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Abstract  
Many farmers today are using mineral fertilizers (MF) containing big amounts of nutrients like 
phosphorus and nitrogen, which can lead to e.g. eutrophication in watercourses. Due to this 
problem, the use of Revaq-certified sewage sludge (RS) as fertilizer has drawn some attention, 
both because it might be a better alternative than MF and for the return and circulation of 
phosphorus and nitrogen. The aim with this study was to see if there was any difference between 
these two fertilization methods when analyzing nutrients in leakage water from soil that had been 
fertilized with either: RS or MF. An experiment was carried out with soil in pots fertilized with 
either MF or RS. The soil was watered and the leakage water sampled and analyzed for total 
phosphorus and total nitrogen. The results showed a clear difference of nutrient concentrations 
between the MF and RS. Soil fertilized with MF released phosphorus in a higher concentration 
than soil with RS. The result for total nitrogen showed that MF also released higher nitrogen 
concentration than RS during the first days after. The conclusions is therefore that MF due to its 
high concentrations of released nutrients, might more likely contribute to eutrophication than RS. 
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Dictionary 
	
Cd	–	Cadmium		
DM	–	Dry	matter		
MF	–	Mineral	fertilizer		
NSVA	–	water	services	company	in	
Sweden	–	Nordvästra	Skånes	Vatten	och	
Avlopp	AB	

N	–	Nitrogen	
P	–Phosphorus	
RS	–	Revaq	sludge	
SS	–	Sewage	sludge	
Tot-N	–	Total	Nitrogen		
Tot-P	–	Total	Phosphorus	
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Introduction 

Agricultural changes  
During the last 50 years there has been a change among farmers, many farmers have gone from 
fertilizing their land and crops with animal manure to a more intense farming with mineral 
fertilizers. Today’s farmers who do not have animal husbandry and cannot use animal manure as 
fertilizer are instead often using mineral fertilizers, in big amounts. The mineral fertilizers are in 
turn containing low amounts of trace elements. That may increase the risk of lack of 
micronutrients, and lower the quality on our crop production (Hamnér & Kirchmann, 2015). It is 
here the digested sewage sludge comes into the picture. The sludge can be an alternative to 
mineral fertilizers that can improve and provide the soil with nutrients and the organic matter 
that it needs, without going back to the use of animal manure. On the other hand sludge can also 
increase the amounts of hazardous heavy metals accumulated in the soil (Bourioug et al., 2015; 
Hamnér & Kirchmann, 2015; Lamastra et al., 2018).  
 
One of the bigger changes to nature historically due to agriculture and human activities started in 
the second half of the 19th century. When the human population increased and larger fields for 
cultivation were needed. New agricultural land could be created by deforestation, large-scale 
land clearance, drainage of wetlands and channelization. These soil systems then went from 
phosphorus (P)-recycling to P-export systems due to the increased soil erosion. Because of the 
large amount exported P, the farmlands required an annual fertilizer application (from mined P-
sources) to maintain good harvests and became fundamental P-import/export systems. People 
also began to use watercourses for human and industrial waste (increased amount of N and P), 
which led to aquatic ecosystem suffering from eutrophication (Stockner et al., 2000; Pöthig et 
al., 2009). Also during the second half of the 19th century, after the intervention of the Harber-
Bosch process, which made production of mineral fertilizer possible and fertilization with 
mineral N started. This is also the time for the Green revolution, which in turn increased the crop 
yield to more than double, due to new agricultural techniques and improved inputs with 
fertilizers (Mc.Arthur and Mc.Cord, 2017).   
 

The usage of fertilizers 
Sewage sludge has the ability to increase crop yield when used for a longer time, especially after 
regular and repeated use every 4th to 5th year. The crop yield may increase, particularly when the 
nutrients are not limited, which is during springtime when fertilizers is being spread out 
(Börjesson & Kätterer, 2018; the Swedish Board of Agriculture, 2019). Another feature that 
sludge has is the possibility to lower the bulk density. The bulk density is the ratio of total mass 
to total volume of soil and is therefore an important parameter to many hydrologic models. 
These models are stimulating soil properties and the processes of crop production. Which 
indicate that bulk density has a direct impact on the soils properties as organic matter, available 
water content and hydraulic conductivity. The sewage sludge is upgrading the properties of the 
soil, by making it lighter and gives it more pore space, lower bulk density. This may be of more 
importance for crop production than the amount of nutrients in sewage sludge (Abdelbaki, 2018; 
Börjesson & Kätterer, 2018; Casanova et al., 2016; Prasad et al., 2019). Phosphorus is more 
available for plants in mineral fertilizers than in organic manure like sewage sludge. This is 
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because sewage sludge needs more time to mineralize in the soil (Linderholm et al. 2017). As 
mentioned earlier, sewage sludge has been used as a fertilizer for many years in the agriculture 
sector. Because of its sustainability for the environment and also for the recycling part of 
returning the macronutrients back to farmland. But there is also some risks with using sewage 
sludge, it contains heavy metals and xenobiotic compounds (e.g. medicines, environmental 
pollutants and drugs). And that is one of the reasons why sewage sludge is not very socially 
acceptable in for example Sweden (Bourioug et al., 2015; Eriksson et al., 2007). In 2002 The 
Swedish Water & Wastewater Association (SWWA) created a development project which later 
in 2008 became a certification system called REVAQ®. Revaq certification ensures the quality 
on upstream work and recycling of nutrients in sludge (to agriculture) in certified wastewater 
treatment plants (SWWA, 2018). Sludge from Revaq certified treatment plants is requested as it 
exhibits good quality. In Sweden it is only sludge from certified treatment plants that is allowed 
to be spread on arable land since it is vital for the trustworthy cooperation between the 
agriculture, food industry and water service industry. There are also other ways of treating 
sludge, for example has Ecobalans developed their own technology to separate phosphorus from 
wastewater by using magnesium salt. They also have a technic to reduce nitrogen from 
wastewater by using ammonium sulfate (Ekobalans, 2019). Ekobalans are working to produces 
solutions for the recycling of plant nutrients and sustainable management of wastewater from 
treatment plants, biogas plants, food industry and agriculture. The residual flows are processed 
into high-quality fertilizers and soil improvement products. 
 

Eutrophication effects  
Eutrophication has in many parts of the world become a serious and major problem for many of 
our ecosystems in for example fresh water and marine coastal areas. Eutrophication occurs due 
to over fertilization from anthropogenic activity as agricultural farming land (Pöthig et al., 2009; 
Smith & Schindler, 2009; Sebilo et al., 2013). The increased amount of nutrients especially 
phosphorus and nitrogen in watercourses often comes from the agricultural runoff water, which 
is due to the growing use of cultivation and animal production systems (Shigaki et al., 2006; 
Pöthig et al., 2009). Eutrophication can be due to nutrients in runoff water and can have a 
negative direct impact on the natural wildlife because of the lack of dissolved oxygen in water. It 
can lead to faster and increased mortality among fish and adversely affects the water quality in 
different types of watercourses (Khan & Ansari, 2005). As an example, ecosystems in Denmark 
have been affected by anthropogenic activities for a very long time. Ecosystems structure, 
stability and function have in some cases been changed because of nutrient enrichment. This also 
have affected the eutrophication processes, mainly due to changes in social structures and human 
activities like: letting out industrial wastewater into different types of watercourses, more intense 
agriculture, which also increases the amount of nutrients through fertilizers used in farmlands 
(Nørring & Jørgensen, 2009; FAO, 2017). Phosphorus (P) is an important nutrient that is the 
main reason for eutrophication, which is causing for instances algae bloom and inferior water 
qualities in aquatic ecosystems (Schoumans et al., 2015; Song et al., 2015). Nitrogen (N) is also 
a contributing factor to the degradation of quality of surface water. In order to get agriculture 
more sustainable nutrient losses to surface water must be reduced (Smith et al., 2007; FAO, 
2017).  
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Effects of climate change  
The nutrient amount in runoffs is also affected by the on-going climate change, which is causing 
soil erosion. The soil erosion is in turn caused by milder winters with fewer but heavier rainfall 
that is changing the normal flow pattern to a more unpredictable flow pattern. The effect of this 
will be increased load of surface water, leading to increased erosion and nutrients leaching 
coming from not covered or lightly snow covered soil (Tattari et al., 2017; The Swedish Board 
of Agriculture, 2019). There are different types of methods that are being used to reduce e.g. the 
amount of N in the drainage area from precipitation. These include: construction of agricultural 
drainage ditches, bio retention systems, wetlands, grassed waterways, and pond-constructed 
wetlands. The disadvantage of these methods is that they require a lot of space. Ecological 
drainage ditches, can then be used as an alternative method for removing N, vegetal drainage 
ditches can more easily handle greater N loads and even takes up a smaller area than the above 
mentioned traditional methods (Wang et al., 2017).  
 
Considering the current situation different types of fertilizer adversely affect our nature and is for 
example, causing eutrophication. Due to this serious problem, the effects and use of Revaq 
certified sewage sludge as a fertilizer has attracted some attention. It is considered an important 
and topical subject, in today's critical situation. Therefore the aim of this study is to find out if 
there is a difference in eutrophication effects due to nutrients in leakage water from soil that have 
been fertilized with either: Revaq sludge or mineral fertilizer. 
 

Study questions 
 

- Is there any difference in the time of leakage or amount of nutrients (P and N) in leakage 
water depending on the type of fertilizer that has been used?  
 

- What type of fertilizer (REVAQ® sludge or mineral fertilizer) may contribute more to 
eutrophication?  

Methods & materials 
Literature search 
Table 1, in appendix is presenting the literature searches that have been conducted in this study. 
The search engines that have been used to find references have been: One Search, Web of 
Science and Google Scholar. The mainly used keywords have been: eutrophication, agriculture, 
fertilizer, sewage sludge and runoff. The articles had to contain information mainly about: 
eutrophication effects due to agriculture. The time span of choice (2005-2019) was to get as 
relevant articles as possible. The searches was also limited to “English language”, “peer 
reviewed”, “full text”, “academic journals” and in some cases “Highly Cited in Field” and 
”subjects”. Websites and reports of trustworthy sources and authorities have also been used for this 
study.  
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Experimental design and data collection 
Revaq sludge (RS) and the mineral fertilizer (MF) YaraMila are two different types of fertilizers 
that have been compared for the Tot-P and Tot-N that is plant- available in soil. RS was taken 
from the sludge production of April, at NSVA, which is a water services company in Sweden 
owned by six municipalities; Bjuv, Båstad, Helsingborg, Landskrona, Svalöv and Åstorp placed 
in Helsingborg. The sludge was stored in a refrigerator until the experiment was started. 
Wastewater sludge contains about 7.5% N and 2.5% P (SSNC, 2012; NSVA AB, 2019). The 
chosen MF was from the brand YaraMila® and contains 21% of nitrogen and 4% of phosphorus. 
 
The recommendations according to YaraMila for spreading this type of fertilizer are 2kg/100 m2, 
which becomes 0.23 g mineral fertilizer per soil container (113 cm2). YaraMila also recommends 
fertilizing again after 15 to 30 days (YaraMila, 2019), which was not necessary for this 
experiment. The recommendations for the RS are 883 kg DM/ ha, which by calculations 
becomes 1.0 g sludge per soil container. The amount of nutrients used from each fertilizer is 
explained in more detail in Table 2. 
 
Table 2: Nutrient amount in respective fertilizer, added to the containers (113 cm2).  
 YaraMila (0.25 g) Revaq sludge (1 g) 
Nitrogen  21% 7.5% 
Phosphorus 4% 2.5% 
g/m2 (N) 0.25 × 21% = 5.25 

0.0525 × 10000/113 = 4.6  
1 × 7.5% = 7.5 
0.075 × 10000/113 = 6.6  

g/m2 (P) 0.25 × 4% = 1 
0.01 × 10000/113 = 0.88  

1 × 2.5% = 2.5 
0.025 × 10000/113 = 2.2  

 
The soil that has been used comes from an old cultivation site in Scania that has not been used 
for cultivation for at least 10 years. By using a soil sieve the soil was controlled for its 
composition and grain size, see Table 3. This was made by first drying a part of the soil in an 
oven, over night with the temperature of around 100°C.  Any lumps were removed by crushing it 
down. The soil was then weighed to 230 gram. The soil was filtered through six sieves with 
different thickness on its net. Every layer was also weighted and the weight percent was 
calculated. The assessment made with regard to the composition of the soil is that, the soil is of 
the type, so-called mineral soil with the subgroup sandy coarse-grained soils (SGI, 2008). 
 
Table 3: The classification of the soil is based on the international scale (ISO, 2017). 
Size range (mm) Weight (gram) Percent Name 
2 – 6  22.7 10% Fine gravel 
0.2 – 2  76.9 33% Coarse – medium sand 
0.2 – 0.02  59.2 25% Fine sand  
0.02 – 0.006  42.7 18% Coarse - medium silt 
0.006 – 0.002 15.7 7% Fine silt  
< 0.002 13.3 6% Clay 

 
The experiment was conducted in an indoor environment at Halmstad University's laboratory 
and was set up on 12th April. The set up consisted of 12 trial containers (0.9 liter and a top area 
of 113 cm2) with holes at the bottom. The soil was cleaned with the help of a coarse screen, to 
remove larger roots, larger stones and soil clumps. The containers were then filled up with 300 
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ml soil, watered with 100 ml deionized water (to avoid adding any nutrients) to make the soil 
water saturated. They were placed randomly using a dice, where 1-3 corresponded to mineral 
fertilizer and 4-6 corresponded to sludge. In six of the containers, 1 g RS was added and in the 
other six containers, it was chosen to use 0.25 g (1/4 of RS) of mineral fertilizer, and then filled 
up again with 300 ml soil water saturated (50 ml) with deionized water. All of the containers 
were then placed over another container, which purpose was to collect the leaching water. The 
soil in each container was watered with 0.14 liter of deionized water. After 15 minutes up to 24 
hours, could the water samples be taken from the leaching water from the underneath containers. 
The scattered time frame was due to problems with clogging of the soil. The further into the 
experiment, the longer it took for the water to drain through. The water samples were collected 
in bottles (20 ml). As a control there was also taken two water samples (26th April and 10th May) 
of leakage water from only soil, without any fertilizers. After every sampling occasion the 
containers were randomly replaced again. The samples were taken two times/ week, during 4 
weeks, see Table 4. The water samples were frozen until analysis of Tot-P and Tot-N.  
 
Table 4: Sampling dates, (4 weeks × 2 sampling/week × 12 containers = 96 sampling data). 
Day 1 5 11 14 17 20 24 27 
Date 13/4 17/4 23/4 26/4 29/4 3/5 7/5 10/5 
Week 1  2  3  4  
 
As mentioned, the soil was watered with 0.14 liter deionized water. That sum is based on how 
much it precipitates in Sweden during a year. The Swedish Meteorological and Hydrological 
Institute (SMHI, 2017) confirms, in Sweden precipitation in the region of Baltic Sea is from 
minimum 400 mm/ year and in the southwest of Sweden it precipitates about 1000 - 1200 mm/ 
year. Which make the mean value to 100 mm/ month, which becomes 12.5 mm/ sampling 
occasion/ m2 (100mm/ month ÷ 4 weeks ÷ 2 sampling occasions). The area of a container is 113 
cm2 and it rains 12.5 mm (1.25 cm × 113 cm2 = 141 cm3 = 0.14 liters).  
 

Chemical analyses 
The water samples have been analyzed photometrically determined for Tot-P and for Tot-N by 
using flow injection analysis (FIA) technology. The analysis was done by following the method 
in: AN 5202 and AN 5241.  
 

Statistical analysis 
An independent-samples t-test was conducted to compare if there was a significant difference in 
amount of nutrients (Tot-N and Tot-P) between mineral fertilizer and Revaq-sludge. Graphs and 
t-test was made in Microsoft Excel.  
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Results 
The first question to be answered is, if there is any difference in the amount of nutrients (P and 
N) in leakage water depending on the type of fertilizer that has been used?  
 
When looking at the results of the water samples, a clear difference in the amount of nutrients 
between the two types of fertilizers can be seen. The water samples from soil fertilized with 
Revaq-sludge (RS) have a lower phosphorus concentration than in the water samples where 
YaraMila, the mineral fertilizer (MF) was used. The result also shows that the phosphorus in the 
soil containers with MF releases phosphorus faster and in much higher amounts than the ones 
with RS. Those soil containers with RS did not release any or very small amounts of phosphorus, 
see Figure 1. Which is comparable with the amount of phosphorus in the two water samples from 
soil without any fertilizers (Tot-P around 1.7 mg/l). What also can be seen is that the amount of 
phosphorus in the samples with MF starts to rise already after the first stimulated rain. It reaches 
its peak after 14 days and starts to decrease again, which confirms why YaraMila recommends 
fertilizing again after about 15 to 30 days. 

 
Figure 1: Mean value of total phosphorus concentration per sampling occasion. n = 6. 
Two water samples from soil without any fertilizers = Tot-P around 1.7 mg/l. 
 
When comparing the different fertilizers (MF and RS) for nutrients amount (P), there was a 
significant difference between the samples taken on day 5 to 20 and 24 to 27 (P < 0.05). The data 
on the water samples for nitrogen do also show a difference between mineral fertilizer and 
Revaq-sludge. It appears in Figure 2 that nitrogen from both RS and MF follows the same type 
of curve; it begins to decreases already after the first stimulated rain. But MF still has a higher 
value than RS in both Tot-P concentration and Tot-N concentration. Which is not particularly 
strange since the input content of both nitrogen and phosphorus amount is higher in the mineral 
fertilizer before spread/used.  
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Figure 2: Mean value of total nitrogen concentration per sampling occasion. n = 6.  
 
The t-test results signify that there was a significant difference between mineral fertilizer and 
Revaq-sludge in nutrients amount (Tot-N), in the samples taken day 1 to 17 and day 27 (P < 
0.05). Something that also was observed during the experiment was that the surface of the soil in 
the containers took the form of clay after already two sampling occasions. Which, in turn, caused 
the simulated rain not to filter through the soil as quickly as from the beginning. Instead of 
taking 15 minutes, it took up to 24 hours for the water to filter through.  
 
The second question to be answered is, what type of fertilizer (Revaq-sludge or mineral 
fertilizer) may contribute more to eutrophication?  
Since nitrogen and phosphorus levels in mineral fertilizers are mush higher than in Revaq-sludge 
it may contribute more to eutrophication, when it also releases higher P and N concentration to 
the leakage water than Revaq-sludge do. Furthermore, this will be discussed later in the report. 

Discussion 
Over fertilization from agriculture is having a direct impact on watercourses by causing 
eutrophication and the main factor is phosphorus (Ortiz-Reyes & Anex, 2018). The result of the 
experiment indicates on a higher amount P and N release in the leakage water from the 
containers with mineral fertilizer (MF) then from the Revaq-sludge (RS), even though the 
amount of MF was three quarters (0.25g) less than then added RS (1g). Does this mean that RS 
may contribute less to eutrophication than the MF? That does actually depend on many different 
factors, a few examples are; how mush nutrients different crops are being able to take up, how 
mush it rains and how fast but also the content and nutritional value of the fertilizer plays its part. 
We can not control some of its factors, as the volume of rain or the amount of nutrients the crop 
can absorb. What we can control is how much nutrition we add to the soil. As mentioned in the 
result one problem that appeared was clogging and the water could hardly be filtered through the 
soil. Under normal conditions, this would probably be runoff water, which causes erosion of 
arable land that entrains the top layer of soil and nutrients into close watercourses. In reality, this 
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is one of the biggest reasons why so much nutrition is found in water bodies and causing 
eutrophication (Mamedov et al., 2016; Ortiz-Reyes and Anex, 2018).  
 

Similar studies 
A similar survey by Costa et al., (2014) demonstrates similar results as in this study. Their study 
showed that by spreading MF (on cultivation sites with a 10% slope), a higher content of P was 
found deeper into the soil and the greatest amount of P was found in the lowest part of the slope. 
Which, in reality, is in the closest connection to watercourses. They could conclude that the 
sewage sludge (SS) increases the bioavailability of P in the soil, but did not promote it to the 
deeper parts as MF. They also concluded that available P in soil is directly correlated with 
organic matter when SS is used as a fertilizer. This may indicate that plants have better 
opportunists to absorb the nutrients when SS is used instead of MF. However, there are different 
mechanisms behind the two substances, nitrogen and phosphorus. They are both in the 15th 
group, but have different atomic numbers in the Mendeleev table, which means both are in the 
group of nitrogen and are behaving differently in nature due to their different atomic structure 
and cycles. Phosphorus has the capability to make bonds until it has more than an octet in the 
valence shell. But nitrogen forms bonds until an octet is filled. Another difference is in their 
cycles where phosphorus is never present in the atmosphere, which nitrogen is. It has also been 
shown that an input of P does not have high regulating impacts on the P cycle. At least not as 
inputs of N has on the N cycle and fertilization with mineral fertilizer and P desorption may 
compensate for the biological kind and can lead to a more stable uptake rate of P for plants, than 
the plant uptake of N (Ahlström and Cornell, 2018; Yu et al., 2018). However, according to 
Prasad et al., (2019) there are many arable soils suffering from reduction of organic matter, due 
to droughts and overuse. By application of SS to agricultural land it can help restoring degraded 
soils to a low cost and the need of adding synthetic fertilizers can be reduced. The problem with 
synthetic fertilizers is that they only contain the nutrients that the plants need and not what the 
soil needs. This can on the other hand be found in SS (organic matter, microorganisms, 
micronutrients and macronutrients), which in the long run can help improve the soils quality, 
fertility and water holding capacity. Some studies have also shown that soil during a longer time 
span (10-20 years) have a better holding capacity of biosolids/ nutrients when fertilized with SS 
than with MF (Mantoviet al., 2005; Fijalkowski et al., 2017; Prasad et al., 2019).  
 

Mineral fertilizer  
The advantages with mineral fertilizers are the fact that it can be perfectly measured in the right 
amount for specific type of crop and its needs of nutrients. It also does not contain high levels of 
heavy metals, pathogens or other hazardous substances that sewage sludge can do. For example, 
YaraMila contains less than 12 mg Cd/kg P (Yara Sverige, 2019), but mineral fertilizer normally 
used in the EU has a significantly higher cadmium phosphorus ratio, about 110-140 mg Cd / kg 
P (Svensktvatten, 2016). However, according to Svenskt vatten (2016) the goal for Revaq 2025 
is to reduce cadmium level to 17 mgCd/ kg P in sludge. Right now sludge contains about 14-33 
mg Cd/ kg P.  Anyway, the greater problem with mineral fertilizers seems to be its ability to 
release large amounts of nutrients at once. Which could cause crops to not absorb all available 
nutrients before it has been washed away with the runoff water. Which leads to more nutrients 
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coming down into watercourses and causing eutrophication, which is also confirmed by 
Wojciechowska et al., (2018) who also mentions that the investigated watercourses in their study 
had higher amount of nutrients in August due to runoff water from arable land, after heavy 
rainfall and harvest.   
 

For further research  
The errors that has been discovered and reflected over during this study was among other things, 
if plants had been used in the experiment, the result would have a better and safer explanation 
and answers to the aim and study questions. It would also be possible to see how much nutrients 
plants could absorb and how much was discharged into the leakage water. Unfortunately, that 
possibility was not available due to lack of time. What also would have been interesting to see 
how the result would have been, if other types of fertilizers as bio fertilizer or animal manure had 
been tested. Broadly speaking, the purpose of the study has been answered. The result and 
similar studies indicate that mineral fertilizers have a greater risk of affecting the eutrophication 
effect in watercourses than Revaq-certified sewage sludge. To show more clearly the advantages 
and disadvantages of sewage sludge and mineral fertilizers, see Table 5. 
 
Table 5. Comparison between mineral fertilizer and sewage sludge 
Statement Mineral fertilizer  Sewage sludge 
Contribute more to eutrophication ✔ - 
Highest nutrient concentration in leakage water ✔ - 
Positive effects on soil  - ✔ 
More hazardous substances - ✔ 
Higher economical costs ✔ - 
Nutrients availability in soil for longer time - ✔ 
 
Conclusions 
The conclusions that can be drawn are that the mineral fertilizer contains higher amounts of 
nutrients (phosphorus and nitrogen) than Revaq sludge, even though the amount applied mineral 
fertilizer was three quarters less than the applied Revaq sludge. Which demonstrate that mineral 
fertilizers may have a more likely tendency to contribute more to eutrophication than Revaq 
sludge. Also that if the recommendations are followed on YaraMila, to fertilize again only after 
15-30 days, probably higher levels of nutrients will be released into the leakage water. Therefore, 
this subject should be studied further in order to better combat today’s problems and find 
solutions that can reduce nutrient discharges into watercourses and nature. This study shows that 
we need to think more about how we cultivate and what type of fertilizer is being used. In order 
to achieve one of Sweden's 16 Environmental quality objectives: No eutrophication. The 
emissions must be reduced significantly to even come close to achieving this goal (Sveriges 
miljomal, 2018).  
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Table 1: Literature search. Some of the references are not mentioned in the table, since they have 
been found in other used references.  
Date Search engine Search terms Limitations Subject Hits Articles 
5/4 SMHI, 

kunskapsbalken 
Sveriges klimat Klimat  148 (1)  

SMHI, 2017 
15/4 The Swedish 

Society for 
Nature 
Conservation 
(SSNC) 

Slamspridning 
gödsel 

  1  (1)  
SSNC, 2012 

24/4 One Search Priority 
pollutants AND 
sewage sludge 
AND 
macronutrients 
AND recycling 
AND 
Xenobiotic 
organic 
compounds 
NOT Ash 

2006-2019 
 

 4 (1) Eriksson 
et al., 2007 

- One Search Trace element 
concentrations 

2009-2019 Sewage sludge, 
Manure 

15 (2) 
Börjesson & 
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AND field trials 
AND organic 
fertilizer AND 
Sweden 

Kätterer, 
2018; 
Hamnér & 
Kirchmann, 
2015 

- Web of Science Eutrophication, 
An Ecological 
Vision 

2005-2019  8 (1)  
Khan & 
Ansari, 2005 

25/4 One Search Sewage sludge 
AND 
sustainable 
agriculture AND 
contaminants 
AND fertilizer 
NOT Ash 

2015-2019 
 

Sewage sludge, 
Fertilizers 

3 (1) Lamastra 
et al., 2018 

- One Search Life cycle AND 
phosphorus 
AND Swedish 
agriculture 

2009-2019 Agriculture, 
Sewage sludge, 
Phosphorus 

11 (1) 
Linderholm 
et al., 2012 

-  One Search Eutrophication 
AND agriculture 
AND Denmark 
AND future 

2009-2019 Agriculture 
Eutrophicatio, 
Nutrients, 
Phosphorus, 
Water pollution 

10 (1)  
Nørring & 
Jørgensen, 
2009 

- Google Scholar Agriculture 
AND 
phosphorus 
management 
AND water 
quality AND 
Brazil AND 
options AND 
future AND 
Europe 

2006-2019  6500 (1)  
Shigaki et 
al., 2006 

- One Search Nutrient losses 
from manure 
AND fertilizer 
applications 
AND impact by 
time AND first 
runoff event 

2007-2019  349 (2) 
Schoumans 
et al., 2015; 
Smith et al., 
2007 

25/4 Web of Science  Eutrophication 
AND 
Agriculture 

2009-2019, 
Open access, 
Highly cited 

 9 (1) 
Sebilo et al., 
2013 

29/4 Web of Science Overfertilization
AND 
Eutrophication 

2010-2019  6 (1) (Pöthig 
et al., 2009) 

9/5 Web of Science Sewage sludge 
AND fertilizer 
AND nutrient* 
AND spread* 

2015-2019  6 (1) Bourioug 
et al., 2015 
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runoff AND 
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sludge 
 

2014-2019  5 (2) 
Mamedov et 
al., 2016; 
Costa et al., 
2014 

- Google scholar Sewage sludge 
AND 
agricultural land 
AND effects of 
long-term 
application on 
soil AND 
Mantovi 

2005-2006  41 (1)  
Mantovi et 
al., 2005 

26/5 Web of Science Mineral 
fertilizer AND 
Agriculture 
AND 
Eutrophication 

2015-1019  19 (1) 
Wojciechow
ska et al., 
2018 
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