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Foreword 
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Abstract 
The Baltic Sea has a major problem with eutrophication where acts have been taken 
by the EU commission to sign a common action plan, the Baltic Sea Action Plan 
(BSAP). The overall goal is to reach a good environmental status by the year 2021, 
where one of the sub-goals is that the Baltic Sea should be unaffected by 
eutrophication. For Sweden, the goal for phosphorus (P) is to reduce the annual load 
with 290 tonnes by the year 2021. Since phosphorus is the main limiting nutrient, it is 
targeted for reduction when it comes to addressing problems with eutrophication.  

The objective of this thesis is to estimate the effect of constructed wetlands (CW) and 
buffer zones (BZ), as measures for reducing agricultural phosphorus, in a specific 
sub-catchment area of the Söderköping river. The waters in this sub-catchment area 
have the status unsatisfying and poor. If the area and location of these measures are 
suitable, and if the effect implementation would fulfil a good status for these waters, 
are questions that this thesis will aim at.  

An assigned P reduction has been calculated for the sub-catchments where the waters 
with unsatisfying and poor statuses are present. Areas for CWs have been calculated 
with the help of the assigned reduction and retentions found in the literature, where 
location has been suggested as well. With the help of calculated areas for potential 
BZs for this area, the effect of them have been calculated by retentions found in the 
literature with 9 and 10-meter BZ-widths.  

The result of this thesis show higher results for assigned P reduction than the actual P 
load that is present in the sub-catchments. This gives unusual results for the effect of 
the CWs where they show a P reduction of 59-234%. The method for assigned P 
reduction is therefore questioned, where the method for the reference value that is 
used is not without flaws. For BZs, a reduction of 5-14% is shown, where the 
reduction is larger with larger areas for potential BZs. Whether the implementation of 
the measures will fulfil a good status for the waters is difficult to say, due to the 
inadequate methods and the odd results given in this thesis. 

Keywords: Phosphorus, agriculture, constructed wetlands, buffer zones, assigned P 
reduction. 
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1. Introduction 
Eutrophication is a major problem in the Baltic Sea where the sea has become an 
eutrophic marine environment from being an oligotrophic clear-water sea in the early 
twentieth century (HELCOM, 2007). Acts have been taken by the EU commission 
and the environmental ministers from the surrounding countries, to sign a common 
action plan, the Baltic Sea Action Plan, BSAP (The Swedish EPA, 2007). The goal of 
the plan is to reach a good environmental status by the year 2021. The overall goal 
has four sub-goals: (1) the Baltic Sea should be unaffected by eutrophication, (2) life 
in the sea should be unaffected by hazardous substances, (3) fair biodiversity and 
nature conservation and (4) environmentally compatible maritime activity on the sea 
(The Swedish EPA, 2009b and HELCOM, 2007). The main cause for the 
eutrophication is excessive nitrogen and phosphorus loads from the catchments of the 
surrounding countries. Causes for the load are mainly agricultural activity but also 
discharge from individual sewage plants. About 45 % of the net phosphorus load from 
Sweden to the Baltic Sea is due to agriculture.  

Different countries have different goals for reduction where the goal for Sweden is to 
reduce the annual P loads to the Baltic proper with 290 tonnes by the year 2021. 
There are already implemented measures that are estimated to reduce about 170 
tonnes per year of the total amount, but there is still 120 tonnes per year left. The 
measures for reducing these last tonnes are to be implemented to the year 2016. The 
measures are addressed to the anthropogenic sources, such as agriculture. A 
significant amount of the total load consists of a background load, which is the natural 
load of nutrients that is difficult to reduce and is why the anthropogenic sources are 
the target for reduction. 

The Swedish RBDA for Southern Baltic Sea is one institution that is currently 
working with different projects in accordance with this goal, where the pilot project 
for the Söderköping river is one of them. The current projects objective is an 
identification of feasible measures against eutrophication and modelling of their effect 
for the catchment of Söderköping river.  

1.1 Phosphorus in agriculture 
Phosphorus is the main limiting nutrient in freshwater ecosystems and according to 
some authors, also estuaries and is therefore targeted for reduction when it comes to 
addressing problems with eutrophication (Bruland and Richardson, 2005; Yates and 
Prasher, 2009; Djodjic et al., 2002; Djodjic et al., 2004; Djodjic et al., 2005 and 
Djodjic and Bergström, 2005). The increased use of fertilizers in agriculture in 
Europe has lead to high nutrient losses to water (Hoffmann et al., 2009; Uusi-Kämppä 
et al., 2000 and Börling et al., 2001). Two important forms of P are present in 
agriculture, dissolved reactive P (DRP), the form that is immediately available for 
plants, and particulate P (PP). P-loss from clay soils occurs to a greater extent and the 
majority of P is lost as PP through surface runoff, where land erosion plays an 
important role (The Swedish Agricultural Office, 2008 and Bergquist, 1999). Erosion 
is extensive in agriculture where the slope of the land and the degree of vegetation 
amongst others, are important factors. 

Crops only collect a small fraction of the P that is present in the fertilizers and the rest 
remains in the soil, scarcely available to the crop plants. The sorption and desorption 
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capacities are the controlling factors of P availability, where the risk of P losses can 
increase if too much P is applied causing sorption saturation.  

Transport of P to waters also takes place through groundwater runoff, in forms of 
DRP, and is often event driven and variable in time. High P losses are often detected 
in connection to intensive rainfall and snow melting, after newly applied fertilizer 
(Bergquist, 1999 and Lazzarotto et al., 2005). Land drainage on arable land increases 
the runoff leading to less water that comes from precipitation to infiltrate to the 
deeper ground water, where it normally would gradually runoff to the watercourses. 
Instead it directly runs off through the surface or drainage to the stream. Surface 
runoff is considered to be the main transport, as earlier stated, due to poor infiltration 
where the water remains standing and stacking up on P, and also depending on the 
soil type (Djodjic et al., 2002 and The Swedish EPA, 2005). Drainage has however 
considerable high loads of P as well.  

1.2 Objective  
The objective of this thesis is to estimate the effect of constructed wetlands and buffer 
zones in a specific sub-catchment area of the Söderköping river. These measures are 
investigated to decrease phosphorus leakages from agricultural systems to waters, to 
be able to reach good environmental status according to the BSAP. The thesis has 
aimed at the questions whether these measures are suitable for this area and where, 
and also if the effect of the implementation would fulfil a good status for the waters in 
the area (more of the status and classifications is explained in the method). 

This thesis also gives a foundation for the discussion of advantages and disadvantages 
of the methods used and whether they are reliable on a sub-catchment scale.   

1.3 Delimitations 
Delimitations are made to a smaller area in Söderköping river, where six sub-
catchment areas are included and illustrated in figure 1. The catchments for the 
Söderköping river are outlined in black, where the purple outline is for the selection 
of this thesis. These areas are the sub-catchment areas for a specific part of the river 
and a lake where the water status has the classification unsatisfying (Lillån) and poor 
(Asplången) illustrated in figure 2. The numbers in this figure are the identification 
numbers for the sub-catchments. Delimitations are also made to the available data, 
since a large amount of the work with decreasing P leakages must be limited to the 
data that is available.  

This thesis addresses only the agricultural pollution sources since agriculture is the 
largest factor that contributes to the leakage of phosphorus in this specific area, 
according to results from the Swedish Environment Emissions Data (SMED, 2010). 
Delimitations are also made to the data that is available where the choices of the used 
methods are based on the limited amount of data.  

1.3.1 The measures 

Two types of measures are chosen for this thesis are selected because they are the 
most suitable for decreasing phosphorus leakage from agriculture, due to the range of 
available data and information regarding their effects. Further limitations are also 
made to only study the effect of the buffer zones on these specific sub-catchments and 
not the location, as the location already has been determined by The Swedish River 
Basin District Authorities for Southern Baltic Sea. For constructed wetlands, both 
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location and effect has been studied by using assigned P reductions (see method for 
more information). 

2. Measures  

2.1 Constructed Wetlands  
Constructed wetlands are here defined as land where water is in or above ground level 
throughout the most part of the year, vegetated water areas or water areas with 
vegetation-free surfaces down two meters depth (Tonderski et al., 2002). Constructed 
wetlands are implemented mainly for reducing P and nitrogen (N) leakage by slowing 
down runoff. 

There are three main processes that govern P in wetlands: (1) sedimentation of PP, (2) 
P uptake by biomass and (3) sorption of P by iron, aluminium, calcium and 
magnesium (Tonderski et al., 2002 and Bruland and Richardson, 2005). The process 
of sedimentation is based on that the flow rate is decreased by wetlands, where soil 
particles cannot stay suspended in the water. Phosphates are taken up by plant 
biomass, but only during the growing season (Uusi-Kämppä, 2000 and Maltby and 
Barker, 2009). The water depth, and flow rate determine what type of vegetation can 
survive. The vegetation also decreases the flow rate, giving time for sedimentation of 
PP. The sorption of P by iron, aluminium, calcium and magnesium is an equilibrium 
reaction governed by the amounts of the elements, pH, temperature and oxygen 
conditions.  

When implementing CWs, it is also important to know and understand what affects 
the nutrient removal mechanisms (Yates and Prasher, 2009). The local environment of 
where the CWs are situated has a large impact on the removal mechanisms, where the 
soil substrate and different physiochemical properties of a CW govern P removal 
mechanisms, and also which of the mechanisms that will dominate. Therefore, when 
implementing a CW local conditions have to be considered.  

2.2 Buffer Zones 
Buffer zones are tillage-free zones located between agricultural land and waters that 
are implemented to reduce P and N leakage from agricultural activity (Hoffmann et 
al., 2009). They are often vegetated with a variation of vegetation, from smaller 
vegetation such as grass, to larger such as trees, preventing soil erosion and 
decreasing flow rate of runoff from agriculture.  

The uptake of P occurs, as for CWs, through sedimentation of PP and P uptake by 
biomass (Hoffmann et al., 2009 and Bergquist, 1999). The uptake processes depend 
on factors such as soil type, P saturation, width of the BZ, the size of the outflow and 
when it occurs, and also the vegetation type and management. The type of vegetation 
plays an important role in the uptake of P. The size and density affects the flow rate of 
the runoff thus affecting the sedimentation capacity, while the type of vegetation 
affects the degree of the uptake of DRP (Bergquist, 1999 and Borin et al., 2005).   
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Figure 1. Map over the catchment area for the Söderköping river and the targeted sub-catchments, 
taken from SMHI and with permission from The Swedish Mapping, Cadastral and Land Registration 
Authority (Medgivande: I2010/0360).  
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Figure 2. Map over Lillån (unsatisfying status) and Asplången (poor status), with permission 
from SMHI and the Swedish Board of Agriculture.  The status poor has the colour red and 
unsatisfying is orange. The different numbers are IDs for the sub-catchments (which are the 
coordinates for the points of outflow). 
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3. Method 

3.1 Sub‐catchments and P‐load 
Since there was a limited amount of data available for the catchments and their 
features, the method for the choice of the location and effect for the different 
measures has been based on data that is available. Further relevant information and 
methods that have been studied but not used in this thesis due to lack of data have 
been discussed in the discussion part.  

Tables 1 and 2 present the different sub-catchments and their attributes according to 
the data that has been available, where the information has been collected from the 
Swedish Environment Emissions Data. The data is for the estimates of phosphorus 
and nitrogen load from sources in 2006, and are flow-corrected for the period 1985-
2004 (Brant et al., 2009).  

Table 1. Catchments (with their IDs) and area, agricultural land, soil type, P-class and slope 
class, taken from SMED (2010). 

ID Area 
(km2) 

Agricultural 
land (km2) Soil type P-

class* 
Slope 

class** 
648511-151088 7.33 4.32 Clay 2 1 
648581-151280 4.78 3.12 Clay 2 2 
648581-151308 35.7 16.8 Clay 3 2 
649697-151319 20.7 6.31 Clay 2 2 
649668-151842 25.1 5.42 Loam 3 3 
648435-152432 18.8 10.5 Clay 3 3 

* P-class 2 = 0.693-0.832 g P/kg soil, 3 >0.832 g P/kg soil 
** Slope class 1 <1.99%, 2 = 1.99-3.26%, 3 >3.26% 
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Table 2. Phosphorus load for the sub-catchments taken from SMED (2010) (P concentrations are 
taken from VISS, 2010). 

ID 

Total 
Gross 
Load, 

B 
(kg/yr) 

Total 
Gross 
Load, 

A 
(kg/yr) 

Gross 
Load, B 

Agriculture 
(kg/yr) 

Gross 
Load, A, 

Agriculture  
(kg/yr) 

Gross 
Load, 

B, 
other 

* 
(kg/yr) 

Gross 
Load, 

A, 
other* 
(kg/yr) 

P 
Concentration 

in the water 
(µg/l) 

648511-
151088 115 156 115 140 - 16 - 

648581-
151280 85 111 85 106 - 5 - 

648581-
151308 447 778 447 727 - 51 168 

648697-
151319 167 237 167 209 - 28 168 

648669-
151842 97 254 88 192 9 62 202 

648435-
152432 277 594 274 527 3 67 185 
B = Background, A = Anthropogenic 
* Other sources such as storm water for the background load and individual sewage plants and industry 
for the anthropogenic load.  

The P gross load is the amount of P that reaches the watercourse in a catchment 
(Brant, 2009). The two types of gross loads are separated into background load and 
anthropogenic load. The background load is the amount of P lost without the 
interference of human activities, such as agriculture. For these data, the background 
load is based on uncultivated grassland. The anthropogenic loads are based on, among 
others, leakage coefficients on P loss from point sources and diffuse non-point source 
pollution. The net load is the amount of nutrients that reach the estuary through the 
watercourse (see also figure 3). Retention is the separation of nutrients from land and 
water through sedimentation, biological uptake, degradation and absorption. Thus, 
retention is the difference between gross load and net load. The gross load will 
therefore be used as target for reduction.  

 

 

 

3.2 Assigned P reduction 
The different catchment areas have been given different assigned P reductions 
according to the water status within the catchments. A specific method has been used 
from The Swedish River Basin District Authorities for Southern Baltic Sea, 
estimations of assigned reductions, and is explained further in the section below. The 

Figure 3. Represents the flow of nutrients in a catchment. 
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different values for water status are presented in table 3, and have been used for the 
calculation of the assigned P reduction.  

Table 3. Water status and their values that are based on the classification of waters (see below), 
and used for calculation of the assigned P reduction. 

Status Value 
High 1.25 
Good 1.75 

Modest 2.66 
Unsatisfying 4.16 

Poor 5 
 

The classification of waters according to different statuses is based on the so called 
“Ecological Quality Ratio”, which is the ratio between an observed value and a 
reference value (The Swedish EPA, 2007). The reference value represents a state for 
the water where there has not been any human interference. The foundation for these 
assessments is a conjunction between different quality factors such as biological, 
physical and chemical factors. The values are based on a multiple linear regression 
analysis. 

Worth mentioning is that the method for calculation the reference values differs 
between lakes and watercourses. Agriculture (where there is >10 % agricultural land 
of the total land area) is considered in the method for watercourses but not for lakes. 

To simulate an assigned reduction in a catchment, the upstream assigned reduction 
has been subtracted by the downstream. The downstream has been given the status 
good because it is assumed that the status there will be good after implementing 
measures upstream. The simulation has been performed with the help of a reference 
value for the status good (for phosphorus) in the different catchments. The reference 
value has been calculated by The County Administrative Board of Östergötland. The 
assigned reduction in µg/l has been calculated in the following way: 

€ 

Assigned reduction =  status upstream (water value)× reference value( ) −
status good downstream× reference value( )

 

 
To convert assigned reduction to kg/yr:  

€ 

Assigned reduction (kg/yr) =  assigned reduction (µg/l) ×  q ×10-9 × 86400 × 365( )
where; 

q = mean run-off for the sub-catchment (l/s) 
10-9 = from µg to kg 
86400 = seconds in a day 
365 = days in a year 

Because the run-off varies from year to year and data is based on several years, a 
minimum value has been calculated to use as an assigned reduction, which is 
recommended from The Swedish River Basin District Authorities for Southern Baltic 
Sea. The final assigned reduction is for all pollution sources for P and not only 
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agriculture. Therefore the proportion that agriculture constitutes of the whole 
anthropogenic load has been multiplied by the assigned reduction to get a 
representative reduction for agriculture.  

3.3 Constructed Wetlands 
The effect that CWs have on reducing phosphorus leakage from agriculture and the 
area needed for a specific desired retention have been calculated with different 
retentions from the available literature (see table 4).  

Table 4. Different retentions taken from the available literature. 
 

 
The three studies from the literature in table 4 have investigated the retention of CWs 
by using input-output data to model the removal of P. For Tonderski et al. (2005), the 
study was based on three CWs in southern Sweden, for Braskerud (2002) four CWs in 
Norway and for Uusi-Kämpää et al. (2000) 5 CWs in Norway (with P-loss from 
arable land). The retentions that are used in table 4 are mean values from these 
literatures. 

The calculations are based on the methods used in the literature for deciding 
retentions. The area of a CW, for a catchment, has been calculated in the following 
way: 

€ 

ACW = Rr ÷ r    where; 

ACW = area of the CW (m2)  
Rr = the representative reduction of total phosphorus (g/yr)   
r = retention (g/m2/yr)    

The percentage of a constructed wetland (of a sub-catchment) was also calculated to 
see if it coincides with the corresponding percentages from the chosen literature in the 
following way:  

€ 

CW = ACW ÷ ASCTH    where; 

ASCTH = Area of the sub-catchment (m2) 

There are different kinds of guidelines and recommendations for implementing CWs. 
The following from The Swedish Environmental Protection Agency, EPA (2009a) 
concerning CWs for the purpose of water treatment, have been used for the location 
of a CW regarding P: 

• The location must have a high load of pollution of the substance which is 
targeted for reduction by the implementation of a CW.  

• The concentration from the inflowing water must be high, at least 50 µg/l.  

• The catchment must be at least 50 ha. 

Author Retention (g/m2/yr) Retention (kg/ha/yr) 
Tonderski et al. (2005), mean 2.26 22.5 

Braskerud (2002), mean 48.2 482 
Uusi-Kämpä et al. (2000), median 63 630 
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• The natural water purification is insufficient.  
• The recipient of the water system (the Baltic Sea) must be sensitive for 

pollution. 
• A high amount of agricultural land is preferable for the location of a CW, for 

the best possible utility.  
• The location should be as big as possible and not smaller than 0.5 ha (due to 

cost effectiveness) 

3.4 Buffer Zones 
The crucial part is to decide the width a BZ should have (Bergquist, 1999). The first 
step has therefore been to decide a suitable width according to an equation from 
Bergquist (1999) where the width is dependent on the slope of the land:  

€ 

WBZ = 8 + s× 0.6( )    where; 

WBZ = width of BZ (m) 
s = slope of the land (%) 

The most common width for physical and chemical protection of water is between 10-
30 m. In order to receive financial compensation for implementing a BZ, the width 
should be between 6-20 m, along with other criteria regarding management (The 
Swedish Agricultural Office, 2009). The retention capacities for these widths have 
been studied in the literature and compiled in table 5.  
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Table 5. Retention capacities for BZs for different widths from the available literature, also with 
vegetation use.  

Author Run-off Width 
(m) Vegetation 

Retention 
efficiency 

Tot-P (mean 
%) 

Hoffmann et al. (2009) 
review studies  9 Moved grass 69 

  10 
Grass, moved 

grass and 
shrubs 

58 

  15 Grass 79 
  16 Grass-woody 93 
  26 Moved grass 89 

Bergquist (1999) Surface water 9  63 
  10  38 
  16  95 
  22  96 
  30  49 
 Ground water 22  100 

Bhattarai et al. (2009) 
review studies, 

concentration basis 
 9 Fescue 95 

  12.2 Fescue (tall) 89 
  15 Fescue 96 
  18.3 Fescue (tall) 84 
  21 Fescue 97 

Dorioz et al. (2006) 
review studies  9 Grass 67 

  10 Grass and 
shrubs 59 

  15 Grass and 
shrubs 59 

Uusi-Kämppä et al. 
(2000)  10 Trees, bushes 

and grass 70 

 

Potential locations for BZs in the area have been determined by The Swedish River 
Basin District Authorities for Southern Baltic Sea through GIS and raster layers. Data 
on waters and agricultural land use has been taken from maps from The Swedish 
Mapping, Cadastral and Land Registration Authority. For water, a raster layer has 
been made by giving a pixel (10*10 m) the value 1 if it is in range of 10 m from 
water, since that is considered to be a minimum width of a BZ. The rest, including 
water have been given the value 0. Same principal goes for agricultural land use, 
where pixels with arable land have been given the value 1, and the rest such as ley, 
pasture and already existing BZ have been given the value 0. The raster data are then 
multiplied by each other to determine potential locations for BZs, i.e. where there is 
arable land within 10 m from water (1*1) is given a pixel value of 1. The rest where 
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the result is 0 (for example pasture that is not within 10 m from water, 0*0), is given a 
pixel value of 0.  

The effect that these potential BZs have has been calculated with the help of the 
different retention capacities by assuming that 200 meters agricultural land use, from 
the water, is drained through the BZ. Dividing this area (200 meters from water) with 
the total amount of agricultural land use will result in a proportion of agricultural land 
use where the retention capacity of BZs is effective. The decrease of P has then been 
calculated for that proportion of agricultural land use and also how much that 
reduction is of the total amount of agricultural land use. More detailed calculations 
follow below: 

1.  

€ 

Proportionagri. land (%) = A200m ÷ ATot    where; 

A200m = Area of the agricultural land use within 200 m from water (for the 
potential BZs) (m2) 
ATot = Total area of agricultural land use (m2) 
 

2.  

€ 

P reduction = Retention capacity× Proportionagri. land × Tot. P load( )
 where; 

P reduction = the P reduction that can be done in the area where BZs are effective 
(kg/yr) 
Retention capacity = % from table 5, mean value. 
Tot. P load = the total load of P from agriculture (kg/yr) 

3.  

€ 

Proportion P =  P reduction ÷ Tot. P load ×100    where; 

 Proportion P = the amount P in % that is removed by BZs 

A sensitivity analysis has also been made since the decision that approximately 200 
meters agricultural land (from water) is drained is only an assumption. The value of 
150 (-25%) and 250 (+25%) meters has also been calculated to test the sensitivity of 
the value.  

The final result has been presented in the form of tables, maps and suggestions for 
further study.  
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4. Result 
The result is presented in forms of tables and figures, with explanatory text and the same 
order as for the method. 

4.1 Assigned P reduction 
Table 6 shows the result of the calculation for assigned P reductions, with input values. The 
reference values that are calculated by The County Administrative Board of Östergötland 
are found in the third column from left, and differ between the sub-catchments. The 
representative reduction is used further on for calculating areas for CWs. Note that these 
results are higher than the actual load present in the sub-catchments in table 2. Arithmetic 
examples for the calculations for sub-catchment 648581-151308 according to the equations 
in the method: 

€ 

Assigned reduction =  4.16 × 37.8( ) − 1.75 × 37.8( ) =157 µg/l

€ 

Assigned reduction =157 (µg/l) ×  q ×10-9 × 86400 × 365( ) = 459 kg/yr  

Table 6. Assigned P reductions for the last four sub-catchments (sub-catchments with waters with 
unsatisfied and poor status). 
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648581-
151308 Lillån 4.16 37.8 35.7 160 160 157 66.1 459 429 

648697-
151319 Lillån 4.16 23.8 20.7 93 307** 99.0 41.7 555 489 

648669-
151842 

Asplå
ngen 5 9.81 25.1 112 419** 49.1 14.2 422 318 

648435-
152432 Lillån 4.16 11 18.8 84 503** 45.8 19.3 421 373 



                                                                              
                                                                                                                                                                                                             18                                     
          

4.2 Constructed Wetlands 

4.2.1 Areas 

Table 7 shows the areas of the CWs in the third column from right, with the CW percentage 
of the sub-catchment next to it and the P reductions in percent to the far right. The three 
different retentions used from table 4 are all used to show the difference in areas. Note that 
two of the P decrease values are higher than 100% due to that the results from the assigned 
P reduction where higher than the actual load. Arithmetic examples for the calculations for 
sub-catchment 648581-151308 according to the equations in the method: 

€ 

ACW = 429000 ÷ 48.2 = 8.8 ×10−3  km2
 

€ 

CW = 8.8 ×10−3 ÷ 35.7 = 0.02 %  

Table 7. Calculation of areas for CWs, note that the result of the P reduction is greater than 100 %. 
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648581-
151308 35.7 727 429 2.26 189*10-3 0.53 59 

648581-
151308 35.7 727 429 48.2 8.8*10-3 0.02 59 

648581-
151308 35.7 727 429 63 6.8*10-3 0.02 59 

648697-
151319 20.7 209 489 2.26 216*10-3 1.05 234 

648697-
151319 20.7 209 489 48.2 10.1*10-3 0.05 234 

648697-
151319 20.7 209 489 63 7.8*10-3 0.04 234 

648669-
151842 25.1 192 318 2.26 141*10-3 0.56 166 

648669-
151842 25.1 192 318 48.2 6.6*10-3 0.03 166 

648669-
151842 25.1 192 318 63 5.0*10-3 0.02 166 

648435-
152432 18.8 527 373 2.26 165*10-3 0.88 71 

648435-
152432 18.8 527 373 48.2 7.8*10-3 0.04 71 

648435-
152432 18.8 527 373 63 5.9*10-3 0.03 71 

* Since the assigned reduction is for all sources of P, the agricultural proportion of all sources of P has been 
multiplied by the assigned reduction   
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4.2.2 Locations 

The first two CWs for the first two sub-catchments (648581-151308 and 648697-151319) 
are illustrated in figure 4 in colour red. They have been placed downstream, as close as 
possible to the sub-catchment border, so they can take up P leakage from all agricultural 
areas in the specific sub-catchment. The third sub-catchment (648669-151842) has three 
smaller CWs where they have been placed in the outflow of smaller rivers to the lake 
Asplången, and also at the outflow of Asplången, see figure 5. Note that the CWs in the 
figure are not proportional in area. The last sub-catchment (648435-152432), a CW has 
been placed far downstream, as for the first two sub-catchments (figure 5). These six CWs 
have been located on these spots only as a suggestion, as more information about the 
specific area is needed for a precise location. 

The location of all six CWs is in waters that have a high load of P (Lillån and Asplången, 
with unsatisfying and poor status), and the concentrations of P are for these both higher 
than 50 µg/l (see table 2). All the sub-catchments have an area that is greater than 50 ha and 
the CWs are all greater than 0.5 ha.  
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Figure 4. The location of the first two CWs (maps taken from SMHI and with permission from 
The Swedish Mapping, Cadastral and Land Registration Authority (Medgivande: I2010/0360)). 
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Figure 5. The location of the last two CWs (maps taken from SMHI and with permission from 
The Swedish Mapping, Cadastral and Land Registration Authority (Medgivande: I2010/0360)).  
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4.3 Buffer Zones  
Calculations for the width will first be presented in this section followed by the 
calculations for the P reduction 

4.3.1 Width for the different sub‐catchments 

Sub-catchment 648511-151088 and 648581-151280 with slope size <1.99%: 

W1 = 8 + (1.99 * 0.6); 

W ~ 9 m. Width for these catchments should be approximately 9 m.  

Sub-catchment 648581-151308 and 649697-151319 with slope size 1.99-3.26%: 

W1 = 8 + (1.99 * 0.6) and W2 = 8 + (3.26 * 0.6); 

W1 ~ 9 m and W2 ~ 10 m. Widths for these two catchments should be from 
approximately 9-10 m 

Sub- catchments 649668-151842 and 648435-152432 with slope size >3.26%: 

W = 8 + (3.26 * 0.6); 

W ~ 10 m. The width for these catchments should be approximately 10 m or larger.   

4.3.2 P reduction 

Table 8 shows the P reductions in both kg per year and percentage, for 200 m of 
agricultural drained through the BZ (highlighted with grey), and for 150 and 250 m. 
The reductions are seen in the column far to the right. The sensitivity analysis shows 
that the sensitivity of the value is between 15 and 23 %. Worth mentioning is that 
when calculating the areas, already existing BZs have been disregarded solely and not 
land other than arable such as ley and pasture, which is accounted for in the method 
when deciding potential locations for BZs. Arithmetic examples for the calculations 
for sub-catchment 648581-151308 according to the equations in the method: 

€ 

P reduction = 56 × 0.17 × 727( ) = 70.4 kg/yr

€ 

Proportion P =  70.4 ÷ 727 ×100 = 9.96 %  
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Table 8. P reductions for BZs for the sub-catchments, for 200 m of agricultural drained through 
the BZ (highlighted with grey), and for 150 and 250 m. 
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648511-
151088 7.33*106 0.14 0.18 0.21  140 67 12.8 16.6 20.4  9.20 11.9 14.7  

648581-
151280 4.78*106 0.12 0.15 0.18  106 67 8.31 10.6 12.9  7.84 10.0 12.2  

648581-
151308 35.7*106 0.14 0.17 0.20  727 56 57.7 70.4 81.9  7.93 9.69 11.3  

648697-
151319 20.7*106 0.10 0.12 0.14  209 56 11.9 14.4 16.6  5.68 6.91 7.95  

648669-
151842 25.1*106 0.07 0.09 0.11  192 56 7.66 9.65 11.6  4.01 5.05 6.06  

648435-
152432 18.8*106 0.19 0.25 0.30  527 56 58.2 74.9 88.9  11.1 14.2 16.9  
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5. Discussion 
The discussion is presented in same order as for the method and the result. 

5.1 Assigned P reduction 
By looking at the results from the assigned P reduction, it can be discussed whether 
this method is appropriate to use. First of all, the calculated assigned P reduction for 
sub-catchments 648697-151319 and 648669-151842 is greater than the actual P load 
that is present in form of anthropogenic agricultural loss, see table 2 and 6. The latter 
can possibly be explained by that the methods used to calculate the reference values 
differ between watercourses and lakes. Agriculture is not accounted for in lakes, even 
though there is a considerable amount of agricultural land close to the lake Asplången 
in sub-catchment 648669-151842 (see figure 2). This does not however explain the 
result for sub-catchment 648697-151319 and the watercourse Lillån, where 
agriculture is accounted for. By using reference values times the value for status in the 
calculations to give a concentration, instead of using the actual concentration for the 
waters may give higher or lower concentration, depending on the reference value and 
if it actually is representative. This might also cause difficulties for the results.  

Another part that is not accounted for in the method is what effect the implemented 
measures in an upstream sub-catchment would have on the downstream sub-
catchment. According to the method that is used by The Swedish River Basin District 
Authorities for Southern Baltic Sea, estimations of assigned reductions, the 
downstream sub-catchments assigned reduction should be subtracted by the upstream, 
giving the downstream sub-catchment a smaller assigned reduction, assuming that the 
measures upstream are implemented. Logically, this would mean that the assigned 
reduction should increase downstream, without the subtraction according to the 
method as shown in table 6. This partly works for the first two sub-catchments 
648581-151308 and 648697-151319, giving the latter a smaller assigned reduction of 
60 kg/yr (see table 6), and also for the last two 648669-151842 and 648435-152432 
where the latter would be given an assigned reduction of 55 kg/yr. But the difference 
between 648697-151319 and 648669-151842 is the opposite, where again the method 
can be questioned.  

The question is whether the difference between the calculations for the reference 
values for watercourses and lakes is the reason for the odd results or if the problem is 
the overall calculations for the reference values. Going further back, to the method for 
calculating reference values, Wilander (2006) explains that the values are estimated 
by nearby unaffected waters or by equations based on unaffected waters. In his report 
he also gives the recommendation that the equations should be based on data from 
comparable waters with current hydrological conditions, since the equations are based 
on among other hydrological parameters that change with time. The relationship 
between total P and these hydrological parameters in lakes was analyzed by a multiple 
regression and gave an r2 value of 0.37, which means that 37% of the variation is 
explained by the regression model. The same was performed for total P and selected 
chemical parameters giving an r2 value of 0.42. If these values are valid enough can 
be discussed. The consequences it might bring to the results of the reference values 
and their use in other calculations can be substantial and that may be a reason for the 
odd results in this thesis.  
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A multiple regression analysis is also done to explain the relationship between the 
calculated reference values for total P and measured total P values. The reference 
values that are used in this thesis and are calculated by The County Administrative 
Board of Östergötland are not in range of the intervals of the regression model, where 
the highest values are 20 and 25 µg/l (for water courses and lakes respectively). Some 
of the reference values that are used for the calculations in assigned reductions are 
over this interval. By studying the models in Wilander (2006), the strength of the 
relationship between reference values and total P values are weakened with higher 
concentration of P. The relationship would logically be weaker for the higher 
concentrations that are larger than the interval of the model. With this in 
consideration, the use of the calculated reference values, as a good status, can be 
questioned whether they are reliable. The answer is probably not, due to the odd 
results of assigned P reductions in this thesis.  

5.2 Constructed Wetlands 
The results show a difference in areas for CWs depending on the different retentions 
found in the literature (see table 7). When comparing them to the studies performed in 
the articles where the retentions are found, the size of the areas or the proportion of 
CW-area to sub-catchment area, are of the same size.  For Tonderski et al. (2005), the 
areas of the CWs were from 0.03-0.15 km2, where the areas in this thesis are a bit 
larger, between 0.04-0.22 km2 which corresponds to 0.5-1% CW of the whole sub-
catchment. For Braskerud (2002) the proportion of CWs were between 0.03-0.38% 
(where most of them were between 0-0.10%) and the results in this thesis show that 
they are within the range of 0.02-0.05%.  

When it comes to the CWs P decrease, no valid conclusion can be made due to the 
difficulties with the result of the assigned P reduction discussed above. The result 
shows a P decrease of 59%, 234%, 166% and 71%, where two of them are not logical. 
Reducing P load that is not present is impossible, which again questions the validity 
of the method used to calculate reference values for assigned P reduction. With this in 
mind, the result of the P decreases of 59% and 71% should be considered with 
caution, due to the uncertainties.  

The placement of the CWs of the first two sub-catchments and the last one (648581-
151308, 648697-151319 and 648435-152432) is far downstream so that P leakage 
from all agricultural areas within the specific sub-catchment can be absorbed (figure 
4). This choice of placement is the most appropriate for this thesis, due to the 
available data. Another placement would be to locate several smaller CWs in different 
parts of the watercourses, preferably in the outflow of smaller watercourses that flow 
into the affected waters, where some of the CWs for sub-catchment 648669-151842 
have been placed as a suggestion (see figure 5). However, to do this for all catchments 
requires better data on watercourses within the area and their local conditions, which 
has not been available for use in this thesis. Tonderski et al. (2005) points out that 
CWs should be placed far upstream from the catchment outlet for the removal of P to 
be sufficient. However, this is for a catchment scale and not a sub-catchment scale as 
in this thesis, where the placement downstream a sub-catchment is preferable for the 
uptake of P from all agricultural areas.  

Whether the effect of implementing CWs can be estimated before the actual 
implementation takes place can be questioned. Local conditions for the placement 
play a large role. It is probably necessary to work on a smaller scale than is done at 



 26 

present, preferably on a sub-catchment scale, for this to be taken into consideration. 
Local conditions such as what P mechanism removal is dominant should be known 
for the design of CWs to be optimal, which is also confirmed by Tonderski et al. 
(2005). When implementing CWs without considering the local conditions, the 
retention capacity of the CWs might be different in the end. Which vegetation that is 
present in the CWs also plays an important role. Tonderski et al. (2002) points out 
that perennial plants are preferable over annual, where the annual give off most of 
their nutrient supply when decayed and only delay the transport to the receiving 
water, in this case the Baltic Sea.  

The large difference in retentions found in the literature also questions whether an 
effect can be estimated prior to implementation. Braskerud (2002) states that the input 
of pollutants and the specific P load affects the retention, as well as other factors such 
as hydraulic load and the time of year, where the latter two are probably of greater 
importance. Due to lack of data on these factors, a more specific location is difficult 
to decide. Uusi-Kämpää et al. (2000) concurs with Braskerud (2002) stating that the 
retention is affected by the input of P and also that the retention differs with 
differences in depth of the CW, the vegetation cover and retention time. With this in 
mind, the effect that a CW has is difficult to estimate prior to implementation because 
the retention is dependent on the formation of a CW. 

5.3 Buffer Zones 
The results of the calculated widths are regarded as suitable, especially when it comes 
to the criteria from The Swedish Agricultural Office (2009) regarding financial 
compensation. A 10 m width is preferred due to that it is the smallest most common 
width when implementing BZs for the use of retaining P. It is also preferred because 
the method for calculating potential locations for BZs uses a width of 10 m, and 
cannot handle a smaller width due to the pixel size of 10*10 m in creating raster 
layers. 

Increasing the width does not give an increase in retention capacities, rather a 
decrease (see table 5) which is also pointed out by Uusi-Kämppä et al. (2000). This 
can be due to the different use of vegetation for the different widths. Trees and bushes 
have a greater biomass than grass and longer retention time, which means that the 
phosphate uptake is larger for trees and bushes than for grass. This points out the 
importance of the choice of vegetation when implementing BZs. 

The reduction of P varies between 5 % and 14 % of the total anthropogenic 
agricultural P load (see table 8). The variation depends on the width and also the size 
of the area for the potential BZs. The sizes of the areas are probably of larger 
importance for the variation in P reduction when looking at the reduction within the 
last sub-catchment 648435-152432 and comparing it with the first two sub-
catchments 648511-151088 and 648581-151280 that have smaller areas for potential 
BZs. The last sub-catchment has a larger reduction even with smaller retention 
capacity due to the size of the area. These conclusions should however be considered 
with caution due to that when calculating the areas for the potential BZs, land other 
than arable, such as ley and pasture, have not been disregarded from, as for the 
method for estimating the potential BZs.  

The sensitivity analysis of the assumption that 200 m of agricultural land is drained 
through the BZ shows a difference not larger than -/+ 23% when decreasing or 
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increasing the width of the assumption. This shows the variation in the result when 
the area is changed, and estimates the risk an assumption of this kind may have. This 
difference in % is somewhat smaller than the change in width for area (-/+ 25% of 
200 m), but is not regarded as substantial due to the uncertainties and odd results in 
other sections of this thesis.    

It is difficult to say whether implementing these measures would fulfill a good status 
for the waters in the area that have unsatisfying and poor status. The measures 
discussed in this thesis have without a doubt the potential to fulfill this goal if 
implemented in the right way. Reliable methods and sufficient data that are used is an 
important key for predicting the effect of different measures and to be able to state, 
prior to implementation, that a good status for the effected waters will be achieved. 
This is of great importance for this study on the Söderköping River catchment as well 
as for other catchments that are drained to the Baltic Sea for Sweden to be able to 
reach its goal of reducing the phosphorus load, and to contribute to the battle against 
eutrophication.    

6. Conclusions 
• Some of the assigned P reductions have odd results, where they are larger than 

the existing P load in the sub-catchments. The method for assigned P 
reduction is insufficient due to the flaws in the methods for calculating 
reference values, where a concentration that is dependent on the reference 
value is used instead of the actual concentration, and also due to the difference 
between the methods for lakes and watercourses.  

• The areas of CWs differ when using different retentions from the literature, 
but the proportions of CWs are within range of the results in the literature. It is 
difficult to draw conclusions about the P reduction due to the odd results for 
assigned P reduction that is used. If the effect that the CWs have on P 
reduction can be estimated prior to implementation can be questioned, due to 
for example the importance of local conditions and the differences in 
retentions. 

• A 10 m width is preferred for BZs and increasing the width does not increase 
the retention capacity, but rather decreases it instead. This is probably due to 
the use of different vegetation which points out the difference of the choice of 
vegetation. The variation in the result for reductions depends on the size of the 
width but also, more importantly the area of the potential BZs. 

• It is difficult to say whether implementing the measures discussed in this 
thesis will fulfill a good status for the waters in the area. Good methods and 
reliable data are of greatest importance when trying to predict effects in the 
future.  
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