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1 Introduction
This is not a scientific report but a detailed resume of one of the projects I have been working on
during my internship: LIFE-GOODSTREAM. During this half year period in the South of Sweden,
Halmstad, I had the privilege to work on several projects regarding fresh water wetlands for the
Wetland Research Centre. This is a cooperation between Halmstad University and
Hushållningssällskapet of Halland (Halmstad
University, 2016) (Hushållningssällskapet Halland,
2016). The latter is a 200 year old non-commercial
research, development and advisory organization
for farmers. Hushållningssällskapet supports
farmers to find the balance between economic
growth and environmental goals.
The LIFE-GOODSTREAM project started the first of
October 2015 and will last for six years. This means
that I was involved in the starting up phase.
In this report, chapters two to four give more
information on the area, the goal of the project and
the solutions that are brought up. Furthermore
describes chapter five which method was used to
collect data on the area that is analyzed in chapter
six. After a small summary this report moves on to
the design of a constructed wetland at one specific location.

Fig 1: The municipality Halmstad is
located in the county of Halland in the
South of Sweden (Wikipedia, 2016).

2 Background
Because of human activities in the South of Sweden, too much nutrients enter the streams and as a
consequence the Baltic Sea. The Swedish government tackles this using different methods. One is by
motivating farmers to install wetlands on their land. The target was to create 12000ha of wetlands by
2010 (Hansson, Pedersen, & Weisner, 2012). Currently this goal is delayed.
LIFE-GOODSTREAM project zooms into the catchment area of Trönningeån. This rural stream has a
moderate to poor water quality status according to VISS database (Water Information System
Sweden), which is a database for classification of all Swedish waters according to the European
Water Framework Directive (Länsstyrelsen Hallands Län, 2015). This is founded on fish population
and physio-chemical conditions.
It is known that climate change will cause more heavy showers. This will not only result in more
possible flooding’s but also in more nutrient runoff and leakage. By using a holistic approach, both
problems can be solved and multiple benefits will be generated. Wetlands will retain nutrients and
serve as a water storage facility to prevent downstream flooding’s. Furthermore will the biodiversity
profit as the fragmentation of habitats will decrease and connectivity increase.
(Hushållningssällskapet Halland, 2015).
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LIFE-GOODSTREAM project is innovative in two ways. It focusses on the complete catchment area of
the rural stream Trönningeån. In addition innovative wetlands will be installed. Approximately 30
Integrated Buffer Zones (IBZ), two Level Wetlands (LW) and six Optimized Constructed Wetlands
(OCW) will be installed in the catchment area of Trönningeån River (Hushållningssällskapet Halland,
2015). More information on these innovative tools can be found in the appendix.
The goal of this project is to create a good ecological status for the Trönningeån, from source to
mouth, using innovative wetlands. The results on efficiency and costs of this new environmental
tools at a larger scale will be shared.

3 Area
The catchment of Trönningeån is approximately 32 km² and the stream has a length of 12 km. 50% of
the surrounding land is used for agriculture and 42% is forests (Fig2). Downstream the small village
Trönninge, with 1555 inhabitants (Countrybox, 2016), uses 8% of the land (Länsstyrelsen Hallands Län,
2015). When the stream leaves the village, it enters a Nature 2000 – habitat area which is also a
nature reserve and one of Sweden’s most important coastal wetlands for migrating birds.

Landuse area Trönningeån
agriculture

8%

forrest
50%

urban

42%

Fig 2: Land use of the surrounding area of Trönningeån (Länsstyrelsen Hallands Län, 2015).
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Catchment area

Fig 3: Map of the
catchment area of
Trönningeån. The
stream has its source in
Lake Knorresjön and
ends in the stream
Fylleån close to
Kattegatt bay.

Trönningeån
Tributary 3
Tributary 4
Tributary 5
Industrial area
Sampling locations

A

C

The blue line represents
the Trönningeån and the
red dots the sampling
locations. The other
colored lines with
corresponding dots are
the tributaries.

B
A

D

Fig 4: Pictures of the
Trönningeån; A) Source in
Lake Knorre (Knorresjön),
B) sampling location 8
where the stream runs in
front of the picture and
houses are located
behind a constructed
wetland C) sampling
location 12 just before the
stream enters the village,
D) mouth of Trönningeån
flowing in the direction of
Kattegatt.
© Mireille Martens
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The County Administrative Board is responsible for the water quality in Sweden and monitors the
Trönningeån for more than 30 years. According to their data the average concentration in 2012 –
2014 of total phosphorus was too high; 71 µg/L (max concentration should be 50 µg/L) (Länsstyrelsen
Hallands Län, 2015).
Moreover not only the concentration but as well the total amount of phosphorus leaving the
Trönningeån into Kattegatt is problematic. The red values in figure 5 exceed 0,31kg/ha per year which
is defined as extreme loss (Länsstyrelsen Hallands Län, 2015).
In addition a lot of obstacles make it impossible for migratory fish to swim upstream
(Hushållningssällskapet Halland, 2015).

Fig 5: Overview of the absolute
weight of phosphorus in kilogram
per hectare per year that the
Trönningeån transports into
Kattegatt. According to the County
Administration causes 0,16kg/ha/y
of phosphorus already a bad water
quality (brown) but 0,33kg/ha/y is
extremely bad (red). (Länsstyrelsen
Hallands Län, 2015).

4 Retain Phosphorus
Phosphorus is an element that cannot be found in the atmosphere and is not released from
unfertilized land, because of the negative charge of the mineral particles in the soil that adsorb
phosphate. This means that in general phosphorus is the limiting nutrient.
As a result from human activity (industry, domestic waste water and intensive agriculture), the
amount of phosphorus in the water has increased. Different measures can be taken to reduce that:
reduction of the use of fertilizers and reinstall/restore/create wetlands in the landscape (Verhoeven,
Arheimer, Yin, & Hefting, 2006).
Various processes remove phosphorus in wetlands (diffusion, redox reactions and assimilation by
vegetation) but the main removal processes are adsorption and precipitation (Bodin, 2013).
Phosphorus is continuously recycled in water as aerobic and anaerobic periods alternate. During the
anaerobic period is phosphorus released from the sediment to the water column to be taken up by
microorganisms. The next period with available oxygen, phosphate forms bonds with metal minerals
at the edges of particles and with free cations in the water. Next to precipitation, also intermolecular
attractive forces (adsorption) binds phosphate to particles that sediment (Spiro & Stigliani, 2003). In
coming phosphorus e.g. from fertilizers follow the same pattern.
Important parameters that influence these amount of phosphorus in the water are next to oxygen
level pH, hydraulic peaks, temperature (more uptake by plants) and seasons (more decomposed
litter in autumn) (Bodin, 2013).
6|P age

5 Startup of the Life Good Stream project
In the first phase more detailed information is gathered on the area and stakeholders (municipality,
County administration, several farmers and the area). Also maps in GIS were made. As the County
Administration takes one sample every other week at only one location in the Trönningeån, it was
decided that more detailed information on the water course was needed.

5.1 Determine sampling location
To obtain more detailed information 18 strategic locations where chosen along the 12km
stream (figure 3).
• Source and mouth of the river
• Up and downstream of one constructed wetland and one old mill pond to analyze
their influence
• Downstream of all five tributaries
• Samples were also taken in tributaries 4 and 5, it was predicted that the first three
tributaries would not influence the nutrient concentration.
• Three sample locations in Trönninge municipality
The coordinates of every sampling location will be plotted in a GIS map. It was decided after
the second measurement to take extra samples in tributary 3. The two locations near the
mouth were cancelled as they did not give any relevant information because of the intrusion
of sea water and water from river Fylleån.

5.2 Time
Water samples were taken October 21st , November 18th and December 14th 2015 to compare
the hydraulic influence on the nutrient load. It was an unusual autumn in South Sweden. It
started raining late, halfway November. Some extreme storms caused floods. In the period
between the first measurement in October and the second in November 77,8mm rainfall was
registered in Villshärad (Magnusson, 2016). 69,6mm water fell down between the second and
third measurement but only 19,8mm was registered in December. Although the period
between 18 November and 14 December counts 26 days, 71,5% of the rainfall happened in
November. This means that the hydraulic peak had passed at the time the third measurement
was taken. It can be stated that the measurements from October and December are taken
during low flow and November during high flow.
1
2
3

October 2015
November 2015
December 2015

Märback rainfall (mm)
Villshärad rainfall (mm)
17,4
2,9
180,1
126,1
139
63,1

Table 1: Overview of the autumn rainfall in Märback (9km North from Trönningeån) and Villshärad (17km
Northwest from Trönningeån, at the seaside) (Swedish meteorologic and hydraulic institute, 2015).
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The water level was measured during each sampling day to confirm the data of the weather
forecast with the amount of water in the Trönningeån. At location 3, upstream, minor
differences were observed. At sampling location 8 tributary 3 has entered the main stream.
This explains the difference in water level. Sampling location 13, located even more
downstream, has obviously the largest hydraulic differences. The pictures in figure 6 make it
clear that the stream becomes wider downstream because it has to cope with hydraulic peaks.
Low flow
21Oct2015
Water depth (cm)

High flow
18Nov2015
Water depth (cm)

Low Flow
14Dec2015
Water depth (cm)

sampling location 3

29

28

26

sampling location 8

15

37

23

58,5

85,5

70,5

sampling location 13

Table 2: Overview of the water depth at different locations during three different sampling moments.

A

Fig 6: Pictures of sampling locations of
Trönningeån that are used as well for
water level measurements. A) location
3, after tributary 1 B) location 8, after
tributary 3 and two large wetlands C)
location 13, after tributary 4 and the
village. Pictures A, B and C are taken
21st October 2015.
© Mireille Martens

B
A

C
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5.3 Parameters
It was decided that due to practical considerations such as time, equipment and possible labanalyses, four different parameters would be analyzed:
•

•

Nutrients:
o Nitrate
o Total nitrogen
o Phosphate
o Total phosphorus
Heavy metal:
o Zinc

In this paper I will only focus on the nutrients.

5.4 Laboratorial Analyses
For the analyses of the nutrients, a spectrophotometer was used in the laboratory at Halmstad
University.
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6 Analysis
6.1 Phosphorus
6.1.1

Overview of the three measurements

Total phosphorus
100
90
Low flow
Oct2015

Concentration (µg/L)

80
70

High flow
Nov2015

60
50

Low flow
Dec2015

40
30

good
ecological
status 50 µg/l

20
10
0
0

2000

4000

6000

8000

10000

12000

Distance (m)

Fig 7: Overview of the concentration of phosphorus measured in Trönningeån at 21st of October, 18th of
November and 14th of December 2015. The X-axes shows the distance between the source and the mouth of
the stream. It can be stated that because of variations in rainfall, the measurements in October and December
are called Low flow and November High flow. In December 2015 the measurements of the two last locations
were left out as they were too much influenced by seawater from Kattegatt. The dashed beige, horizontal line
marks the threshold of good ecological status. The dashed, vertical line marks where the stream leaves the
village of Trönninge and is also the location where the County administration takes the water samples in the
national monitoring program.

Figure 7 illustrates that the concentration of total phosphorus at the countryside (0 km-8km) stays
under the threshold of good ecological status (dashed beige line: 50µg/L) during low and high
discharge. There are some variations during low flow (blue and green line) although the pattern is
quite similar. The series of samples taken in November (red line) were taken during high flow and
follow an altered shape although its values are also beneath the threshold for the first eight
kilometers.
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The village Trönninge (8km – 10km) has a larger impact during high flow than during low flow. The
black dotted line indicates when the stream leaves the village. The December measurements (low
flow) show that the concentration of phosphorus in the village does not exceed the ecological good
status threshold.
The source of the Trönningeån is Knörresjön, a lake that is located in a forest area. The concentration
of phosphorus rises immediately in the stream when it leaves the lake during high and low flow.
Although there is no tributary coming in, another hotspot will be the cause of this increase.
The dashed black line in figure 7 indicates the location where the County Administration takes every
other week samples. Their measurements resulted in an average value of total phosphorus for the
last two years of 71µg/L. It is clear that this value is not representative for the whole stream, nor for
the entire year.
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6.1.2

Influence of the tributaries
Fig 8: Chart A and C plot the
phosphorus and phosphate
concentration of the 12km
long stream Trönningeån
during low flow. Chart B
illustrates these
concentrations during high
flow.
The concentration of total
phosphorus from different
tributaries is indicated by
rhombs at the location
where they enter the main
stream. The tributaries have
the same color in these
charts as in map fig3.
For tributary 5 are both
concentrations of phosphate
and phosphorus plotted in
the charts.
The stream meets the
standard of good ecological
status when its values for
phosphorus do not exceed
50µg/L (beige dashed line).

Tributary one and two are not mentioned in figure 8 because no data is available on these streams.
Despite the absence of this information, it can be stated that those tributaries have no influence on
the phosphorus concentration in the Trönningeån as the values in the stream stay rather constant. In
Chart C is the pink rhomb of tributary 3 added at 4,7km. This information confirms that the tributary
has no large influence on the main stream.
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The phosphorus concentration in tributary 4 (green rhomb) and its adjacent industrial area (orange
rhomb) have higher phosphorus values than the Trönningeån but influences poorly the stream
during low discharge (Chart A&C) as the concentration in the stream stays rather constant. Even
though both tributaries have higher concentrations during high flow (Chart B), it has no influence on
the main stream where the phosphorus concentration even decreases.
However tributary five (purple rhomb) does affect the river. Chart A in figure 8 illustrates that the
concentration of Phosphorus in the tributary is almost four times (193,4µg/L) the concentration in
Trönningeån. This trend is not noticeable during high flow where the high concentration (85,7µg/L)
in the stream was already reached in the village. In chart C the concentration of phosphorus is still
higher in the tributary than in the stream but it does not exceed the good ecological status
threshold.
The dashed purple line focusses on the difference between Phosphorus and Phosphate. This gap is
illustrated in chart A of figure 8 and will be explained in 6.1.3.

6.1.3

Phosphorus and Phosphate

As illustrated by figure 8, the concentration of phosphate (blue line) has a similar pattern as that of
total phosphorus (red line). Where tributary five enters the stream, the ratio between phosphate
and phosphorus changes.

Concentration phosphorus & phosphate in Tributary 5

Concentration (µg/L

200
175
150
125
100
75
50
25
0

PO43-

Low flow Oct2015
38,034

High flow Nov2015
36,365

Low flow Dec2015
16,957

Tot-P

193,3745

124,755

35,922

Fig 9: Overview of the concentration Phosphorus and Phosphate in tributary 5.
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Tributary five transports water from an industrial area near the village of Fyllinge. Figure 9 illustrates
that only the concentration of total phosphorus in December does not exceed the threshold of good
ecological status (50µg/L). It also shows that phosphate in the water column is only a minor part of
the total phosphorus. This means that there are a lot of inorganic and organic phosphorus particles
in the water.
It is expected that during high discharge (18 November 2015), the water is more turbid. The current
makes small pebbles bounce along the river bed. However fine and light materials are taken up in the
water column. This means that the phosphorus that had settled due to chemical reactions and
sedimentation is re-suspended into the water.
Still this does not explain the high phosphorus concentration during low discharge (21 October 2015)
compared to its low phosphate concentration. This could mean that the concentration of
phosphorus during high flow was in fact higher but that peak had already passed before the high
flow measurements were carried out in November.
It is remarkable that the concentration of phosphate stays rather constant although phosphorus
changes. The concentration of phosphorus and phosphate in December (low flow) was significantly
lower than the previous measurements, maybe because the nutrients were already flushed out
during earlier high hydraulic peaks.
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6.2 Nitrogen
6.2.1

Overview of three measurements

Total nitrogen
6

Concentration (mg/L)

5

4
Low flow
Oct2015

3

High flow
Nov2015

2
1

Low flow
Dec2015

0
0

2000

4000

6000

8000

10000

12000

Distance (m)

Fig 10: Overview of the concentration of Nitrogen measured in Trönningeån at 21 st of October, 18th of
November and 14th of December 2015. The X-axes shows the distance between the source and the mouth of
the stream. It can be stated that because of variations in rainfall, the measurements in October and December
are called Low flow and November High flow. In December 2015 the measurements of the two last locations
were left out as they were too much influenced by seawater from Kattegatt.

Although the nutrient nitrogen is less a problem than phosphorus in this project, still it can give some
interesting information to the stakeholders. During high flow (red line) the graph shows a similar
pattern for nitrogen as for phosphorus; the concentration of nitrogen is lower at the countryside
(0km-8km) than in the village (8km-10km). But during low discharge the concentrations are similar at
the countryside as in the village.
It is expected that heavy rains, that provides high discharge, increase the quantity of nutrients
coming into the river from run off and erosion. This will increase the concentration. This assumption
is not confirmed by the analyses at the countryside. But in the village high discharge seems to lead to
higher nitrogen concentrations.
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6.2.2

Influence of the tributaries

Fig 11: Chart A and C plot the
nitrogen and nitrate
concentration of the 12km long
stream Trönningeån during low
flow. Chart B illustrates these
concentrations during high
flow.
The concentration of total
nitrogen from different
tributaries is indicated with a
rhomb at the location where it
enters the stream. The
tributaries have the same color
in these charts as in map fig3.
For tributary 5 are both
concentrations of nitrate and
nitrogen plotted in the charts.

During low and high discharge, the nitrogen concentration increases significantly between locations
two and three. This is caused by a hot spot in the area which could be tributary one. Still both values
are very low.
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Tributary four (green rhomb) and its adjacent industrial area (orange rhomb) have higher nitrogen
values than the Trönningeån. This has an impact on the main stream if the differences in
concentration are large enough. This was the case for the measurements of November and
December.
The concentration of nitrogen in tributary five is more than twice the concentration of the
Trönningeån during low discharge in October. As a consequence increases its nitrogen concentration
from 3,0 mg/L to 4,0 mg/L. The nitrogen concentration of tributary five is higher during the other
sampling days as well. Still this has only a minor impact on the Trönningeån.

6.2.3

Nitrogen and Nitrate

As illustrated by figure 11 the concentration of nitrate (blue line) has a similar pattern as that of total
nitrogen (red line). During low flow (October and December) almost all nitrogen in the water is
nitrate.
Chart A in figure 11 shows a gap (dashed purple line) between the concentration of total nitrogen
and nitrate in tributary five. As mentioned before, tributary five flows from an industrial area near
the village of Fyllinge. Waste water contains ammonium which explains why the values of total
nitrogen and nitrate differ a lot during low discharge. When the tributary enters the Trönningeån,
only total nitrogen increases (red line) and Nitrate (blue line) even decreases.
If the waste water is mingled with rain water during high discharge, the difference between Nitrogen
and Nitrate is less (Chart B & C in Fig 11).

7 Recap
Trönningeån is a rural stream in the South of Sweden that has a moderate to poor ecological status
according to the European Water Framework Directive. To cope with this situation and to
simultaneously increase the biodiversity and prevent flooding’s, Hushållningssällskapet wants to
install different innovative wetlands that retain phosphorus. These tailor made solutions need
detailed information of the area.
In the first phase of the project, 18 samples were taken at three different moments along the 12
kilometer long Trönningeån. These samples were tested for nutrients (P, PO4 3-, N, NO3-) and heavy
metals (Zn). Only the nutrients are discussed in this paper.
As agriculture covers most of the land, it is likely that farming activities contribute the most to the
high phosphorus concentration. But this hypothesis is not confirmed by the analyses. The
concentration in the stream did not exceed the threshold of 50 µg/L of good ecological status.
During heavy rainfall, not at the countryside but in the village of Trönninge the concentration of
phosphorus increased remarkably. The major contributor to high concentrations of phosphorus in
the main stream is tributary five, although after the heavy rains in December, its concentration was
acceptable.
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Nitrogen shows a similar pattern as phosphorus during high flow; low concentration at the
countryside and high in the village. During low flow, the concentrations stay stable within a wide
range. Again tributary five contains a high concentration of nitrogen that effects the main stream. In
addition, the extreme high concentrations in November and December of Nitrogen in tributary four
and its adjacent industrial area influences the main stream.
These differences in concentrations over time at one location need place-specific solutions. As an
example is an innovative wetland designed in the next chapter.

8 Constructed wetland
The goal of the LIFE-GOODSTREAM project is increase the ecological status of the complete
Trönningeån. To measure this status the population of fish will be monitored and the concentration
of total phosphorus may not exceed 50µg/L. To retain the nutrient phosphorus from the water,
different types of wetlands will be installed.
The concentration of phosphorus at location two (at 480m) is significantly higher than the source
concentration in the lake (location one) and at location three (2120m). The line in figure 12 between
location two and three has similar curves but the values between one and two are capricious.
The samples in the lake (source) are taken 50m North of the area where the Trönningeån leaves the
lake. It is possible that these values are not representative for the whole lake.

[Total-P] Upstream Trönningeån

60

Concentration (µg/l)

50
40

Low flow
Oct2015

30

High flow
Nov2015

20
Low flow
Dec2015

10
0
0

200

400

600

800

1000

1200

Distance (m)
Fig 12: Overview of phosphorus concentration in Trönningeån the first 1200m. Sampling location 2 is situated at
480m from the source. Two extra measurements were carried out 14th December 2015 to determine the
hotspot of phosphorus between the source (knörresjön) and location two.
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8.1 Boundary conditions
In December two extra samples were taken at 111m and 274m (figure 12) to determine the
phosphorus hotspot. The chemical analysis point out that the phosphorus increases between 111m
and 274m. Other field research was done:
•
•
•
•
•

Topography; the stream lies in a small valley as the surrounding land is 2 to 5 m higher
Soil; the stream is surrounded by grassland, mostly grazed by horses.
Management; the area behind the hotspot is grazed by cattle that make small roads in the
grass field. But this is not causing the excess of phosphorus.
Drainage pipes; due to high water level in Trönningeån, drainage pipes were not visible.
Land use; the area is dominated by horses which are trained to take part in trotting races. 13
houses could be contributing to the problem if their waste water is connected to the stream.
More information on the area of location two can be found in appendix 10.2.

Location 1

Location 2

Fig 13: Map of the area
between sampling
location 1 and 2.
Trönningenån (blue line)
starts in Knorresjön. The
green area is de
suggested location of the
designed constructed
wetland. The black line
represents the catchment
area of the wetland. In the
design of the constructed
wetland, a drainage pipe
at the side of the horse
facility is included (orange
line).

The increase between location one and two is probably caused by a drainage pipe coming in
Trönningeån between 111m and 274m. A constructed wetland that will serve as a phosphorus trap
will be installed at 274m from the source. In addition a drainage pipe will be placed at the slope of
the valley where the trotting horses graze to capture the nutrient rich runoff before it enters the
Trönningeån.
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8.2 General design principles for constructed wetlands
(Feuerbach & Strand, Vatten och mangfald i jordbrukslandskapet, 2010) (Feuerbach, Praktisk
handbok för våtmarksbyggare, 2014)

Location; Find a location where the water could be present year round, for example at the lowest
point of the landscape (next to a slope or in a depression). It is also possible to add groundwater in
dry periods and this would increase the biodiversity because of its specific properties. It is clear that
in the area also a nutrient problem should occur.

Size; Nutrient retention in relation to cost effectiveness: wetlands can have a rather small surface
area. Biodiversity on the other hand increases with larger wetlands because different habitats are
possible in a heterogonous system.
A rule of thumb that is used to create a reasonable size of wetland is 1% of the catchment area. The
surface area of the wetland is much larger than that of the stream so the velocity of the water will
decrease and larger particles of organic material and attached phosphorus will sediment. The
retention time of the wetland should be at least 1 day. The size of the wetland should be linked to the
discharge of the water. The latter is difficult to determine as in spring and autumn the discharge is
much larger then in summer or winter.

Surface area; Micro-organisms are responsible for the retention of nitrogen and sulfur in wetlands.
Emergent plants can increase the surface area for bacteria to work on and that will lead to better
results in nutrient retention. Still, if wetlands are overgrown and the incoming water is not dispersed,
nutrient retention as well as biodiversity (lack of open spaces) decrease. An extra remark is that
methane production occurs more in mature wetlands, certainly when P load is high.

Slope; The shorelines of wetlands should be ecofriendly banks so a large part of the slope is
periodically wet or dry. This area will be colonized by various species. The slope should be 1:7 if that
area is available. A soft slope is good for animals that go in and out of the wetland and is also
preferable for the safety of kids. If a large area is not available, construct in that case steep slopes 1:2
at one side to create space for a gentle slope on the other side.

Shoreline; Biodiversity enhances when one side of the wetland is well maintained with low
shorelines (mowing reed for land animals) and water and reed species benefit from the more
overgrown areas.

Biodiversity; Some red list species disappear by constructing wetlands. The lowest, less profitable
areas of agricultural land are pointed out by farmers to be transferred to wetlands. But these
unfavorable areas are in general colonized by specialists. Red list species are often specialist that
have high demands for their habitat. Some need a wet environment that dries out in the summer, so
no fish will be there, so they will not be predated by them (=wet meadow).
The biodiversity of plants increases when the wetland becomes older as not only pioneer species will
grow there. Still the wetland can overgrow and become a marsh. This depends on the amount of
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sediment that is coming in and how much is flushed out again. The emergent plants have a
significant influence on sedimentation rate.

Buffer zone; The aim of this 6m wide, covered with grass zone is to decreases runoff and erosion so
phosphorus will settle in the buffer zone. Large stones are added to give the opportunity to
amphibians to hibernate. When they awaken during spring, amphibians need warm water.
Vegetation should therefor always be planted at the south side of the pond, so no shadow will fall on
the water.

Bottom; It is important that the nutrient rich water from the wetland is not leaking into the
groundwater. The soil at the bottom should be impermeable by its properties (clay or loam) or by
organic matter which will be transferred from the top soil to the bottom. Clay has a low pH and this
can enrich the biodiversity. Never place clay or loam on the slopes if grazers will be used for the
maintenance as they can sink in the wetland and destroy the slopes.

Vegetation: The main purpose for planting aquatic vegetation is to increase the biodiversity and the
retention of nutrients. The plants take up nutrients (N&P) but the majority of the nutrients will
disappear by physio-chemical processes. Bacteria play an important role in nitrogen retention.
Vegetation increases the surface area of the wetland (16 times) for bacteria. Bacteria try to find their
best niche to accomplish nitrification or denitrification. Vegetation brings oxygen into the wetland
and this is beneficial for the nitrification bacteria that transform ammonium into nitrate. Plants are
also a carbon source for bacteria and its roots prevent resuspension of sediments.

(c)

Fig 14: Differences in evolution between planted
Submerged Vegetation Wetlands (SVW), Emerged
Vegetation Wetlands (EVW) and Free Developing
Wetlands (FDW). Over time the biodiversity increases
in free developing areas (FDW) and with submerged
plants (SVW) (chart a&b). Less various species will be
found in emerged vegetation wetlands (EVW) but
these species are capable of creating a better
environment for bacteria which are responsible for
denitrification (chart c) (Weisner & Thiere, 2010).
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Depth: The water depth of a wetland should be minimum 0,5m and maximum 1m. The latter is the
depth at which a lot of emergent plants have difficulties to survive. Cattail for example will not grow
in areas that are deeper than 0,8m. Shallow ponds are easily warmed up in spring time and this is
beneficial for the amphibians.

Management & Maintenance: Wetlands in agricultural areas should be simple and self-sustaining.
The less management the better. After 10 or 20 years the retention capacity for phosphorus has
come to its limits. The sedimented phosphate should be dredged. The width of a wetland cannot
exceed 16m as the largest crane trucks cannot reach further than 8m. Mowing the grass is easy if the
water level could be controlled at the outlet.
Monitoring: At least four times per year water samples should be analyzed the first 3 years to
determine the influence of the wetland and the impact of hydraulic differences. Strand and Weisner
(2013) (figure 15) illustrate in their study the relation between the annual nutrient load and the
removal of nutrients by wetlands. Higher nutrient loads caused for example by heavy rainfall lead to
an increase of absolute removal of nutrients (kg/ha) and a decrease in relative removal (%). Monitor
programs should point out the real impact of the nutrients expressed absolute numbers. It is
unfortunate that for the ecological status of Trönningeån only relative numbers are used.
Fig 15: Relation between the nutrient load
and removal in wetlands. The absolute
removal (amount of N removed per
wetland area) increased with load while
relative removal decreased (Strand &
Weisner, 2013).
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8.3 Design
In the design for the constructed wetland at location 2 were the next parameters taken into account:

Figure 16: Design constructed wetland to trap phosphorus at sampling location two. Trönningeån flows next to
the buffer zone (grass area at the right) and is connected with a large pipe to the wetland. The smaller pipe at
the inlet is the drainage pipe that will collect the runoff water from the horse facility. The outlet is located at
the end of the shallow part.

1. The size of the wetland is 517m² that covers 0.8% of catchment area of 65.000m².
2. The wetland has different depths. At the inlet the wetland is 1m deep. The velocity of the
water that runs through the drainage pipe will decrease as the area which it enters is wider
and deeper. As a consequence the large/heavy particles will settle in that area. Phosphate is
adsorbed by soil particles and will sediment as well. Phosphate also can react with cations in
the water column and precipitate. An additional advantage of a deeper area at the inlet is
that sand will be collected there and as a consequence will this enlarge the life-span of the
shallower parts of the wetland.
A little bit further is the wetland 0,8m deep to prevent cattail from growing there. The rest of
the wetland has a depth of 0,5m that is beneficial for amphibians that need warm water in
springtime. This latter area will be covered with a lot of emerged vegetation but will not
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3.

4.

5.

6.

7.

block sunlight from the open area which is located at the inlet. At the outlet will it be possible
to manage the water level.
The shape of wetland takes into account:
• Minimum loss of valuable land of the owner
• Different depths will have different vegetation and fauna (biodiversity increases)
• Long retention time in between the inlet and outlet, so bacteria can retain nitrogen
and different niches are created so phosphorus can settle.
• Located at a hotspot of phosphorus (location2), possibly caused by drainage pipes
• Not too close to the road (20m) to prevent cars from sinking in the wetland
• The area between Trönningeån and the wetland is the buffer zone (5m) covered with
grass only. Some rocks are placed for hibernating amphibians.
• The width of the largest part of the wetland is 8m so crane trucks can be used for
maintenance. Where the wetland is 16m wide, maintenance can be done from two
sides. This means that no machinery has to drive on the buffer zone.
• An excavator can easily dredged the phosphorus that settles at the inlet.
In this design are three different slopes used. 1:2 is designed next to the buffer to create a
less steep slope (1:5) at the other side. This compromises between the loss of valuable land
and benefits for fauna and flora. At one side the wetland is only 8m long. In this area a slope
of 1:7 is created.
The wetland is placed to remove phosphorus form Tönningeån. Because the Swedish law
prescribes that wetlands can never be in direct contact with the stream, pipes will connect
the wetland with the stream (diameter 0,22m). In this design an additional drainage pipe
from the valley slope of the horse facility will as well be connected to the wetland (diameter
0,11m)
The excavated soil can be used to fill the two depressions in the area. As a result the owner
has more profitable land and the water will drain to the constructed wetland. Some extra soil
will also be used to heighten the buffer zone. This prevents as well water spills from the
wetland to Trönningeån during heavy showers. To increase the storage capacity, not only a
dam will be create at the buffer zone but as well at the lowest area of the wetland. Because
the slope is 1:7 in that area, the dam cannot be steep.
Vegetation will not be planted. To encourage the germination of seeds that are present or
travel to the wetland by wind, ducks or other birds and animals, the wetland will only be
filled halfway the first three to six months. This helps grass and water plants to establish
along the shoreline and makes the shore less vulnerable for effects of waves or hydraulic
peaks.

24 | P a g e

9 Conclusion
Working with fresh water wetlands is a fascinating science which involves a lot of different
parameters. This report focuses on the first phase of the LIFE_GOODSTREAM project of the Wetland
Research Centre in Halmstad (Sweden). Besides the information of the County Administration which
describes the Trönningeån as a rural river with a moderate to poor ecological status, extra chemical
analysis were done at 18 different locations. The results reveal that one tributary and the village of
Trönninge are the largest contributors to the nutrient problem in the river. In addition are some
hotspots of phosphorus observed at the countryside but these values did not exceed the threshold
of 50µg/L. To put all the theory into practice, a constructed wetland was designed to trap the
phosphorus at the hotspot between location 1 and 2.
It is apparent that samples taken at 18 different locations along the river give detailed information on
the stream. Samples were taken in October, November and December 2015 to compare the
difference in nutrients caused by hydraulic peaks. Other parameters can as well alter the phosphorus
level in the water. It is advisable to map the evolution of nutrients in the water over twelve months,
where possible with an automatic flow-proportional water sampling. It is interesting to take samples
at the same spots but taken costs into account, some strategic locations should be sampled and
analyzed each month. All this information will lead to tailor-made constructed wetlands in the
catchment area of Trönningeån.
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10 Appendix
10.1 Appendix1: Innovative wetlands
Integrated Buffer Zones (IBZ) targets the problems with pipe drainage bypassing buffer strips and
thereby shortcutting any water retention and bio - geochemical processes for nutrients. The new
concept to resolve these problems is currently to be scientifically evaluated at four experimental
sites (established 2012-2014) by hushållningssällskapet. GOODSTREAM will demonstrate how to
adjust and optimize the concept along of a stream in full scale.
The new concept (fig.17) is to cut drain pipes before entering the stream by establishing a closed
ditch running parallel to the stream, leading to sedimentation and denitrification as well as reducing
peak flows. Adjacent to the ditch a controlled water overflow-zone is established allowing the water
to infiltrate a zone with trees between the ditch and the stream. No water is transported by surface
flow to the stream. In the infiltration zone trees are established to optimize the infiltration capacity
of the buffer area. Trees will within a timeframe of only a few years due to deeper roots provide fast
pathways for water into deeper soil layers and enhance water holding capacity by adding substantial
amounts of organic matter as well as increasing soil porosity.

Fig 17: Picture and overview of an Integrated Buffer Zones (IBZ).
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Level Wetlands (LW) are a new type of wetlands with focus on recirculation of nutrients, where the
problem of nutrient leakage is attacked from a different perspective (fig 18). These level-adjusted
wetlands are optimized for re-circulation of nutrients as opposed to earlier focus which have been on
the resource-wasteful process of denitrification. By being able to control the water level, recovery of
nutrients by removing sediment and putting them back on the fields is facilitated. The efficiency is
expected to be high when permanently low water levels optimize sedimentation and where flow
peaks can be infiltrated in specially designed infiltration banks. In these infiltration banks the
nutrients will be accumulated in tree biomass. GOODSTREAM will demonstrate how to design and
adjust Level Wetlands site-specifically along a stream.

Fig 18: Overview of Level-wetlands

Optimized Constructed Wetlands (OCW) will be optimized by separation into compartments by
subsurface ridges with intense vegetation and floating islands made with natural materials in order
to slow down water velocity and to increase retention and sedimentation. The ridges with
vegetation slow down the water movements and thus increase sedimentation and denitrification.
They are also shallow, further enhancing sedimentation due to shorter sedimentation distances.
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10.2 Appendix2; Design constructed wetland
On December 14th two extra measurements were taken at 111m (location 1a) and 274m (location 1b)
to determine the hotspot of phosphorus. This map shows an overview of the area where the
designed wetland will be created to cope with the excess of phosphorus.
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