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Abstract 
Eutrophication is an increasing problem in the Baltic Sea and is caused by an excess of 
nutrients in the water which are primarily transported with the runoff from cultivated land. 
The peninsula Vikbolandet in Östergötland is dominated by arable land and has stream 
outflows to the bays of Bråviken and Slätbaken. In this study five streams of Vikbolandet 
have been sampled during the spring flood period with the aim of connecting concentrations 
of nutrients in the streams with turbidity and runoff in the catchment. This analysis has then 
been related to the land use in the small catchment of Vadsbäcken in order to investigate the 
impact of land uses with areal losses of phosphorus. The results indicate that there are 
increasing concentrations of phosphorus downstream in the sites of Vadsbäcken and that the 
transported amounts of phosphorus increases with the spring flood and at a rainstorm event. It 
is shown that the distribution of agricultural blocks in the catchment of Vadsbäcken has a 
major impact on the nutrient leakage. There is a co-variation between turbidity and runoff 
during a rainstorm event and between particulate-bound phosphorus and runoff over time. A 
further aim has been to investigate possibilities for use of an easily managed, cost-effective 
environmental monitoring method for nutrient measurements in watercourses. Within four out 
of five streams at Vikbolandet there is a significant co-variation between turbidity and total 
phosphorus. Using field measurements of turbidity for environmental monitoring could 
provide a viable alternative for environmental monitoring of watercourses but will need 
further investigations of co-variation before being brought into use. Further, this study shows 
that the transport of phosphorus is underestimated in environmental monitoring.  
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1. Introduction 

1.1 Background  
The eutrophication of the Baltic Sea first became observed in the 1970´s (Bernes, 2005, p.  
79). The effects of the dislodged ecological balance have become clearly visible and the 
multi-lateral arrangements towards a solution of this issue are intensive. This complex 
problem is managed by a manifold of actors such as HELCOM (the Helsinki Commission), 
IMO (International Maritime Organization) and ICES (International Council for the 
Exploration of the Sea). The European Commission is coping with the eutrophication problem 
through the Water Framework Directive (2000/60/EC) and the Nitrates Directive 
(91/676/EEC). These directives are related to the national environmental quality objective 
“Zero Eutrophication“ (Miljömålsportalen, 2010). On the regional and local levels, action 
plans have been developed by water authorities, county administrative boards and 
municipalities. With time, a number of regulative means, conventions and laws have been 
developed. Furthermore, the scientific interest has increased as the debate regarding the 
eutrophication has intensified. The eutrophication of water is caused by an excess of nutrients 
such as nitrogen and phosphorus. In the international context, eutrophication is becoming an 
increasing environmental problem as it results in effects like anoxic sea beds, algal blooms 
and threatened biodiversity (SLU, 2010).  
 
Nutrients are both atmospherically and hydrological emitted (Danielsson et al., 2006). The 
forest industry, the transport sector, industry and sewage treatment are major contributors of 
nutrients but agriculture is the most prominent contributor of nutrient leakage to watercourses 
in the south of the Baltic Sea (Bernes, 2005, p. 88). Nitrogen is regarded the limiting nutrient 
factor in the southern parts of the Baltic Sea, whilst phosphorus is the limiting factor in the 
northern parts and in estuaries surrounding the Baltic Sea, like Svensksundsviken (SLU, 
2010). The focus will be on phosphorus in this study as a majority of total phosphorus (Tot-P) 
in the form of inorganic phosphate and particulate-bound phosphorus (Part-P) is distributed 
by water (Grayson et al., 1995). A long-term solution to the eutrophication issue in the south 
of the Baltic Sea is primarily reached by a decrease in the phosphorus load in Sweden as well 
as the other countries surrounding the Baltic Sea. This is due to the fact that organisms are 
binding phosphorus in their cell mass which for instance increases the primary production of 
algae (SLU, 2010). It is also necessary to consider the fact that phosphorus is a non-renewable 
resource that has to be recycled in order to secure the supply of the future demand (Jacobson 
et al., 2000, p. 372). Therefore, elementary knowledge of the biogeochemical cycles of 
nutrients as well as the water cycle is of importance.   
 
Based on Vos et al. (2000), the Swedish environmental protection agency provides 
recommendations on the planning and framing of environmental monitoring (Inghe, 2002). 
There are specific framing guidelines for surface water monitoring (Naturvårdsverket, 2008). 
At present sampling for water monitoring is conducted infrequently only four times per year 
for nutrient status (ibid, p. 32). This may result in low quality of the basic statistical data. On 
the national level there is a need for a better controlled and coordinated monitoring in order to 
regard seasonal variations in phosphorus distribution in small catchment areas.  
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1.2 Aim of the study 
The aim of this paper is to analyse the relationship between runoff, concentration and 
transport of nutrients in the stream Vadsbäcken during spring 2010. A further purpose is to 
investigate possibilities for use of an easily managed, cost-effective environmental monitoring 
method for phosphorus estimation by analysing turbidity in different streams.  

1.2.1 Research questions 
The research questions are: 

• Is there a co-variation between turbidity and the concentration of phosphorus in the 
streams and between the streams? 

• Could the land use in the catchment explain the phosphorus amounts in Vadsbäcken? 
• How large is the yearly transport of phosphorus in Vadsbäcken? 

1.2.2 Delimitation 
The sampling took place every other week during a two month period throughout the spring 
of 2010. All of the sampling sites in the catchment of Vadsbäcken were parts of the 
geographical delimitation. In addition to this, four other streams in the area of Vikbolandet 
were included in the study, see Figure 1.  
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2. Geographical description 
Vikbolandet is a large peninsula east of the city of Norrköping. The landscape at Vikbolandet 
is characterized by about 60 % of open arable areas crossed by a number of roads and streams 
(Lindén et al., 1993). All of the streams in the study are situated at Vikbolandet.  
Svensksundsviken is a part of the bay Bråviken that is adjacent to the northern part of 
Vikbolandet. Since 1981 Svensksundsviken is a nature reserve and since 2005 it is a 
Natura2000-area. Due to the fact that phosphorus is the limiting factor for the estuarine bay of 
Svensksundsviken (SLU, 2010), this work was mainly aimed at these losses from the 
surrounding arable areas. Together with the neighbouring bay of Ållonöfjärden, the area is 
affiliated in the international wetland convention of protected wetlands (RAMSAR, 2009). As 
Svensksundsviken currently is also about to be converted to a marine nature reserve, a 
management plan needs to be written with concrete action proposals in order to decrease the 
eutrophication.  
 
The catchment of Vadsbäcken is about 52 km2 with no lakes (VISS, 2008). The 23 km long 
and mainly meandered Vadsbäcken is located in the inner parts of Vikbolandet and has its 
origin in the wetland of Vagnsmossen south of the lake Ensjön in the municipality of 
Norrköping, see Table 1 and Figure 1. The outflow of Vadsbäcken is in the meadows of 
Svensksundsviken. From the village of Tåby there is an outflow from the local sewage 
treatment plant which is a point source of nutrients (Norrköpings vatten, 2010).  
 
The source of Bjärkusaån is situated south of the village of Östra Husby and also has its 
outflow in Svensksundsviken (Norrköpings kommun, 2009). The surroundings of Bjärkusaån 
are completely dominated by arable land. The stream of Gisselöån, which is located in the 
south of Vikbolandet, is prominently surrounded by arable land and forest areas. This stream 
is comparable with Vadsbäcken in catchment size, length and average runoff. Currently the 
administrative board of Östergötland conducts monitoring at Gisselöån. The stream of 
Ljurabäcken has its origin in the lake of Ensjön and flows out in the river Motala ström and is 
heavily affected by the urban landscape of Norrköping. Finally, the stream Varaån has its 
source in the central part of Vikbolandet and has its outflow in Ållonöfjärden. 
 
Concerning nutrient loads, Vadsbäcken is the predominant local source of nutrients to 
Svensksundsviken. The inner parts of Bråviken are otherwise dominated by the outflow from 
Motala ström. In the early 1990´s a number of samples were analysed by Lindén (1992) and 
during recent years, students from the environmental science program at the Linköping 
University have conducted water samplings and analyses of Vadsbäcken. During these 
samplings the samples have mainly been taken during the autumn period.  
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Table 1. Description of the sampling sites. Coordinates are in RT90 reference system. 
 
Site Coordinates Description 
Vadsbäcken 

1a 
x6489895 
y1532905 

Vadsbäcken 
1b 

x6489715 
y1532810 

Upstream in Vadsbäcken, site 1a and 1b are located about 
0,5 kilometres from a road and a farm. The vegetation along 
this part of the stream is dominated by meadowland where 
there are also a small number of trees and some grazing 
areas. Site 1b is in a tributary. 

Vadsbäcken 
1c 

x6489375  
y1531765 

Site 1c is located farthest upstream of the sites at 
Vadsbäcken, close to a country road and a small forest area 

Vadsbäcken 
2a 

x6492575  
y1533690 

Vadsbäcken 
2b 

x6492295  
y1533830 

Vadsbäcken 
2c 

x6492345  
y1533655 

The sites 2a, 2b and 2c are situated about four kilometres 
from the outflow in Svensksundsviken, and are mainly 
surrounded by arable land and forest patches. Site 2b is in a 
tributary. 

Vadsbäcken 
3a 

x6495410  
y1533830 

Site 3a is located close to the outflow of Vadsbäcken to 
Svensksundsviken and is also closely located to a country 
road. The surroundings consist of arable areas, forest areas, 
houses and meadowlands. 

Bjärkusaån x6494846 
y1538664 

Located three kilometres from the outflow in 
Svensksundsviken, this site is mainly surrounded by arable 
areas. Also the site is closely located to the same country 
road as site Vadsbäcken 3a. 

Gisselöån x6489436 
y1535080 

This stream has its outflow in the bay Slätbaken south of 
Vikbolandet. The site is located close to the village Fristad 
and is mainly surrounded by arable areas. At the first 
sampling occasion, the samples were taken at the 
coordinates; x6486952, y1539392 

Ljurabäcken x6495598 
y1524064 

Ljurabäcken has its outflow in the canal Lindökanalen, 
while the site is located in an urban environment, in the 
eastern part of Norrköping nearby the Kungsängen airport.  

Varaån x6496844 
y1543758 

This site is located about three kilometres from the outflow 
to Ållonöfjärden and is close to a country road not far from 
the village of Östra Husby. The surroundings consist of 
arable areas, forest areas, houses and meadowlands 
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Figure 1.  Map of sampling sites in Vikbolandet. The catchment of Vadsbäcken is marked with yellow colour. 
Copyright Lantmäteriet, medgivande: I2010/0360.  
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3. Method  
The study has been conducted using a quantitative approach in the methods for data 
collection, processing, analysis and presentation of the result (Andersen, 1994, p. 70, 91f; 
Eliasson, 2006, p. 15-18, 28). The scientific base of the study has been to quantify, analyse 
and interpret the results and present them comprehensively.  
 
The following chosen variables of the watercourses were analysed; pH, conductivity, 
turbidity, Tot-P, phosphate-phosphorus (PO4-P), total nitrogen (Tot-N), sulphate (SO4

2-) and 
chloride (Cl-).  

3.1 Sampling method 
During five occasions, the sampling took place at seven sites of Vadsbäcken and the other 
four chosen streams of Vikbolandet, see map in Figure 1. These sites have previously been 
selected in environmental monitoring by the municipality of Norrköping between 1990-1991 
(Lindèn et al., 1993). On a sixth sampling 2010-03-23, a more comprehensive sampling 
procedure was made at site Vadsbäcken 3a where the samples were taken with a 60 minutes 
interval. This diurnal sampling was made during a seven hour period of a day with 
advantageous weather conditions. These conditions mean a temperature above zero degrees 
and recently started precipitation. In order to investigate if the runoff variations affected the 
levels of phosphorus in the watercourse, a rainy day was consciously selected for analysis. 
The weather forecast service on internet (SMHI, 2010) was used in order to predict a day with 
high runoff. According to SMHI (Swedish Meteorological and Hydrological Institute), the 
snow depth had decreased with two decimetres during the last four days. A verification of the 
rain intensity variables during the day was made using the SMHI radar service for 
precipitation and cloudiness. At the end of the month the SMHI weather statistics showed that 
this day had the second highest precipitation in March with four millimetres of rain.  
 
During all of the sampling occasions a total of 124 water samples where taken and about 1000 
variable values were analyzed in laboratory or empirically defined in field.  The transport to 
the sampling sites was done by car as this was the most time effective alternative for 
sampling. Furthermore, skis were used during the initial sampling due to deep snow covers on 
the sites. 
 

3.2 Field and laborative methods 
The sampling was made following guidelines given in Bydèn (2003, p. 6f) on all of the sites. 
The assessment of runoff at each of the sites was made using estimated values for the water 
velocity, the width of the watercourse and the average depth of the watercourse. This visual 
measuring method is described in Bydèn (2003, p. 23) and SMHI (2002). 
 
At the diurnal sampling at site Vadsbäcken 3a, the depth was measured every two decimetres 
across the watercourse and then the average depth was calculated from these figures with 
inspiration from instructions by SMHI (2002, p. 5) and Shaw (1994, p. 108-112). This visual 
measuring method was conducted on a bridge using a centimetre-marked long stick, see the 
bridge in Figure 2. The formula used for calculating the runoff was: 
 
Q = k * v * A, where Q = runoff in m3/s, k = 0, 87, v = velocity measurement using a float in 
the middle of the stream and A = cross-sectional area of the watercourse.  
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According to SMHI (2002), following the measurement method ISO 748:1997, k has been 
designated to 0,87 considering the stream floor characteristics as being slightly smooth. This 
constant varies between 0,84-0,9. The higher coefficient is used when the stream floor is 
smooth and the lower coefficient is used when the stream floor is rough. The estimate of k is, 
however, highly uncertain.  
 
The samples were taken towards the middle of the stream using the stream water collector. 
Two samples were taken at every site, one for field analysis and one for laboratory analysis. 
The labelling of the sample bottles was done by noting the name of the samplers, site and 
date. At this stage, the samples were analysed in field, see Figure 3 for pH, conductivity and 
turbidity except at the first occasion when pH and conductivity were measured in the 
laboratory. Subsequent to the samplings, the bottles were stored in an upright position in a 
cooler for the transport back to the laboratory. The samples were then conserved in a freezer, 
awaiting further analyses. 
 

                 
 
Figure 2. Runoff event measuring at site                Figure 3.  Laboratory work in field. 
Vadsbäcken 3a.      
 
A total of two main laboratory occasions were conducted and consisted of IC-analyses of 
anions and step-by-step cell-test kit analyses of chosen variables. During these occasions, a 
document was prepared with a detailed schedule and a material list. The chemical substances 
indices and safety instructions of the Tema laboratory were regarded prior and during 
laboratory activities.  

3.2.1 Preparation sample vessels 
An acid washing of the sample bottles was conducted following SIS SS-EN ISO5667-3, 
Water quality – Guidance on the preservation and handling of samples, prior to the first 
sampling occasion. In the later sampling occasions, brand new bottles were used and the acid 
washing was then excluded. The reason for this was that the washing with nitric acid 
potentially could affect the levels of nutrients in the sampled water. 

3.2.2 Equipment and materials 
For convenience, each sampling was prepared according to a checklist with all the necessary 
equipment. A field protocol was used at all sampling sites. Besides information of weather 
conditions, values for the following variables were collected: 
 
Conductivity: Measurements of conductivity reflects the electrical conductivity of the water 
sample and acts as a mirror of the surrounding environment (Bydèn 2003, p. 42). A higher 
conductivity implies more dissolved ions in the water sample. At the laboratory, a Radiometer 
CDM210 was used. When measuring conductivity in field, a Hanna instruments model DiST 
WP was used. The two instruments were checked against each other and gave the same value. 
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pH: The pH-values of the water samples were analysed in a pH-meter from the company 
Radiometer Copenhagen, MeterLab™, model PHM210, where the values indicate the 
concentration of hydrogen ions in the water. When measuring pH in field, a pH-meter from 
the same company model PHM202 was used. Both of these were calibrated. 
 
Ion chromatography (IC): This analysis was made following the manual for the used ion 
chromatograph, model MIC-2 from Metrohm, including relevant application notes to the 
instrument. The ion chromatograph analysis was made, on samples from Vadsbäcken. MIC-2 
is a chromatograph with chemical suppression and a conductivity meter, see Figure 4 and 
Figure 5. This analytic technique was used to measure the main concentration of anions such 
as Cl-, PO4

3- and SO4
2-. Prior to the IC-analysis, calibrated standard solutions were prepared 

for calibration purposes according to previous experiences of concentrations for the variables 
in Vadsbäcken with the formula:  
  
C1 * V1 = C2 * V2,   where C1 is the concentration of the stock standard solution, V1 is the 
volume of the solution that will be diluted, C2 is the concentration of the new standard 
solution to be analysed and V2 is the volume of the new dilution. 
 
The samples were manually filtered prior to analysis using 0,2 μm glass microfiber filters, 25 
mm diameter, from the company Whatman.  

                         
 
Figure 4 Ion chromatograph in action.                         Figure 5.  A conceptual illustration of the   
                                                                                       devices in an IC. 
  
According to Michalski (2006) the IC analysis provides relatively fast results with high 
sensitivity and selectivity compared to conventional methods. An ion selective eluent 
separates the components of the sample which then are transported through the system under 
high pressure using a pump (Simonsen, 2005, p. 313f). The injector transports, with help from 
a sample loop, the sample to the column. Subsequently, the sample and its components pass 
the column, become detected and transforms into analysable data. The measuring range for 
the variables are; 1,25-100 mg/l for Cl-,  0,0375-3 mg/l for PO4

3- and 1,25-100 mg/l for SO4
2-. 

 
Since Tot-P and Tot-N are not measurable in an IC-analyser, these values were analysed 
using the cell tests described below. 
 
Tot-N: The levels of Tot-N in the water samples from Vadsbäcken were analysed using a 
Spectroquant NOVA 60 of the brand Merck. This analysis was done following the 
instructions for cell test 14537 of the same brand, and was also done on deionised water 
samples in order to get reference values for the analysis. Tot-N was analysed with the purpose 
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of examining the total levels of organic and inorganic nitrogen in the water. The measuring 
range for this analysis is 0,5-15,0 mg/l N. 
 
Tot-P: The levels of Tot-P in the water samples from Vadsbäcken were analysed using a 
Spectroquant NOVA 60 of the brand Merck. Tot-P was analysed following the instructions 
for cell test 14543 of the same brand. This analysis was also done on deionized water samples 
in order to get reference values for the analysis. Tot-P is the sum of all dissolved organic and 
non-organic phosphorus, polyphosphates, and particulate-bound organic and inorganic 
phosphorus. The measuring range for this analysis is 0,05-5,00 mg/l P. In the study Part-P is 
estimated as Tot-P minus PO4-P (Bydèn, 2003, p. 65), this explains the necessity of an IC-
analysis. The accredited laboratory ALcontrol in Linköping performed analyses of Tot-P for 
the other four streams. 
 
Turbidity: In order to measure the turbidity in the water a Microprocessor Turbidity Meter 
HANNA Instruments, model HI-93703, was used. When the turbidity levels exceeded a level 
of 40 NTU the accuracy decreased and a dilution of the sample became necessary according 
to the manual. This device was provided by the county administrative board of Östergötland. 

3.3 Statistical method of analysis 
The software PASW Statistics 18 (SPSS Inc.) was used for statistical hypothesis testing. In 
the first and last questions of this study, the intention has been to analyse co-variation using 
correlation tests. The outcome of the correlation tests between the different variables 
determined whether regression analyses were interesting. Depending on whether there was an 
outcome of linear co-variation, regression models could be constructed showing how one 
variable explains the variation in another variable.  
 
All statistical hypothesis testing requires the formulation of a null hypothesis (H0) and an 
alternative hypothesis (H1) (Helsel and Hirsch. 1993, p. 108f; Wheater and Cook, 2000, p. 
54). H0 always means no correlation between variables, while H1 means that there is a 
correlation. In this analysis a p-value of 5 % was chosen. A p-value above 5 % indicates that 
H0 should be kept and a p-value below 5 % suggests that there is a correlation between the 
variables. 

3.3.1 Correlation analysis  
Correlation analyses can be made using three different correlation tests; Pearson’s r, 
Kendall’s tau or Spearmans rho. All three of these are measures of the strength of the 
relationships and can vary between -1 and +1, where 0 means no correlation. Pearson’s r is 
measuring linear correlation, while Kendall’s tau and Spearman’s rho measures monotonic 
correlation (Helsel and Hirsch. 1993, p. 210ff). Depending on whether a linear correlation is 
expected or not, an appropriate test is chosen. 
 
A statistical test for correlation was made which described the co-variation between Turbidity 
and Tot-P in different streams. There was a pronounced interest from the county 
administrative board of Östergötland in possible linear relationships within and between the 
five streams.  

3.3.2 Regression analysis 
When doing a regression analysis a model is constructed where one variable explains the 
variation in another variable. A simple linear model follows the general equation (Helsel and 
Hirsch. 1993, p. 222; Wheater and Cook, 2000, p. 101):  
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y = b0 + b1 * x, where y = dependent variable, x = independent variable, b0 = intercept and 
b1 = slope of the line. 

3.4 Method for geographic analysis 
In order to answer the last question and analyse the areal-specific losses of phosphorus some 
IT-based tools have been used. In this study they are mainly GIS (geographical information 
systems), specifically the software ArcMap which is a part of the program concept ArcGIS 
and is developed by ESRI. According to ESRI (2005, p. 327ff) and Wellving (2001, p. 32ff) 
raster data is basically a grid where each pixel is assigned a value, this is commonly used as 
bottom layer in GIS datasets. Vector format data has a structure of points, lines and polygons 
(Hall et al. 2003, p. 133; Wellving, 2001, p. 35-42). The information is selectable and can 
contain information from connected databases. In ArcGIS the vector format is in the ESRI 
shape format. Depending on origin and standards, data is in different formats. 
 
An initial step in the GIS-analysis was to retrieve a generic map of the Vadsbäcken 
catchment. This was done using the map layer Vattenkartan from Swedish River Basin 
District Authorities (VISS, 2008). Using this layer as a base map layer for further analysis, 
classes of catchments were compiled using data from the SMED (2010) database. Then it was 
possible to separate the local catchment of Vadsbäcken and store it in a separate layer file, 
showing soil and crop classes of the land use. The land use data was complemented by data 
from the agricultural block database of the Swedish Board of Agriculture. Land use layers 
were applied on the base map on the catchment of Vadsbäcken. The data derived from these 
layers were compiled in Table 3. By characterising land use in different classes for areal 
specific losses of phosphorus and process these in MS Excel, it became possible to derive the 
areal losses in kilogram per km2 and year. The leakage was calculated from the leakage 
constants from Svenska MiljöEmissionsData (SMED) which is a consortium of different 
agencies. Then an assessment was made of the total loads of phosphorus from Vadsbäcken to 
Svensksundsviken. A later step in the GIS analysis was to investigate possible patterns in the 
types of land use and the occurrence of phosphorus in Vadsbäcken. This was in order to relate 
the land use in the catchment with high phosphorus leakage. Also, this was a necessary step in 
order to find possible factors causing these leakages and connect them to potential measures 
at the local level.  

3.5 Method for estimation of transported amounts 
The concentration of Tot-P in Vadsbäcken has been calculated based on available observed 
concentrations from 1990-2010. The yearly transport of Tot-P has according to this study then 
been calculated based on estimated runoff from SMHI. This resulted in a boxplot showing 
Tot-P concentrations at site 3a and a table with statistical data for concentrations and 
estimated yearly transports. There is however an awareness of the contingency in these 
estimations. When calculating the transported amounts of phosphorus the following equation 
was used:  
 
T = Q * C, where T = transported amount, Q = runoff and C = concentration. 
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4. Result 

4.1 Vadsbäcken 

4.1.1 Phosphorus and other variables 
A box plot diagram in Figure 6 shows the distribution of Tot-P concentrations at each 
sampling site. The concentrations of Tot-P increases downstream in the sites of Vadsbäcken. 
When following the trend in the box plot below the concentration at site 3a is higher than 
expected. This variation indicates that something is happening between site 2a and 3a within 
Vadsbäcken. It is important to note that site 1b and 2b are tributaries in the system. Site 2b is 
differing from the other sites. There is only one outlier, at site 3a.  
 

 
 
Figure 6. Boxplot diagram showing concentrations of Tot-P in all of the sites in Vadsbäcken during spring 2010. 
The line in the centre of the boxplot represents the median value. 50 % of the values are within the box and 25 % 
on each side of the box according to the length of the whiskers. It also visualises outliers outside of the box. 
 
Figure 7 shows a line diagram with markers for every variable value, representing the 
concentrations of Tot-P at the sampling sites of Vadsbäcken from the beginning to the near 
end of the spring flood period. There is a peak in the concentration of Tot-P around date 
2010-03-29. The highest concentration is found in the tributary site 2a and in the outflow to 
Svensksundsviken at site 3a. During the first sampling date 2010-03-10 the concentrations 
were the lowest of the sampling period except for site 1a. The concentrations of Tot-P in 
Figure 7 can be compared with other variables over time, see Appendix 1. 
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Figure 7. Graph showing the concentrations of Tot-P at all sites in Vadsbäcken during spring 2010. 

4.1.2 Co-variation between variables  
When looking at the data from the diurnal sampling at site 3a there seem to be a relationship 
between Turbidity and Runoff, see Figure 8. The relationship seems however not to be linear 
and therefore a Kendall’s tau correlation test is performed, see Table 2. The variation over 
time can be seen and also be compared with other variables over time in Appendix 1.  
 

 
Figure 8.  Simple scatter dot graph of the relationship between Turbidity and Runoff in the diurnal sampling of 
site 3a. 
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When looking at site 3a for all sampling occasions, see Figure 9, there seem to be a 
relationship between Part-P and Runoff. The relationship seems however not to be linear and 
therefore a Kendall’s tau correlation test is performed, see Table 2. The variation over time 
can be seen in Appendix 1. 
 

  
Figure 9.  A simple scatter dot graph of the relationship between Part-P and Runoff at site 3a for all sampling 
occasions. 
 
Based on the diurnal sampling at site 3a and the analysis of site 3a at all sampling occasions, 
the co-variation between a number of variables were tested against runoff. The monotonic co-
variation between the variables and runoff are compiled in Table 2 below. Co-variation 
between Runoff and another variable is bold-marked when falling below the chosen p-value 
of 5 % and a selection of these are thereafter discussed and analysed. Site 3a in Vadsbäcken is 
used for this analysis as measurements for runoff are more reliable at this site compared to 
other sites. There was a more comprehensive water gauging conducted on this sampling site. 
Based on the diurnal sampling of site 3a a significant relationship can also be seen between 
Tot-N and Runoff, see Table 2. This can be interesting to investigate further in future studies.  
 
Table 2. Compilation of calculated p-values and Kendall’s tau correlation coefficient values of interesting 
variables at site Vadsbäcken 3a with focus on runoff. Co-variation between Runoff and another variable is bold-
marked. 
 

Variable Date in 
 site 3a 

Turb Tot- 
P 

Tot-N PO4- 
P 

Part-
P 

pH Cond Cl SO4 

Runoff 
p-value 

Diurnal 
100323 

0,015 0,157 0,021 0,224 0,091 0,761 0,634 0,224 0,761 

Runoff 
Tau-value 

Diurnal 
100323 

0,781 0,474 0,750 -0,390 0,550 0,098 0,158 0,390 -0,098 

Runoff 
p-value 

All 
samples 

0,042 0,134 0,694 0,023 0,002 0,349 0,580 0,876 0,876 

Runoff 
Tau-value 

All 
samples 

0,477 0,359 0,094 -0,537 0,722 0,220 0,132 -0,037 0,037 

4.1.3 GIS analysis of land use 
Based on the geographic analysis of the Vadsbäcken catchment a compilation has been 
created with the land use data from SMED (2010) and data from the Swedish Board of 
Agriculture, see Table 3. The total amount of phosphorus leakage on a yearly basis is about 
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one ton to Svensksundsviken. The estimated average retention of 0,8 % is not included in the 
table, nor is the point sources of phosphorus from single household sewers since there was no 
data available for calculation. During the last 15 years the average load from a municipal 
sewage treatment plant to Vadsbäcken has been 6 kg Tot-P per year (Norrköpings vatten, 
2010).  
 
Table 3. Compilation of the leakage of phosphorus from land use of soils within the catchment of Vadsbäcken. 
The table shows land use classes of modified excel data from SMED (2010) from the year of 2005. 
 

Soil Crop 
Leakage K 
(mg/l) 

Area 
(km2) 

Leakage  
(kg/yr) 

Agriculture Spring wheat 0,36 0,042 69 
Agriculture Summer rape 0,40 1,9 76 
Agriculture Spring grain 0,37 2,5 71 
Agriculture Ley 0,32 2,8 61 
Agriculture Rye 0,36 0,24 69 
Agriculture Potatoe 0,41 0,049 77 

Agriculture 
Undefined 
crops 0,15 0 28 

Agriculture Fall wheat 0,36 11 68 
Agriculture Fall rape 0,34 0,90 64 
Agriculture Oat 0,39 0,81 73 
Agriculture Green tread 0,30 3,3 57 
Agriculture Sugar beet 0,37 0 71 
Agriculture Fall grain 0,36 1,6 69 
Agriculture Extensive ley 0,30 2,6 57 
Agriculture Small crops 0,35 2,3 66 
Forest   0,0080 13 2 
Cleared 
forest   0,013 0,33 2 
Open 
ground   0,05 8,2 9 
Mire   0,08 0,57 15 
Sewage 
treatment 
plant   0 0 6 
Total:   52 1010 

 
 
In the map in Figure 10 the land use in the catchment of Vadsbäcken is classed according to 
data of nutrient leakage from SMED (2010). The block “other” represents cleared forests, 
open ground and unspecified agricultural crops. This block is not included in the estimations 
in Table 3 but an assumption is that the area of “other” constitutes a third of the total 
catchment area, which should represent 0,5 ton/yr extra leakage of phosphorus. There are also 
a few smaller non-classified areas since there were no available data for these.  
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Figure 10. The catchment of Vadsbäcken with land use classes based on agricultural block data from 2009. 
Copyright Lantmäteriet, medgivande: I2010/0360. 
 

4.1.4 Yearly transport of nutrients 
The following boxplot in Figure 11 shows the distribution of Tot-P concentrations at site 
Vadsbäcken 3a over two decades using all available observed values. Judging from the below 
boxplot the median transport of Tot-P at site 3a is slightly above 200 µg/l. Half of the values 
in the boxplot lies within the interval of about 150-450 µg/l.  
 

 
Figure 11. Boxplot diagram showing concentrations of Tot-P at site Vadsbäcken 3a from 1990-2010. For 
explanation regarding the analysis of a boxplot, see Figure 6. 
 
In Table 4 below statistical data for concentrations and estimated yearly transports has been 
compiled based on data from the above figure and the specific runoff in the area, 6 l/s per 
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km2, according to SMHI (2009). The table shows that the average transported amount of Tot-
P at site 3a is 2,7 tons and when using a median value, is down to 2 tons. 
 
Table 4. Compilation of calculated concentrations and the yearly transport of Tot-P at site Vadsbäcken 3a.  
 
Variables  Median 

 
Average
 

25 % 
Percentile
 

75 % 
Percentile 
 

Concentration 
(µg/l) 

205 
 

274 132 440

Yearly 
transport 
(ton) 

2,02 2,70 1,30 4,33

 
When calculating the transport of nutrients in the Vadsbäcken outflow to Svensksundsviken, 
site 3a, the following Table 5 summarizes the daily transport. All of the samples have been 
collected around noon for the different days, as this time of day was expected to be relatively 
representative of the daily runoff due to the assumption that snow melting is least in the 
morning and highest in late noon.  The concentration and runoff estimations seem reasonable 
compared to earlier measurements in Vadsbäcken. It becomes clear that the transported 
amount of Tot-P during the high-flow day, 2010-03-29, accounts for some 15-20 % of the 
estimated yearly Tot-P transport of about two tons. When looking at the time span of two 
weeks in the middle of the sampling period the transported amount of Tot-P is about 3,2 tons. 
This figure is between two and three times the estimations of yearly transport in the GIS-
analysis in Table 3 above.  
 
Table 5. Calculations of transported amounts of nutrients at site Vadsbäcken 3a for all sampling dates. 
 

Date Tot-P [µg/l] Tot-N [µg/l] 
Runoff  
Q [m3/s] 

Transported 
Tot-P [kg/d] 

Transported 
Tot-N [kg/d] 

100310 140 2800 ice  -  - 
100323 440 7500 4,07 155 2640 
100326 550 7600 5,92 281 3890 
100329 610 4700 8,22 433 3340 
100408 300 4000 1,79 46 619 
100412 200 4000 1,01 18 349 

 

4.2 Turbidity and phosphorus in the five streams 
The graph in Figure 12 below shows the streams separately. The co-variation between Tot-P 
and Turbidity shows linear relationships according to Pearson’s r test. The concentrations of 
Tot-P over time can be compared with other variables over time, see Appendix 1. Gisselöån 
have only four valid samples for Turbidity, see section 5.1 Data quality.  
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Figure 12.  Simple scatter dot graph of the relationship between the concentration of Tot-P and Turbidity in all 
five streams separately. The lines are based on least square linear regression.  
 
In the compilation, Table 6 below, a significant co-variation, bold-marked, is found between 
Turbidity and Tot-P within all separate stream sites except for Gisselöån. There is also a 
significant co-variation between Turbidity and Tot-P when analysing all streams together. 
However the regression analysis shows for all five streams at Vikbolandet, by the R Square 
value, that a regression model with the given constant and slope values explains only 49 % of 
the variation in Tot-P. This seems to be a low goodness of fit for a regression model.  
 
Table 6. Correlation and regression coefficients between Turbidity and Tot-P in all five streams. The constant b0 
and the slope b1 are used when constructing a regression model. R Square shows the actual goodness of fit. 
Significant co-variation is bold-marked. 
 
Site p-value r-value b0 constant  b1 slope R Square 
Vadsbäcken 3a 0,001 0,955 73,465 2,717 0,912 
Bjärkusaån 0,022 0,930 26,775 1,736 0,865 
Gisselöån 0,181 0,819 203,141 0,499 0,671 
Ljurabäcken 0,003 0,983 19,953 2,026 0,966 
Varaån 0,005 0,976 79,972 1,920 0,952 
All streams at 
Vikbolandet 

0,001 0,697 119,814 1,559 0,485 
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5. Discussion  

5.1 Data quality 
Some of the variable values for Turbidity are missing due to analytical errors. Values from the 
diurnal sampling and from date 2010-03-26 have also been affected by these errors but are 
despite this included in the analysis. More data could have given more comprehensive 
conclusions. Concerning the co-variation, values for turbidity have a larger uncertainty 
because they were initially not diluted according to the instruction manual, which can be one 
reason for variance. When comparing the diluted turbidity value to the measured turbidity 
value, the former is on average 4,1 % higher. 
 
The runoff has affected the estimated values as the water depth was measured at slightly 
different locations. It is appropriate to have at least one fixed water level indicator for average 
estimations in order to secure the reliability when using this visual measuring method. There 
were some difficulties in calculating the runoff in some of the sites. One reason for this is that 
the streams were flooded at a number of sampling occasions and at a number of sites which 
made them non-reliable for statistical analysis. Another reason could be the presence of 
culverts downstream the sampling sites, slowing down the water. There are several, more 
advanced, methods for water gauging (Lindén, 1992; Shaw, 1999, p. 100, 106, 127; SMHI, 
2002). For example; the dilution method which implies using a trace substance, the stage 
method which uses periodical average values for runoff with a water level indicator and the 
commonly used current meter method. The selection of an easier visual measuring method 
offers a quick assessment of water speed and does not require expensive technical instruments 
but can instead be less accurate. For the best possible result of water gauging and sampling 
there is a need for intensification over time and automatization of the procedures. 
 
In this study there has been an intention of linking the excel data of areal land use and leakage 
factors with GIS data on agricultural blocks. Some difficulties have for example been 
compatibility problems with different classifications between SMED and Swedish Board of 
Agriculture, concerning both time and space. For example there have been considerations of 
using the GIS USLE-model since this has formerly been used in the nearby catchment of 
Gisselöån by Sivertun and Prange (2003). During the research process there were trials of 
other classification types, besides USLE, that also were not compatible with SMED data for 
analyses of runoff event losses. However it was possible to make a simplified GIS map of 
land use in the catchment of Vadsbäcken to see the distribution of high leakage soil and crop 
types, see Figure 10. The land use class “other” in the map could be further investigated by 
applying a qualitative method of interviewing the concerned farmers in the area. However it 
can be questioned whether the data available from these authorities is sufficiently valid. There 
is a need for a more frequent data retrieval of agricultural use from the concerned authorities. 
 
When doing an estimation of transported amounts there must be an awareness of the 
contingency in the estimation. For example, the samplings have mainly been done during the 
autumn season which may cause a skewed yearly distribution of Tot-P concentrations. The 
fact that the estimation of runoff by SMHI (2009) has been made infrequently, only four times 
per year could affect the comprehensive view of transported amounts. 
 
The quality aspects above are not expected to have an impact on the outcome of this study. 
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5.2 Vadsbäcken 

5.2.1 Concentrations 
The concentration of phosphorus in Vadsbäcken increases downstream in Vadsbäcken which 
can be seen in Figure 6 and Figure 7. There are higher concentrations at site 2b compared to 
site 1b which are both tributaries to Vadsbäcken. One possible reason for this could be 
different management of buffer zones as seen in Figure 13 and Figure 14 below. Other 
reasons could in this example be different slope factors and effects of grazing cattle nearby 
the stream. 
 

      
 
Figure 13. Site 1b with extended buffer                       Figure 14. Site 2b with minimal buffer zones. 
zones from the farming land. 
 
When considering weather data for the sampling period and estimated runoff data it is 
obvious in the graph in Figure 7 that the concentration of phosphorus increases as the spring 
flood develops. According to this study the leakage is also a major problem due to rainstorm 
events. The winter in southern Sweden was in 2010 extraordinary in the sense of low 
temperatures and with larger amounts of snow compared with the last decades. At the first 
sampling occasion there were harsh conditions with ice in the stream and much snow but poor 
ground frost. The average concentration of phosphorus at the peak runoff at the end of March 
is fourfold compared to this occasion. 
 
The concentrations of Tot-P at site Vadsbäcken 3a is higher than expected based on the trend 
in Figure 6. This fact calls attention to necessary measures. One suitable measure is a 
development of the meandering parts between site 2a and 3a to benefit the retention of 
phosphorus. Also, planned flooding of the arable grounds could be considered. The 
agricultural management affects the erosion and surface runoff as well as ground water. This 
explains why transport of phosphorus is a problem in the catchments.  

5.2.2 Relationships of variables  
The diurnal sampling at site 3a was influenced by Sandén et al. (1997) when analysing 
hydrochemistry and transport of elements during a single runoff event caused by a rainstorm. 
Hydrodynamic influences of a rainstorm also affect the re-suspension of stream sediment and 
the agglomeration of particles, in the water volume. The rainstorm itself might be 
disadvantageous when looking for linear relationship between Tot-P and Turbidity as the 
hydrological system has inherent delayed response events. According to Grip and Rodhe 
(2003, p. 85) the maximum value of runoff is reached subsequently to decreased precipitation 
or a strong decrease in intensity of precipitation. There is however a significant monotonic 
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relationship between Turbidity and Runoff when looking at site 3a during the rainstorm event, 
see Table 2. When further looking at site 3a for all sampling occasions it is interesting to see a 
significant relationship between Part-P and Runoff according to Figure 9 and Table 2. As 
Part-P is attached to particles in the turbid water it increases with Runoff. In relation to these 
results, it is important to note that Part-P and PO4-P is related to Tot-P in different ways. This 
might explain why Tot-P shows no sign of correlation in Vadsbäcken. In further studies it is 
therefore important to compare the concentration of different phosphorus types. 

5.2.3 GIS analysis of land use 
According to the studies of Vadsbäcken the arable land in the catchment leaches substantial 
amounts of nutrients. When analysing the land use and nutrient transport to Vadsbäcken, the 
content of the distribution of agricultural blocks in the area has to be regarded in order to 
reduce the leakage. High leakage blocks could preferably be located as far from the 
watercourse as possible to minimize the loss of nutrients from agriculture, forest and cleared 
ground. In the GIS analysis there are blocks of fall wheat distributed around Vadsbäcken and 
this combination of high leakage soil and crop types should be avoided nearby the stream. 
Instead, extensive ley among other low leakage crops could be cultivated nearby the stream.  
 
Parts of the Vadsbäcken catchment are classified as hotspots or with heightened risk for 
nutrient leakage (Sivertun and Prange, 2002; 2003). Runoff event losses of phosphorus 
origins from the surrounding arable land and are dependent on land characteristics, different 
soil types and farming methods in agriculture and cattle-breeding (Bydén, 2003, p. 70). 
According to Grip and Rodhe (2003, p. 8, 128f) different soil types have varying infiltration- 
and adsorption capacity to consider when calculating areal specific losses of nutrients. The 
effects of fertilizers on watercourses are complex since the applied nutrients transport to the 
water is dependent on the characteristics of the fertilizer and the type of crop that is 
cultivated. When managing cultivation it is therefore important to minimise nutrient leakage 
which might cause eutrophicated waters and undernourished croplands (Linderson et al., 
1998).  
 
According to Naturvårdsverket (2003) some commonly used measures for reducing nutrient 
leakage are; energy forests, ponds, increased ley cultivation, buffer zones nearby the stream 
and distribution of spring fertilizers. Also, there is a recommendation of spring ploughing 
instead of in autumn season. The Swedish project Greppa näringen is an effort to inform 
farmers of the most effective measures for reducing nutrient losses (Greppa näringen, 2002). 
In this project the measures proposed are improved and refined variants of the ones mentioned 
above. The sewage treatment in Tåby has a limited effect as a point source with only a few 
kilograms of phosphorus per year. However, there may be several single household sewers 
located around the stream that altogether constitutes a substantial source of nutrient leakage.   
The municipality of Norrköping has in its environmental programme (Norrköpings kommun, 
2002, p. 104) several proposals of measures according to the Swedish environmental quality 
objective “Zero Eutrophication” as they prioritize this objective. Among these measures are; 
support of reducing nutrient leakages from municipal and private ground, inventory of the 
eutrophication situation connected to catchments, storm water management and the 
improvement of transports. An important consideration when final decisions are taken is the 
cost effectiveness of the measures.  
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5.2.4 Underestimated yearly transport 
When looking at the yearly transport of Tot-P at site Vadsbäcken 3a there seems to be an 
underestimation of the transported amounts according to the GIS-method of this study. The 
estimation of the yearly transport of Tot-P according to general values for runoff by SMHI in 
Table 4 shows that only about two tons are transported to Svensksundsviken. The SMHI 
general estimation of specific runoff is 6 l/s per km2 in this 52 km2 area and this figure may 
need some considerations when looking at the transported amounts of Tot-P during spring 
season in the study of this paper. Based on the compilation of data from the Swedish board of 
agriculture and SMED in the GIS analysis in Table 3 the amount of transported phosphorus is 
only about one ton per year. The average runoff on a yearly basis is about 310 l/s at the 
outflow in Svensksundsviken (Norrköpings kommun, 2009). According to SLU (2006) the 
concentration is about 220 µg/l of Tot-P in the water entering Svensksundsviken. The 
calculations based on these data also result in a yearly transport of two tons of Tot-P. Also, 
according to scientific research in recent years the annual transport seems underestimated or 
is not taken into realistic account. Banaszuk and Wysocka-Czubaszek (2005) argues, for 
example, that the spring-flood can exceed 10 % of the yearly transports of nutrients. Looking 
at the spring season samplings it seems unlikely that the yearly transport has been exceeded 
during less than 5 % of the time of the year and that one single day 2010-03-29, accounts for 
some 15-20 % of the estimated yearly runoff. A transport of about 3,2 tons over a two week 
period is, as already mentioned, between two and three times the estimated GIS-figures of the 
yearly transport in Table 3, depending on if the block “other” is included in the calculations. 
 
One possible reason for the general underestimation is that the relationship of simultaneous 
high runoff and high concentrations is not taken into account when calculating yearly 
transports of nutrients. When making an estimated runoff figure, as in this case, the fast 
fluctuations in the system are disregarded. Another explanation could be the difficulties in 
analysing particulate-bound phosphorus which constitutes a substantial part of Tot-P. The 
consequences of this underestimation of especially phosphorus losses can be devastating in a 
long-time perspective for the eutrophication of Svensksundsviken and ultimately for the 
Baltic Sea. Environmental monitoring of the sea must regard this obvious pattern in nutrient 
losses from agriculture. 

5.3 Turbidity and phosphorus in the five streams 
Within the separate streams there is a clear linearity in the co-variation between Tot-P and 
Turbidity in the scatter dot graph according to Figure 12 and Table 6. The dots are gathered 
around a straight line. As can be seen in Figure 12, the regression line for Gisselöån differs 
from those for the other streams. This could possibly be explained by the fact that the 
sampling point is located further up in the watercourse, close to the source, compared to the 
other streams. In this case organic material likely consists of humus rather than clay particles. 
High turbidity at site Vadsbäcken 3a and thereby Svensksundsviken has recently been 
highlighted by Idestam-Almquist (2008) as he states that Svensksundsviken often has bad 
water transparency due to suspended clay particles making it hard to conduct empirical 
underwater inventories of fauna. The link between turbidity, phosphorus and eutrophication in 
Svensksundsviken corresponds to the aim of this study. The concentration of phosphorus vary 
seasonally in estuaries according to Bydén (2003, p. 68). According to the limitations of this 
study there has been no comparison with other seasons or the spring seasons from other years 
in Vadsbäcken. The reason for this is the lack of turbidity measurements on unfrozen samples. 
Therefore it is precarious to use a developed regression model except for this special time 
period. Further data must be sampled to make comparisons possible and a general regression 
model useful in future assessments of concentrations of total phosphorus based solely on 
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turbidity measurements. The construction of a general regression model for all five streams is 
not viable according to this study as the R Square only explains 49 % of the variation in Tot-
P. As already mentioned, the stream floor characteristic can vary in different streams despite 
the fact that the hydrological circumstances seem similar. The agglomerated particles in the 
different streams can have different compositions according to several factors. Varying 
biogeochemical factors in different soil types also make this effect diverse as the soil type 
affects the transport and redistribution in water. It is therefore of great importance to 
investigate the relationship between nutrients and other elements.  
 
Scientific studies of correlation between turbidity and phosphorus are documented and 
presented (Grayson et al., 1995; Stubblefield et al., 2005). In these cases strong correlation 
was found between total suspended solids (TSS) and phosphorus similar to the correlation 
within the separate streams of this study. However these studies emphasize that turbidity 
metering contains elements of uncertainty which have to be regarded in this study. The 
importance of dilution of high turbidity samples (>40 NTU) during measuring is a substantial 
example as the error range widens with higher turbidity.  

5.4 Monitoring 
At a multilateral level the “Baltic Sea Action Plan” under HELCOM is used for reducing the 
nutrient leakage (HELCOM, 2009). On the national level there is a need for a more continual 
monitoring during different seasons and runoff conditions due to the fast fluctuations in the 
hydrological system (Sandén et al., 1997). In order to handle this, manageable, qualitative and 
cost-effective methods performed with a higher frequency are needed. This issue is for 
example monitored on a three-year project basis in the cooperation of SMHI, the Linköping 
University, the county administrative board of Östergötland and Swedish Board of 
Agriculture to trace phosphorus from its origin and its flow towards the sea (Stiftelsen 
Lantbruksforskning, 2009).  
 
Using field measurements of turbidity as an indicator of phosphorus levels could provide a 
cost-effective and easily managed alternative for environmental monitoring of watercourses. 
However, further data must be sampled distributed over the year to find out if it is possible to 
make a general regression model useful in future assessments of concentrations of total 
phosphorus based solely on turbidity measurements. According to this study, see Table 2, 
there is no correlation between Tot-P and Runoff which makes it more difficult to use runoff 
as an indicator on phosphorus transport. 
 
The use of information technology in the form of GIS is a highly recommended and useful 
tool for future environmental monitoring. However, this requires a more frequent and 
qualitative collection of information. A lack of retrieved information about land use results in 
an underestimation of the total amount of leached phosphorus. The Swedish Board of 
Agriculture could preferably collect more information from local farmers in order to get a 
classified comprehensive picture of the overall land use.  
 
A sustainable agricultural management based on a recycling concept seems important in order 
to return nutrients to the arable land. The long time cycling of phosphorus from sedimentation 
makes an eutrophication problem for many decades in Svensksundsviken. There is a need to 
handle the causes of nutrient leakage by effective measures based on scientific studies in the 
area. The fact that phosphorus is a limited resource makes this a high priority issue. 
Cooperation has to be effective and actions have to be taken on different social sectors in 
order to decrease the eutrophication problem. 
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6. Conclusions 
 

• There are increasing concentrations of phosphorus downstream in the sites of 
Vadsbäcken and the transported amounts of total phosphorus increases with the spring 
flood.   

 
• A period of spring flood in combination with rainstorm events constitutes a major 

contribution of nutrients on a yearly basis, something that becomes more obvious 
during conditions with large amounts of melting snow.  

 
• There is a significant co-variation between Turbidity and Runoff during the diurnal 

study of a rainstorm event, and there is a significant co-variation between Part-P and 
Runoff by the outflow to Svensksundsviken when looking at all six sampling 
occasions in Vadsbäcken. 

 
• When analysing the land use and nutrient transport to Vadsbäcken, the distribution of 

agricultural blocks in the area has a major impact on the nutrient leakage and sound 
measures have to be taken in order to reduce the eutrophication of Svensksundsviken.  

 
• Within four out of five streams at Vikbolandet there is a significant co-variation 

between Turbidity and Tot-P but there is no goodness of fit when building a general 
regression model for all five streams. 

 
• There seems to be an underestimation of the yearly nutrient leaching in the 

Vadsbäcken catchment considering the concentrations of phosphorus in Vadsbäcken 
during the runoff peak of this study. 

 
• Using field measurements of turbidity for environmental monitoring could provide a 

viable alternative for environmental monitoring of watercourses but will need further 
investigations of co-variation before being brought into use.  
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Appendices 

Appendix 1. Variables over time 
 
All sites at Vadsbäcken 
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Diurnal measurements at site Vadsbäcken 3a 
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All five streams 
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