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Abstract 

Background: Eutrophication is a wide spread problem all over the world, this is due to 

enrichment of surplus nutrients entering water ecosystems. The high concentration of 

nutrients come from different sources like rural activities, industrial areas and other human 

activities. This can lead to a high nutrient load entering seas and lakes in the nature. 

Tributaries can contribute with nutrient loading to main rivers, a tributary like that is 

Kistingebäcken.  

Aim: The aim is to investigate how big the nutrient concentration and loading of phosphorus 

and nitrogen Kistingebäcken contributes to Trönningeån. It will also be investigated if there 

are any main point source emission of phosphorus and nitrogen from the industrial area 

located along Kistingebäcken. 

Method: Water samples were collected in a tributary called Kistingebäcken and in the main 

river Trönningeån located in the county of Halland, Sweden. These were analyzed to see how 

much nitrogen and phosphorus they contained. The definition of nutrient concentration is the 

nutrient level present in an area of a river, while the definition of nutrient load is the quantity 

of flowing nutrients trough a river which eventually enters lakes, rivers or the sea.  

Results: There was no significant difference in the total nitrogen concentration between 

sample point 6 (before the tributary) and sample point 7 (after the tributary) (P=0.904).   

There was no significant difference in the total phosphorus concentration between sample 

point 6 (before the tributary) and sample point 7 (after the tributary) (P=0.743).  

The nutrient load from sample point 5 contributed with 17-26 kg N/day (11-14%) and 0.29-

0.32 kg P/day (13-23%) to Trönningeån. The difference in nutrient load between sample point 

6 and 7 was 48-61kg N/day (27-40%) and 0.16-0.5 kg P/day (11-23%).  

Tukey post hoc test showed that sample point 1 had significantly higher nitrogen 

concentration in comparison to sample point 2, 3, 4 and 5 (P= 0.001, P<0.001, P<0.001 and 

P<0.001). Sample point 2 had higher phosphorus concentrations in comparison to sample 

point 1, 3, 4 and 5 (P= 0.033, P<0.001, P=0.001 and P<0.001).  

Conclusion: Nitrogen and phosphorus do not increase in concentration after the tributary 

(sample point 7) in Trönningeån. However, the total nitrogen and phosphorus load increased 

between 27-40% and 11-23% in Trönningeån after the tributary. Sample point 1 and 2 had the 

highest nitrogen and phosphorus concentrations and are the main point source emissions in 

Kistingebäcken, probably due to the landfill facility.  
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1. Background 

It is well known that rural and urban activities contribute with large nutrient runoff to aquatic 

ecosystems, the surplus nutrients lead eventually to eutrophication.  

With a changing climate and increasing rainfalls, it is predicted that northern Europe will be 

more affected by nutrient runoff in the future and therefore at increased risk for eutrophication 

(Jeppesen et al. 2009). It is estimated that almost half of all the water bodies in the world are 

polluted with too much nutrients from diffuse sources, the amounts are even bigger in 

developing countries (White et al. 2009; Zhai et al. 2014).  

1.1 Nitrogen and phosphorus 

Nitrogen and phosphorus are nutrients that are important for all living organisms including 

plants. Nitrogen is required for amino acid synthesis and phosphorus is essential for energy 

production and is needed for RNA and DNA (Carpenter et al. 1998; Conley et al. 2009). 

Nutrients can be stored in different forms in soils, most nitrogen is bound to biological matter 

and the rest is stored as available nitrogen as nitrate (NO3
-) and ammonia (NH4

+) (Båth 2008). 

Nitrate anions are prone to leach out of soils easily if not taken up by plants, the reason for 

this is because they are mobile in soil due to the negative charge (Mason 2002). Phosphorus 

can be stored as dihydrogen phosphate (H2PO4
-) in soils and is biologically available in this 

form. It can also be stored as hydrogen phosphate (H2PO4
-) (Båth 2008). Phosphate leach out 

slowly as insoluble calcium, iron or aluminum phosphate (Mason 2002; Båth 2008). This has 

been monitored in a study where artificial fertilizers have been used on soils where significant 

leaching occurred (Sims, Simard & Joern 1998). 

The flow of nutrients in soils over the seasons can fluctuate a lot, the flow of nitrogen to 

rivers tends to be lower during summer even though the manure is being applied on fields 

then. The reason for this is because the nitrogen gets consumed by plants fast before it leaches 

out. In late winters the nitrate loss reduces due to low temperatures decline the nitrification 

and the nitrate levels are lower (Mason 2002). However, snowmelt can also contribute to 

nutrient runoff as the soils are frozen during winter and the water do not infiltrate (Rattan et 

al. 2017).  

1.2 Eutrophication 

Nitrogen and phosphorus can leach to aquatic ecosystems from agriculture, domestic sewage, 

storm drainage, industrial wastes and other human activities. Nitrogen can also be distributed 

to aquatic and soil ecosystems by atmospheric depositions (Carpenter et al. 1998). Too much 
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of these nutrients entering water ecosystems from different human activities can lead to 

eutrophication. Eutrophication is when nitrogen and phosphorus concentration increase 

rapidly in water ecosystems and makes algae and cyanobacteria growth increase rapidly. 

Eventually the oxygen gets depleted when the organisms get decomposed which lead to fish 

death and loss of biodiversity (Carpenter et al. 1998). Eutrophication is a large problem which 

threatens many water bodies in the world (White et al. 2009; Zhai et al. 2014).  

However, phosphorus contributes more to eutrophication in rivers compared to the sea due to 

less amount of calcium in the water. Normally in nature there is an equilibrium between the 

consumption of nutrients by photosynthesizing organisms and organisms that degrade and 

release the nutrients back into the ecosystem, when anthropogenic excessive nutrients are 

introduced to a water ecosystem the equilibrium can be disturbed and eutrophication can 

appear (Andersson et al. 2012). First time when eutrophication and algal bloom was observed 

in Kattegat in Sweden was in the 1970s, fish death was noticed 1980 and 1981 (Rosenberg et 

al. 1990). 

1.3 Nutrient load 

The definition of nutrient load is the quantity of flowing nutrients trough a river which 

eventually enters lakes, rivers or the sea. Sweden’s total nutrient net load to Kattegat year 

2011 was calculated to be 120 000 tons nitrogen and 370 tons phosphorus, the biggest nutrient 

source was agriculture. The distribution of nutrients sources are presented in figure 1 (SMED 

2014). Kattegat received in average 123 tons phosphorus and 4699 tons nitrogen annually 

between 1992-2013 from Halland rivers (Stibe 2014). The nutrient load that enters the lakes 

and rivers in county of Halland comes mostly from agriculture, wastewater treatment plants, 

industries and individual sewers. The nitrate levels have been high in Halland’s rivers due to 

atmospheric deposition from combustion, traffic and from farmyard manure ammonia (Stibe 

2015).  
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Fig. 1. The proportion net load of nitrogen and phosphorus from different sources that entered Kategatt year 
2011. 

 

2. Human activities   

2.1 Agriculture 

To solve the food demand all over the world, agriculture has become more intensified 

(Abberton et al. 2016). In the meantime, it puts a pressure on the farmed soils as they get 

nutrient depleted. Artificial fertilizers are therefore needed to replenish nutrients like nitrogen, 

potassium and phosphorus, these are nutrient that often get depleted primarily and are 

important elements to stimulate plant growth and to increase crop yield (Cunningham & 

Cunningham 2011; Reece 2011). However, too much application of fertilizers on crop fields 

can lead to negative impact on aquatic ecosystems as it can lead to eutrophication (Reece 

2011). Agricultural activities are the biggest source of nutrient load to surface waters in 

Nordic countries (Pengarud et al. 2015). In Sweden the agricultural activities contributed with 

930 tons nutrients runoff to lakes and rivers year 2009 (Fölster et al. 2012). All soil types 

leach out nutrients even the unfertilized ones (Jordbruksverket 2017) but the amount of lost 
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nutrients can depend on the soil type. Nitrogen leach out easily from sandy soils types like 

sand, loamy sand and sandy loam due to low retention of water (Gustafson 1983; Johnsson 

2005). Clay soils are soil types that do not leach out nitrogen easily. However, soils that are 

mostly of clay contribute with high phosphorus run off (Johnsson 2005). 

2.2 Landfills 

Landfill sites are human activities that contribute to leaching of nutrients like BOD, COD, 

metals and environmental toxins from the leachate. A contaminated leachate forms when rain 

percolate trough soil and the buried garbage, it can eventually contaminate surface water and 

lead to eutrophication (Naturvårdsverket 2008). In south Sweden, an investigation of 11 

untreated leachates of landfills where made to see how much nutrients it contained. The 

median values for total phosphorus, N-ammonia, N-nitrate+nitrite and total nitrogen was 

respectively 0.66 mg/L, 230 mg/L, 2.0 mg/L and 240 mg/L (Öman, Malmberg & Wolf-Watz 

2000). A study made by Kulikowska & Klimiuk (2008) found that the amount of ammonia 

run off from the leachate increased each year after construction of a landfill. The ammonia 

leachate increased from 98 mg/L to 364 mg/L between the age of two and six years old of the 

landfill. Hartmann and Hoffman (1994) found out that three to eight year after constructing a 

landfill the leachate contained an average concentration of ammonia between 500-1500 mg/L, 

this concentration of the leachate would remain for about 50 years ahead.  

2.3 Storm water 

Storm water is water that runs off all kinds of surfaces, it can contain high levels of pollutants 

like nutrients and metals, these can enter rivers and seas (Varol & Şen 2012; Göteborg Stad 

2017). Surface water is also distributed with pipes to wastewater treatments, however when 

too much rain enters the wastewater treatment it becomes overflown and cannot be treated so 

it is left out untreated to the receiving waters (Persson et al. 2005). Nitrogen and phosphorus 

that enters storm water also comes from atmospheric deposition, traffic, cattle and industries 

(Larm & Pirard 2010).  

2.4 Industries at Kistingebäcken  

Kistingebäcken is located close to an industrial area. All the industries that are releasing 

surface water to Kistingebäcken are presented in figure 2 below and are waste recycling 

facility, landfill, sludge compost, waste management, shredder facility, hazardous waste 

facility and scrap metal facility (Nyman, E-mail Communication 2017-03-12). 
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Figure 2. The yellow circles present the industries in Kistinge that release storm water to Kistingebäcken. The 
blue line is presenting Kistingebäcken together with the sample points in the area. 

 

2.5 Tributaries  

The definition of a tributary is a stream that enters a bigger stream or a river (Hav och Vatten 

2013). An example of a tributary is Kistingebäcken which is a tributary to Trönningeån. 

Kistingebäcken is in an industrial area and can affect the nutrient load to Trönningeån. 

Studies have shown that tributaries can have a nutrient impact on another water body, this has 

been show in a study made by Kane et al. 2014 that investigated if nutrient load from an 

agriculturally dominated tributary can affect the phytoplankton amount in Lake Erie. The 

results showed a high correlation (r2 =0.8) between eutrophication and the nutrient load from 

the tributary. Another study made by Pieterse, Bleuten, Jørgensen (2003) investigated a GIS 

based model to simulate the flow of nutrients in tributaries. They took nutrient samples to see 

if it matched the simulation and noticed that their water samples and simulation had a high 

correlation. Their conclusion was that the tributaries contributed to nutrient load and that the 

cause was mainly from point sources.  
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2.6 Knowledge gaps  

It is known that tributaries can affect other waterbodies with nutrient load as mentioned 

before. Trönningeån is a river that has been investigated by the County of administrate boards 

of Sweden since 1976 (Stibe 2015). The Rural Economy and Agricultural Societies 

(Hushållningssälskapet) have also been monitoring Trönningeån with project Life 

Goodstream since 2015 (Halmstad Kommun 2016). Nevertheless, the tributary 

Kistingebäcken in the watershed of Trönninge has only been investigated once by Martens 

(2016). The findings were that the Kistingebäcken in one sampling point had higher nutrient 

concentration compared to Trönningeån. However, it has yet no been investigated how large 

amount of nutrients Kistingebäcken contribute to Trönningeån.  

3. Aim  

The aim is to investigate how much phosphorus and nitrogen Kistingebäcken contributes to 

Trönningeån. It will also be investigated if there are any point source emission of phosphorus 

and nitrogen from the industrial area located along Kistingebäcken.  

 

• Does Kistingebäcken increase the nutrient concentration of Trönningeån? 

• How large is the proportional contribution of phosphorus and nitrogen loading from 

Kistingebäcken to Trönningeån.  

• Which are the main point source emissions in the area of Kistingebäcken? 

4. Methods 

4.1 Literature search method 

The literature and articles for this project was found on the database of University of 

Halmstad called OneSearch and Web of Science. Keywords that were used was nitrogen, 

phosphorus, phosphorous, eutrophication, river and nutrient*, watershed, catchment, basin, 

river, nutrient loss and runoff.  

 

4.2 Materials and measuring methods 

Five sampling locations were placed along Kistingebäcken and two on Trönningeån (Fig 3).  

The water samples were collected on five consecutive dates at every sampling location. The 

study was done during the early spring of 2017, the days were 30/3, 4/4, 11/4, 13/4 and 16/4. 

The sampling points on the map were numbered from 1-7 to be able to identify them and the 
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bottles were signed with date and a sample point number. The sampling was done by using a 

beaker connected to an aluminum stick to take out water samples out of the water. The beaker 

was rinsed four times and the water bottles twice before use to remove possible contaminants. 

For every measuring point two extra water samples were collected in case a test would have 

to be reanalyzed. The pH and conductivity was measured directly in the river with a 

conductivity meter model HANNA instruments HI 991301. The velocity of the water was 

measured with a flowmeter. 

Figure 3. The watershed of Trönningeån in county of Halland is shown in the map above, the lower map shows 
the location of the measuring points in Kistingebäcken and in Trönningeån. Reference: The upper map origins 
from Hushållningssällskapet and the map below comes from Länsstyrelsens webb GIS. 
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4.3 Investigation area 

Trönningeån is an 11km long river located in Halmstad in the county of Halland (VISS 2016). 

The watershed of Trönningeån is approximately 32 km2 and the landscape contains of 50% 

agriculture, 42 % forest and 8% urban area (Fig 3) (SMHI VattenWebb). The river has many 

tributaries and one of them is Kistingebäcken which is approximately 3 km long. 

Kistingebäcken is located in a village called Kistinge and has many industries which let storm 

water to the stream (Nyman, E-mail Communication 2017-03-12). In this report only the 

industries that are in the yellow circles (Fig 2) will be regarded as they let their water out to 

Kistingebäcken. The industries above the yellow circles will not be included as they let out 

their storm water to Fylleån (Figure 2) (Sjöstedt, E-mail communication 2017-03-19).  

 

4.4 Analyzation method 

To determine the total oxidized nitrogen and total phosphorus of the water samples they 

needed to be prepared first. The nitrogen samples were prepared according to the standards of 

AN5202-SE but the proportions were changed. Test tubes were prepared and got an 

identification number, then 8 ml of each test sample solution was transferred with a pipette to 

the individual test tubes. The empty tubes that were controls were filled with 8 ml of glycine 

solution (8 mg/L). Finally, when all tubes contained 8 ml solution, 1.6 ml of digestion 

solution were added with a pipette to all tubes.  

The phosphorus samples were prepared according to the standards of AN 5241-SE before the 

analyzation but with different proportions. Test tubes were prepared and got an identification 

number, afterward 8 ml of each water sample were transferred with a pipette to the test tubes. 

The controls were filled with 8 ml phenyl phosphate (100 µg/L), when all the tubes where 

filled with 8 ml solution 1.6 ml of potassium persulfate (K2S2O8) were transferred with a 

pipette to the test tubes. Finally, 0.1 sulfuric acid (4 moles/L) were added to all test tubes and 

then they were shaken.  

Afterwards both nitrogen and phosphorus test tubes were put into Tuttnauer 3870 ELV 

autoclave to heat up to 120 degrees. The autoclave made the oxidation reaction in the samples 

go faster to a complete oxidation. The day after the samples were heated in the autoclave, they 

were analyzed on FIAstar 5000 Analyzer FOSS TECATOR.  
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4.5 Calculation method 

To be able to calculate the total nutrient load from Kistingebäcken to Trönningeån the 

following equations were used.  

 

To calculate the approximate area of the river the depth, width and the equation below was 

needed: 

 

W = Width of the river (m) 

D = Depth of the river (m) 

A = Cross sectional area (m2) 
𝑊×𝐷
2

= 𝐴 (𝑚2)  

To calculate the water velocity of the river the equation below was used, it shows the relation 

between rotations per minute and the water flow: 

 

V = Velocity (m/s) 

R = Rotations (1/min)  

V = 0.000854R +  0.05 
To calculate how many cubic meter of water pass in the river each second the A was 

multiplied with the velocity of the water.  

 

F = Flow (m3/s) 

𝐴 ×  𝑉 = 𝐹 (
𝑚3

𝑠 ) 

 
To be able to calculate how much nutrients flows through a sampling location per second the 

following equation was used: 

C = Concentration of nutrients in a sample location 

N = Nutrient flow (g/s) 

𝐹 × 𝐶 = 𝑁 (
𝑔
𝑠) 
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To calculate how many grams that makes per day, the nutrient flow (N) was multiplied with 

86400, i.e. the number of seconds per day. To calculate the total nutrient load in kg/day the 

nutrient flow (N) was divided by 1000.  

 
4.6 Statistics  

The data was analyzed by using SPSS version 24. To analyze the difference in nutrient 

concentration in Trönningeån between sample point 6 (before tributary) and sample point 7 

(after tributary) a paired samples T-test was used. To find a concentration between the sample 

points in Kistingebäcken an one-way ANOVA and a Tukey post hoc test was used. The level 

for statistical significance was set at p<0.05. 

 

5. Results 

5.1 Total nitrogen concentration difference in Trönningeån  

The figure below (Fig. 4) shows the total nitrogen concentration in sample point 6 and sample 

point 7 from the different sampling occasions. The blue line in the diagram represents the 

total nitrogen concentration before the tributary Kistingebäcken connects to Trönningeån and 

the orange line shows the total nitrogen concentration after the tributary connected to 

Trönningeån. In four of five sampling occasions the total nitrogen concentration increased in 

Trönningeån (sample point 7) after the tributary entered Trönningeån. In one of five sampling 

occasions (11 April) the total nitrogen concentration was higher in sample point 6 before the 

tributary than after the tributary in sampling point 7. The mean and the standard deviation 

(mean ± SD) of total nitrogen concentration before tributary and after tributary was 4.093 ± 

0.939 mg/L and 4.137 ± 1.475 mg/L respectively. To see if there was a difference between the 

total nitrogen concentration before and after the tributary a paired samples t-test was 

performed. There was no significant difference in concentration in the two different sample 

points (P=0.904).   
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Figure 4: The total nitrogen concentration at sampling location 6 before the tributary and sampling 

location 7 after the tributary between the different sampling occasions. 

 

5.2 Total phosphorus concentration to Trönningeån from Kistingebäcken 

The figure below (Fig 5) shows the total phosphorus concentration in the sample point 6 and 7 

between the different sampling occasions. The blue lines represent the total phosphorus 

concentration before the tributary Kistingebäcken connects to Trönningeån and the gray lines 

represent the phosphorus concentration after Kistingebäcken connects to Trönningeån. The 

diagram shows that in two of five occasions the total phosphorus concentration was higher 

after the tributary than before. In three of five cases the phosphorus concentrations was higher 

in sampling point 6 before the tributary entered Trönningeån. The mean and SD of the total 

phosphorus concentration before tributary and after tributary was 34.08 ± 9.41 µg/L and 

32.55 ± 3.55 µg/L respectively. To see if there was a difference between the total phosphorus 

concentration before and after the tributary a paired samples t-test was performed. There was 

no difference in concentration before and after the tributary (P=0.738).   
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Figure 5. The total phosphorus concentration in sampling point 6 and point 7 between the different 

 sampling occasions. 
 

 

5.3 The nitrogen and phosphorus loading from Kistingebäcken to Trönningeån.  

The actual impact of total nitrogen and phosphorus load from Kistingebäcken to Trönningeån 

was calculated using sample point 5, 6 and 7. The total transportation of nitrogen and 

phosphorus through sample point 5 in the sampling occasion 13th and 16th was 17 and 26 kg 

N/day and phosphorus levels were 0.32 and 0.29 kg P/day.  

 

To approximately calculate how much Kistingebäcken contribute with nutrient load to 

Trönningeån the difference between sample point 6 (Before Kistingebäcken) and sample 

point 7 (After Kistingebäcken) in sampling occasion 13th and 16th was calculated. The results 

showed that the total nutrient load from Kistingebäcken was 48 kg N/d and 61 kg N/day for 

nitrogen while it was 0.16 and 0.5 kg P/day for phosphorus.  
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The total nutrient contribution in (%) from Kistingebäcken (sample point 5) to Trönningeån 

(sample point 7):   

 

The total nutrient contribution in percent from Kistingebäcken to Trönningeån, using the 

difference between sample point 6 and 7:   

 13 April 16 April 

Total nitrogen 48 /119 = 40 % 61/ 226 = 27 % 

Total phosphorus 0.16 /1.42=11% 0.5/2.22=23% 

 

5.4 The main point source emissions in Kistingebäcken 

The diagram below (Fig 6) shows that the total nitrogen concentration in the different 

sampling points and occasions. The total nitrogen concentration was higher in the beginning 

of Kistingebäcken than in the end of it. The highest monitored value in Kistingebäcken was 

sampling point 1 close to the landfill. The one-way ANOVA showed a statistically significant 

difference between the five different sample points in Kistingebäcken (F(4, 15) = 25.77, 

P<0,001). The Tukey post hoc test showed that sample point 1 had a significantly higher 

mean concentration (17.6 ± 5.5) compared to sample point 2 (7.7 ± 1.1, P= 0.001), sample 

point 3 (0.5 ± 0.3, P<0.001), sample point 4 (4.6 ± 1.8, P<0.001) and sample point 5 (4.5 ± 

1.2, P<0.001). It also showed a significant difference between sample point 2 and 3 

(P=0.008).   

 13 April 16 April 

Total nitrogen 17/119 = 14 % 26/226 = 12 % 

Total phosphorus 0.32/1.42 = 23% 0.29/2.22 = 13% 
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Figure 6. The diagram shows the total nitrogen concentration in all sample occasions and in all sample  

points in Kistingebäcken. 

 
The diagram below (Fig 7) shows the total phosphorus concentration in Kistingebäcken 

between the different sampling points and occasions. The sample point that had the highest 

total phosphorus concentration was sample point 2 which was located close to the landfill. 

The one-way ANOVA showed a statistically significant difference between the five different 

sample points in Kistingebäcken (F(4, 15) = 11.22, P<0,001). The Tukey post hoc test showed 

that sample point 2 had a significantly higher mean concentration (354.7 ± 88.5) compared to 

sample point 1 (157.8 ± 157.1, P= 0.033), sample point 3 (27.0 ± 7.1, P<0.001), sample point 

4 (73.8 ± 59.3, P=0.001) and sample point 5 (50.7 ± 9.3, P<0.001).  

 

 
Figure 7. The diagram shows the total phosphorus in all sample occasions and in all sample points in 

Kistingebäcken. 
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The diagram below (Fig 8) present all the filtrated samples of 13th April, the diagram shows 

the nitrate concentration in the different sampling points. An observation is that the further the 

sample points are from the industry the more nitrate is found in the water.  
 

 
Fig 8. Shows the nitrate levels in the different sampling points 13th April. 

 
 

 
Fig. 9 Shows the phosphate levels in different sampling points on 13th April. 
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6 Discussion 

6.1 Total nitrogen concentration difference in Trönningeån  

When looking at the total nitrogen concentrations in Trönningeån in figure 4, the total 

nitrogen level was higher in Trönningeåns after the tributary four of five sampling occasions. 

11th April had lower values probably due to low flow days which can have an impact on the 

nutrient load that enters the river, the precipitation increased a little bit compared to sampling 

occasion 13-16 April in Kistingebäcken (Appendix 1). A t-test showed no significant 

difference in mean concentration before and after the tributary (P=0.904). However, the 

sample size was small which can have affected the results. To draw the conclusion that there 

is no difference in concentration can lead to a type II error, that there is a difference but the 

sample size is too small to detect it. Another reason why the concentration difference was not 

significant after the tributary can be because Trönningeån is much wider and larger and the 

concentration of nutrients gets diluted in the big amount of water from Kistingebäcken. 

 

6.2 Total phosphorus concentration to Trönningeån from Kistingebäcken 

The phosphorus levels were only higher in two of five sampling occasion (Fig 5). A t-test 

showed no significant difference in mean concentration before and after the tributary 

(P=0.743). Although there are just a few sample occasions in this study, an extreme value can 

change the average which might not be representative. Also, the low number of samples can 

have affected the results, meaning that there were too few to find a significant difference. 

6.3 The nitrogen and phosphorus loading from Kistingebäcken to Trönningeån. 

The calculations showed that the total nitrogen load from Kistingebäcken was 26 kg N/day 16 

April which is equal to 12% contribution. On the other hand, when the calculations were 

made by looking at the difference between sample point 6 and 7, the nutrient load from 

Kistingebäcken was 61 kg N/day which is equal to 27% contribution.  

What is interesting is that the first calculation says that Kistingebäcken only contributes with 

26 kg to Trönningeån, but the other calculations says 61 kg. This means that 35 kg of total 

nitrogen is coming from another source which probably is along Kistingebäcken after sample 

point 5. The distance between sample point 5 and 7 is approximately 700 m and is mostly 

agricultural land and can have an impact on the nutrient load in (Kronvagn et al. 2008). The 

soil type of the area of sample point 5, 6 and 7 is mostly sandy soils (Appendix 7), these are 
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soils that leach out nitrogen easily and can be a potential reason why so much nutrients 

leached out in the distance of 700m (Johnsson 2005; SGU data). 

 

When looking at the calculations on 16 April, the total phosphorus load to Trönningeån from 

Kistingebäcken (Sample point 5) was 0.29 kg/day which is equal to 13% contribution.  

When looking at the difference between sample point 6 and 7 the total phosphorus entering 

Trönningeån from Kistingebäcken was 0.5 kg/day which is equal to 23% contribution. This 

means that there must come nutrients from another source because the difference between 

sample point 6 and 7 is not equal to the contribution of nutrient load per day in sample point 

5. The distance between sample point 5 and 7 is approximately 700 m, the area is also only an 

agriculturally dominated area which the Kistingebäcken can along the way contribute to more 

nutrients which can explain the difference.  

However, when looking at the total nutrient load from Kistingebäcken to Trönningeån the 

contribution from Kistingebäcken is much higher in proportion to its length, where 

Kistingebäcken is 3 km long compared to Trönningeån which is 11km long. 

6.4 The main point source emissions of nitrogen in Kistingebäcken 

Figure 6 shows in all sample occasions high levels of total nitrogen in sample point 1 and 2. 

The ANOVA and Tukey´s post hoc test revealed that the nitrogen concentration was 

significantly higher in sample point 1 compared to sample point 2, 3, 4 and 5 and sample 

point 2 had higher nitrogen concentration compared to sample point 3. The reason why 

sample point 1 and 2 had higher concentrations of nitrogen can be due to the landfill. Studies 

before have shown that landfills do let out ammonia and nitrate in high amounts the older they 

get (Hartmann and Hoffmann 1990). It is important to say that the water in sample point 1 and 

2 was almost completely still which can give misleading concentrations because the flow was 

not high enough to flush them out, instead they just built up. Figure 6 and 8 also confirmed 

that the landfill has an impact on ammonia load to Kistingebäcken. The amount of total 

nitrogen in figure 6, sample point 1 on 13th April shows a total nitrogen concentration of 15.2 

mg/L while the nitrate concentrations on the same day in figure 8 shows a concentration of 

1.3 mg/L, this means that of all total nitrogen 13.9 mg/L is ammonia which must come from 

the landfill as a study made by Kulikowska & Klimiuk (2008) also found leachate from 

landfills containing a lot of ammonia. It is hard to say anything about the other industries as 

the total nitrogen level had almost the same concentration on sample point 3, 4 and 5. 
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Sample point 1 had water that was let out through a pond, it was clearly that it has not been 

managed in a long time. The aeration did not seem to work and the pond had very little 

vegetation. Vegetation is an effective way of retaining nutrients by denitrification and 

nitrification (Strand & Feuerbach 2010). The bad management of the pond can be a reason 

why the total nitrogen levels were so high. According to the municipality of Halmstad, the 

landfill does not let out any high amount of phosphorus or nitrogen because they have an 

internal wastewater and turf filter with active charcoal. However, the sampling was done 

between 30 March to 16th of April, during this period of time the temperature was never 

above 10 degrees. The weather can have an impact on the levels of let out nutrients from the 

pond and originating from the landfill as the pond may have a lower capacity of removing 

nitrogen during colder seasons. Retention of nutrients is higher in temperatures between 20 -

35 degrees (Bachand & Horne 1999; Kadlec & Reddy 2001).  

6.5 The main point source emissions of phosphorus in Kistingebäcken 

The total phosphorus impact in Kistingebäcken of all the point sources are presented in figure 

7. The diagram showed clearly that the highest phosphorus levels comes in sample point 2 in 

the beginning of the tributary and the concentrations flattens out in point 3 and beyond that. 

The ANOVA and Tukey´s post hoc test revealed that the phosphorus concentration was 

significantly higher in sample point 2 compared to sample point 1, 3, 4 and 5.  

Landfills do not contribute with significant amounts of phosphorus as it is mainly stored in 

solid form (Ehde 2017). Another study monitored the quality of the leachate of a landfill and 

found that the leachate contained 10 mg/L phosphorus while it contained 210 mg/L total 

nitrogen. However, sample point 2 had very high total phosphorus levels, this can be due to 

the high flow that occurred the 11th and 12th of April, high flows contribute to higher 

phosphorus levels due to surface waters runoff (Malmqvist, Svensson & Fjällström 1994). 

The water in sample point 2 was always still and it can be a reason why the total phosphorus 

levels were higher at that point due to no motion of water.  

 

6.6 Discussing methods 

The measuring in the water was sampled by two different people, this can be a source of error 

as the measuring could have occurred in different places in the water each time. This might 

affect the calculations because the depth can vary depending on where the measuring 

equipment is put in the stream. The water samples were prepared before the analyzation and 
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filled into small tubes. A source of error can be that the pipette management wasn’t always 

precise so the amount of solution in all tubes was not even in all test tubes.  

 

The very first idea was to get some high flow days and some low flow days, and to 

subsequently compare the results to each other. However, the sampling occasion occurred 

during a dry season and because of lack of time the sampling occasions could not be more 

adapted to the weather. The difference of precipitation was too small to be regarded as high 

and low flow, and was therefore not taken into consideration when doing the calculations. 

 

At sampling point 5 the stream was 1.9 m wide but it was representative for the rest of the 

flow as it was only 0,8m, therefore it was changed to 0.8m to have correct amounts of nutrient 

load in that point (Fig 10). The flow was measured in the outlet of the pipe, to have a correct 

flow rate value it should have been taken where the stream is 0.8m.  

 

 
Figure 10. The width difference in sample point 5. 
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6.7 Weaknesses with this study 

This study would be more reliable if there would have been a lot more collected water 

samples in each sample point during a longer period of time. This would strengthen the 

statistical analysis to get more trustworthy results. The flow should have been measured each 

time to be able to have reliable results also.  

 

7 Conclusion 

Nitrogen and phosphorus do not increase in concentration after the tributary (sample point 7) 

in Trönningeån. However, the total nitrogen and phosphorus load increased between 27-40% 

and 11-23% in Trönningeån after the tributary. Sample point 1 and 2 had the highest nitrogen 

and phosphorus concentrations and are the main point source emissions in Kistingebäcken, 

probably due to the landfill facility. 
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9. Appendix 
 
Appendix 1 
Table 1. Shows the information about the location of the weather station that monitored 
the precipitation levels during sampling and the precipitations levels are written.  

 

 
 
 
 
  

Weather station 
name and climate 
number 

Meters 
above sea 
level (m) 

Latitud 
(degrees) 

Longitud 
(degrees) 

Weather station 
above ground 

Marbäck D 
63410 
 

50.0       56.7001 13.0332 2 m 

Precipitation levels during sampling period 
Date 

 
Precipitatio
n mm 

Comments 

2017-03-28 0.2  
2017-03-29 1.6  
2017-03-30 18.7 Sampling was made in the morning when it 

was raining 
2017-03-31 0.0  
2017-04-01 0.0  
2017-04-02 0.0  

2017-04-03 0.0  
2017-04-04 0.7 Morning sampling, rain came in the evening  
2017-04-05 0.0  
2017-04-06 0.4  
2017-04-07 0.0  
2017-04-08 0.0  
2017-04-09 0.0  
2017-04-10 0.0  
2017-04-11 10.7 Morning sampling, the rain came in the 

evening 
2017-04-12 2.8  
2017-04-13 9.7 Afternoon sampling, the rain came in the 

evening.  
2017-04-14 0.0  
2017-04-15 5.2  
2017-04-16 0.0 Morning sampling.  
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Appendix 2 
Table 2. Shows the sample point information of all the sample occasions. 
 

 
There is no data for 30 March due to problems with equipment, the flow was not measured all 
occasion due to the same reason and because some sample point where too shallow.  
 

 

 

Date Sample 
point 

Depth 
cm 

Width Flowrate 
rotations/min 

Comments 

04-apr 3 7 60  Shallow 

04-apr 4 13 102 1565 Clear light yellow 

04-apr 5 62 120  Green color, turbid 

04-apr 6 54 200 1240 Not clear, turbid 

04-apr 7 100 400  Little turbid 
           
11-apr 3 7 100  Clear light yellow  
11-apr 4 14 40 320 Little turbid 

11-apr 5 56 100  Green color 

11-apr 6 50 200 742 Clear water 

11-apr 7 100 400    
      

13-apr 1 8 180  Shallow 

13-apr 2 11 110  Brown, shallow 

13-apr 3 10 140  Clear  
13-apr 4 14 80 708 Clear yellow color 

13-apr 5 51 190 296 Yellow 

13-apr 6 45 200 712 Light yellow 

13-apr 7 65 400 224 Flow, light yellow 
      

16-apr 1 17 167  Algal, shallow 

16-apr 2 19 125  Dark brown color, enters point 3 

16-apr 3 9 135  Light and brown water enters 

16-apr 4 24 116 1160 Clear, little turbid.  
16-apr 5 61 200 324 

 
Green turbid 

16-apr 6 52 200 1124 Little turbid 

16-apr 7 100 400 342   
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Appendix 3 
Table 3. Describes the total nitrogen concentrations in all sample points on the different 
sample occasions.  

Total Nitrogen mg/L 
Sample occasion  30 mars  4 April 11 April 13 April 16 April 

Sample point    

1 13.779   15.236 23.896 
2 8.474   8.195 6.474 
3  0.624 0.532 0.187 0.793 
4 5.714 6.069 5.806 2.749 2.487 
5 5.421 6.081 4.105 3.195 3.82 
6 4.269 5.368 4.36 2.832 3.635 
7 5.82 5.523 2.64 2.867 3.835 
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Appendix 4. 
Table 4. Shows the total phosphorus concentration in all sample points in the different sample 
occasions.  

Total phosphorus µg/L 
Sample occasion  30 March  4 April 11 April 13 April 16 April 
Sample point    

1 65.844   68.308 339.152 
2 308.488   456.672 298.888 
3  36.047 28.955 20.054 23.059 
4 36.525 58.539 174.587 73.104 26.054 
5 59.969 50.292 40.52 60.077 42.561 
6 23.133 26.679 46.798 35.861 37.91 
7 32.479 28.526 30.085 34.029 37.64 
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Appendix 5.  
Table 5. The table below shows the nitrate concentration of all the filtrated samples of two 
sampling occasions.   

Filtrated samples 
Nitrate mg/L 

Sample occasion 13-apr 16-apr 
Sample points   
1 1.308 0.381 
2 0.35 2.603 
3 0.198 0.322 
4 1.87 3.161 
5 2.313 2,77 
6 2.581 2,969 
7 3.052 3.088 
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Appendix 6. 
Table 6. The table below shows the phosphate concentration of all the filtrated samples of two 
sampling occasions.   

Filtrated samples 
Phosphate µg/L 

Sample occasion 13-apr 16-apr 
Sample point   
1 7.213 12.561 
2 53.623 42.342 
3 5.247 4.576 
4 3.223 3.824 
5 3.662 4.368 
6 6.374 5.696 
7 8.413 8.879 
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Appendix 7.  

 
Figure 7. The map above shows the different soil types in the area of Kistingebäcken and part 
of Trönningeån. 
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