the wetland by plants or vegetation and 3) fixation of nutrients in sediments
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for a long-term purpose (Marmolin, 2009). This is considered an effective way to reduce nutrient
transport to recipients (Sonesten, 2004), (Rosemarin et al., 2020).

5) Treated wastewater reuse in farming.

Treated wastewater reuse in farming might be an alternative in many parts of the world with severe
water shortages and scarcity. A review article, (Inyinbor et al., 2019) discussed detailed benefits, risks
and challenges in wastewater irrigated vegetable production in such areas. In a similar study,
(Anastasis et al., 2017) examined various elements concerning vegetable growth, such as

pharmaceutical compounds and other hazardous pollutants. (De Corato, 2020) presented a
circular economic review about on-farm composting and compost-based tea application for soil
and plant improvement through the so-called virtuous reuse of agricultural waste, which is
considered less controversial since it is not treating edible crops directly. The author claims
that “compost can be indeed virtuously used for recovering degraded soils, restoring soil fertility
by C-sequestration, and reducing the use of chemical inputs and the negative environmental
impacts” although no further evidence was provided. There are rarely similar reports from
Sweden due to the concern of high risks associated with hazardous pollutants. Most of the
literature found are examples from areas where water shortage is a main challenge. (Saliba et

al., 2018, Bedbabis et al., 2015, Qadir et al., 2010, Natasha et al., 2021, Hanjra et al., 2012,
Sou/Dakouré et al., 2013, Grundmann and MaaR, 2017, Kumar et al., 2014, Rosemarin et al., 2020).

6) Sediment contamination risks in wetlands.

Wetland sediments are generally considered an uncertain risk factor due to a lack of detailed analysis
of their chemical and biological effects. In Sweden, The County authorities consider them sludge. It is
important to investigate in more detail to provide a more reliable interpretation. (Bemanikharanagh
et al., 2017) concluded that contaminants such as PAHs are generally high in a middle east large-scale
wetland system. This result was confirmed by (Torghabeh et al., 2020), related to an earlier study by
(Alhashemi et al., 2011). Metal and heavy-metal contamination were found in natural wetlands
reported by (la Torre M. Catalina et al., 2018), suggesting a long-term accumulation process.
Furthermore, severe problems with organochlorine pesticides (OCPs) in connection with aquaculture
activity were reported by (Buah-Kwofie et al., 2018) and (Kumar et al., 2011), suggesting carefulness
in using such pesticides. On the other hand, successful efforts to manage the contaminations by
cyanobacteria were reported in a constructed wetland system (Zhong et al., 2011). Tracer and index-
based sedimentological investigation can also be found in (Torghabeh et al., 2020), indicating a highly
varying enrichment of many elements in wetlands. On the other hand, in the mangrove wetland
system case (see Xue et al., 2009), the mangrove-derived organic matter in sediment cores from the
mangrove wetland was quantified and compared with the conclusion that organic matter preserved
in the sediments was not predominantly composed of the mangrove-derived organic matter. This was
also confirmed by (Kinimo et al., 2018), (and Jeppe et al.,, 2017). The corresponding impact on
groundwater was studied by (Mendes et al., 2020) and for an urban environment (Bell et al., 2019).
For a lake-coupled wetland case, (Morales-Garcia et al., 2020) investigated the metal contamination
and other risks of heavy metal for pollution source control, which was considered crucial for large
wetland areas in cities like Mexico City.

7) Environmental impact of wetland effluent reuse in agriculture.

Treated wastewater reuse has always been controversial due to the risk of contamination. (Ofori et
al., 2021) compared benefits and drawbacks in crop-based agriculture and general farming practice
where wastewater was used, their most important conclusion was the risks of emerging effects from
different elements. In comparison with the World Health Organization (WHO)’s approach to microbial
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risk assessment in pathogen reduction, (Licciardello et al., 2018) proposed a tertiary treatment
approach to be practised for crop production. A quantitative study of engineered nanomaterials
(ENMs) was done by (Liu et al., 2018) to quantify the impact of wastewater effluent when used in
agriculture. In a similar case of using the ash of energy crops as food crop fertiliser, (Bonanno et al.,
2013) concluded that biomass ash from constructed wetlands can be considered as a potential
fertiliser rather than hazardous waste, despite the findings that metal concentration in ash is much
higher compared to what is found in normal plants.

8) Legislative barriers in wetland sediment recycling on agricultural fields.

There is a common interest in Sweden to convert wastewater to resources in a circular economy
thinking (Finnson, 2021), (Bérjesson, 2018), (Naturvardsverket, 1999). In cases where landowners in
Sweden receive compensation for establishing a wetland, an agreement is usually drawn between the
landowner and the counterpart representing the state. Normally, this would be a municipality or the
local water council. In such an agreement, the landowner is committed to abiding by certain terms
regarding both construction and operation of the wetland. If the agreement is violated, the landowner
might forfeit the financial subsidies. (Gédmez-Baggethun et al., 2019) provided an in-depth analysis of
land use policies on ecosystem services within the Danube Delta area and concluded that

benefits from ecological restoration policies are apparent but not enough to meet future
challenges without policy support.

3 Other WATERAGRI-related work

3.1 Reports from the Swedish case site

Relating to assessing the recovery and reuse of nutrients from eutrophic water bodies for growing,
various experiments and field studies have also been carried out at GN to support developing and
evaluating other WATERAGRI solutions, as described above. A detailed report is given in the
WATERAGRI D4.1 “Description of Developed Wetland Technologies”, Chapter 3.

A summary of the most important findings from Chapter 3 (D4.1) is summarised below:

Productive wetlands in a general context: There is an opportunity to combine the objective of
reducing local and regional eutrophication with another objective: increasing farm production with no
extra input from fertilisers. Such an increase in farm production could be achieved by using wetland
water for irrigation. Growing plants to produce food or energy is thus a palatable option. However, it
takes careful planning and consideration of several factors. Such aspects are:

= Suitable plants

= Demands on the operation of the wetland and possible consequences for other objectives

= Legal requirements for such activities

=  Commercial aspects

= Legal aspects are essentially national in character, and the suitability of plants is basically a
function of geographical/climatological data.
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Considerations regarding Edible plants and Energy crops - Swedish context: Legal aspects -
Constructed wetlands are covered by habitat protection according to the Ordinance 1998:1252 on
area protection according to the Environmental Code (SWEPA, 2014). Within a habitat protection area,
it is not allowed to conduct any activity or take any action that may harm the natural environment.
Therefore, anyone planning to conduct an activity or take action within a habitat protection area must
first assess whether it may harm the natural values of the habitat. If there is a risk of damage to the
natural environment, the County Administrative Board must seek a dispensation from the habitat
protection regulations. If there are special reasons, a dispensation from the prohibition may be
granted in individual cases. Commercial aspects - The possibilities for selling leafy greens grown in
surface water from agricultural lands, such as water mint, are limited. It is difficult to control the purity
of the water. The risk of flooding and contamination of the plants is high, while the requirements of
the Swedish Food Agency for irrigation water for leafy greens are high (SFA, 2023). Commercial aspects
for energy crops - Compared to edible crops, the legal framework surrounding the production and
sales of energy crops is fairly simple.

On the other hand, the profitability is not as stable as the grower might wish for. This is mainly due to
fluctuating prices on the market for the fuels produced. This, in turn, depends on market prices for
other energy commodities. The market in Sweden for Salix fuel is highly localised, with effects on both
fuel price and transport costs.

The above analysis concludes that a) Edible crops are not a viable option for developing a productive
wetland at Gardstanga Nygard; b) Growing willow for energy is an attractive alternative for making
the wetland system productive.

3.2 Reports from Austria and Italian case sites

UNIBO and CER analysed the recovery of nutrients from agricultural drainage water. A pilot plant
based on wetland mesocosms was set up to test different substrates and different plant species to
enhance nutrient removal from agricultural drainage water and allow for their later use as
fertiliser/soil amendment.

Based on the results of task 4.4, activated biochar will also give added value to the constructed
wetland (studied by ALCN, UNIBO and CER), which provides ways to improve the moisture retention
capacity of soils. The residual biomass can then be harvested, shredded and supplied as feedstock to
other local biomass conversion processes like biogas plants. Alternatively, they can also be used for
mulching or composting material on site, thus, fully closing nutrient loops. Details of this work have
been summarised in two factsheets “Factsheet: A Filter System for Subsurface Drainage Water
Treatment (C2)” and “A Bio-Inspired Multi-Layer Filter System” (see WATERAGRI D6.2).

4 Conclusions

For the Swedish case site at Gardstanga Nygard (GN):

=  Most indicators based on analysis results show no significant water quality problems with low
concentration and small variation intervals.

= The pH and turbidity show a clear variation pattern. pH has a max-min-mean value of 9.78 —
6.7 —7.79, showing a slight tendency of basicity.
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=  For nutrients and other indicators, the variation range of each parameter for the water
samples is smaller than that for minerals. All the values are within the safety intervals for these
indicators (EU, 1998; WHO, 2017).

= Wetland sediment applications on agricultural land are a complex issue, with increased
challenges when additional aspects such as nutrient recovery must be incorporated.
Furthermore, legislative barriers are not clearly addressed in many cases, especially in
Sweden.

= The identified 8 keyword phrases provide a holistic view when interacting with the FCW
system. We conclude that these 8 keyword phrases are equally important and must be treated
carefully when implementing the FCW system for nutrient recycling and recovery.

5 References

ABBOTT, B. W., MOATAR, F., GAUTHIER, O., FOVET, O., ANTOINE, V. & RAGUENEAU, O.
2018. Trends and seasonality of river nutrients in agricultural catchments: 18years of
weekly citizen science in France. Science of The Total Environment, 624, 845-858.

ABRAHAMS, J. C., COUPE, S. J.,, SANUDO-FONTANEDA, L. A. & SCHMUTZ, U. 2017. The
Brookside Farm Wetland Ecosystem Treatment (WET) System: A Low-Energy
Methodology for Sewage Purification, Biomass Production (Yield), Flood Resilience
and Biodiversity Enhancement. Sustainability, 9, 13.

ADAMTEY, N., MUSYOKA, M. W., ZUNDEL, C., COBO, J. G., KARANJA, E., FIABOE, K. K. M.,
MURIUKI, A., MUCHERU-MUNA, M., VANLAUWE, B., BERSET, E., MESSMER, M. M.,
GATTINGER, A., BHULLAR, G. S., CADISCH, G., FLIESSBACH, A., MADER, P., NIGGLI, U.
& FOSTER, D. 2016. Productivity, profitability and partial nutrient balance in maize-
based conventional and organic farming systems in Kenya. Agriculture, Ecosystems &
Environment, 235, 61-79.

ADEGBEYE, M. J., RAVI KANTH REDDY, P., OBAISI, A. |., ELGHANDOUR, M. M. M. Y.,
OYEBAMIJI, K. J., SALEM, A. Z. M., MORAKINYO-FASIPE, O. T., CIPRIANO-SALAZAR, M.
& CAMACHO-DIAZ, L. M. 2020. Sustainable agriculture options for production,
greenhouse gasses and pollution alleviation, and nutrient recycling in emerging and
transitional nations - An overview. Journal of Cleaner Production, 242, 118319-
118319.

ALAVAISHA, E., MANZONI, S. & LINDBORG, R. 2019. Different agricultural practices affect
soil carbon, nitrogen and phosphorous in Kilombero -Tanzania. Journal of
Environmental Management, 234, 159-166.

ALHASHEMI, A. H., KARBASSI, A. R., KIABI, B. H., MONAVARI, S. M. & NABAVI, M. B. 2011.
Accumulation and bioaccessibility of trace elements in wetland sediments. African
Journal of Biotechnology, 10.

ALIHAN, J. C,, FLORES, P. E., GERONIMO, F. K. & KIM, L. H. 2018. Evaluation of a small HSSF
constructed wetland in treating parking lot stormwater runoff using SWMM.
Desalination and Water Treatment, 101, 123-129.

ANASTASIS, C., POPI, K., EVROULA, H., COSTAS, M. & DESPO, F.-K. 2017. Long-term
wastewater irrigation of vegetables in real agricultural systems: Concentration of

18

-

_—

)L\\‘.

V.

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

pharmaceuticals in soil, uptake and bioaccumulation in tomato fruits and human
health risk assessment. Water Research, 109, 24-34.

ANDREO-MARTINEZ, P., GARCIA-MARTINEZ, N., QUESADA-MEDINA, J. & ALMELA, L. 2017.
Domestic wastewaters reuse reclaimed by an improved horizontal subsurface-flow

constructed wetland: A case study in the southeast of Spain. Bioresource Technology,
233, 236-246.

BANASZUK, P., KAMOCKI, A. K., WYSOCKA-CZUBASZEK, A., CZUBASZEK, R. & ROJ-ROJEWSKI,
S. 2020. Closing the loop - Recovery of nutrients and energy from wetland biomass.
Ecological Engineering, 143, 105643-105643.

BEDBABIS, S., TRIGUI, D., BEN AHMED, C., CLODOVEO, M. L., CAMPOSEQ, S., VIVALDI, G. A.
& BEN ROUINA, B. 2015. Long-terms effects of irrigation with treated municipal

wastewater on soil, yield and olive oil quality. Agricultural Water Management, 160,
14-21.

BELL, C. D., TAGUE, C. L. & MCMILLAN, S. K. 2019. Modeling Runoff and Nitrogen Loads From
a Watershed at Different Levels of Impervious Surface Coverage and Connectivity to
Storm Water Control Measures. Water Resources Research, 55, 2690-2707.

BEMANIKHARANAGH, A., BAKHTIARI, A. R., MOHAMMADI, J. & TAGHIZADEH-MEHRJARDI, R.
2017. Characterization and ecological risk of polycyclic aromatic hydrocarbons
(PAHSs) and n-alkanes in sediments of Shadegan international wetland, the Persian
Gulf. Marine Pollution Bulletin, 124, 155-170.

BIERNAT, L., TAUBE, F., VOGELER, I., REINSCH, T., KLU, C. & LOGES, R. 2020. Is organic
agriculture in line with the EU-Nitrate directive? On-farm nitrate leaching from
organic and conventional arable crop rotations. Agriculture, Ecosystems &
Environment, 298, 106964-106964.

BONANNO, G., CIRELLI, G. L., TOSCANO, A,, GIUDICE, R. L. & PAVONE, P. 2013. Heavy metal
content in ash of energy crops growing in sewage-contaminated natural wetlands:

Potential applications in agriculture and forestry? Science of The Total Environment,
452-453, 349-354.

BRANCA, G., ARSLAN, A., PAOLANTONIO, A., GREWER, U., CATTANEO, A., CAVATASSI, R,,
LIPPER, L., HILLIER, J. & VETTER, S. 2021. Assessing the economic and mitigation
benefits of climate-smart agriculture and its implications for political economy: A
case study in Southern Africa. Journal of Cleaner Production, 285, 125161-125161.

BRUNET, N. N. & WESTBROOK, C. J. 2012. Wetland drainage in the Canadian prairies:
Nutrient, salt and bacteria characteristics. Agriculture, Ecosystems & Environment,
146, 1-12.

BUAH-KWOFIE, A., HUMPHRIES, M. S. & PILLAY, L. 2018. Bioaccumulation and risk
assessment of organochlorine pesticides in fish from a global biodiversity hotspot:
iSimangaliso Wetland Park, South Africa. Science of the Total Environment, 621.

BORJESSON, G. 2018. Soil fertility effects of repeated application of sewage sludge in two
30-year-old field experiments. Nutrient Cycling in Agroecosystems 112: 369—-385.

CAMPLING, P., JORIS, I., CALLIERA, M., CAPRI, E., MARCHIS, A., KUCZYNSKA, A., VEREIJKEN,
T., MAJEWSKA, Z., BELMANS, E., BORREMANS, L., DUPON, E., PAUWELYN, E.,

19

_—

)L\\‘.

>

V.

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

MELLANDER, P.-E., FENNELL, C., FENTON, O., BURGESS, E., PUSCAS, A., GIL, E. I., DE
ALDA, M. L., TUDEL, G. F., ANDERSEN, E., HAJBER, A. L., NOWAKOWSKA, M. & SUCIU,
N. 2021. A multi-actor, participatory approach to identify policy and technical
barriers to better farming practices that protect our drinking water sources. Science
of The Total Environment, 755, 142971-142971.

CARDINAL, P., ANDERSON, J. C., CARLSON, J. C., LOW, J. E., CHALLIS, J. K., BEATTIE, S. A,,
BARTEL, C. N., ELLIOTT, A. D., MONTERO, O. F., LOKESH, S., FAVREAU, A., KOZLOVA,
T. A., KNAPP, C. W., HANSON, M. L. & WONG, C. S. 2014. Macrophytes may not
contribute significantly to removal of nutrients, pharmaceuticals, and antibiotic
resistance in model surface constructed wetlands. Science of The Total Environment,
482-483, 294-304.

CARTY, A., SCHOLZ, M., HEAL, K., GOURIVEAU, F. & MUSTAFA, A. 2008. The universal design,
operation and maintenance guidelines for farm constructed wetlands (FCW) in
temperate climates. Bioresource Technology, 99, 6780-6792.

COLLINS, A. L., ZHANG, Y., UPADHAYAY, H. R., PULLEY, S., GRANGER, S. J., HARRIS, P., SINT,
H. & GRIFFITH, B. 2021. Current advisory interventions for grazing ruminant farming
cannot close exceedance of modern background sediment loss — Assessment using
an instrumented farm platform and modelled scaling out. Environmental Science &
Policy, 116, 114-127.

COSTANTINI, E. A. C., ANTICHI, D., ALMAGRO, M., HEDLUND, K., SARNO, G. & VIRTO, I. 2020.
Local adaptation strategies to increase or maintain soil organic carbon content under
arable farming in Europe: Inspirational ideas for setting operational groups within
the European innovation partnership. Journal of Rural Studies, 79, 102-115.

CRAFT, C., VYMAZAL, J. & KROPFELOVA, L. 2018. Carbon sequestration and nutrient
accumulation in floodplain and depressional wetlands. Ecological Engineering, 114,
137-145.

CUI, X., LU, M., KHAN, M. B., LAI, C., YANG, X., HE, Z., CHEN, G. & YAN, B. 2020.
Hydrothermal carbonization of different wetland biomass wastes: Phosphorus
reclamation and hydrochar production. Waste Management, 102, 106-113.

DAIl, Z., HU, J., FAN, J., FU, W., WANG, H. & HAO, M. 2021. No-tillage with mulching
improves maize yield in dryland farming through regulating soil temperature, water
and nitrate-N. Agriculture, Ecosystems & Environment, 309, 107288-107288.

DAL FERRO, N., IBRAHIM, H. M. S. & BORIN, M. 2018. Newly-established free water-surface
constructed wetland to treat agricultural waters in the low-lying Venetian plain:
Performance on nitrogen and phosphorus removal. Science of The Total
Environment, 639, 852-859.

DAVIDSSON 2003. Vatmarkers reningsformaga Metaller, Bakterier, Pesticider, Toxiska
substanser och Lakemedelsrester, Ekologgruppen pa uppdrag av Segeans
Vattendragsférbund.

DE CORATO, U. 2020. Agricultural waste recycling in horticultural intensive farming systems
by on-farm composting and compost-based tea application improves soil quality and
plant health: A review under the perspective of a circular economy. Science of The
Total Environment, 738, 139840-139840.

20

>

_—

)L\\‘.

V.

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

DELL'OSBEL, N., COLARES, G. S., OLIVEIRA, G. A., RODRIGUES, L. R., DASILVA, F. P.,
RODRIGUEZ, A. L., LOPEZ, D. A. R., LUTTERBECK, C. A., SILVEIRA, E. O., KIST, L. T. &
MACHADO, E. L. 2020. Hybrid constructed wetlands for the treatment of urban
wastewaters: Increased nutrient removal and landscape potential. Ecological
Engineering, 158, 106072-106072.

DOLLINGER, J., DAGES, C., BAILLY, J.-S., LAGACHERIE, P. & VOLTZ, M. 2015. Managing ditches
for agroecological engineering of landscape. A review. Agronomy for Sustainable
Development, 35, 999-1020.

DUNGAIT, J. A. J., CARDENAS, L. M., BLACKWELL, M. S. A, WU, L., WITHERS, P. J. A,,
CHADWICK, D. R., BOL, R., MURRAY, P. J., MACDONALD, A.J., WHITMORE, A. P. &
GOULDING, K. W. T. 2012. Advances in the understanding of nutrient dynamics and
management in UK agriculture. Science of The Total Environment, 434, 39-50.

EBRAHIMI, A., SIVAKUMAR, M., MCLAUCHLAN, C., ANSARI, A. & VISHWANATHAN, A. S.
2021. A critical review of the symbiotic relationship between constructed wetland
and microbial fuel cell for enhancing pollutant removal and energy generation.
Journal of Environmental Chemical Engineering, 9, 105011-105011.

EU, COUNCIL DIRECTIVE 98/83/EC of 3 November 1998 on the quality of water intended for
human consumption, https://eur-lex.europa.eu/eli/dir/1998/83/2015-10-27
(accessed 18 April 2023).

EVERARD, M., HARRINGTON, R. & MCINNES, R. J. 2012. Facilitating implementation of
landscape-scale water management: The integrated constructed wetland concept.
Ecosystem Services, 2, 27-37.

FINNSON, A. 2021. Hallbar och cirkular VA — fran avlopp till resurs. Rapport 2021/2022.
Expertgruppen for hallbar och cirkular VA inom Delegationen for cirkuldr ekonomi.

FRANCISCO, A. C., RICARDO, S., NADIA, D.-C., MERCEDES, G. & ADRIA, M. 2014. A protocol
to prioritize wetland restoration and creation for water quality improvement in
agricultural watersheds. Ecological Engineering, 66, 10-18.

GORDON, B. A., LENHART, C., PETERSON, H., GAMBLE, J., NIEBER, J., CURRENT, D. & BRENKE,
A. 2021. Reduction of nutrient loads from agricultural subsurface drainage water in a
small, edge-of-field constructed treatment wetland. Ecological Engineering, 160,
106128-106128.

GRUNDMANN, P. & MAALR, O. 2017. Chapter 3.2.1 - Wastewater Reuse to Cope With Water
and Nutrient Scarcity in Agriculture—A Case Study for Braunschweig in Germany. In:
ZIOLKOWSKA, J. R. & PETERSON, J. M. (eds.). Elsevier.

GULBAZ, S. & KAZEZYILMAZ-ALHAN, C. M. 2017. Experimental Investigation on Hydrologic
Performance of LID with Rainfall-Watershed-Bioretention System. Journal of
Hydrologic Engineering, 22, 10.

GUPTA, S., SRIVASTAVA, P., PATIL, S. A. & YADAV, A. K. 2021. A comprehensive review on
emerging constructed wetland coupled microbial fuel cell technology: Potential
applications and challenges. Bioresource Technology, 320, 124376-124376.

GOMEZ-BAGGETHUN, E., TUDOR, M., DOROFTEI, M., COVALIOV, S., NASTASE, A., ONARA,
D.-F., MIERLA, M., MARINOV, M., DOROSENCU, A.-C., LUPU, G., TEODOROF, L.,

21

>

_—

)L\\‘.

V.

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

TUDOR, I.-M., KOHLER, B., MUSETH, J., ARONSEN, E., IVAR JOHNSEN, S., IBRAM, O.,
MARIN, E., CRACIUN, A. & CIOACA, E. 2019. Changes in ecosystem services from
wetland loss and restoration: An ecosystem assessment of the Danube Delta (1960—
2010). Ecosystem Services, 39, 100965-100965.

GULDNER, D. & KRAUSMANN, F. 2017. Nutrient recycling and soil fertility management in
the course of the industrial transition of traditional, organic agriculture: The case of
Bruck estate, 1787-1906. Agriculture, Ecosystems & Environment, 249, 80-90.

HAGER, J., HU, G. J.,, HEWAGE, K. & SADIQ, R. 2019. Performance of low-impact

development best management practices: a critical review. Environmental Reviews,
27,17-42.

HANJRA, M. A., BLACKWELL, J., CARR, G., ZHANG, F. & JACKSON, T. M. 2012. Wastewater
irrigation and environmental health: Implications for water governance and public
policy. International Journal of Hygiene and Environmental Health, 215, 255-269.

HARDY, P.-Y., DRAY, A., CORNIOLEY, T., DAVID, M., SABATIER, R., KERNES, E. & SOUCHERE, V.
2020. Public policy design: Assessing the potential of new collective Agri-
Environmental Schemes in the Marais Poitevin wetland region using a participatory
approach. Land Use Policy, 97, 104724-104724.

HARRINGTON, R. & MCINNES, R. 2009. Integrated Constructed Wetlands (ICW) for livestock
wastewater management. Bioresource Technology, 100, 5498-5505.

HIGGINS, S., SCHELLBERG, J. & BAILEY, J. S. 2019. Improving productivity and increasing the
efficiency of soil nutrient management on grassland farms in the UK and Ireland
using precision agriculture technology. European Journal of Agronomy, 106, 67-74.

HOPPLE, A. & CRAFT, C. 2013. Managed disturbance enhances biodiversity of restored
wetlands in the agricultural Midwest. Ecological Engineering, 61, 505-510.

INYINBOR, A. A., BELLO, O. S., OLUYORI, A. P., INYINBOR, H. E. & FADIJI, A. E. 2019.
Wastewater conservation and reuse in quality vegetable cultivation: Overview,
challenges and future prospects. Food Control, 98, 489-500.

JEPPE, K. J., KELLAR, C. R., MARSHALL, S., COLOMBO, V., SINCLAIR, G. M. & PETTIGROVE, V.
2017. Bifenthrin Causes Toxicity in Urban Stormwater Wetlands: Field and
Laboratory Assessment Using Austrochiltonia (Amphipoda). Environmental Science
and Technology, 51.

JEW, E. K. K., WHITFIELD, S., DOUGILL, A. J., MKWAMBISI, D. D. & STEWARD, P. 2020.
Farming systems and Conservation Agriculture: Technology, structures and agency in
Malawi. Land Use Policy, 95, 104612-104612.

JORDBRUKSVERKET 2004. Kvalitetskriterier for vatmarker i odlingslandskapet. SJV Rapport
2004:2.

KINIMO, K. C., YAO, K. M., MARCOTTE, S., KOUASSI, N. G. L. B. & TROKOUREY, A. 2018.
Distribution trends and ecological risks of arsenic and trace metals in wetland
sediments around gold mining activities in central-southern and southeastern Cote
d'lvoire. Journal of Geochemical Exploration, 190, 265-280.

22

=
—-
-

)L\\‘.

§

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

KNOOK, J., EORY, V., BRANDER, M. & MORAN, D. 2020. The evaluation of a participatory
extension programme focused on climate friendly farming. Journal of Rural Studies,
76, 40-48.

KONRAD, M. T., NIELSEN, H. @., PEDERSEN, A. B. & ELOFSSON, K. 2019. Drivers of Farmers'
Investments in Nutrient Abatement Technologies in Five Baltic Sea Countries.
Ecological Economics, 159, 91-100.

KOUR, D., RANA, K. L., YADAV, A. N., YADAV, N., KUMAR, M., KUMAR, V., VYAS, P,
DHALIWAL, H. S. & SAXENA, A. K. 2020. Microbial biofertilizers: Bioresources and
eco-friendly technologies for agricultural and environmental sustainability.
Biocatalysis and Agricultural Biotechnology, 23, 101487-101487.

KUMAR, B., MUKHERIJEE, D. P., KUMAR, S., MISHRA, M., PRAKASH, D., SINGH, S. K. &
SHARMA, C. S. 2011. Bioaccumulation of heavy metals in muscle tissue of fishes from
selected aquaculture ponds in east Kolkata wetlands. Scholars Research Library
Annals of Biological Research, 2.

KUMAR, D., HIREMATH, A. M. & ASOLEKAR, S. R. 2014. Integrated Management of
Wastewater through Sewage Fed Aquaculture for Resource Recovery and Reuse of
Treated Effluent: A Case Study. APCBEE Procedia, 10, 74-78.

LA TORRE M. CATALINA, A. D., VIRGINIA, P. C. F. & ROBERTO, B. G. 2018. Trace metals
geochemistry in the sediments of a natural wetland. Revista Internacional de
Contaminacion Ambiental, 34.

LICCIARDELLO, F., MILANI, M., CONSOLI, S., PAPPALARDO, N., BARBAGALLO, S. & CIRELLI, G.
2018. Wastewater tertiary treatment options to match reuse standards in
agriculture. Agricultural Water Management, 210, 232-242.

LIU, J., WILLIAMS, P. C., GEISLER-LEE, J., GOODSON, B. M., FAKHARIFAR, M., PEIRAVI, M.,
CHEN, D., LIGHTFOOQT, D. A. & GEMEINHARDT, M. E. 2018. Impact of wastewater
effluent containing aged nanoparticles and other components on biological activities
of the soil microbiome, Arabidopsis plants, and earthworms. Environmental
Research, 164, 197-203.

LUDWIG, A. L. & HESSION, W. C. 2015. Groundwater influence on water budget of a small
constructed floodplain wetland in the Ridge and Valley of Virginia, USA. Journal of
Hydrology: Regional Studies, 4, 699-712.

MAGWAZA, S. T., MAGWAZA, L. S., ODINDO, A. O. & MDITSHWA, A. 2020. Hydroponic
technology as decentralised system for domestic wastewater treatment and
vegetable production in urban agriculture: A review. Science of The Total
Environment, 698, 134154-134154.

MARANDURE, T., DZAMA, K., BENNETT, J., MAKOMBE, G. & MAPIYE, C. 2020. Application of
system dynamics modelling in evaluating sustainability of low-input ruminant
farming systems in Eastern Cape Province, South Africa. Ecological Modelling, 438,
109294-109294.

MARELLA, S., NIRMAL KUMAR, A. R. & TOLLAMADUGU, N. V. K. V. P. 2021. Chapter 19 -
Nanotechnology-based innovative technologies for high agricultural productivity:
Opportunities, challenges, and future perspectives. In: VISWANATH, B. (ed.).
Academic Press.

23

>

_—

)L\\‘.

V.

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

MARMOLIN, C. 2009. Vatmarkssediment — resurs eller risk for samhallet. HS Skaraborg
02/09.

MARTIN, G., BARTH, K., BENOIT, M., BROCK, C., DESTRUEL, M., DUMONT, B., GRILLOT, M,,
HUBNER, S., MAGNE, M.-A., MOERMAN, M., MOSNIER, C., PARSONS, D., RONCH]I, B.,
SCHANZ, L., STEINMETZ, L., WERNE, S., WINCKLER, C. & PRIMI, R. 2020. Potential of
multi-species livestock farming to improve the sustainability of livestock farms: A
review. Agricultural Systems, 181, 102821-102821.

MAZHAR, R., GHAFOOR, A., XUEHAO, B. & WEI, Z. 2021. Fostering sustainable agriculture:
Do institutional factors impact the adoption of multiple climate-smart agricultural
practices among new entry organic farmers in Pakistan? Journal of Cleaner
Production, 283, 124620-124620.

MENDES, M. P., CUNHA, D. L., DOS SANTOS, V. M. L., VIANNA, M. T. G. & MARQUES, M.
2020. Ecological risk assessment (ERA) based on contaminated groundwater to
predict potential impacts to a wetland ecosystem. Environmental Science and
Pollution Research, 27.

MISHRA, P., SINGH, P. P., SINGH, S. K. & VERMA, H. 2019. 5 - Sustainable agriculture and
benefits of organic farming to special emphasis on PGPR. In: KUMAR, A., SINGH, A. K.
& CHOUDHARY, K. K. (eds.). Woodhead Publishing.

MORALES-GARCIA, S. S., MEZA-OLVERA, E., SHRUTI, V. C. & SEDENO-DIAZ, J. E. 2020.
Assessment of metal contamination and their ecological risks in wetland sediments
of the former Texcoco saline lake, Mexico. Journal of Soils and Sediments, 20.

MUSTAFA, A., SCHOLZ, M., HARRINGTON, R. & CARROLL, P. 2009. Long-term performance of
a representative integrated constructed wetland treating farmyard runoff. Ecological
Engineering, 35, 779-790.

NAN, X., LAVRNIC, S. & TOSCANO, A. 2020. Potential of constructed wetland treatment
systems for agricultural wastewater reuse under the EU framework. Journal of
Environmental Management, 275, 111219.

NATASHA, N., SHAHID, M., KHALID, S., NIAZI, N. K., MURTAZA, B., AHMAD, N., FAROOQ, A,,
ZAKIR, A., IMRAN, M. & ABBAS, G. 2021. Health risks of arsenic buildup in soil and
food crops after wastewater irrigation. Science of The Total Environment, 145266-
145266.

NATURVARDSVERKET 1999. Bedémningsgrunder fér miljokvalitet. Kust och Hav. Rapport
4914,

OFORI, S., PUSKACOVA, A., RUZICKOVA, I. & WANNER, J. 2021. Treated wastewater reuse
for irrigation: Pros and cons. Science of The Total Environment, 760, 144026-144026.

POONIYA, V., BISWAKARMA, N., PARIHAR, C. M., SWARNALAKSHMI, K., LAMA, A., ZHIIPAO,
R.R., NATH, A, PAL, M., JAT, S. L., SATYANARAYANA, T., MAJUMDAR, K., JAT, R. D.,
SHIVAY, Y. S., KUMAR, D., GHASAL, P. C. & SINGH, K. 2021. Six years of conservation
agriculture and nutrient management in maize—mustard rotation: Impact on soil
properties, system productivity and profitability. Field Crops Research, 260, 108002-
108002.

24

=
—-
-

)L\\‘.

§

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

QADIR, M., WICHELNS, D., RASCHID-SALLY, L., MCCORNICK, P. G., DRECHSEL, P., BAHRI, A. &
MINHAS, P. S. 2010. The challenges of wastewater irrigation in developing countries.
Agricultural Water Management, 97, 561-568.

QIN, L., FREEMAN, C,, JIA, X., ZHANG, Z., LIU, B., ZHANG, S. & JIANG, M. 2021. Microbial
enzyme activity and stoichiometry signal the effects of agricultural intervention on
nutrient cycling in peatlands. Ecological Indicators, 122, 107242-107242.

REBELO, A. J.,, MORRIS, C., MEIRE, P. & ESLER, K. J. 2019. Ecosystem services provided by
South African palmiet wetlands: A case for investment in strategic water source
areas. Ecological Indicators, 101, 71-80.

ROSEMARIN, A., MACURA, B., CAROLUS, J., BARQUET, K., EK, F., JARNBERG, L., LORICK, D.,
JOHANNESDOTTIR, S., PEDERSEN, S. M., KOSKIAHO, J., HADDAWAY, N. R. &
OKRUSZKO, T. 2020. Circular nutrient solutions for agriculture and wastewater — a
review of technologies and practices. Current Opinion in Environmental
Sustainability, 45, 78-91.

ROSOLEN, V., DE-CAMPQOS, A. B.,, GOVONE, J. S. & ROCHA, C. 2015. Contamination of
wetland soils and floodplain sediments from agricultural activities in the Cerrado
Biome (State of Minas Gerais, Brazil). CATENA, 128, 203-210.

SALIBA, R., CALLIERIS, R., D’AGOSTINO, D., ROMA, R. & SCARDIGNO, A. 2018. Stakeholders’
attitude towards the reuse of treated wastewater for irrigation in Mediterranean
agriculture. Agricultural Water Management, 204, 60-68.

SCHOLZ, M., HARRINGTON, R., CARROLL, P. & MUSTAFA, A. 2010. Monitoring of nutrient
removal within integrated constructed wetlands (ICW). Desalination, 250, 356-360.

SCHWEIZER, S. A., SEITZ, B., VAN DER HEIIDEN, M. G. A., SCHULIN, R. & TANDY, S. 2018.
Impact of organic and conventional farming systems on wheat grain uptake and soil
bioavailability of zinc and cadmium. Science of The Total Environment, 639, 608-616.

SEMIDA, W. M., BEHEIRY, H. R., SETAMOU, M., SIMPSON, C. R., ABD EL-MAGEED, T. A.,
RADY, M. M. & NELSON, S. D. 2019. Biochar implications for sustainable agriculture
and environment: A review. South African Journal of Botany, 127, 333-347.

SFA 2023. Swedish Food Agency, Guidance Operational goal 18 — Leafy greens irrigation
water, hygiene and growing,

SHINGARE, R. P., THAWALE, P. R., RAGHUNATHAN, K., MISHRA, A. & KUMAR, S. 2019.
Constructed wetland for wastewater reuse: Role and efficiency in removing enteric
pathogens. Journal of Environmental Management, 246, 444-461.

SINGH, M. & SINHA, R. 2019. Evaluating dynamic hydrological connectivity of a floodplain
wetland in North Bihar, India using geostatistical methods. Science of The Total
Environment, 651, 2473-2488.

SOLAIMAN, Z. M., YANG, H., ARCHDEACON, D., TIPPETT, O., TIBI, M. & WHITELEY, A. S. 2019.
Humus-Rich Compost Increases Lettuce Growth, Nutrient Uptake, Mycorrhizal
Colonisation, and Soil Fertility. Pedosphere, 29, 170-179.

SONESTEN 2004. Kvarnas H. 2004. Kvave och fosfor till Vanern och Vasterhavet.

25

»

_—

)L\\‘.

V.

=

WATERAGRI


https://kontrollwiki.livsmedelsverket.se/artikel/788/operativt-mal-18-bladgronsaker-bevattningsvatten-hygien-vid-odling
https://kontrollwiki.livsmedelsverket.se/artikel/788/operativt-mal-18-bladgronsaker-bevattningsvatten-hygien-vid-odling

H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

SOU/DAKOURE, M. Y., MERMOUD, A., YACOUBA, H. & BOIVIN, P. 2013. Impacts of irrigation
with industrial treated wastewater on soil properties. Geoderma, 200-201, 31-39.

SVENSKT-VATTEN 2021. Sludge spreading on arable land - the importance of manure
content.

SVENSKT-VATTEN 2022. Recycling of nutrients from sewage, report Nr 2022-6.

SWEPA 2014. Swedish Environmental Agency, Description and guidance for biotope Small
waters and wetlands in agricultural areas, Supplement to Handbook 2012:1 Biotope
protected areas (in Swedish).

SZYMCZAK, L. S., DE FACCIO CARVALHO, P. C., LURETTE, A., DE MORAES, A., DE
ALBUQUERQUE NUNES, P. A., MARTINS, A. P. & MOULIN, C.-H. 2020. System
diversification and grazing management as resilience-enhancing agricultural
practices: The case of crop-livestock integration. Agricultural Systems, 184, 102904-
102904.

TEMMINK, R. J. M., FRITZ, C., VAN DUK, G., HENSGENS, G., LAMERS, L. P. M., KREBS, M.,
GAUDIG, G. & JOOSTEN, H. 2017. Sphagnum farming in a eutrophic world: The
importance of optimal nutrient stoichiometry. Ecological Engineering, 98, 196-205.

TONDERSKI, K., WEISNER, S., LANDIN J. OCH OSCARSSON, H. 2002. Vatmarksboken —
skapande och nyttjande av vardefulla vatmarker. VASTRA rapport 3.

TORGHABEH, A. K., AFZALI, S. F., JAHANDARI, A., GHARAIE, M. H. M. & AL-KHASHMAN, O. A.
2020. Evaluation of trace elements concentration in surface sediments of Parishan
International Wetland (Fars Province, SW Iran) by using geochemical and
sedimentological analysis. Toxin Reviews.

UWIMANA, A., VAN DAM, A. A., GETTEL, G. M. & IRVINE, K. 2018a. Effects of agricultural
land use on sediment and nutrient retention in valley-bottom wetlands of Migina
catchment, southern Rwanda. Journal of Environmental Management, 219, 103-114.

UWIMANA, A., VAN DAM, A. A. & IRVINE, K. 2018b. Effects of conversion of wetlands to rice
and fish farming on water quality in valley bottoms of the Migina catchment,
southern Rwanda. Ecological Engineering, 125, 76-86.

VROOM, R. J. E., TEMMINK, R. J. M., VAN DUJK, G., JOOSTEN, H., LAMERS, L. P. M.,
SMOLDERS, A. J. P., KREBS, M., GAUDIG, G. & FRITZ, C. 2020. Nutrient dynamics of
Sphagnum farming on rewetted bog grassland in NW Germany. Science of The Total
Environment, 726, 138470-138470.

VUNDAVALLI, R., VUNDAVALLI, S., NAKKA, M. & RAOQ, D. S. 2015. Biodegradable Nano-
Hydrogels in Agricultural Farming - Alternative Source For Water Resources. Procedia
Materials Science, 10, 548-554.

WHO, Guidelines for drinking-water quality, 4th edition, incorporating the 1st addendum.
https://www.who.int/publications/i/item/9789241549950 (accessed 11 April, 2023).

WIELEMAKER, R., OENEMA, O., ZEEMAN, G. & WEIJMA, J. 2019. Fertile cities: Nutrient
management practices in urban agriculture. Science of The Total Environment, 668,
1277-1288.

26

>

_—

)L\\‘.

V.

=

WATERAGRI



H2020-SFS-2018-2020 D4.2: Risk Assessment for Wetland Sediment Applications on Agricultural Land

XIA, Y., Tl, C., SHE, D. & YAN, X. 2016. Linking river nutrient concentrations to land use and
rainfall in a paddy agriculture—urban area gradient watershed in southeast China.
Science of The Total Environment, 566-567, 1094-1105.

XUE, B., YAN, C., LU, H. & BAI, Y. 2009. Mangrove-derived organic carbon in sediment from
Zhangjiang Estuary (china) mangrove wetland. Journal of Coastal Research, 25.

YAMANAKA, S., AKASAKA, T., YABUHARA, Y. & NAKAMURA, F. 2017. Influence of farmland
abandonment on the species composition of wetland ground beetles in Kushiro,
Japan. Agriculture, Ecosystems & Environment, 249, 31-37.

ZHANG, K. & CHUI, T. F. M. 2019. Linking hydrological and bioecological benefits of green
infrastructures across spatial scales - A literature review. Science of the Total
Environment, 646, 1219-1231.

ZHONG, F., GAO, Y., YU, T., ZHANG, Y., XU, D., XIAO, E., HE, F., ZHOU, Q. & WU, Z. 2011. The
management of undesirable cyanobacteria blooms in channel catfish ponds using a
constructed wetland: Contribution to the control of off-flavor occurrences. Water
Research, 45, 6479-6488.

ZUBAIR, M., WANG, S., ZHANG, P., YE, J., LIANG, J., NABI, M., ZHOU, Z., TAO, X., CHEN, N.,
SUN, K., XIAOQ, J. & CAl, Y. 2020. Biological nutrient removal and recovery from solid
and liquid livestock manure: Recent advance and perspective. Bioresource
Technology, 301, 122823.

AVILA, C., GARCIA-GALAN, M. J., BORREGO, C. M., RODRIGUEZ-MOZAZ, S., GARCIA, J. &
BARCELO, D. 2021. New insights on the combined removal of antibiotics and ARGs in
urban wastewater through the use of two configurations of vertical subsurface flow
constructed wetlands. Science of The Total Environment, 755, 142554-142554.

27

-
—
-

g

§

=

WATERAGRI



	1 Introduction
	1.1  The purpose of this deliverable
	1.2  Objectives

	2 Activities within the framework of D4.2
	2.1. Brief introduction of Dewaterability Estimation Test device DET
	2.2. Continued field data collection and analysis from, Farm constructed wetlands for nutrient recovery (C1)
	2.3. Literature review
	2.3.1 Selected Swedish case reports
	2.3.2 Literature review


	3 Other WATERAGRI-related work
	3.1 Reports from the Swedish case site
	3.2 Reports from Austria and Italian case sites

	4 Conclusions
	5 References

