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Abstract 
 

Kallerstad landfill was in use between 1950 and 1973. Nonetheless, assessment of 

closed landfills and their risk to the environment and health is required. Firstly, the 

levels of zinc, nickel, arsenic, copper, ammonia, TOT-N and TOC in the surface water 

of the main recipient Kallerstadsdiket, were compared to cut-off levels given by the 

Swedish Agency for Marine and Water Management. Then, the direct contribution of 

Kallerstad landfill to the contamination level was estimated. Finally, the contamination 

load that flows from Kallerstadsdiket to Stångån, which is a second recipient with high 

natural value, was estimated. Zinc, nickel and copper showed low levels and low risk at 

all sampling stations. Ammonia and arsenic showed higher levels and a potential risk of 

adverse effects. As a result, the surface water in Kallerstadsdiket could not be classified 

to reach ‘good’ status, although the direct role that Kallerstad landfill plays is doubtful. 

Calculations suggest that Kallerstad landfill does add arsenic and TOC to the 

contamination levels, although in small amounts. The risk of spread of contaminants to 

Stångån was estimated to be low. The additional contamination levels stemming from 

Kallerstadsdiket are lower than the levels measured in Stångån. The dilution factor was 

estimated to be 1:320. Nevertheless, the current study has many uncertainties that are 

mainly related to data availability. It is therefore recommended to apply a more 

complete sampling scheme with the appropriate parameters (e.g., pH, DOC, Ca, and 

temperature) in all sampling stations. Ideally it would be plausible to sample every 

week for a period of a year and then reassess the risk, as well as to get a more reliable 

approximation of the contribution of the landfill itself. 

 

Sammanfattning 
 

Kallerstaddeponin användes aktivt för deponering av avfall mellan 1950 och 1973. 

Nedlagda deponier bör dock bedömas med avseende på den risk de utgör för miljö och 

hälsa. I denna studie, jämfördes nivåerna av zink, nickel, arsenik, koppar, ammoniak, 

TOT-N och TOC i deponins huvudrecipient, Kallerstadsdiket, med de gränsvärden som 

fastställts av Havs- och vattenmyndigheten. Därefter uppskattades Kallerstaddeponins 

direkta bidrag till föroreningsnivån. Slutligen, beräknades spridningsrisken, nämligen 

den föroreningsbelastning som flödar från Kallerstadsdiket till Stångån, som är en andra 

recipient. Zink, nickel och koppar visade låga nivåer och låg risk på alla 

provtagningsstationer. Ammoniak och arsenik visade högre nivåer och en potentiell risk 

för negativa effekter. Detta innebär att Kallerstadsdikets ytvatten inte klassificeras att 

uppnå "bra" status, även om den direkta rollen som Kallerstaddeponin spelar är tveksam 

i detta fall. Beräkningarna tyder på att Kallerstaddeponin tillför arsenik och TOC till 

föroreningsnivåerna, även om det är i små mängder. Risken för spridning av 

föroreningar till Stångån uppskattades vara låg. Utspädningsfaktorn uppskattades till att 

vara 1:320 och de ytterligare föroreningsnivåerna som härstammar från Kallerstadsdiket 

är låga i förhållande till de uppmätta nivåerna i Stångån. Den aktuella studien har många 

osäkerheter som huvudsakligen är relaterade till tillgängligheten av data. Det 

rekommenderas därför att tillämpa en mer fullständig provtagning med lämpliga 

parametrar (t.ex. pH, DOC, Ca och temperatur) i alla provtagningsstationer. Helst skulle 

det vara önskvärt med provtagning varje vecka under en period av ett år och sedan åter 

bedöma risken för att få en mer tillförlitlig uppskattning av deponins bidrag. 
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Glossary 
 

Bioavailability is referring to the portion of the dissolved concentrations of substances 

that an organism could potentially take up. It is usually reduced relative to the total 

measured concentration. 

 

Cut-off values are also termed predicted no effect concentrations (PNEC) and are 

usually calculated by dividing the lowest concentrations that are found to have an effect 

in ecotoxicological studies, by several safety factors. In the current study cut-off values 

are given by the Swedish Agency for Marine and Water Management to protect pelagic 

organisms including fish. Levels of measured contaminants in a body of water should 

not exceed the cut-off levels if the water status is to be classified as good. 

 

Eutrophication is the enrichment of a water body with an excess amount of nutrients, 

usually nitrogen and phosphate. This process could induce growth of plants and algae 

that may result in oxygen depletion of the water body when they decompose. 

 

The Hazard Quotient (HQ) is a quantitative method to assess the risk. It is the ratio 

between the calculated or measured values and the cut-off values. 

Landfill is the oldest form of solid waste treatment and it is a physical site for the 

disposal of waste materials.  

 

Leachate is referring to water or a liquid that passes through a landfill and may contain 

harmful substances. 

  

Surface water is the water above the ground such as in rivers and lakes, the current 

work deals with two bodies of water Kallerstadsdiket and Stångån   

 

Risk assessment is a process designed to identify the possible hazards; who or what 

may come to harm; how and what kind of negative effects may prevail; and if and what 

kind of measurements are needed in order to reduce the risk. 
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1 Introduction 

1.1 Landfills  

In general, landfills are facilities which are designed and engineered to manage solid 

waste permanently. It is usually part of a disposal waste management program. Their 

main purpose is to protect the environment from contaminations by minimizing the 

chance that hazardous pollutants leak into the environment. Basically, landfills are 

confined areas in which waste is usually compacted and covered with filling material 

such as soil, small particles or wood chips (Slimak 1978). 

Landfills can contain all sorts of waste such as industrial waste, household waste, 

excavated masses etc. The main problem with landfills is that they collect large amounts 

of different substances that may be hazardous to the environment on a small area. With 

time, these contaminants could leak to the surroundings and cause environmental or 

health damage. The sort and the amount of damage depend on many factors, among 

them the type of contaminants, the type of remediation being taken and the environment 

itself (Ghosha et al. 2014). 

The leaking pollutants could spread via water or soil and therefore may come in all 

phases; solid particles, dissolved in water and even gas formation is not unusual. A 

common contaminant spread occur via leachate water, which is in fact any water that 

came in contact with the landfill, or even is created inside the landfill from compression 

of the waste in old landfills (Figure 2). It usually contains nutrients, metals and dioxins 

(Christensen at al. 2001).  

Two strategies for waste management are dominant today in Sweden, one is to reduce 

the amount waste products in landfills in general and the second is to reduce the 

emissions from existing landfills. There are stricter environmental demands for 

landfills’ construction nowadays. These include for example an underlying barrier, 

bottom sealing, covering layer and collection of leachate water (Avfall Sverige 2012). 

When it comes to closed landfills that were not subjected to the same environmental 

demands, the first thing that needs to be done is to conduct an inventory of possible 

hazards and classify the level of risk from low to very high level according to MIFO 

(Metodik för inventering av förorenade områden). This is usually done to prioritize the 

environments that need to be decontaminated. Later stages may include a more in-depth 

risk assessment. (Naturvårdsverket 2017). 

In general, the risk assessment process is designed to identify the possible hazards; who 

or what may come to harm; how and what kind of negative effects may prevail; and if 

and what kind of measurements are needed in order to reduce the risk. There are several 

types of measures that could be applied to old landfills if needed, and they should 

follow an EU-directive. For example, administrative measures that include warning of 

the public or take a decision not to use the land in a specific way for instance for 

housing. Other measures may include physically preventing the public from access by 

fencing or minimizing exposure by adding a cover layer on the landfill. A further option 

is to treat the leachate water. The measures to be taken are specific to each landfill after 

the assessing process is complete and should be done according to EU-directive 30 

years after closure (Rihm 2014). 
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In Sweden, currently there are 265 active landfills (Naturvårdsverket 2016), among 

them 76 that are under municipal responsibility (Avfall Sverige, personal 

communication) and others that are industrial landfills. However there are also 4000-

6000 landfills that are no longer in use. The current work deals with the closed 

Kallerstad landfill, in Linköping. 

1.2 Study’s framework  

In 2014 SWECO was hired by Tekniska verken to conduct an investigation and risk 

assessment of the Kallerstad landfill. This investigation was primarily directed to find 

out what sorts of contaminants are actually found in the landfill’s soil, ground water, 

and surface water which take in runoff, as no such data existed previously. They 

performed a wide program analysis with on-site samples of ground water, soil, and 

surface water. The analysis included numerous metals, water chemistry, and aliphatic 

and aromatic compounds in all mediums. Surface water sampling was performed at four 

locations in the landfill perimeter at 2-3 different occasions. Findings showed elevated 

levels of copper, zinc, nickel and in one occasion also lead, cadmium and arsenic. 

Surface water nutrients results indicated very high levels of nitrogen, Total Organic 

Carbon (TOC), Chemical Oxygen Demand (COD) and phosphate (full results found in 

SWECO 2015). 

SWECO’s results lead Tekniska verken to employ a further and more systematic 

sampling. Every month from September 2016 to March 2017 samples of surface water 

were taken to analyze concentrations of metals, namely: arsenic, cadmium, chrome, 

copper, nickel, lead, and zinc as well as water chemistry parameters, specifically, TOC, 

total nitrogen (TOT-N) and ammonium nitrogen in surface water.  

This work assesses the risk from zinc, copper, nickel and arsenic. This is because 

cadmium and lead concentrations in the given data from Tekniska verken, often were 

below detection levels. Other measures of environmental water quality that have shown 

increased levels are also examined in this work. These are TOC, TOT-N and 

ammonium-nitrogen.  

1.2.1 Object to protect  

According to SWECO’s report (2015) there is currently no housing in the near 

environment, nor are there any plans for housing in the near future. After SWECO’s 

report was completed, the access to the landfill by the general public was made even 

harder with help of a perimeter fencing by Tekniska verken and therefore the general 

public has very limited direct contact with it. Similarly, there is no wide selection of 

available foods of interest such as mushrooms, blueberries or lingonberries for people to 

pick. Hence, in the current work hazard to humans is not considered.  

The report also indicates that groundwater is not in danger of contamination from the 

landfill since there is a layer of clay that is several meters thick protecting it and it has 

very low hydraulic conductivity (SWECO 2015). As well, the drinking water is not 

supplied from the ground water in the area but communally. Ground water is therefore 

not considered as an object of protection in this work. 

In contrast to the above objects, surface water is considered as an object of protection in 

the current work. In general, each body of water in Europe should have a good 

ecological and chemical status according to the European Union legislation. If surface 
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water has not reached satisfactory status in accordance with specific criteria, measures 

should be taken to improve it (Naturvårdsverket 2007, HVMFS 2013:19) Surface 

waters are natural resources as they are, but also have fauna and flora that should be 

protected.  

There are two main recipients adjacent to the landfill: Kallerstadsdiket and Stångån. 

While Kallerstadsdiket flows between the two parts of the landfill (north and south), it 

also opens up to Stångån and may transport additional contaminants with it. In turn, 

Stångån is a larger body of water that opens to lake Roxen about 2 km downstream 

from the landfill (Figure 1).  

Both recipients are exposed to contaminations mainly via leachate water from the 

landfill, which is not collected or regulated in Kallerstad landfill, but flow freely and is 

likely to collect in lower points such as Kallerstadsdiket. Leachate water is defined as 

any water that was in contact with deposited waste material and is either transported 

away or stay within the landfill. It is usually created by precipitation penetration into the 

landfill or by the compression of the water in the waste itself (Figure 2). Leachate water 

usually contain nutrients such as nitrogen, phosphate, and metals (Christensen et al. 

2001). 

SWECO (2015) also noted that exposure of surface water to contaminants may also 

occur via erosion, wind and rain passing throw somewhat exposed waste in the northern 

part of the landfill, but it was not estimated as a major factor.   

1.2.2 Objectives of this work 

The main goal was to find out if Kallerstad landfill creates a risk to the surface water of 

the aforementioned recipients and thus if any measures should be taken to reduce the 

risk from Kallerstad landfill.  

 

To that end, the study focused on three aims: 

 

1. Assessing the risk of the hazards zinc, copper, nickel, arsenic, ammonia, TOC and 

TOT-N in Kallerstadsdiket and then to classify water status in Kallerstadsdiket. 

2. Estimating the direct contribution of Kallerstad landfill to contaminant levels in 

Kallerstadsdiket. 

3. Estimating the spread risk and load of contaminants that flow from Kallerstadsdiket 

to Stångån   
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2 Background 

2.1 General description and history of Kallerstad landfill 

Kallerstad landfill was in use between 1950 and 1973. It consists of two parts (north and 

south) that are separated by the entrance road to the water treatment plant of Nykvarns. 

The northern part is estimated to be four times larger than the southern part. The 

landfilled is situated on a layer of clay that was used by a previous tile factory. This 

location was likely to be chosen because of the existing pits in the clay. Waste products 

were separated to some degree (Magnus Hammar, personal communication). The size 

of the landfill is estimated to be ca 120 000 m2 and the volume of the waste is estimated 

to 600 000 m3. The landfill nowadays is covered with filling material, grass, bushes and 

some trees mostly near its edges. It was also compacted with a tracked vehicle. Since 

the landfill was in use after 1950 it was assumed that some dangerous waste, for 

example, pesticides or other environmentally hazardous chemicals could be present. 

Previous inventories indicated that household waste and industrial waste were deposited 

in the landfill (Axelström & Bard 2008, SWECO 2015). 

Contamination level was essentially classified as ‘very large’ mostly based on the 

volume and size of the landfill rather than on an actual contaminant survey. The harmful 

level of pollutants was classified as ‘large’ based on the estimated conditions for gas 

formation. Eventually the landfill was classified according to Naturvårdsverket MIFO 

phase 1 with adjustment for landfill, (as MIFO is not primarily designed for landfills), 

as class 2, namely a ‘large risk’. Consequently, Axelström & Bard (2008) estimated a 

large risk to Kallerstadsdiket mostly by leachate water and then a large spreading risk 

via surface water to Stångån. Stångån is classified as nature value class 3, which means 

high natural value for Linköping municipality. It was then recommended that ground 

water and surface water especially in Kallerstadsdiket will be further examined with a 

wide analysis program that include metals, organic parameters, TOC, nitrogen, 

alkalinity, pH among others (Axelström & Bard 2008) 

2.2 Location and surrounding description 

The landfill is situated in the northeast outskirts of the city of Linköping, adjacent to 

Tekniska verken offices and the waste water treatment plant in Kallerstad. The landfill 

is surrounded by paved roads essentially in all directions (Figure 1). In the east, it is 

bordered with Gumpekullenvägen which borders on its east with a wetland, which is the 

last stage of the leachate water cleaning system from Gärstad waste treatment plant, and 

with an agricultural field. On the west of the landfill there is a water treatment plant and 

a road inside Tekniska verken that leads to a biogas plant situated just north of the 

landfill. South of the landfill is Kallerstadleden and between the two parts of the landfill 

a small road, Sigbjörnsgatan (Figure 1). Between the two parts of the landfill there is a 

small stream/ditch referred to here as Kallerstadsdiket. It comes from the southeast and 

then turns to the west while passing between the two parts under Sigbjörnsgatan in a 

pipe that opens to the west of the landfill. It then continues to flow to the west and 

finally opens to Stångån. The distance from the landfill to Stångån ranges between ca. 

200 and 400 meters. Stångån flows to the north and opens into lake Roxen (Figure 1). 

The northern and largest part of the landfill has been completely fenced in (in 2015) by 

Tekniska verken as part of a perimeter protection plan to enclose all Tekniska verken 

facilities (Magnus Hammar, personal communication).  
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Figure 1: An overview of Kallerstad landfill (light purple ellipses) and its surroundings. 

Stångån can be seen to the left of the landfill and Roxen lake can be seen at the upper 

left corner (north). Figure was created by using prtscn in Eniro and processed in 

Photoshop elements. 

2.3 Geology and hydrogeology 

According to SWECO (2015) the natural soil in the landfill surroundings is glacial and 

post glacial clay. Drilling for samples by SWECO revealed a 1- 4 m thick layer of clay 

with very low hydraulic conductivity around the landfill. Above the layer of clay, there 

is filling material which includes waste products, bricks, wood, glass, paper etc. The 

filling layer is ca 3 m thick in most parts of the landfill with a few points covered with 1 

m thick filling layer. There is also a 0.5 -1 m gravel sand cover layer above the landfill 

which is intended to prevent spreading of waste products and reduce perculation of 

water into the landfill.  

2.4 Hazard identification and characterization  

Identifying the hazards is the basis for the entire risk assessment and it sets the limits of 

the assessment in space and time (Burgman 2005, Öberg 2009). Hazard identification 

deals with trying to create a comprehensive list of possible threats (i.e. hazards) 

sometimes before (preventive) and sometimes after (descriptive) damage has happened. 

In this process, one identifies who (i.e. people, organisms) or what (i.e. environment) 
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could be damaged, what kind of negative effect each hazard might create and the ways 

in which an object may be exposed to a specific hazard.  

Hazard identification and characterization can be looked at as a qualitative vs. 

quantitative description of the hazard. While identification deals with ‘what’, 

characterization deals with finding a tolerable or acceptable level of exposure to a 

specific substance. Those levels are usually achieved by ecotoxicology studies of dose-

response relationship curves. Since objects are often differently sensitive and/or may be 

‘contaminated’ by different ways of exposure, those levels may change from object to 

object (Burgman 2005, Öberg 2009).  

Reference or cut-off values are also termed predicted no effect concentrations (PNEC) 

and are usually calculated by dividing the lowest concentrations that are found to have 

an effect in ecotoxicological data, by several safety factors (Öberg 2009). Cut-off values 

are found in the literature such as legislation or regulation protocols. They are then 

compared to the predicted environmental concentrations (PEC) which is the 

concentrations of contaminants that are measured in the study, in the risk 

characterization section, which is the last part of the risk assessment process.  

2.5 Metals in environments 

Metals are elements that occur naturally in the environment albeit with different levels 

depending for example on rock and soil composition, and are integral part of the earth 

crust. However, a standing and a growing problem is created by humans increasing 

levels of metals and their release into the environment, whether it is by industrial use, 

waste products that are thrown away in landfills, corrosion of outdoors metal structures 

and even traffic (Landner & Reuther 2004).   

Metals in the environment are generally considered as potential toxic substances. One of 

the main problems is that they do not break down and can bioaccumulate and 

consequently organisms may be chronically exposed to poisoning even in low 

concentrations. Nonetheless, one must also remember at the same time, that many 

metals in small amounts are crucial to sustain a normal living of organisms and a 

shortage of metals could be as damaging as an overdose (Irwin 1997, Shuhaimi-

Othman, et al. 2012). 

As mentioned above the current work is dealing with zinc, copper, nickel and arsenic. 

There are countless of ecotoxicological studies that were performed in order to estimate 

damage that could be imposed by exposure to these metals in different environments in 

general and aquatic environment in particular, as well as in numerous types of 

organisms.  

Prominent conclusions from these studies are that acute toxicity, namely exposure to 

high levels, would often result in death of the organisms, however chronic exposure to 

lower levels could much as well effect mortality, survival, growth rate, blood chemistry, 

brain function, reproduction, respiratory processes, immune response, behavior etc. 

(e.g., Shuhaimi-Othman, et al. 2011, 2012, Eisler 1998a, b, International zinc 

association 2017 (Figure 2)). 

 

Another important conclusion is that sensitivity to metals differ in various types of 

organisms, meaning that damage if at all, occurs in different organisms at different 

concentrations of the metal. Furthermore, different organisms may show different type 
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of harm caused by exposure to metals. This is not surprising providing different 

organisms have different physiology and sometimes different organs and thus the way 

the substance enters the organism changes from organism to organism. For example, a 

sensitive aquatic species such as rainbow trout showed mortality at a nickel 

concentration of 11-90 µg/l, while aquatic bacteria and yeast showed reduced growth 

only at a nickel concentration of 5 mg/l (Eisler 1998b), and are thus considered less 

sensitive. This is an arguably immense difference, in fact several orders of magnitude. 

 

To summarize, the abovementioned metals are considered to be likely pollutants with 

innate properties that may create a risk for water living organisms. The reference values 

for all metals concerned are taken from newest regulations by the Swedish Agency for 

Marine and Water Management (Havs- och vattenmyndigheten, HaV) and will be 

discussed below. 

 

    
 

Figure 2: A schematic description of the effect of landfills on the environment. The 

figure shows some of the main adverse effect that aquatic fauna and flora are facing as a 

result of an exposure to metals. Surface water refers to Kallerstadsdiket and Stångån in 

the current work which are the main recipients (Figure by Einat Karpestam). 

 

2.6 Reference values for metal concentration 

In the aim of classifying the ecological status of surface water quality, HaV published 

cut-off criteria for specific pollutants such as copper, zinc and arsenic, but even 

ammonia categorizes under same classification. Nickel is used to assess chemical status. 

All values are given as limit values (cut-off values) of which metal concentrations that 

are measured in the body of water should not surpass. These cut-off values are chosen 

by HaV so that no effect is noticeable on pelagic organisms including fish.  

 

There are two classes when it comes to surface water classification for specific 

pollutants: if none of the cutoffs values are exceeded, the body of water is classified to 

have good status, otherwise if at least one of the concentration exceed the cut-off limit, 

the body of water is classified as moderate at best (HVMFS 2013:19). 
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Table 1: Cut-off values of metals (HVMFS 2013:19) 

 

Metal  Yearly mean µg/l* Maximum 

concentration** 

Copper 0.5  

Zinc 5.5   

Nickel 4 34 

Arsenic 0.5** 7.9 

 

*this value is given in bioavailability yearly mean concentration 

**this value is the dissolved concentration, no maximum concentration to zinc and 

copper is given in the regulations. 

 

2.7 Bioavailability of metals  

Because metals come in many forms, as ions or in complex with other substances for 

instance, bioavailability is referring to the portion of the dissolved concentrations that 

an organism could potentially take up (e.g. can bind to an organisms’ receptors). 

Bioavailability is not constant and is affected by many factors, among them pH, 

concentration of calcium (Ca), and the DOC concentration. Whether bioavailability 

increases or decreases, depends on the metal and the existence of other chemicals that 

can compete on attaching to the receptor. In general, however, higher DOC 

concentration will lead to decreased bioavailability since the metals create complexes 

with the DOC that are not available for uptake by the organism (Landener & Reuther 

2004, HVM 2016:26). 

For copper and zinc, no maximal value is given, but it is given for nickel and arsenic. It 

is important for classification because it will reach moderate status (Måttlig) if the 

maximal concentration is exceeded regardless if the yearly average is not exceeded. 

Maximal concentration is given to estimate acute exposure, while yearly average to 

estimate chronic exposure (HVM 2016:26). 

Previously, assessment of toxicity and risk analysis of metals were based on total 

concentrations, however some metals as indicated above (i.e. copper nickel and zinc) 

have an essential role in maintaining normal functions in body, as well as background 

concentrations that should not be ignored. In the newest regulations, the cut-off values 

are given instead as bioavailability concentrations for these metals.  

 

2.8 Nutrients and water quality judgment  

When judging water quality, it is the concentrations of phosphorous (P) that is being 

looked at primarily, because often bodies of water are limited by P (HVM 2017). 

However, the concentration of nitrogen (N) could be also used as an indicator to water 

quality because some ecosystems may be more limited by nitrogen (HVMFS 2013:19).  

  

TOT-N and ammonium nitrogen levels were measured by Tekniska verken and their 

risk to the ecosystem is evaluated in the current work. 

 
2.8.1 TOT-N 

TOT-N is the sum of several compounds of nitrogen such as, nitrate-nitrogen (NO3-N), 

nitrite-nitrogen (NO2-N), ammonia-nitrogen (NH3-N) and organically bonded nitrogen. 

Nitrogen is an essential nutrient to both animals and plants, however a surplus of 

nitrogen (i.e. eutrophication) could potentially facilitate excessive growth of algae (i.e. 

algal blooms) and other plants which in turn reduces the level of dissolved oxygen in 
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the water when decompose, and also reduces the water clearness and thus worsens the 

light conditions. Consequently, negative effects on sensitive aquatic fauna and flora 

species are predicted, and eventually even changes to ecosystem composition may 

prevail. In the worst case, eutrophication can result in loss of species and reduced 

biodiversity (US EPA 2013b, Smith 2003). There is no cut-off value for TOT-N, instead 

the classification of water quality is divided into five categories represented by the 

given intervals in the table below:  

Table 2: Classification of water quality for five categories of TOT-N given by intervals of 

concentrations (HaV 2017).  

Definition Microgram per liter (µg/l) 

Low concentration (≤) 300 

Intermediate concentration (Måttlig) 300-626 

High concentration 626-1 250 

Very high concentration  1 250-5 000 

Extremely high concentration (>) 5 000 

 

2.8.2 Ammonium/ammonia 

Ammonia primarily exists in two forms in water: unionized ammonia (NH3) and 

ammonium ion (NH4
+). The balance between the forms is usually a function of pH and 

temperature. Toxicity however is more associated with the unionized form, which is a 

neutral form, that readily diffuses across cell membranes and enters the cells of aquatic 

organisms. Ammonia is mainly corrosive and damages cells by contact and have shown 

to effect both aquatic vertebrates (such as fish) and aquatic invertebrates (such as snails 

and mussels). Toxicity is considered to increase with increased temperature and 

increased pH (Levit 2010, US EPA 2013a) 

The limit value to judge the water status is therefore given for ammonia expressed as 

ammonia nitrogen (NH3-N) by HVMFS 2013:19. The ammonia nitrogen is calculated 

from ammonium nitrogen by a conversion equation. Calculations and equation are 

shown in the segment of exposure assessment. 

Table 3: Cut-off value of ammonia given as dissolved concentrations (HVMFS 2013:19) 

Substance Yearly mean µg/l Maximum concentration 

Ammonia (NH3-N) 1 6.8 

 

2.8.3 Total organic carbon (TOC) 

Total organic carbon is an unspecific measurement of many types of carbon-containing 

compounds that some are dissolved in natural waters. As metals and nitrogen, TOC is a 

natural part of the environment, for example, because of excretions stemming from the 

metabolism of aquatic life, as well as decomposition, but it is also spread in the 

environment by manmade activities such as sewage treatment and leachate water from 

landfills.  

Some compounds that TOC may contain can be broken down by microorganisms that 

consume oxygen in the process. High levels of TOC may facilitate so much growth of 

microorganisms that level of oxygen left in the water is not sufficient to sustain fish and 

other aquatic organisms. Low levels of TOC could encourage growth of anaerobic 
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bacteria which instead produce sulfate salts that are toxic to aquatic organisms. TOC is, 

however, more likely to create local effects (SEPA 2017).  

When it comes to assessing water quality, there is no cut-off value given by HaV, no 

new regulations nor quality categories are available, instead, there is a court order 

judgment that limit the amount of emission permitted from leachate water of landfills.  

Table 4: Values of emission near landfills conditions by court order 2007 (Naturvårdsverket 

2008a). 

 Emission to freshwater 

recipient mg/l 

Judgement as low levels 

mg/l* 

TOC 30-130  4-8 
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3 Methods and data 

3.1 General  

There are four sampling locations for surface water in which risk assessment in the 

current work is concerned. These locations are not chosen by me but given to me by 

Tekniska verken. Additional data such as pH, temperature, DOC and calcium 

concentrations was requested by me for bioavailability calculations and the conversion 

of ammonium to ammonia.  

 

Hazard identification for the current work, was done by examining the data that was 

given to me by Tekniska verken and consulting Magnus Hammar from Tekniska 

verken. 

Hazard characterization, hence, descriptions of the possible adverse effects and the 

cut-off values were found by a literature search which included among others, visit to 

the websites of Naturvårdsverket, HaV, US EPA, and WHO. Using Google, and Google 

Scholar a long list of keywords both in English and Swedish were searched: Riktvärde 

metaller ytvatten, gränsvärde ytvatten, riktvärde vatten utsläpp, miljögifter riktvärde 

ytvatten, referensvärde TOC, näringsämnen vatten, ammoniumkväve, deponi, ammonia, 

effect of metals on fresh water organisms, water chemistry, landfills, nutrients and 

leachate water to name some. 

Emails were sent both to Naturvårdsverket and HaV to ask about the reference values, 

since it seems that the values that were used for example in the SWECO report are not 

in use anymore and are not available as pdfs. Currently, as previously mentioned, the 

correct way to assess risk of some metals is to calculate bioavailability instead of using 

concentrations as such. The reports were emailed back to me. 

3.2 Sampling Locations 

Four sampling locations are examined as shown in the figures (3 and 4) below. Two 

locations in Kallerstadsdiket downstream from the landfill, one upstream and one 

leachate water from the nearby Gärstad waste treatment plant that join the 

Kallerstadsdiket.  

In addition to comparing contaminant levels to literature cut-offs and the quality 

classification, I estimated the contribution of Kallerstad landfill to the contamination 

levels. This was done by subtracting the estimated contamination load stemming from 

Gärstad from the data sampled at kd1. As sampling location (U) is not supposed to be 

effected by either Kallerstad landfill nor the leachate water from Gärdstad (Figure 3 and 

4) it is used as a control location. The leachate water outlet (LvG) joins Kallerstadsdiket 

between U and kd1 and is located directly by the Kallerstad landfill and this comparison 

may supply more information. Finally, to finish the investigation, an assessment of the 

load of all contaminants in kd2 was conducted. The kd2 sampling location is located at 

the outlet of Kallerstadsdiket to Stångån and is used to estimate the additional 

concentrations of contaminants that spread to Stångån (Figure 3 and 4).  
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Figure 3: Flight photo of Kallerstad landfill in relations to Stångån. Orange circles 

represent sampling locations. U upstream from landfill. kd1(Kallerstadsdiket) between 

the south and north part of landfill and kd2 (Kallerstadsdiket) in the point just before the 

outlet of Kallerstadsdiket to Stångån, the river on the left bottom corner. LvG (lakvatten 

Gärstad), cleaned leachate water outlet coming from the recycling venue Gärstad 

approximately 1 km north of the northern part of the landfill (Norra Kallerstaddeponin), 

LvG joins Kallerstadsdiket in the location of green dot. Image made by Einat 

Karpestam using print screen of Eniro and Photoshop. The borders of the landfill were 

estimated by SWECO (2015) and redrawn here for illustration. 
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Figure 4: Zoom-in on the sampling locations. Image was supplied by Magnus Hammar, 

Tekniska verken. Red cross represents the opening of leachate water (LvG) from 

Gärstad. 

3.3 Data  

Tables 5-8 show the raw data supplied to me by Tekniska verken. Concentrations are  

given as total concentrations in water for all levels of the contaminants under 

investigation in each sampling location and in each sampling occasion. 

 
Table 5: Levels of contaminants in sampling location U-upstream of landfill (samples by 

Tekniska verken) 

Date/Contaminant Units Sep 

2016 

Oct 

2016 

Nov 

2016 

Dec 

2016 

Jan 

2017 

Feb 

2017 

Mar 

2017 

TOT-N mg/l 1.6 3.2 2.4 6.5 4.86 7.4 12 

Ammonium 

nitrogen 

mg/l 0.12 0.39 0.081 0.64 1.6 3.1 1.8 

TOC mg/l 36 8.6 5.4 6.6 13 10 21 

Copper µg/l 5.2 9.9 2.6 5.8 9.7 5.7 5.4 

Nickel µg/l 2 2 3 2 2 5 2 

Zinc µg/l 10 83 10 37 67 39 38.2 

Arsenic µg/l 0.69 0.58 0.79 0.81 0.74 1.5 0.54 
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Table 6: Levels of contaminants in sampling location kd1 downstream in the landfill periphery 

(samples by Tekniska verken). 

Date/Contaminant Units Sep 

2016 

Oct 

2016 

Nov 

2016 

Dec 

2016 

Jan 

2017 

Feb 

2017 

Mar 

2017 

TOT-N mg/l 1.3 2.8 2.6 5.3 4 4.8 7 

Ammonium 

nitrogen 

mg/l 0.24 0.39 0.2 0.45 0.9 0.59 0.99 

TOC mg/l 11 11 16 13 11 20 27 

Copper µg/l 6.2 10.8 2 3.8 3.4 2 5.4 

Nickel µg/l 5 2 8 11 10 23 5 

Zinc µg/l 10 66 10 32 51 29 24 

Arsenic µg/l 1.2 0.75 1.3 1 0.99 1.3 0.7 
 

Table 7: Levels of contaminants in sampling location kd2 downstream of landfill (samples by 

Tekniska verken). 

Date/Contaminant Units Sep 

2016 

Oct 

2016 

Nov2 

016 

Dec 

2016 

Jan 

2017 

Feb 

2017 

Mar 

2017 

TOT-N mg/l 1.5 3.3 2.4 5.3 6.2 4.6 6.5 

Ammonium 

nitrogen 

mg/l 0.13 0.4 0.2 0.51 1.4 0.5 1 

TOC mg/l 11 11 15 14 14 20 29 

Copper µg/l 6.4 10.4 2.2 3.8 2.7 2.1 5.6 

Nickel µg/l 5 2 11 14 13 2 5 

Zinc µg/l 10 58 10 37 26 28 29 

Arsenic µg/l 1.2 0.91 1.3 1 1.1 1.2 0.72 
 

Table 8: Levels of contaminants at LvG. Samples* are taken regularly over a decade by 

Tekniska verken. Data here are chosen by EK to have congruent dates of the above points in 

purpose of comparison. 

Date/Contaminant Units Sep 

2016 

Oct 

2016 

Nov 

2016 

Dec 

2016 

Jan 

2017 

Feb 

2017 

Mar 

2017 

TOT-N mg/l 4.1 3.1 3.5 6 6.6 6.5 8.1 

Ammonium 

nitrogen 

mg/l 1 0.47 0.16 0.14 0.67 1.4 0.51 

TOC mg/l 38 32 28 28 29 30 26 

Copper µg/l 1 2.85 1.9 3.17 3.58 2.97 5.74 

Nickel µg/l 14.6 13.2 17.3 23.7 26.3 27.8 26.7 

Zinc µg/l 2 2 2 3.71 4.58 5.35 8.77 

Arsenic µg/l 3.6 2.1 1 0.85 1.01 0.736 0.579 
*The levels in each month in this table are based on 4 single samples and thus an average. 

3.4 Exposure assessment 

In general, the exposure assessment is the mathematical calculations that are conducted 

with a purpose to estimate the amounts of contaminants that potentialy reach the object 

of protection. The amounts that reach the object of protection are frequently reduced 

relative to the measured concentration of the contaminants and depend for example on 

the different ways of exposure (Burgman 2005, Öberg 2009). When it comes to humans 
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as an object of protection, different exposure paths may include for instance 

contamination through drinking water or skin contact. Although in this study, humans 

were not the object of protection, bioavailability of metals was calculated because as 

mentioned above, not all the amount of metals that is found in the water is readily 

available for uptake by water living organism. Similarly, ammonia was calculated from 

the measured ammonium nitrogen as the cut-off level is given for ammonia. Estimations 

of flows, and the load of contaminants in each sampling point and in the end recipient, 

Stångån, were also conducted. The following sections shows the equations, programs 

and methods of calculations.   

3.4.1 Calculating ammonia from ammonium nitrogen 

The following equation was used to convert ammonium nitrogen (NH4-N) to ammonia 

nitrogen (NH3-N) in each sample: 

Eq. (1) NH3-N=fractionNH3-N*NH4-N 

FractionNH3-N=1/(10^(pKa-pH) +1) 

pKa=0.0901821+2729.92/T 

T - temperature in degrees Kelvin. 

This equation is given in HVMFS 2013:19 p.73. 

Excel was used for calculations.  

3.4.2 Calculating bioavailability of metals 

As recommended in HVMFS 2013:19, for some metals such as copper, zinc and nickel, 

bioavailability should be calculated as the cut-off value is given in bioavailability 

concentrations. The user-friendly program named Bio-met- Bioavailability of metals 

and the Water Framework Directive, was used to calculate bioavailability (Bio-Met 

2017). 

This is a program based on a family of models called Biotic Ligand Model which were 

developed by WCA and ARCHER consulting, Belgium, to calculate the bioavailability 

concentrations of chronic effects with the purpose of normalizing ecotoxicology data 

from different water chemistry. 

To calculate bioavailability, the program needs local pH, DOC, and Ca concentrations 

in addition to the concentrations of metals in each sample. It then calculates the 

bioavailability concentration, but also a place specific reference value (environmental 

quality standards, EQS). The samples from September 2016 to February 2017 did not 

contain these parameters (pH, DOC, and Ca), and therefore the values that were 

sampled in March were used for all samples. This issue is discussed further below. 

Although only 7 data samples are available (one from each month) and not 12 in each 

location, the average value was used in order to assess the risk, since the bioavailability 

cut-off values are given as yearly averages. HVM 2016:16 does not indicate how many 

samples one should use and stated that data could be averaged also if less than a year of 

data is available.  

http://bio-met.net/
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3.4.3 Estimating the contamination load from Kallerstad landfill 

With a purpose of estimating the contribution of Kallerstad landfill to the surface water, 

the contamination load in Gärstad leachate water was estimated, and then subtracted 

from the contamination load that was estimated in kd1. Since the water comes to kd1 

from sampling location U and takes with it water from Gärstad into kd1, the difference 

between kd1 to U, after subtracting the contamination level coming from Gärstad, is 

likely to estimate the contaminant load that directly stems from Kallerstad, at least the 

relative contribution. 

This estimation requires several stages and parameters and the complete calculations are 

shown in appendix 1. Pipe diameter, water level, and the water velocity in the pipe in 

kd1 were measured by Magnus Hammar from Tekniska verken. Velocity measurements 

were conducted by counting the seconds it took for a leaf or a branch to flow 1 meter in 

the pipe. The flow of leachate water from Gärstad is measured daily by Tekniska 

verken. 

Measurements of flow in kd1 were conducted by Tekniska verken simultaneously with 

the sampling of metals and water chemistry on 21.3.2017. Since only one measurement 

of the flow in kd1 was available, the mass load of contamination was calculated for 24 

hours in kd1. The contamination load in Gärstad leachate water and U were then 

calculated for the same day to get an approximation of the relative contribution of 

contamination that stems from Kallerstad landfill. It is a very limited estimation, and 

naturally not a complete picture since there is a huge variability in flow both in 

Kallerstadsdiket and in Gärstad leachate water, as well as in concentrations of 

contaminants between measurements in all sampling points.  

3.4.4 Calculation of contamination load 

The following equations and stages were used to calculate the mass load of 

contaminants in kd1. 

 

 

 

Figure 5: Water measurements at kd1. Circle represent the pipe opening, h- height of water in 

the pipe, R- radius of the pipe and a- central angle (Figure by Einat Karpestam) 
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Equation 2 was used to calculate the circular segment of the pipe that was full of water- 

that is an area of a circle which is "cut off" from the rest of the circle by a chord, in this 

case the water level. 

Eq. (2) 

  

To calculate it, equation 3 was used to calculate the central angle  

Eq. (3) 

 

To calculate the volume flow rate, equation 4 was used 

Eq. (4) 

Q volume/time = Area*Velocity 

Finally, the mass load per time was calculated using equation 5 

Eq. (5) 

Mass Load = Q*concentration 

Eq. 5 was used for all calculations of mass load in all sampling points.  

Data, assumptions and calculations are given in appendix 1.  

3.4.5 Estimating the contamination load to Stångån 

To estimate the yearly contamination load from Kallerstadsdiket to Stångån, the 

concentrations of the contaminants that were measured in sampling point kd2, which is 

located just in the opening to Stångån, were used. Both the average and max values 

from the 7 months of measurements of each pollutant were used to estimate the average 

and max load respectively.  

To roughly evaluate the amount of water that flows from Kallerstadsdiket to the river, 

the flow that was calculated at kd1 was used as a proxy to the flow in kd2. As it seems, 

there is no additional flow of water between the two sampling points (personal 

communication with Magnus Hammar, Tekniska verken). This value was then 

multiplied by the number of days in a year. Using this value bears a large uncertainty 

that is further discussed below. 

According to the report from Tekniska verken (2013), the average flow in Stångån is 14 

m/s, which make yearly 442 million m3, which is 4.42 x1011 liters per year. Using this 

value the dilution factor was found by dividing it by the amount of water that was 

estimated as explained above. The estimation of the amount of water flowing from 

Kallerstad to Stångån was used also to estimate the additional concentrations of 

contaminants flowing from Kallerstad to Stångån. In the next stage, the estimated 

additional concentration of pollutants was compared to the concentrations of pollutants 

already existing in Stångån.  

Data, assumptions and calculations are given in appendix 2.   
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4 Results and discussion 

4.1 Risk Characterization 

This is the final phase of the risk assessment process, and it integrates the previous 

stages, namely the hazard identification and characterization and the hazard exposure 

level. The aim of this stage is to evaluate whether the hazards that were identified and 

calculated are indeed a potential risk (Öberg 2009). The Hazard Quotient (HQ) is a 

quantitative method to assess the risk. It is the ratio between the calculated values in this 

work and the reference value (=calculate/reference).  

Values that are lower than 1 mean that the exposure is lower than the reference and 

therefore no adverse effects are expected. Values that are higher than 1 indicate that the 

exposure is higher than the reference values but it does not automatically mean that 

adverse effects are expected. It does, however, indicate a potential risk for negative 

effects (Fowle & Dearfield 2001) 

As indicated above, since Gärstad is leachate water, water quality was not assessed in 

this study. The contaminants released in the leachate water are controlled for by 

Tekniska verken and not do surpass the permitted values. 

4.1.1 Bioavailability of copper, nickel and zinc  

Tables 9-10 show the results of bioavailability of copper, nickel and zinc conducted 

with the Bio-Met program at each sampling site and in each sampling period. 

 
Table 9: Result of Bioavailability calculations as conducted with the Bio-Met program, in 

sampling locations U, kd1and kd2 in each month. 

Metal/ 

Location/ 

Month 

Copper 

bioavailability 

concentration [µg/L] 

Nickel bioavailability 

concentration [µg/L] 

Zinc bioavailability 

concentration [µg/L] 

U kd1 kd2 U kd1 kd2 U kd1 kd2 

Sep 2016 0.05 0.06 0.12 0.25 0.46 0.46 1.31 1.34 1.36 

Oct 2016 0.10 0.10 0.10 0.25 0.19 0.19 10.80 8.88 7.95 

Nov 

2016 

0.03 0.02 0.02 0.38 0.74 1.02 1.31 1.34 1.36 

Dec 

2016 

0.06 0.03 0.03 0.25 1.02 1.30 4.85 4.27 5.08 

Jan 2017 0.10 0.03 0.02 0.25 0.93 1.21 8.78 6.80 3.57 

Feb 2017 0.06 0.02 0.02 0.63 2.13 0.19 5.09 3.83 3.80 

Mar 

2017 

0.05 0.05 0.05 0.25 0.46 0.46 4.99 3.25 4.00 

Mean 0.06 0.04 0.05 0.32 0.85 0.69 5.3 4.25 3.88 
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Table 10: Results of bioavailability of metals Gärstad* 

 

 

*Gärstad values are shown here just for illustration, but water quality and risk are not 

assessed since it is leachate water, and leachate water may contain different values than 

are permitted. In addition, the calcium value was much higher than the range in which 

the Bio-Met program is reliable and therefore it used a generic value and thus 

calculations have high uncertainty.  

4.1.2 Risk characterization of metals  

Inspection of the HQ of copper (table 11) in all sampling locations, shows values that 

are well under 1 which indicates that exposure is not higher than reference values and 

therefore no adverse effects are expected from copper. The data indicate very low 

chronic exposure, and given the fact that copper is needed to some body functions, it 

could potentially be beneficial to water organisms (HVM 2016:16). Table 11 also shows 

that the highest ratio, although still very low, is measured upstream where there is no 

effect of pollution from Kallerstad landfill or Gärstad leachate water. 

Similarly, inspection of the HQ of nickel (table 12) in all sampling locations, shows 

values that are well under 1 and therefore the measured concentrations are very low 

relative to reference values and no adverse effects are expected. In contrast to copper, 

here, the lower ratio is measured upstream. A close look at the table may indicate that 

most of the additional nickel contamination, albeit still low, is stemming from Gärstad 

leachate water. 

Table 11: Hazard ratio for copper in all sampling locations. Concentrations are given as yearly 

average bioavailability concentrations.  
 

Calculated Cut-off 
 

 
Copper 

µg/l 

Copper 

µg/l 

HQ 

U 0.06 0.5 0.12 

kd1 0.04 0.5 0.08 

kd2 0.05 0.5 0.1 

Gärstad 0.03 
  

  

Sample name 

 

 

Copper 

bioavailability 

concentration 

[µg/L] 

Nickel 

bioavailability 

concentration 

(µg/L) 

Zinc 

bioavailability 

concentration 

(µg/L) 

September 2016 0.01 1.38 0.24 

October 2016 0.02 1.25 0.24 

November 2016 0.01 1.69 0.24 

December 2016 0.03 2.25 0.44 

January 2017 0.02 2.57 0.54 

February 2017 0.03 2.71 0.63 

March 2017 0.06 2.61 1.03 

MEAN 0.03 2.07 0.48 
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Table 12: Hazard ratio for nickel in all sampling locations. Concentrations are given as yearly 

average bioavailability concentrations.  
 

Calculated Cut-off 
 

 
Nickel 

µg/l 

Nickel 

µg/l 

HQ 

U 0.32 4 0.08 

kd1 0.85 4 0.21 

kd2 0.69 4 0.17 

Gärstad 2.07 
  

 

Investigation of HQ of zinc (table 13) reveals higher ratios relative to copper and nickel. 

Although the HQ are still under 1, the exposure level is getting close to the reference 

safe exposure. However, since the references are usually based on many safety 

protective assumptions, it is likely that zinc levels are not expected to cause adverse 

effects. It is also important to remember that the background of zinc levels may have 

played a role here and it is recommended by HaV (HVMFS 2013:19, HVM 2016:26), to 

control for it, since these levels could change from place to place. Place specific 

background zinc levels were not available but the risk for negative effects from zinc is 

assessed as low.  

Table 13: Hazard ratio for zinc in all sampling locations. Concentrations are given as yearly 

average bioavailability concentrations.  
 

Calculated Cut-off 
 

 
Zinc 

µg/l 

Zinc 

µg/l 

HQ 

U 5.3 5.5 0.96 

kd1 4.2 5.5 0.76 

kd2 3.88 5.5 0.70 

Gärstad 0.48 
  

 

In contrast to copper, nickel, and zinc, inspection of table 14 reveals high values of HQ 

of arsenic. For all locations sampled, the values are well over 1. Levels above 1 could 

indicate potential adverse effect from arsenic. It is also interesting to notice that the 

lowest value is measured upstream, which indicates that additional contamination from 

arsenic occurs somewhere downstream in Kallerstadsdiket. In fact, the calculations to 

estimate the contribution of Kallerstad landfill suggest that the additional contamination 

of arsenic after controlling for the Gärstad leachate water, indeed stems from the 

landfill.  
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Table 14: Hazard ratio for arsenic in all sampling locations. Concentrations are given as yearly 

average concentrations.   

 

 

 

 

 
4.1.3 Results of calculations of ammonia from ammonium nitrogen 

Table 15 shows the result of calculations of ammonia from ammonium nitrogen. 

 
Table 15: Results of calculations of ammonia concentrations in the different sampling locations 

in each sampling period 

U 

NH4-N 

mg/l 

NH3-N 

mg/l 

NH3-N  

µg/l 

Sep 0.12 0.000381 0.381 

Oct 0.39 0.001239 1.239 

Nov 0.081 0.000257 0.257 

Dec 0.64 0.002033 2.033 

Jan 1.6 0.005084 5.083 

Feb 3.1 0.00985 9.849 

March 1.8 0.005719 5.719 

Mean   3.51 

kd1    
Sep 0.24 0.000517 0.516 

Oct 0.39 0.00084 0.839 

Nov 0.2 0.000431 0.430 

Dec 0.45 0.000969 0.968 

Jan 0.9 0.001937 1.937 

Feb 0.59 0.00127 1.270 

March 0.99 0.002131 2.131 

Mean   1.16 

kd2    
Sep 0.13 0.000291 0.291 

Oct 0.4 0.000896 0.896 

Nov 0.2 0.000448 0.448 

Dec 0.51 0.001143 1.142 

Jan 1.4 0.003137 3.137 

Feb 0.5 0.00112 1.120 

March 1 0.002241 2.240 

Mean   1.33 

Gärstad    
Sep 1 0.002702 2.70 

 
Calculated  Cut-off 

 

 
Arsenic 

µg/l 

Arsenic 

µg/l 

HQ 

U 0.85 0.5 1.6 

kd1 1.09 0.5 2.07 

kd2 1.12 0.5 2.12 

Gärstad 1.41 
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Oct 0.47 0.000936 0.93 

Nov 0.16 0.000207 0.207 

Dec 0.14 0.000166 0.165 

Jan 0.67 0.000641 0.640 

Feb 1.4 0.001419 1.418 

March 0.51 0.000539 0.538 

Mean   0.94 

 

4.1.4 Risk characterization of eutrophication and nutrients  

Investigation of the HQ of ammonia (table 16) reveal very high levels of ammonia 

upstream. All sampling points have HQ above 1 which could indicate a potential risk 

for adverse effects. The HQ for kd1 and kd2 is borderline and the decreasing values 

indicate that there is disappearance or dilution of ammonia downstream 

Kallerstadsdiket. The source of ammonia upstream is not known but it might be the 

presence of adjacent agricultural fields. 

Table 16: Hazard ratio for ammonia in all sampling locations. Concentrations are given as 

yearly average concentrations.  
 

Calculated Cut-off 
 

 
Ammonia 

µg/l 

Ammonia 

µg/l 

HQ 

U 3.5 1 3.5 

kd1 1.16 1 1.16 

kd2 1.33 1 1.33 

Gärstad 0.94 
  

 

Similarly, when it comes to classification of TOT-N, table 17 reveals high levels or 

extremely high levels in all sampling locations in all months according to the HaV 

categories. It also shows consistently higher levels of TOT-N upstream relative to the 

levels at kd1. This again suggests a dilution effect downstream along Kallerstadsdiket.  

Table 17: Classification of TOT-N according to given categories of HaV 2017. Yellow color 

represents very high levels while orange color indicates extremely high levels when refering to 

table 2. 

   Sep Oct Nov Dec Jan Feb Mar 

U TOT-N mg/l 1.6 3.2 2.4 6.5 4.86 7.4 12   
µg/l 1600 3200 2400 6500 4860 7400 12000 

kd1 TOT-N mg/l 1.3 2.8 2.6 5.3 4 4.8 7   
µg/l 1300 2800 2600 5300 4000 4800 7000 

kd2 TOT-N mg/l 1.5 3.3 2.4 5.3 6.2 4.6 6.5   
µg/l 1500 3300 2400 5300 6200 4600 6500 

Gärstad TOT-N mg/l 4.1 3.1 3.5 6 6.6 6.5 8.1 

  µg/l 4100 3100 3500 6000 6600 6500 8100 
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For the total organic carbon (TOC), there seems to be neither reference values, nor 

classification categories. As explained above, HaV and Naturvårdsverket were also not 

aware of where to find these values and if those even exist. However, with reference to 

table 4, the measured values in all sampling sites and months (table 18) are relatively 

low. They are not classified as ‘low level’ because all are above 4 - 8 mg/l, but they are 

all on, or lower than the lower limit of values that are permitted to be released to 

freshwater from landfill leachate water, which is 30-130 mg/l. 

Table 18: TOC levels in all sampling points at each month 

Date/Contaminant Units Sep Oct Nov Dec Jan Feb Mar 

  2016 2016 2016 2016 2017 2017 2017 

U mg/l 36 8.6 5.4 6.6 13 10 21 

kd1 mg/l 11 11 16 13 11 20 27 

kd2 mg/l 11 11 15 14 14 20 29 

Gärstad mg/l 38 32 28 28 29 30 26 

 

Table 18 shows increased values of TOC in kd1 relative to upstream except in 

September 2016. Similarly, the estimation of the contribution of Kallerstad landfill to 

the contamination levels (table 19), showed that there was an addition of 19 kg TOC per 

day in kd1 after subtraction of the TOC that is coming from Gärstad. This value 

translates to a concentration of 0.5 mg/l which is much lower than the lower limit of 

‘low level‘ classification 4-8 mg/l. Nonetheless there seems to be an addition of TOC 

that stems from Kallerstad landfill. 

4.2 Contamination load and contribution from Kallerstad landfill to 
Kallerstadsdiket 

As there are many factors and venues that can contribute pollutants to Kallerstadsdiket 

and further to Stångån, one of the main aims of this work was to try to disentangle the 

contribution of Kallerstad landfill to the contamination level. Appendix 1 shows the 

calculations while table 19 shows the summary of results.  

Table 19: Suggested contamination contribution from Kallerstad landfill. Orange color suggest 

additional contamination 

Location/ 

Contaminant 

kd1 

kg/day 

Gärstad 

kg/day 

kd1-

gärstad 

kg/day U kg/day 

R Diff 

(kd1/u) 

Absolute 

(kd1-u) 

kg/day 

TOT-N 26.61 5.16 21.45 38.36 0.56 -16.91 

Ammonium 

nitrogen 3.76 0.19 3.57 5.75 0.62 -2.18 

TOC 102.6 16.56 86.04 67.1 1.28 18.94 

Copper 0.02 0.0036 0.0164 0.017 0.96 -0.0006 

Nickel 0.019 0.017 0.002 0.0064 0.31 -0.0044 

Zinc 0.092 0.0056 0.0864 0.122 0.71 -0.0356 

Arsenic 0.0027 0.00036 0.00234 0.0017 1.38 0.00064 
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The results show that after controlling for the pollutants from Gärstad, there is a 

negative amount of pollutants in kd1 relative to upstream, except for arsenic and TOC. 

This is surprising since sampling location U is used as a control and supposedly less 

contaminated and not affected by leachate water from Gärstad nor the Kallerstad 

landfill. It is of particular interest, because it suggests that the landfill is not only not 

adding pollutants, but may have some filtering effect in binding pollutants. As for 

arsenic, the additional amount suggested is 0.00064 kg/day, which gives a concentration 

of 0.16 µg/l, which is much lower than any other of the measurements done in any of 

the sampling points in all months and much lower than the cut-off level. The level of 

arsenic is already high upstream, and the additional arsenic that is a contribution from 

the Kallerstad landfill is negligible. 

This estimation is not comprehensive in any way, and in fact, it represents only 1 day of 

contribution. Regardless, it is the relative contribution that I was looking for. It is also 

important to indicate that the certainty of the data in this section is relatively high since 

most of the data was in fact measured and therefore there was no need for many 

assumptions. That was the reason that no extrapolation of the data to a year was 

conducted. There is a lot of variation in the flow, the metal concentrations, pH, 

temperature, DOC, Ca and all chemical parameters that would require too many 

assumption and would have created a huge uncertainty. Having most parameters 

measured and limited to a specific known duration reduces this uncertainty. Another 

significant observation that add reliability to this calculation, is that the flow from 

Gärstad was very low that day, which may increase the relative contribution of 

pollutants from Kallerstad in that specific day. 

Uncertainty, however, is always present as a measurement error, or the assumption that 

the flow is unchanged throughout the day. Another assumption was that no other source 

of water except from Gärstad joins Kallerstadsdiket between U and kd1. Similarly, flow 

was not actually measured in U but estimated from the data. 

4.3 Suggested contamination spread and load from Kallerstadsdiket to 
Stångån 

Table 20 summarizes the suggested additional mean and maximal amounts and 

concentration of each pollutant that reach Stångån via Kallerstadsdiket. The calculated 

values are shown next to the concentration of each pollutant that are measured in 

Stångån in the right column (taken from SWECO 2015).  
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Table 20: Suggested maximun and average yearly contamination spread to Stångån 

Contaminant 

Mean 

kg/year 

Max 

kg/year 

Additional 

mean 

concentration 

Additional 

max 

concentration Units 

Concentration 

in Stångån  

TOT-N 5907.14 9019.2 0.0134 0.0204 mg/l 0.153 

Ammonium 

nitrogen 820.66 1942.6 0.0018 0.0043 mg/l 0.07 

TOC 22597.80 40239.9 0.0511 0.0910 mg/l  

Copper 6.58 14.4 0.0148 0.0326 µg/l 1.5 

Nickel 10.31 19.4 0.0233 0.0439 µg/l 0.72 

Zinc 39.25 80.4 0.0887 0.1820 µg/l 3.2 

Arsenic 1.47 1.8 0.0033 0.0040 µg/l 0.51 

 

The dilution factor between sites was approximated to be 1:320, which means that 

amount of water in Kallerstadsdiket is only 1/320 parts of that of Stångån. A rough 

estimation was conducted using both mean and maximum additional concentrations and 

in general it seems that the additional concentrations are fairly low relative to the 

measured concentrations in Stångån.  

There are many factors that contribute to the uncertainty of these calculations. For 

example, the flow in kd2 was assumed to be equal to that of kd1 and constant 

throughout the year. This is highly likely not the case, as the water flow changes with 

temperature, the amount of water that is released from Gärstad, precipitation, and 

maybe some water that joins Kallerstadsdiket between kd1 and kd2 etc. However, that 

the estimation of maximum values is well below the concentration in Stångån as well, 

makes it easier to assess it as low risk.   

In addition, this estimation was based on values that were measured in kd2, that is just 

downstream of kd1, that is directly adjacent to Kallerstad landfill. However, the 

calculations have estimated that the landfill is likely to contribute only with TOC and 

arsenic and then only negligible concentrations relative to other values in the 

Kallerstadsdiket, let alone relative to Stångån. 

SWECO (2015) have estimated the risk of these contaminants by leachate water to 

Stångån and found the risk to be extremely low, especially with dilution factor of 

1:14000. I assess that the risk of surface water from Kallerstadsdiket to Stångån is also 

low even if the dilution factor is estimated to be only 1:320, and the risk of direct 

contribution from Kallerstad landfill to be even lower. 

4.4 Surface water status in Kallerstadsdiket 

In all three sampling points (U, kd1 and kd2), nickel, zinc and copper contamination 

levels did not surpass the cut-offs values, however, arsenic levels did. This means that 

the quality status of surface water cannot be judged as good. According to the HVMFS 

2013:19 it is enough that one value in some monitoring station exceeds the cut-off value 

that water quality cannot be assessed as good. Because arsenic is a specific pollutant, 

the classification of the water is reduced to moderate. 
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When it comes to water eutrophication judgment, all parameters, namely ammonia, 

TOC and TOT-N exhibit high levels in all sampling stations and therefore water quality 

according to HVMFS 2013:19 is judged as ‘not reaching good level’. TOC, however, 

does not have a reference value.  

4.5 Limitations, plausibility and uncertainty   

Sources of uncertainty in this work: 

To start with, the number of samples in each location is not high, namely 7 at each 

location, 1 for each month. The assessment relies on comparing references that are 

yearly based averages of 7 months. This in its own is not necessarily unjustified, but 

since there is high variation in all parameters, a longer and more complete set of data 

would be recommended. 

One important aspect of the bioavailability calculation may create bias of data, since 

pH, DOC and calcium were only measured in March on my request. These values that 

were measured in March, were also used to calculate the bioavailability for all months. 

Because parameters vary, results would be more reliable if those measurements would 

have been taken at the same time as the sampling period. 

When it comes to ammonia, temperature and pH has a very strong effect on the 

equilibrium ammonia/ammonium. In fact, higher temperature could create as much as 

double the amount, as well as lower tolerance to the toxicity of ammonia (Kumlu & 

Eroldogan 2004). Although colder water usually means less ammonia. March may be of 

somewhat middle temperature between summer and winter and in that aspect, it could 

be that through the year the average would not change very much. However, since 

ammonia has borderline or high levels calculated, it should be monitored more 

carefully.  

The estimation of the contribution of Kallerstad landfill to the contamination levels is in 

fact based on 1 day. The flow in kd1 was measured via a leaf or a branch and not 

mechanically, while flow at U was not measured but estimated from data. However, as 

explained above, since most of the data is in fact measured, this calculation shows the 

relative contribution and has relatively high reliability. However, the abovementioned 

variation in parameters exist also here, flows and precipitations and many other factors 

vary strongly throughout the year, thus Tekniska verken might benefit from more 

complete data. 

Nonetheless, I believe that the available data was used in the best way and although 

uncertainty is always present, the estimations that were made are usable and useful to 

make a preliminary assessment.  
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5. Summary of risks and recommendations  

Although the surface water in Kallerstadsdiket is not classified to reach ‘good’ status, 

the role that Kallerstad landfill plays is doubtful. Zinc, nickel and copper showed low 

levels on all sampling stations while ammonia showed higher levels upstream and 

borderline levels downstream Kallerstadsdiket. Arsenic levels were already exceeding 

the reference level upstream but levels were higher downstream Kallerstadsdiket. The 

calculations suggest that Kallerstad landfill does add arsenic and TOC to the 

contamination levels, although in small amounts.  

The risk of spread of contaminants to Stångån estimated as low. The dilution factor was 

estimated to be 1:320 and the additional contaminant levels that are brought from 

Kallerstadsdiket are relatively low compared to the measured levels in Stångån. The 

direct contribution of Kallerstad landfill is then assessed to be even lower.  

SWECO’s report (2015) indicated that contamination levels in soil samples taken from 

the landfill show higher levels than the reference values but did not estimate leachate 

water from Kallerstad to be a high risk. My work corroborates the latter finding when 

surface water is under consideration.  

Nevertheless, I would recommend: 

*A more complete sampling with the appropriate and needed parameters to include the 

right calculation at all sampling stations at all sampling occasions.  

*Since it is recently established that when metals such as zinc, nickel and copper are 

under consideration, bioavailability is the essential parameter, it is important to sample 

also DOC, pH, and Ca. 

*Temperature should also be measured under any sampling occasion and location, it is 

important to the ammonia calculations.  

*Flows should be measured in each sampling location and in each sampling occasion in 

order to get a more accurate estimation of the direct contribution of Kallerstad landfill to 

the contamination levels, and the estimated contamination load that flows from 

Kallerstadsdiket to Stångån. 

*Since the parameters are changing with time and abiotic conditions, ideally it would be 

plausible to sample every week for a period of a year and then re-assess the risk.  

*As a precaution warning signs around the landfill are also recommended in addition to 

the perimeter fence that is now being created.   
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Appendix 1: Calculation of contamination load in one random 

day, and the contribution of Kallerstad landfill. 
 

Contamination load kd1 

h=0.57m (water height in pipe) 

r=0.8m (radius of pipe) 

Velocity: 0.083 m/s, 0.072 m/s, 0.066 m/s,0.05 m/s (4 measurements)  

To get the angle: 

 

Cos (α/2) = 1-h/r 

=1-0.57/0.8 

=1-0.712 

Cos (α/2) = 0.2875 

α/2 = arccos(0.2875) 

=1.279 

α = 1.279*2=2.558 rad 

To get the area: 

 

A = (0.8)2/2*(2.558-sin (2.558)) 

= 0.64/2*2.007 

A=0.642 m2 

To get the volume flow rate: 

Q = A* velocity 

Q= 0.642 m2*0.068m/s (used mean velocity) 

Q= 0.044 m3/s 

Convert m3 to liters: 

Q = 0.044*1000 = ~44 liter/s 

To get the volume flow in kd1 for 24 hours 

= 44*60s*60m*24h 

= 3,801,600 liters per day 



 

II 

 

Gärstad flow from the same date was known: 637 m3/day 

=637*1000 

= 637,000 liters per day 

Gärstad volume flow rate 

637:24:60:60 = 0.0074 m3/s 

Estimated flow upstream 

Since kd1 flow is the sum of the flow upstream joined by the flow from Gärstad, I 

assume 

kd1 flow – Gärstad flow = upstream flow 

= 0.044m3/s-0.0074m3/s = 0.037m3/s = ~37 liter/s 

The volume flow for 24 hours 

=37*60s*60m*24h 

=3,196,800 liters per day 

Data  

Table A1: Depicts the total concentrations of all contaminants in U, kd1, and Gärstad in March 

  U kd1 Gärstad 

Location/ Contaminant Units March 

2017 

March 

2017 

March 

2017 

TOT-N mg/l 12 7 8.1 

Ammonium nitrogen mg/l 1.8 0.99 0.51 

TOC mg/l 21 27 26 

Copper µg/l 5.4 5.4 5.74 

Nickel µg/l 2 5 26.7 

Zinc µg/l 38.2 24 8.77 

Arsenic µg/l 0.54 0.7 0.579 

 

Mass = Q*concentrations 

Table A2: Depicts the results of the calculations of mass load per day in kd1 

 

  Kd1    

Contaminant Units  

C 

Liters/day 

Q 

Mass per 

day Q*C 

Mass 

kg/day 

TOT-N mg/l 7       3.801*10^6 26611200 26.61 

Ammonium nitrogen mg/l 0.99  3.801*10^6 3763584 3.76 

TOC mg/l 27     3.801*10^6 102643200 102.6 

Copper µg/l 5.4    3.801*10^6 20528640 0.02 

Nickel µg/l 5       3.801*10^6 19008000 0.019 

Zinc µg/l 24     3.801*10^6 91238400 0.092 

Arsenic µg/l 0.7    3.801*10^6 2661120 0.0027 
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Table A3: Depicts the results of the calculations of mass load per day coming from Gärstad 

 

 

Table A4: Depicts the results of the calculations of mass load per day in U (upstream) 

 

  

  Gärstad    

Contaminant Units  

C 

Liters/day 

Q 

Mass per 

day Q*C 

Mass 

kg/day 

TOT-N mg/l 8.1    637000 5159700 5.16 

Ammonium nitrogen mg/l 0.51  637000 187170 0.19 

TOC mg/l 26     637000 16562000 16.56 

Copper µg/l 5.74  637000 3656380 0.0036 

Nickel µg/l 26.7  637000 17007900 0.017 

Zinc µg/l 8.77  637000 5586490 0.0056 

Arsenic µg/l 0.579  637000 368823 0.00036 

  Point U    

Contaminant Units  

C 

Liters/day 

Q 

Mass per 

day Q*C 

Mass 

kg/day 

TOT-N mg/l 12  3.197*10^6 38361600 38.36 

Ammonium nitrogen mg/l 1.8  3.197*10^6 5754240 5.75 

TOC mg/l 21  3.197*10^6 67132800 67.1 

Copper µg/l 5.4  3.197*10^6 17262720 0.017 

Nickel µg/l 2  3.197*10^6 6393600 0.0064 

Zinc µg/l 38.2  3.197*10^6 122117760 0.122 

Arsenic µg/l 0.54  3.197*10^6 1726272 0.0017 
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Appendix 2: Calculations of the contamination load that spread to 

Stångån from Kallerstadsdiket. 
 

Calculations of dilution factors: 

Assumption kd2 flow = kd1 flow = 3,801,600 liters/day (as calculated in appendix1) 

=3801 m3/day 

=3801 m3/day *365 days = 1387584 m3/year 

Stångån flow 14 m3/s (Tekniska verken 2013) 

= 14m3/s*60s*60m*24h*365d = 441504000 m3/year 

Dilution factor= 441504000/1387584 = 318.2 

Which means that water from Kallerstadsdiket are roughly 1/320 parts of the entire 

Stångån body of water. 

Calculations of the amounts of pollutants that are transferred to Stångån via 

Kallerstadsdiket  

In these calculations, the daily flow was multiplied by 365 to get the yearly flow from 

Kallerstadsdiket to Stångån.  

Table B1: Depicts the results of the calculations of the mean and maximum yearly mass load of 

contaminations that flow from Kallerstadsdiket to Stångån 

Contaminant Units Mean Flow l/d Daily mean   Year mean 

Mean 

kg/year 

TOT-N mg/l 4.26 3801600 16183954.29 5907143314 5907.14 

Ammonium 

nitrogen mg/l 0.59 3801600 2248374.857 820656822.9 820.66 

TOC mg/l 16.29 3801600 61911771.43 22597796571 22597.80 

Copper µg/l 4.74 3801600 18030445.71 6581112686 6.58 

Nickel µg/l 7.43 3801600 28240457.14 10307766857 10.31 

Zinc µg/l 28.29 3801600 107530971.4 39248804571 39.25 

Arsenic µg/l 1.06 3801600 4035126.857 1472821303 1.47 

Contaminant Units Max Flow l/d Daily max Year max 

Max 

kg/year 

TOT-N mg/l 6.5 3801600 24710400 9019296000 9019.30 

Ammonium 

nitrogen mg/l 1.4 3801600 5322240 1942617600 1942.62 

TOC mg/l 29 3801600 110246400 40239936000 40239.94 

Copper µg/l 10.4 3801600 39536640 14430873600 14.43 

Nickel µg/l 14 3801600 53222400 19426176000 19.43 

Zinc µg/l 58 3801600 220492800 80479872000 80.48 

Arsenic µg/l 1.3 3801600 4942080 1803859200 1.80 



 

V 

 

 

In order to calculate the concentrations of pollutants that are being transferred from 

Kallerstadsdiket to Stångån I used the following equation 

If Mass = Q*concentrations 

Then  

Concentrations= Mass/Q 

I divided the masses I have calculated per year in the entire volume of Stångån per year, 

that is: 

 442,000,000,000 l/year 

Table B2: Depicts the results of the calculations of the mean and maximum yearly 

concentration of contaminations that flow from Kallerstadsdiket to Stångån 

Contaminant Units 

Mean 

kg/year 

Volume 

l/year 

Mass/volume 

kg/l Concentration  

TOT-N mg/l 5907.143 4.42E+11 1.33646E-08 0.0134 

Ammonium 

nitrogen mg/l 820.656 4.42E+11 1.85669E-09 0.0019 

TOC mg/l 22597.796 4.42E+11 5.11262E-08 0.0511 

Copper µg/l 6.581 4.42E+11 1.48894E-11 0.0149 

Nickel µg/l 10.30776 4.42E+11 2.33207E-11 0.0233 

Zinc µg/l 39.2488 4.42E+11 8.87982E-11 0.0888 

Arsenic µg/l 1.4728 4.42E+11 3.33217E-12 0.0033 

  max kg/year    

TOT-N mg/l 9019.296 4.42E+11 2.04056E-08 0.0204 

Ammonium 

nitrogen mg/l 1942.6176 4.42E+11 4.39506E-09 0.0044 

TOC mg/l 40239.936 4.42E+11 9.10406E-08 0.0910 

Copper µg/l 14.4308 4.42E+11 3.2649E-11 0.0326 

Nickel µg/l 19.426 4.42E+11 4.39506E-11 0.0440 

Zinc µg/l 80.479 4.42E+11 1.82081E-10 0.1821 

Arsenic µg/l 1.803 4.42E+11 4.08113E-12 0.0041 
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