
Using plants to remediate 

wastewater produced from the 

cleaning process of blasted rock 
materials 
 

Karin Nilsson 

 

 

 

 

 Nr 45 

Department of Ecology, Environment and Plant Sciences 

Master’s Degree Project 30 HE credits 

Plant Physiology 

Master’s Programme in Biology (120 HE credits) 

Autumn 2018 

Supervisor: Maria Greger 

 



Using plants to remediate 

wastewater produced from the 
cleaning process of blasted rock 
materials 

Karin Nilsson 

Abstract 
Water pollution is one of society’s most crucial issues which has a negative impact on water quality. 

The cleaning of blasted rock materials is a process which produces wastewater containing nitrogen and 

other pollutants such as heavy metals due to explosives residue from blasting. The release of this 

wastewater to a recipient could have a negative impact on water quality. In order to counteract 

contamination of recipients, wetlands can be used. However, there is little knowledge and research of 

their efficiency in removing such contaminants from wastewater of blasting operations. Therefore, the 

aim of this report is to study plant’s remediation of pollutants, which is one of the processes involved in 

wetland treatment systems. This is examined through studying the effectiveness of different wetland-

plant combinations’ ability to remove nitrogen and heavy metals in the wastewater. Another aim is to 

examine the silicon concentrations in the wastewater since silicon can be found from blasted rocks. This 

is of interest since elevated levels of silicon can act as a beneficial nutrient for crops and could then 

increase the value of the wastewater. The removal of the aforementioned substances has been studied 

after one, four and 24 hours through water analysis. Reed canary grass (Phalaris arundinacea), slender 

tufted sedge (Carex acuta) and yellow iris (Iris pseudacorus) were paired together in three different 

combinations for the study; A, B and C. The result from the water analysis was that the wastewater 

contained in average 64 mg N L-1, which is considered to be extremely high. For the nitrogen 

remediation the plant combinations containing I. pseudacorus removed the most nitrogen, 12 %, after 

24 hours. Although, the nitrogen reduction was significantly lower compared to other studies. The heavy 

metal content was more than ten times lower in comparison to the upper limit values and was not reduced 

significantly by different systems. Regarding the silicon content, it was the same as found naturally in 

soil and water. The plants did not absorb any silicon, which indicates that the silicon was in a particular 

chemical form which is hard for plants to absorb. Sedimentation is mentioned as a major remediation 

process in wetlands, however in this study when plants were not present the result illustrated that the 

sedimentation probably did not function optimally. This could then demonstrate the importance of plants 

for other remediation processes. The conclusion of this study is that plants’ reduction of nitrogen in 

wastewater constitutes of a small part and could affect the function of sedimentation. In addition, 

according to this study yellow iris could be added to plant combinations to increase the treatment 

potential of wastewater produced from the cleaning process of blasted rock material, though further 

studies are recommended.  
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Popular summary 
Water pollution is a current major environmental issue worldwide and the result is a degrading water 

quality, which could become toxic to the environment and humans (Denchak, 2018). It is likely that 

over 80% of the produced wastewater in the world is released untreated to the environment resulting in 

more deaths than any form of violence including war (UN-Water, 2018). In addition, there are currently 

three times as much available nitrogen in circulation in the environment than it naturally should, and 

this could lead to eutrophication (Rockström et al., 2009; Backlund, 2011). Therefore, the importance 

of fresh water preservation and remediation of wastewater is increasingly crucial. 

 

This is related to the wastewater produced from the cleaning process of blasted rock materials. The 

release of this wastewater to a recipient could have a negative impact on the water quality. In order to 

counteract decreased water quality, wetlands can be used, which is a cheap and environmentally friendly 

method to treat polluted water (Gazea et al., 1996). This study has examined the content of the 

wastewater with focus on nitrogen and heavy metals and the remediation effectiveness of different 

combinations of plant species after one, four and 24 hours respectively, through water analysis. Reed 

canary grass (Phalaris arundinacea), slender tufted sedge (Carex acuta) and yellow iris (Iris 

pseudacorus) were paired together in three different combinations; A, B and C. The result was that the 

wastewater’s nitrogen concentration was extremely high and that the plant combinations with yellow 

iris reduced the most nitrogen, 12 %, after 24 hours. Although, the nitrogen reduction was significantly 

lower compared to other studies.  The conclusion is that plants in this study constituted only of a small 

part of the nitrogen removal, instead they could provide a setting for other processes which remove 

contaminants more effectively.   

Ethical and social aspects 
The reuse of blasted rock material leads to less strain on the capacity of waste dumps and a positive 

environmental impact since it is more sustainable to reuse rather than extract new hard rock, sand and 

gravel from the environment, which are non-renewable resources (Tran & Le, 2018). An increased 

reuse of the material is necessary since the rate of urbanization is growing, which creates more blasted 

rock materials through for example infrastructure and construction projects. 

 

To reuse the blasted rock, the material is often cleaned to remove pollutants which creates a wastewater 

containing nitrogen and other pollutants. The cleaning process uses large amounts of fresh water which 

could become an issue in a future scenario where water becomes more scarce, which is likely due to the 

changing climate and increasing demand of water. In such a scenario, it is increasingly important to 

clean or reuse the wastewater. Plants in wetlands is a cheap and environmentally friendly method which 

can remediate the water and prevent the release of harmful contaminants to water recipients. 

 

The treated water could either be released to the recipient or be used for irrigation of crops. This could 

be suitable since the wastewater contains high levels of nitrogen, which could replace industrial 

fertilizers. The studied cleaning site has a nitrogen load of 50 tons year-1 which corresponds to the 

fertilizing needs of 350 hectares of farmland. 

 

Water is going to become an increasingly important issue with many ethical and social aspects to 

consider. When water becomes scarcer, it is safe to say that sustainable treatment methods of wastewater 

will become increasingly important in a world with a growing demand and decreasing supply of fresh 

water.  
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Introduction 
Currently, water pollution is a major environmental issue worldwide. This occurs when harmful 

substances such as chemicals, heavy metals, microorganism as well as nutrient pollution contaminate 

water recipients such as streams, lakes and groundwater. According to Rockström et al. (2009) there are 

currently three times as much available nitrogen in circulation in the environment than it naturally 

should. This could then lead to eutrophication which causes algal bloom and dead zones (Backlund, 

2011). The result is a degrading water quality which could become toxic to both the environment and 

humans (Denchak, 2018). This highlights the importance of fresh water preservation and remediation 

of wastewater since the global demand for fresh water is expected to increase by one-third by 2050 

(WWAP, 2018).  

 
This can be related to the treatment process of blasted rock materials, from tunnelling and other blasting 

operations. Tunnelling refers to the blasting operation when constructing a tunnel and from this process 

huge volumes of blasted rock material are created. The material is generally categorized as waste, 

however, it has become more accepted to reuse the material, according to the 3R principle (reduce waste, 

reuse, recycle), to reduce the environmental impact of blasting operations (Tran & Le, 2018). An issue 

with reusing blasted rock is that the material is contaminated from the blasting and needs to be cleaned 

before it can be reused. From the cleaning process, a wastewater is produced which is for instance 

contaminated with high levels of nitrogen due to the explosives used during the blasting. In Fig. 1 the 

different pathways for nitrogen emission from blasting operations is illustrated and it also shows that 

blasted rock can be heavily contaminated with nitrogen. The size of the nitrogen contamination on the 

blasting rock depends on factors such as the handling of the waste material, type of explosive and rock 

conditions (Tilly et al., 2006). About 60-70% of the explosives residue can remain on the blasted rock 

materials as it is unloaded from the blasting site. The rate of the emission from blasted rock materials 

depends on where and how the masses are unloaded, precipitation intensity and the composition of the 

material (such as particle size distribution, which determines the permeability) (Tilly et al., 2006). The 

high levels of nitrogen generated could lead to eutrophication and negative effects on freshwater 

resources, if released to recipient. High nitrogen concentrations in drinking water is also a health risk 

(Hung et al., 2012). 
 
In addition to nitrogen in various forms, the following substances/ products need to be considered since 

they can be found in the wastewater and have an impact on the environment; (i) Oil and diesel, (ii) 

sealants of various types, (iii) concrete, (iv) suspended materials, (v) high levels of chrome and calcium, 

(vi) high levels of sodium, (vii) aluminium and sulphates, (viii) organics, phthalic acid and heavy metals 

(Tilly et al., 2006; Bækken et al., 2012; Maxam, 2014; Weimann, 2014). Metals which exist naturally 

in rocks can be released to the water when tunnelling. However, metals often bind to particles and 

therefore those which are released to the environment will most likely bind to soil or sediment. 

Nevertheless, some metals can be soluble in water and thereby be bioavailable (Weimann, 2014). 

Contamination of heavy metals in the water environment is a serious problem that threatens both the 

aquatic ecosystems as well as the human health. Therefore, the wastewater should be remediated before 

released to recipient. Despite this, there are currently no legal requirements to treat the produced 

wastewater from blasted rock in Sweden, however, government agencies such as The Swedish Transport 

Administration have recently started to add this as a requirement during procurement for infrastructure 

projects.  

 

Studies have shown that elevated levels of silicon can be found from blasted rocks and therefore could 

be found in the wastewater (Madl et al., 2008). Silicon is of interest since it can act as a beneficial 

nutrient for crops (Luyckx et al., 2017). Studies have showed that silicon is the only mineral known to 

effectively mitigate several environmental stresses such as drought, freezing, salinity, high temperature, 

mineral nutrient deficiency, toxicity stress, flooding and UV radiation (Liang et al., 2015).  
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Furthermore, studies have shown that plants affected by salt-stress increased their nitrogen uptake 

possibly when stimulated with silicon (Liang et al., 1999). In addition, silicon also reduced the stress 

symptoms on plants which was affected by high nitrogen levels (Suzuki, 1935). In recent years, silicon 

as fertilizer have become more globally accepted since it is seen as an important addition to the 

agriculture (Liang et al., 2015).  Therefore, if the wastewater contains elevated levels of silicon and in 

the preferred chemical form for plant absorption, the wastewater could be used as a fertilizer. Especially 

if the wastewater contains elevated levels of nitrogen and low levels of heavy metals. In addition, the 

silicon could reduce stressors from perhaps high nitrogen levels or salinity for plants treating the 

wastewater which would increase the wellness of the plants and increase the remediation affect.  

 

Figure 1: Illustrates the contamination pathways of nitrogen from blasting operations. The total nitrogen 

release comes from the undetonated charge, waste from the detonated charge and gases from the 

detonation. Waste and undetonated charge stands for the main emission of nitrogen to process water and 

blasted rock material. About 60-70% of the explosives residues can remain on the blasted rock material as 

it is unloaded from the blasting site which could affect the soil, surface- and groundwater. The process 

water could affect the surface- and groundwater (Modified picture from Forsberg & Åkerlund, 1999). 

Remediating wastewater produced from the cleaning process of blasted rock is relatively new however, 

there are various approaches to treat polluted waters e.g. stormwater, agricultural water, acid mine 

drainage (Mungasavalli & Viraraghahavan, 2006; Nyquist & Greger, 2009; Mackenzie, & Mcilwraith, 

2013). One of the most effective methods to treat wastewaters is using wetlands (Maestri & Lord, 1987; 

Boller, 1997). Wetland is an area where water is near, under or just over the soil surface (Löfroth, 1991). 

In freshwater wetlands macrophytes (plants growing near on in water such as emergent, submerged and 

floating) are the dominant element which is distinctively for wetlands compared to other environments 

(Löfroth, 1991; Goldsborough & Robinson, 1996; EPA, 2016). Since the early 1980s wetlands have 

been used as a treatment method for polluted waters (Demchik & Garbutt, 1999). Constructed wetlands 

are cost-effective alternatives since they are easy to install and maintain as well as produce limited 

amounts of by-products in comparison to other methods (Gazea et al., 1996). In addition, wetlands 

reduce the most nitrogen in relation to cost (Weisner; 2010). However, the ability to separate nitrogen 

in wetlands can vary. According to Mattsson’s (2008) study, the average nitrogen removal by wetlands 

is approximately between 200 to 500 kg N ha-1year-1, and during optimal conditions 1000 kg N ha-

1year-1. Other studies have shown that constructed wetlands during normal conditions could have a 

nitrogen retention of 1 000 kg N ha-1year-1 (Strand & Weisner, 2013). In addition, according to 

Ekologigruppen (2000) a studied wetland had an absolute reduction (the amount of substance left in a 

wetland) of 2250 kg N ha-1year-1. A study conducted by Lee et al. (2009) concluded that an optimal 

constructed wetland can remove 40-50 % of nitrogen from water. The varying results from the 

aforementioned studies indicate that the performance of wetlands is hard to predict, since every wetland 

is often unique, and the method is based on natural conditions that are affected by several factors. Factors 

which can affect the efficiency are: the site, nitrogen load, retention time, water quality, climate, 

availability of vegetation, plant diversity, treatment area design and if the constructed wetland is new or 

has been established (Lindqvist, 1993; Odum, 2000; Suthersan, 2002; Lagerkvist, 2004; Thiere, 2009; 

Eriksson, 2012; Feuerbach, 2018).  

 



 3 

From studies mentioned there is a great potential to reduce nitrogen rich wastewater, from for instance 

tunnelling, with wetlands. Nevertheless, to construct wetlands as a natural treatment method for 

temporary projects such as blasting operations, it may be less useful. This is because it can take a long 

time before the system is established and can remediate optimally (Tilly et al., 2006). On the other hand, 

the time aspect of the project is less relevant if the constructed wetland is intended to be used for different 

projects over a longer period of time.  

 

Despite the uncertainties with the performance of wetlands with regard to nitrogen reduction, there are 

several advantages such as the contribution of environmental services, which directly or indirectly 

impact human well-being. This has the potential of solving a variety of environmental, economic and 

social challenges (BISE, 2018). In addition, floating wetlands could be added to increase the efficiency 

since they increase the surface area and treatment capacity because the roots are in direct contact with 

the polluted water (Headley & Tanner, 2008; Stewart et al., 2008). Floating wetlands are especially 

efficient in removing nutrients from water and a study demonstrated that a tank with floating wetlands 

removed all nitrates after 24 h while a similar tank without floating wetlands removed 50 % less nutrients 

(Stewart et al., 2008; Bärg, 2013).  

 
There are several complex processes (biological, chemical and physical) included in the remediation of 

wastewater with wetlands (Gersberg et al., 1986). For the nitrogen removal and retention in constructed 

wetlands, there are several processes involved such as: ammonification, NH3- volatilization, nitrification, 

nitrogen fixation, denitrification, sedimentation as well as microbial and plant uptake (Vymazal, 2007; 

Hung et al., 2012). The removal of nitrogen is complex due to nitrogen’s many forms (organic N, NO2
-

, NO3
-, NH3, NH4

+ and N2) and can easily transform from one form to another (Hung et al., 2012). That 

is why few processes can completely remove the nitrogen from the wastewater (Vymazal, 2007). Higher 

aquatic plants are assumed to be the main biological component of wetlands, which is plants that tolerate 

to be near, stand or be in water (Hammer, 1991; Jenssen et al., 1993). Despite this, the nitrogen uptake 

in wetland plants is not significant with regards to the total amount of nitrogen removed (Stephenson et 

al., 1980; Nichols, 1983). The major removal mechanisms are physio-chemical (e.g. sedimentation) and 

bacterial transformation (Chan el al., 1982). However, higher plants still play an important role in 

wastewater remediation since they enhance purification through promoting various chemical and 

biological processes such as assimilating pollutants into their tissue through direct uptake or adsorption 

(Gersberg et al., 1986; Breen, 1990; Gahoonia & Nielsen, 1998; Fritioff & Greger, 2003). Plants only 

absorb nitrogen efficiently for nutritional purposes during the growing period, afterwards the efficiency 

decreases (Tonderski et al., 2002; Harrström, 2005). The nitrogen is bound in the plant until it dies and 

is degraded, then the nitrogen is released back to the system (Tonderski et al., 2002). Through the harvest 

of the wetland plants, the pollutants can fully be removed from the aquatic system (Lagerkvist, 2004). 

Plants ability to translocate oxygen from the shoots to the roots is very important for the removal of 

nitrogen in wastewater (Armstrong, 1964). The oxidized microenvironment in an otherwise anaerobic 

substrate, stimulates the growth of nitrifying bacteria, which converts ammonia to nitrate and by 

denitrification it is removed from the system as nitrogen gas (Gersberg et al., 1986).  
 
The process of removing or rendering pollutants such as heavy metals harmless from the environment 

by using green plants is called phytoremediation (Cunningham & Berti, 1993). Plants can remediate 

heavy metal content in polluted waters and are considered as an important part of the remediation 

processes (Brix, 1994; Gazea et al., 1996; Matagi et al., 1998; Sheoran & Scheoran, 2006). There are 

different methods for plants to remove, stabilize and detoxify the heavy metal content. The roots can 

bind the sediment resulting in resuspension and high root accumulation of metals can decrease mobility. 

Furthermore, plants can affect pH levels, oxygen and organic content which increases the metal bonding 

to sediment (Carpenter et al., 1983; Mungur et al., 1995). In addition, plants can further contribute to an 

increased metal retention since they cannot separate their uptake which leads to both essential and non-

essential metals being taken up. It is preferable to have plants with a high metal uptake in shoots if the 

vegetation is harvested seasonally (Marschner, 1995; Clemens, 2006; Nyquist, 2007). Plants can also 

indirectly affect the metal removal through increasing the organic content in wetlands, which can affect 

the metal bonding to sediment due to the cation exchange capacity (CEC) (soil’s ability to hold 

positively charged ions). 
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If the CEC becomes affected, then the oxygen can oxidize the sediment which also affects the binding 

of metals to the sediment (Armstrong et al., 1992; Peverly et al., 1995; Odum, 2000). Therefore, as much 

as 50 % of the heavy metals can be removed from water trough adsorption to clay, organic matter and 

plants via electrostatic attraction (Muller, 1988; Patrick et al., 1990). Furthermore, plants can excrete 

complex substances e.g. organic acids and peptides, which can create precipitation of dissolved metals 

(Wher et al., 2003; Greger, 2005).  
 
There are other processes for plants to remediate heavy metal content and nitrogen in water, through 

e.g. filtration and decreasing the water flow which increases the retention and sedimentation (Gersberg 

et al., 1986; Petticrew & Kalff, 1992; St-Cyr et al., 1994; Mungur et al., 1995; Nyquist, 2007). Plants 

also provide a carbon source, which is important for the function of wetland bacteria which enhances 

the purification of nitrogen and heavy metals (Mitsch & Wise, 1997). 
 
Plants used for the wastewater treatment should have a rapid growth rate, a tolerance to nutrient rich 

water and the ability to withstand wetland conditions (Arceivala & Asolekar, 2007). In addition, plants 

used in wetlands should preferably be native species found locally in the area of the wetland. Another 

favourable plant-characteristic is the ability to transport oxygen from the shoots to the roots to create 

aerobic conditions in the sediment since this enhances the denitrification (Gersberg et al., 1986; 

Arceivala & Asolekar, 2007). Emergent plants have the ability to translocate the oxygen from shoots to 

roots and are commonly used for purification in wetlands due to their large size, ability to absorb a large 

amount of nutrients per plant and are easy to harvest (Harrström, 2005; Eriksson, 2012). Other 

advantages of emergent plants include a longer decomposition time which contributes to a longer lasting 

coal supply for bacteria. Furthermore, nutrients and pollutants which have been absorbed will remain 

longer in the plant (Tonderski et al., 2002). 

 

Several previous studies have exhibit that Phalaris arundinacea (reed canary grass), Carex acuta 

(slender tufted sedge) and Iris pseudacorus (yellow iris) are appropriate to treat polluted waters. In a 

study by Fritioff & Greger (2003) P. arundinacea were used to treat polluted stormwater. The result 

was that the plant accumulated Zn, Cu, Cd and Pb, mostly in their roots, the conclusion was then that 

this emergent species could be used to stabilize metals in the substrate. A study by Keizer-Vlek et al. 

(2014) showed that I. pseudacorus, when used in floating wetland mesocosm, had a nitrogen removal 

efficiency of 98 % and a significant higher uptake of nitrogen compared to other studied species. P. 

arundinacea and species of Carex spp. are frequently used in constructed wetlands for treating 

agricultural drainage due to their known ability to remove nutrients (Vymazal, 2017). Furthermore, 

studies from Norway examined wetlands where P. arundinacea were one of the most dominant species 

and the result showed a nitrogen reduction between 159 to 800 kg ha-1year-1 (depending on the size of 

the wetland) (Braskerud, 2002; Blankenberg et al., 2008). In addition, studies of wetlands from both 

Finland and Norway which consisted mostly of different Carex species showed a nitrogen reduction of 

50 to 56 kg ha-1year-1 (depending on the size of the wetland) (Braskerud, 2002; Koskiaho et al., 2003). 
 
Removal efficiency may increase with a combination of species. This is of interest since the metal 

accumulation differs between species due to their ability to absorb a type of metal ion (Mortimer, 1985). 

Plants can also act as a catalyst for purification reactions through increased environmental diversity in 

the rhizosphere which promotes a diversity of bacteria as well as surfaces (biofilm) for growth (Gersberg 

et al., 1986; Jenssen et al., 1993; Herrmann & Thorén, 2003; Harrström, 2005).  
 

The aim of this study was to investigate the remediation efficiency of the wastewater with a combination 

of plants, to illustrate the role of plant removal in the remediation process in wetlands. In addition, 

examine how different combination of plant species can affect the remediation efficiency. According to 

reports wetland plant species can greatly differ in their ability to accumulate metals, indicating that 

especially metal removal can greatly be enhanced by appropriate selection of wetland plant species 

(Greger & Kautsky, 1993; Rai et al., 1995; Wolterbeek & van der Meer, 2002; Fritioff & Greger, 2003; 

Nyquist, 2007).  
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Furthermore, the aim was to examine the content in wastewater since there are few studies of what the 

wastewater consists of than just nitrogen and the general knowledge about tunnelling’s effects on surface 

water quality is also inadequate (Weimann, 2014).  

 
The hypothesis is that the wastewater from cleaning blasted rock material will have high amounts of 

nitrogen and relatively low levels of heavy metals, in view of previous studies by the Swedish Transport 

Administration (Roland Ekenberg, personal communication, August 15, 2018). However, the content of 

heavy metals and other pollutants are dependent on several factors such as how hydrophilic the 

contaminants are and what type of products is used during the tunnelling. Furthermore, the hypothesis 

is that the pots with plants (stirred before water sampling) and the sedimentation system (without plants 

and not stirred before water sampling) will have a greater removal of contaminants compared to the 

control (without plants and stirred before water sampling). This was tested in greenhouse conditions 

with three replicates for each system for one, four and 24 hours. There were three systems with different 

plant species combinations, A, B and C, to examine the removal efficiency with a combination of 

species. System A consisted of I. pseudacorus and P. arundinacea, system B of I. pseudacorus and C. 

acuta and system C of C. acuta and P. arundinacea.  

 

Material and methods 
The examined wastewater came from the Löten quarry located on Munsö (59°24'34"N, 17°34'30"E), 

north of Ekerö in Stockholm county. The wastewater is created when blasted rock materials from the 

tunnelling of the E4 Stockholm Bypass Project is cleaned. During the cleaning process, water from the 

lake Mälaren is used and turns into wastewater. The nitrogen levels in Mälaren, was measured near 

Löten the 9th of September 2018 and the result was 0.36 (±0.15) mg N L-1. After the cleaning process 

the wastewater was first released to a concrete basin, then to a sedimentation basin and last to a buffer 

pond before released to constructed wetlands. The basins and ponds purpose are to decrease the number 

of particles. The wastewater used in this study was gathered just before reaching the constructed 

wetlands with a flow of 25 L s-1. The water was gathered in five 10 L buckets and then brought to the 

Department of Ecology, Environment and Plant Sciences at Stockholm University. Water sampling 

vessels to analyse ten different heavy metals (As, Ba, Pb, Cd, Co, Cu, Cr, Ni, V, Zn) (mg L-1), total 

nitrogen (mg L-1) and silicon (mg L-1) was later ordered from the company Eurofins Sweden.  

 

The selected plant species for the study were; yellow iris (Iris pseudacorus) (Fig. 2), slender tufted sedge 

(Carex acuta) (Fig. 3) and reed canary grass (Phalaris arundinacea) (Fig. 4). They were selected based 

on their qualities as; emergent species, well-known wetland plant species used in wetland treatments, 

thrive in nutrient waters and that they are common local flora at Löten were the constructed wetlands 

exist (Anderberg, 2008; Anderberg, 2009; Anderberg, 2010; Fritioff & Greger, 2003; Keizer-Vlek et al., 

2014; Vymazal, 2017). These qualities are of importance according to Arceivala & Asolekar (2007). 

Ten of each specie were purchased from the company Veg Tech Sweden, as herb plugs. 

 

 

 

 
 
 
 
 
  

Figure 2; Photo of Iris pseudacorus, 

yellow iris (Bramley, 2018).  Figure 4: Photo of Phalaris 

arundinacea, reed canary 

grass (Mittelhauser, 2018). 

Figure 3: Photo of Carex acuta, 

slender tufted sedge (Plants and 

Garden, 2018). 
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Growth Conditions  
 
The plants grew in soil, therefore when receiving the plants, 

they were all thoroughly cleaned under running tap water to 

remove all the soil and particles, leaving the roots bare. This is 

illustrated in Fig.5. Thereafter, the plants were placed in 10 L 

buckets with deionized water and Hoagland solution (1 %), 

which is a nutrient solution (Hoagland & Arnon, 1950). They 

were left for approximately two weeks in greenhouse 

conditions (19 ± 2°C, RH (%) 73 and light period of 13.5 h) and 

equipped with aeration system to become acclimated to the 

new environment. Fig. 6 illustrates how many new roots one of 

the plants of I. pseudacorus developed after the acclimatization 

period.  
 

 

Experiment  
 
The experiment examined three different plant systems with a combination of 

species and two systems without plants, sedimentation system and control. 

The systems with plants were called A, B and C where A consisted of I. 

pseudacorus and P. arundinacea, B of I. pseudacorus and C. acuta and C of 

C. acuta and P. arundinacea. The difference between the control and the 

sedimentation system was that the water in the sedimentation system was not 

stirred before every water sampling, to simulate sedimentation. Unlike the 

control, which was stirred before water sampling. The water in the systems 

with plants was also stirred before every water sampling. For each system 

there were three replicates resulting in 15 pots. The system setup is illustrated 

in Fig. 7. 

 

 

 

 

 

 

 

 

 
After the acclimatization, the plants were wiped with paper and then weighted. They were weighted 

since according to unpublished result by Maria Schück (2018) the biomass for optimal uptake by plants 

in 1 L water was approximately 15 g. Therefore, in this experiment where each pot contained 2 L 

wastewater the biomass should be 30 g and divided by two, since each plant system contained two 

different species. Wherefore, each specie weighted approximately 15 g - to achieve an optimal uptake. 

After weighting, the different systems with the combination of species were created. Thereafter, the 

plants for each system was attached to floating plates of styrophoam. The photo to the left in Fig. 8 

illustrates how a system with wastewater and plants could look like. 

 

The start volume was 2 L for all the pots and then the 0 h water sample was gathered three times à 50 

mL, since 50 mL is required for each analyse (total nitrogen, heavy metals and silicon), from each pot. 

Thereafter, the plants on floating lids were placed in nine of the pots with all of the roots in the water 

and shoots above. Lids were also placed in the control and sedimentation systems. Water samples (50 

mL * 3) were later gathered from each pot after one, four and 24 h.  

Figure 2: Photo of how the herb plug look 

like from the beginning and after the soil was 

removed. 

Figure 4: Illustrates the setup of the study. The systems with 

plants are A, B and C and the water is stirred before every 

water sample. S is the sedimentation system with no plants 

and the water is not stirred before sampling. Control have 

no plants and the water is stirred before sampling.  

Figure 3: Photo shows 

how I. pseudacorus could 

look like after the 

acclimatisation, it has 

developed many new 

roots. 
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Therefore, 150 mL was removed from the wastewater from each pot during every water sampling. For 

all the pots except the sedimentation system the water was stirred before gathering the water sample. 

The samples were stored in refrigerator before sending them to the company Eurofins Sweden to be 

analysed. Between the sampling the plants were placed in a greenhouse with the conditions of 19 ± 2°C, 

RH (%) 73 and the light period was 13.5 h. The pots were also all equipped with aeriation system. The 

photo to the right in Fig. 8 illustrates the systems with plants in a greenhouse with aeriation system. 

 

 

 

 

 

 

 

 

 

 

 

 
After the last water sample at 24 h, the water which remained was measured to calculate the 

transpiration. The plants were weighed after the study and then separated by roots and shoots. Thereafter, 

the plants were dried in an oven for at least 24 h and then their dry weight was measured. Table 1 

illustrates the different systems (A, B and C) average fresh weight (FW) and dry weight (DW) of the 

total biomass as well as the average dry weight of roots. Table 2 illustrates each specie’s fresh weight 

and dry weight for total plant and roots, for each system.  

 
Table 1. Illustrates the systems average fresh weight (FW), dry weight (DW) of total plant and dry weight of roots in grams. 

 Average FW 

tot. plant (g) 

Average DW tot. 

plant (g) 

Average DW roots 

(g) 

System A 30.84 ±0.5 3.94 ±0.1 1.93 ±0.04 

System B 30.75 ±0.4 6.26 ±0.4 2.74 ±0.30 

System C 32.00 ±1.4 6.99 ±0.5 4.18 ±0.40 

 
Table 2: Illustrates each species average fresh weight (FW), dry weight (DW) of total plant and dry weight of roots in grams. 

System and species Average FW 

tot. plant (g) 

Average DW tot. 

plant (g) 

Average DW roots (g) 

A - I. pseudacorus 15.32 ±0.3 2.61 ±0.04 1.01 ±0.04 

A - P. arundinacea 15.52 ±0.4 1.33 ±0.09 0.93 ±0.07 

B - I. pseudacorus 15.20 ±0.3 2.59 ±0.09 0.88 ±0.03 

B - C. acuta 15.55 ±0.5 3.67 ±0.40 1.86 ±0.20 

C - C. acuta 16.64 ±0.1 4.98 ±0.50 2.75 ±0.20 

C - P. arundinacea 15.45 ±1.3 2.01 ±0.09 1.43 ±0.20 

 
Later the temperature, pH and conductivity were measured in wastewater to get basic knowledge about 

the quality and to get an indication of the salinity in the water. An indication of salinity can be done 

through measuring temperature and conductivity and then comparing it with a conversion table to get 

the approximately salinity. 
 

Calculations and statistics 
 
Percent heavy metal and nitrogen left in the wastewater as well as the percent nitrogen left in the 

wastewater per g DW of total plant, after the different times were measured through different 

calculations.  

Figure 5: The photo to the left shows a system with a combination 

of species and to the right all the systems when placed in the 

greenhouse  
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All the calculations were repeated for all replicates and then an average value was calculated for each 

system as well as standard error. Percentage left of an element in the water after one, four and 24 hours 

and the uptake g DW-1 of total plant are calculated according to following formulas:   
  

% left in water 1h element x: 
[𝑥]𝑡1

[𝑥]𝑡0

∗ 100  (1) 

 

Where, xt is concentration for time t of x element.  

 

% left in water4h and 24h element x:    
[𝑥]𝑡4,24

∗ 𝑉𝑠  (1)  

  

Where, [𝑥]𝑡  is either for time 4 or 24 and Vs is the sample volume  

Actual % left after 4 h:  
[𝑥]4

(
([𝑥]0∗𝑉0)−(1,𝑓𝑜𝑟 𝑡=4)

𝑉4
)

∗ 100 (2a)  

Actual % left after 24 h:   
[𝑥]24

(
(([𝑥]0∗𝑉0)−(1,𝑓𝑜𝑟 𝑡=4))−(1,𝑓𝑜𝑟 𝑡=24)

𝑉24
)

∗ 100 (2b) 

 

Where, V is either the volume at start (0), or after 4 or 24 h. 
 

Uptake g DW-1 tot. plant:  
𝑋𝑆𝑦𝑠𝑡𝑒𝑚𝑅𝑡

𝑡𝑜𝑡.𝑔 𝐷.𝑊.𝑆𝑦𝑠𝑡𝑒𝑚 
  (1) 

 

Where, 𝑋𝑆𝑦𝑠𝑡𝑒𝑚𝑅𝑡
 is the percent removed for each system’s replicate (R) and time (t) 

and tot. g. DW System is the total dry weight for each system  

 

 

All statistical calculations were performed using Excel for Mac OS X, inter alia, Student’s t-test.  

Student’s t-test and Tukey’s honest significant difference (HSD) test was used to detect differences 

between start-value and values after one, four and 24 h.  

 

 

Results 
 

Water analysis 
 

According to the water analyse the wastewater contained an average of 64 mg N L-1 (0.5, n=60) (128 

mg). The analyse also showed low levels of heavy metals and an average silicon amount of 3.8 mg L-1 

(3.8 ppm) (0.03, n=60) Furthermore, the silicon analysis showed that the plants did not remove silicon 

in the water which could be due to that the silicon was in a form which is hard for plants to absorb. 

According to Eurofins chemist Bo Olsson (personal communication, 22 November, 2018) to analyse 

amount of silicon in mg L-1 the water sample was boiled with HNO3 and they cannot determine the form 

of the silicon further.  
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The water quality regarding temperature, pH and conductivity was later examined and the result is 

shown in Table 3. When measuring temperature and conductivity the values could be used to get an 

indication of the salinity through comparing them to a conversion table which is based on an equation 

by Weyl (1964).  
 

Table 3: Illustrates the WW’s temperature (°C), pH and conductivity (S cm-1) as well as the approximately salinity (ppt). 

 Temperature, °C pH Conductivity, S cm-1 Salinity, ppt 

Wastewater 15.5 6.28 920 <1 

 
When the experiment started the volume of wastewater in each pot was 2 L. In Table 4 these values 

are listed as well as the volumes after 24 h, when the experiment ended.  

 
Table 4: Illustrates the different systems start volume (0h) and average volume after 24 h (mL), n=3, SE. 

 Volume, 0h (mL) Average volume, 24 h (mL) 

System A 2000 1517 2.4 

System B 2000 1509 7.1 

System C 2000 1519 4.7 

Sedimentation 2000 1552 0.3 

Control 2000 1557 2.0 

 

Metal removal  
 

In the Tables 5, 6, 7, 8 and 9 below the metals start and end values (g L-1) in the wastewater (WW) are 

listed for each system (A; yellow iris and reed canary grass, B; yellow iris and slender tufted sedge, C; 

slender tufted sedge and reed canary grass, sedimentation and control) and the p-value indicating if the 

end value is significant or not. The limit value (g L-1) for each heavy metal in drinking water is also 

listed, to be able to compare them to the heavy metal levels in the wastewater. The tables illustrate that: 

treatment A reduces the concentration of As, Ba, Cr, Ni and V in the wastewater after 24 h, treatment B 

reduces the concentration of Ba, Co, Cr, Ni and V and treatment C reduces the concentration of Co, Cr, 

Ni and V. Furthermore, the sedimentation system did not reduce any of metal concentrations in the 

wastewater after 24 h and the control reduced only the concentrations of Cr. Treatment A and B reduced 

the most metals in the wastewater after 24 h.  

 
Table 5: Illustrates the average start and end values (g L-1) for each heavy metal in the wastewater (WW) before and after 

being treated for 24 h with treatment A, n=3, SE.  P-values are also listed to show if the end value is significant or not, if 

significant the p-value is <0.05. Limit values (g L-1) in drinking water are also listed to be able to compare them to the heavy 

metal levels in the WW (nd, no data).  

Metal 

Average start values in 

WW before treatment 

A, g L-1 

Average end values in 

WW after treatment A, 

g L-1 

Limit value*, 

g L-1 

 

p-value 

Arsenic, As 0.9 0.01 0.86 ±0.005 10 <0.05 

Barium, Ba 34 0.30 30 0.3 700 <0.05 

Lead, Pb <0.01  0.02 ±0.005 10 >0.05 

Cadmium, Cd 0.01 0.001 0.02 0.003 0.2-0.5  <0.05 

Cobalt, Co 0.4 0.007 0.4 0.01 No limit value <0.05 

Copper, Cu 0.7 0.007 1.5 0.1 200 <0.05 

Chromium, Cr 0.8 0.009 0.6 0.03 50 <0.05 

Nickel, Ni 1.5 0.03 1.1 0.08 20 <0.05 

Vanadium, V 3.6 0.03 2.2 0.1  nd <0.05 

Zink, Zn 0.4 0.02 12.2 .4 100 >0.05 
(*Livsmedelsverket, 2015; Swedish Environmental Protection Agency, 2016; Livsmedelsverket, 2017; Livsmedelsverket, 

2018a; Livsmedelsverket, 2018b; SGU, 2018) 
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Table 6: Illustrates the average start and end values (g L-1) for each heavy metal in the wastewater (WW) before and after 

being treated for 24 h with treatment B, n=3, SE. P-values are also listed to show if the end value is significant or not, if 

significant the p-value is <0.05. Limit values (g L-1) in drinking water are also listed to be able to compare them to the heavy 

metal levels in the WW (nd, no data).  

Metal 

Average start values in 

WW before treatment 

B, g L-1 

Average end values in 

WW after treatment B,  

g L-1 

Limit value*, 

g L-1 

 

p-value 

Arsenic, As 0.87 ±0.008 0.9 ±0.02 10 >0.05 

Barium, Ba 33 30 ±0.5 700 <0.05 

Lead, Pb <0.01  0.01 ±0.0003 10 >0.05 
Cadmium, Cd 0.0097 ±0.001 0.0014 ±0.001 0.2-0.5  >0.05 

Cobalt, Co 0.39 ±0.005 0.35 ±0.003 No limit value <0.05 
Copper, Cu 0.75 ±0.02 1.0 ±0.05 2 000 <0.05 

Chromium, Cr 0.75 ±0.01 0.69 ±0.009 50 <0.05 
Nickel, Ni 1.5 ±0.05 1.1 ±0.07 20 <0.05 

Vanadium, V 3.3 ±0.09 2.5 ±0.09 nd  <0.05 
Zink, Zn 0.47 ±0.06 4.8 ±1.2 100 <0.05 

(*Livsmedelsverket, 2015; Swedish Environmental Protection Agency, 2016; Livsmedelsverket, 2017; Livsmedelsverket, 

2018a; Livsmedelsverket, 2018b; SGU, 2018) 

Table 7: Illustrates the average start and end values (g L-1) for each heavy metal in the wastewater (WW) before and after 

being treated for 24 h with treatment C, n=3, SE. P-values are also listed to show if the end value is significant or not, if 

significant the p-value is <0.05. Limit values (g L-1) in drinking water are also listed to be able to compare them to the heavy 

metal levels in the WW (nd, no data). 

Metal 

Average start values of 

WW before treatment 

C, g L-1 

Average end values of 

WW after treatment C, 

 g L-1 

Limit value*, 

g L-1 

 

p-value 

Arsenic, As 0.89 0.01 0.88 ±0.01 10 >0.05 

Barium, Ba 33 32 0.5 700 >0.05 

Lead, Pb <0.01  <0.01  10 >0.05 
Cadmium, Cd 0.01 0.001 0.005 0.004 0.2-0.5  >0.05 

Cobalt, Co 0.40 0.007 0.35 0.003 No limit value <0.05 

Copper, Cu 0.87 0.1 2.3 0.3 2 000 <0.05 

Chromium, Cr 0.76 0.02 0.64 0.01 50 <0.05 

Nickel, Ni 1.4  1.0 0.07 20 <0.05 

Vanadium, V 3.4 0.1 2.7 0.03  nd <0.05 

Zink, Zn 0.54 0.2 5.4 .0 100 <0.05 
(*Livsmedelsverket, 2015; Swedish Environmental Protection Agency, 2016; Livsmedelsverket, 2017; Livsmedelsverket, 

2018a; Livsmedelsverket, 2018b; SGU, 2018) 

Table 8: Illustrates the average start and end values (g L-1) for each heavy metal in the wastewater (WW) before and after 

being treated for 24 h with treatment S (sedimentation), n=3, SE. P-values are also listed to show if the end value is significant 

or not, if significant the p-value is <0.05. Limit values (g L-1) in drinking water are also listed to be able to compare them to 

the heavy metal levels in the WW (nd, no data). 

Metal 

Average start values of 

WW before treatment 

S, g L-1 

Average end values of 

WW treatment S, 

 g L-1 

Limit value*, 

g L-1 

 

p-value 

Arsenic, As 0.91 0.02 0.92 ±0.01 10 >0.05 

Barium, Ba 33 0.5 33  700 >0.05 

Lead, Pb <0.01  <0.01  10 >0.05 
Cadmium, Cd 0.019  0.023 0.002 0.2-0.5  >0.05 

Cobalt, Co 0.41 0.005 0.41 0.007 No limit value >0.05 

Copper, Cu 0.96 0.02 1.6 0.05 2 000 <0.05 

Chromium, Cr 0.77 0.003 0.77 0.01 50 >0.05 

Nickel, Ni 1.4 0.05 1.47 0.05 20 >0.05 
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Vanadium, V 3.5  3.47 0.03  nd >0.05 

Zink, Zn 0.62 0.1 7.1 .0 100 <0.05 
(*Livsmedelsverket, 2015; Swedish Environmental Protection Agency, 2016; Livsmedelsverket, 2017; Livsmedelsverket, 

2018a; Livsmedelsverket, 2018b; SGU, 2018) 

Table 9: Illustrates the average start and end values (g L-1) for each heavy metal in the wastewater (WW) before and after 

24h, for the control, n=3, SE. P-values are also listed to show if the end value is significant or not, if significant the p-value 

is <0.05. Limit values (g L-1) in drinking water are also listed to be able to compare them to the heavy metal levels in the WW 

(nd, no data). 

Metal 

Average start values of 

WW for control,  

g L-1 

Average end values of 

WW for control, 

 g L-1 

Limit value*, 

g L-1 

 

p-value 

Arsenic, As 0.88 0.003 0.87 ±0.01 10 >0.05 

Barium, Ba 32 0.3 33  700 >0.05 

Lead, Pb <0.01  <0.01  10 >0.05 
Cadmium, Cd 0.068 0.003 0.073 0.01 0.2-0.5  >0.05 

Cobalt, Co 0.40 0.003 0.41 0.005 No limit value >0.05 

Copper, Cu 1.12 0.1 1.83 0.2 2 000 >0.05 

Chromium, Cr 0.76 0.003 0.74 0.007 50 <0.05 

Nickel, Ni 1.43 0.07 1.53 0.03 20 >0.05 

Vanadium, V 3.37 0.03 3.27 0.03 nd  >0.05 

Zink, Zn 0.47 0.2 2.47  100 <0.05 
(*Livsmedelsverket, 2015; Swedish Environmental Protection Agency, 2016; Livsmedelsverket, 2017; Livsmedelsverket, 

2018a; Livsmedelsverket, 2018b; SGU, 2018) 

 
Nitrogen removal  
 

The graph in Figure 9 illustrates the percentage nitrogen (N) left in water for all the different systems; 

A, B, C, Sedimentation and Control at zero, one, four and 24 h. System A included; I. pseudacorus and 

P. arundinacea, system B; I. pseudacorus and C. acuta and system C; C. acuta and P. arundinacea.  

 

 
Figure 6: The graph illustrates the N % left in water during zero, one, fore and 24 hours, for all systems. 

The systems A (red line), B (blue line) and C (green line) includes plants and the grey line is 

sedimentation and the yellow line is control. A Tukey’s HSD test have been done for all systems to see 

if there is a difference between the start value and the end value. Note the time scale, since it is not 

linear. 
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The increase of nitrogen between start and one hour for the systems A, B and sedimentation were not 

significant when comparing the difference between start values and one hour. However, the reductions 

at four and 24 hours were significant when comparing the start values to these values. Systems A, B and 

sedimentation had relatively similar nitrogen reduction rates. Though, the sedimentation system, which 

had no plants, had until 4 hours a higher nitrogen reduction than system A and B however after 4 hours 

the rate declined. Resulting that systems A and B had a final higher reduction rate and system A had the 

greatest percentage reduction of nitrogen in the water. The difference between the start- and end value 

of the percent nitrogen left in the water for both system A and B were significant. The percent nitrogen 

left in the water after 24 h with the sedimentation system was also significant.  

 

According to the graph, system C had the greatest nitrogen reduction compared to all the other systems, 

with a relatively constant reduction rate for the whole time-period and reduced the most nitrogen. 

However, the difference between start-value and the values after one, four and 24 h are not significant, 

i.e. p-values >0.05. For the control the reduction at one hour was not significant, however, the values at 

four and 24 h were significant. At four hours the control reduced the most nitrogen but at 24 h the control 

released some of the removed nitrogen back into the water. The result from this is, between one and four 

hours the control reduced the most percent nitrogen in the system and at 24 hours, systems A and B 

reduced the most nitrogen. System A and B removed 12% of the nitrogen in the wastewater after 24 h, 

which was 15.5 mg day-1 equalling 0.0057 kg N year-1. In both these systems I. pseudacorus was present.  

 

To examine how effective the removal of nitrogen was by the plants, the removed nitrogen percentage 

was divided by the total dry weight of both species in the system. This is illustrated with a graph in 

figure 10. According to the graph system A and B released nitrogen after one hour, this was not 

significant. The removed nitrogen (%) (g DW total plant)-1 after four and 24 h were significant (p-value 

<0.05) for both system A and B when comparing them to the start values. The removal per g DW for 

system C for the whole time-period were not significant (p-value >0.05) when comparing them to the 

start values. System B removed the most percent nitrogen per g. DW of total plant, over 4 % nitrogen 

per gram dry weight. In addition, system A had a statistically removal of 3 % nitrogen per g. DW of 

total plant. Though, the amount of nitrogen in the plants have not been studied. Therefore, the dry weight 

is for the total plant and not root or shoot since studies have not been made to examine where the nitrogen 

ends up. However, this still gives an indication of how many percent nitrogen the species have taken up. 

As mentioned earlier, in both the A- and B-system I. pseudacorus was present and it was only systems 

A and B, which had a statistically uptake of N (%) per g. DW of total plant. 

 

 
Figure 7: The graph illustrates the percentage nitrogen (N) taken up per total plants in gram dry 

weight (DW). According to the graph A and B the plant releases nitrogen after one hour, however 

takes up nitrogen after four and 24 hours. System B takes up most nitrogen in percent per gram dry 

weight of total plants. Furthermore, note the time scale since it is not linear.  
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Discussion 
One of the aims of this study was to evaluate the content of the wastewater from the cleaning process of 

blasted rock materials. This study shows that the wastewater consists mainly of high nitrogen levels and 

low levels of heavy metals and silicon. The heavy metal content was more than ten times lower than the 

upper limit values which is illustrated in Tables 5, 6, 7, 8 and 9. This could depend on that the rocks, 

which has been cleaned, did not consist of high amounts of heavy metals or that the metals have bonded 

to particles either the rock material or in the different sedimentations ponds. When comparing the heavy 

metals start and end concentrations, the result showed that when treating with plants, several metal 

concentrations were reduced (illustrated in Tables 5, 6 and 7). This can be compared to the control, 

which only reduced one metal and the sedimentation system, which reduced none. According to Table 

4 the systems with plants reduced the volume more than the systems without plants did after 24 h. 

Therefore, this could demonstrate that the plants absorb metals when absorbing water and that plant-

absorbance reduces the metal content more than for instance sedimentation. However, the start- and end 

concentrations did not account for the reduced water volume due to transpiration. When accounting for 

the reduced volume, the results showed that the plants does not absorb almost any of the metals. This 

could either be explained by that the plants absorbed more water than metals creating higher metal 

concentrations or that the concentrations were too diluted for the plants to be able to absorb them. 

Therefore, this study cannot determine which plants removed the most metals, however, the heavy metal 

concentrations were not harmful and consequently its removal is not significant.  

 

The result from the water analysis showed that the average silicon levels (3.8 ppm) in the wastewater 

equals the amounts found naturally in soil (2.8 ppm-4.6 ppm) and water (European rivers have an 

average level of 5.6 ppm SiO2) (Epstein, 1994; Dürr et al., 2011). Furthermore, the result from the water 

analysis showed that the plants does not reduce the amount of silicon. This may be due to that the silicon 

is in a chemical form which is hard for plants to absorb. For plants to be able to absorb silicon, it should 

be in silicic acid (Si(OH)4) (Ma et al., 2006; Grégoire et al., 2012; Deshmukh et al., 2013). According 

to Bo Olsson, chemist at Eurofins, the chemical form of the silicon in the wastewater could not be 

determined. Silicon is naturally found in different rock types and is often in the form of silica (SiO2) 

(MEC, 2019). Therefore, the wastewater from the cleaning process of blasted rock material contain most 

likely silicon in the form of silica, which is then not the chemical form for plants to be able to absorb it.  

 

The nitrogen levels in the wastewater were around 64 mg L-1. This is 13 times higher than the 

classification of extreme levels of nitrogen which are N concentrations >5,0 mg L-1 (Swedish Agency 

for Marine and Water Management, 2018). The cleaning process uses water from lake Mälaren which 

had a nitrogen level of 0.36 mg L-1. This indicates then that the majority of the nitrogen in the wastewater 

comes from the blasted rock material. The studied cleaning site had a water flow of 25 L s-1 and a 

nitrogen load of 50 tons year-1, this corresponds to the nitrogen fertilizers required for 350 hectares of 

farmland located in Stockholm using 144 kg ha-1year-1 (Stenberg et al., 2005). However, this number is 

considerably smaller than the total emission of nitrogen to water recipients in Sweden, which was 

157 000 tons in 2017 (Swedish Environmental Protection Agency, 2017).  

 

The extreme high nitrogen levels in the wastewater makes the reduction a crucial issue. The result 

illustrated in Fig. 9 shows that systems A and B had the largest nitrogen reduction in the wastewater, 12 

%, which equals 15.5 mg day-1 (0.0057 kg N year-1). In both systems A and B, I. pseudacorus was 

present. Therefore, this indicates that species combinations with I. pseudacorus are better in reducing 

the nitrogen content in this kind of wastewater, than species combinations with of P. arundinacea and 

C. acuta. According to a study by Wang et al. (2016) I. pseudacorus was very effective in reducing the 

amount of nitrate in water, between 94.9 % to 99.3 %. From blasting operations, the main nitrogen 

emission to water is in the form of nitrate and ammonium (Tilly et al., 2006). This study examined the 

total nitrogen content of the wastewater from blasting operations and therefore it is difficult to determine 

the concentrations of nitrate and ammonium in the water.  
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However, when considering the study by Wang et al. (2016), which illustrated that I. pseudacorus was 

very efficient in reducing the nitrate content in water, and comparing it to the result in this study, where 

species combinations with I. pseudacorus was less efficient. This could then indicate that the wastewater 

in this study contain more ammonium than nitrate. Nevertheless, for future studies it could be interesting 

to examine the ammonium and nitrate content of the wastewater. Furthermore, to examine if plant 

species have different preferences for absorbing them, which could then explain why system C did not 

function optimally.  

 

System C had a species combination of P. arundinacea and C. acuta and did not remove the most metal 

concentrations or had a statistically removal of the nitrogen, both for the percent left in the water and 

for the percent N per g DW of total plant. This is odd since this system had the largest biomass both 

fresh weight and dry weight, seen in table 1, and according to Thiere (2009) a lager biomass should give 

a larger N removal. However, according to unpublished result by Schück (2018) the optimal biomass is 

15 g L-1, which systems A and Bs’ biomass were closer to. The result from this study could then 

strengthen Schücks result. Nevertheless, this indicates that further studies showed be made. Anyhow, 

the result from this study is that combinations with I. pseudacorus reduces the most nitrogen compared 

to other species combinations.  

 

Comparing the nitrogen reduction by systems A and B to the nitrogen load as well as to other studies by 

Braskerud (2002), Koskiaho et al. (2003), Blankenberg et al. (2008) and Keizer-Vlek et al. (2014) the 

removal is relatively low. Therefore, it is most likely that the nitrogen reduction will increase in 

constructed wetlands when more remediation processes are present. In addition, this study lasted only 

for 24 hours and constituted of three different species à 15 g in 2 L wastewater à 25*15 cm2 which can 

be compared to wetlands that can be several hectares and contain tens of different species.  
 

Sedimentation is mentioned as one of the main processes to reduce nitrogen content in water (Chan el 

al., 1982). However, when comparing the removal rate shown in Fig. 9 for the sedimentation treatment 

and for treatment A and B, the differences are not major. In my opinion the rate should be greater for 

the sedimentation system since according to Chan el al. (1982) it is a more important removal process 

than plants. In addition, Fig. 9 shows that between one and four hours the control had a larger removal 

of nitrogen than the sedimentation, which was not expected. Furthermore, between four and 24 hours 

the reduction for the sedimentation treatment decreased, resulting in treatment A and B removing the 

most nitrogen after 24 hours. Moreover, according to Table 7, the sedimentation did not reduce any of 

the heavy metals, which was not expected either. All though, the sedimentation is difficult to measure 

in this way and the actually sedimentation should rather be measured to get a more accurate indication 

of the sedimentation. Nevertheless, sedimentation is a main process to reduce pollutants in wetlands 

(Chan el al., 1982) and plants are often present in wetlands  which can enhance sedimentation (Gersberg 

et al., 1986; Petticrew & Kalff, 1992; St-Cyr et al., 1994; Mungur et al., 1995; Nyquist, 2007), and in 

this treatment, plants were not present. Therefore, the result from this treatment could give an indication 

that sedimentation does not function optimally without plants. Denitrification is also regarded as one of 

the main process to reduce nitrogen content in water (Eriksson, 2012). The systems with I. pseudacorus 

could have increased the number denitrification bacteria since plants act as a carbon source. The systems 

without plants would then not have increased the number of bacteria. This could then have affected the 

nitrogen reduction in the different systems. Therefore, for future studies it could be interesting to 

measure the biological activity to see if bacteria are present. Nevertheless, bacterial transformation is 

regarded as one of the main remediation process of nitrogen (Chan el al., 1982) in water and still the 

nitrogen reduction with systems A and B were not significantly high. Therefore, the number of bacteria 

in the systems can be debated. Furthermore, how effective the plants in systems A and B were in 

removing the nitrogen can also be debated since the actual nitrogen concentrations in the plants after the 

experiment has not been studied.  

 

The result from the water analysis was accurate with the hypothesis about high nitrogen levels and low 

heavy metal levels. The result from both the nitrogen (%) left in water and the nitrogen removal (%) per 

g DW of total plant, illustrates that all the systems except C had a statistically percentage removal of 

nitrogen. Resulting in that both systems with and without plants removed nitrogen.  
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The systems without plants removed even more nitrogen from the beginning, however, the reduction 

decreased after 24 hours. This is not completely in line with the hypothesis that systems with plants 

would have the greatest reduction since system C did not even have a statistically reduction. Thus, this 

implies that the hypothesis was partly correct since the systems with plants had the greatest reduction. 

However, the large removal of nitrogen between one and four hours for the control and that the 

sedimentation system was most likely affected by not containing plants, was not expected. In addition, 

the nitrogen removal by plants was not as efficient than other studies had showed with same species. 

Nevertheless, the conclusion is that systems with I. pseudacorus had the greatest reduction after 24 hours 

and that plants could have an important role for the sedimentation’s removal.  

 

 

Conclusion 
 

Huge volumes of blasted rock material are created from blasting operations and to not discard the 

recourse it can be reused, which has positive environmental effects. However, to be able to reuse the 

material, it is often cleaned, and this process creates a wastewater, which could affect the water quality 

if released untreated to recipient. A cheap and environmentally friendly method is to remediate the 

wastewater with constructed wetlands. There are several processes involved in the remediation with 

wetlands, and one of them is plant removal. Therefore, this report has examined the plant’s role in 

remediating the wastewater. The conclusion is that plants’ removal constitutes of a small part of the 

remediation.  Although, this study was conducted for 24 hours, in 2 L pots with 30 g biomass, which 

can be compared to wetlands that can be several hectares and contain tens of different species. According 

to studies, constructed wetlands would most likely be able to decrease the contaminant concentrations 

in wastewater. The sedimentation process is regarded as a major remediation process in wetlands, 

however in this study when plants were not present the result illustrated that the sedimentation probably 

did not function optimally. This could then demonstrate the importance of plants for other remediation 

processes in wetlands. Furthermore, the wastewater contained extreme high concentrations of nitrogen 

and low levels of heavy metals. The studied cleaning site has a nitrogen load of 50 tons year-1 which 

corresponds to fertilizing 350 hectares of farmland. With these high nitrogen levels and low levels of 

metals the wastewater could be reused to irrigate nearby agricultural lands. The reuse of wastewater 

would close the cycle of blasting operations as well as decrease the usage of fertilizers by agriculture. 

For the cleaning process large volumes of clean water is required, though if the wastewater is reused for 

agricultural purposes it will decrease the amount water used by the agriculture instead. Although, water 

monitoring is required to insure the water quality, so that crops are not affected. To summarize, it is safe 

to say that sustainable treatment methods of wastewater will become increasingly important with an 

increased urbanization and with a growing demand and decreasing supply of fresh water.  

 

 

 

 

Thousands have lived without love, 

not one without water 

 

W.H. Auden 
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