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Summary 
The harbour land fill in Halmstad has been described in the news as one of the most polluted 

areas in Halland County based on the a survey from the Swedish environmental protection 

agency (Halland nyheter, 2009). In order to identify the extent and severity of the situation 

several environmental investigations have been performed in this area. This report is based on 

available data from investigations and environmental reports from WSP, Höganäs AB, HEM 

and Halmstad municipality. This investigation focus on an “Area C” within the land fill where 

the main land fill material is i.a. slag from a steel work, construction waste, dredge spoil, 

waste from glass production and a casting shop. Of these material the focus have been on the 

metal rich slag from the steel work and its possible environmental impact. The environmental 

exposure of Hg, Pb, Cd, Cr, Zn, Ni, Mo and V have been calculated as an annual load from 

Area C. Unfortunately the data available for this investigation has not been complete, e.g. slag 

concentration data with corresponding leachate data was only obtained for one year. The 

groundwater data and land fill metal concentrations have been measured only once. This 

made it impossible to investigate e.g. annual variations like ageing effects of the material or 

weather variations, variation in the properties of the deposed slag material and statistical 

significance in differences could not be calculated. Further characterisation of the land fill 

would be worthwhile in order to be able to draw some conclusions. 

Calculations of the environmental load has been performed based on concentration in the slag, 

the land fill, the leachate data of the slag and groundwater concentrations. A model has been 

developed to calculate the weighted land fill metal concentration. The partitioning coefficient, 

Kd; between soil and liquid has been calculated and used to estimate the environmental load. 

It was assumed that the groundwater data was the most reliable data, which indicated that the 

exposure may be higher than from common soil, especially for Pb and Mo. Relating the 

environmental exposure values with guideline values based on MKM (less sensitive land 

use)-land using HQ (hazard quotient) indicates a decreasing risk in the order Pb>V>Mo. 

However, the exposure is well below that from MKM soil which could be assumed, according 

to Swedish environmental protection agency guideline values, to be an acceptable exposure.  

 

Key words: land fill, EAF slag, partitioning coefficient, environmental load, exposure 

assessment 
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Explanations and abbreviations 
HQ  

hazard quotient. Value larger than 1indicate value above guideline value and a potential risk 

 

Kd 

Partitioning coefficient, the partitioning between two different medias, in this case between 

soil and liquid. 

 

Land fill 
Elevation of ground or sea bed by deposition or placement of construction and demolition 

materials as fill material. Land filling is often used to fill up ponds, level off uneven ground 

surfaces and/or form sites for development (land reclamation). (EPD, 2015) 

 

Landfill 

Waste disposal sites used for the deposit of waste onto or into land. The EU Landfill Directive 

defines the different categories of waste (municipal waste, hazardous waste, non-hazardous 

waste and inert waste) (Directive 1999/31/EC). 

 

Electric Arc Furnace (EAF) 

(Ljusbågsugn) The furnace producing the EAF slag (ugnsslagg) in a steel work.  

 

Ladle slag 

(skänkslagg) The slag from the ladle furnace (LF) after tapping from EAF.  

 

KM 

Sensitive land use, having Swedish generic soil guideline values. 

 

MKM  

Less sensitive land use, having Swedish generic soil guideline values.  

 

PAH 

poly aromatic hydrocarbons 

 

Elements 

 Hg (mercury) 

 Pb (lead) 

 Cd (cadmium) 

 Cr (chromium)  

 As (arsenic) 

 Zn (zinc) 

 Cu (copper) 

 Ni (nickel) 

 Mo (molybdenum) 

 V (vanadium) 
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1 Introduction 
Harbours are normally placed in areas where they can provide protection for ships and good 

connection for transportation between sea, road and railroads (Naturvårdsverket, 2003). Areas 

for handling goods, storage and industrial activities are also common in connection to 

harbours. The building of infrastructure to conduct these activities and keeping the shipping 

lanes clear often require dredging and landfilling. The sea-traffic can also cause erosion and 

stirring of sediments. Spillage and discharge on purpose or by accidents are also common in 

connection to harbours. In the case of Halmstad harbour, the lack of appropriate land for 

harbour activities induced reclamation of land in the middle of the 20th century. 

 

Anthropogenic activities like creation of waste, landfill and other discharges often result in 

contamination of land, water and atmosphere. These contaminations may result in risks to 

environmental, human and ecological health. Large cities and industry is a diffuse source of 

soil contamination, such as heavy metals and PAHs, through air deposition. Local 

contaminations are commonly from industrial plants, landfills, waste disposals and/or from 

fertilisers and pesticides from agriculture (Taradellas et al. 1997). These risks can be 

evaluated, considered and handled via a risk analysis. 

1.1 Contaminated soil  

Many pollutants are threatening the environment, they are often divided into organic and 

heavy metals/inorganic compounds. From an environmental point of view all metals and 

semimetals that can be harmful are often classified as heavy metals. The metals of greatest 

concern due to their extensive use, their toxicity and their widespread distribution is Hg 

(mercury), Pb (lead), Cd (cadmium), Cr (chromium) and As (arsenic) (Baird and Cann, 2012). 

Some other metals of concern are Zn (zinc), Cu (cupper) and Ni (nickel) (Warfinge, 1997). In 

this report focus is on Hg, Pb, Cd, Cr, Zn, Ni, Mo (molybdenum) and V (vanadium). Mo and 

V which are common in connection to alloys and steelworks and show fairly high levels in the 

land fill (Naturvårdsverket, 2006c) and Cr and Zn are included because of their high land fill 

concentrations. The other metals are included since they are of environmental concern. 

The contaminated soil may cause environmental and ecotoxicological effects as well as 

effects on human health (Taradellas et al. 1997). The pollutants may be hazardous in the soil, 

e.g. crops grown on contaminated soil may incorporate chemicals into the tissue leading to 

phytotoxicity and/or transfer of pollutants into food chain leading to potential adverse health 

effects on both animals and humans. The toxicant may also cause effects on the 

microorganisms and soil fauna. However, the risk for further dispersion of the pollution to 

other recipients must also be considered. This is often mediated by the hydrological cycle, e.g. 

percolation, i.e. infiltration of water through soil when the groundwater is formed. The 

groundwater is then transported to rivers, lakes, ponds and sea where it becomes surface 

water. This report focuses on environmental exposure of groundwater and surface water as 

recipients. The transport of compounds could give rise to contamination in other places but 

also lessen the concentrations and effect through e.g. dilution or sorption. In order to draw 

conclusions about the transport of the toxic chemicals, knowledge about its presence and 

distribution in the environment is needed. 

The time perspective in a risk assessment is important since some chemicals are more 

persistent than other. Organic pollutants can react and degrade, however the rate of 

degradation depends on factors like temperature, oxidizing properties, nutrients, pH, etc. For 

inorganic metal contaminants degradation is not possible, however reactions and 

transformation may occur yielding compounds with different properties which may be e.g. 

more or less soluble, mobile or bioavailable (Taradellas et al. 1997, Baird and Cann, 2012).  
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The transport and distribution of contaminations in environment depends on several factors 

such as erosion, leaching (Asante-Duah, 1998), the properties of the pollutant and the soil, 

heterogeneity and possible channelling in the soil, physical chemical properties, such as 

solubility, polarity, vapour pressure, degradation, its partitioning into different phases and 

physical environment. For example a low permeable cap over a contamination can lower the 

percolation and also the leaching of contamination. Soil often consists of the solid soil 

particles, the liquid (commonly water), the soil atmosphere and biota. The soil properties such 

as composition, organic matter, soil enzymes, pH, clay content, particle size should also be 

considered (Taradellas et al. 1997). Some common phase transfer processes for pollutants are 

between the contaminant and water (solubilisation, precipitation), between water and gas 

phase (volatilisation, condensation) and between solution and solid phase (sorption-adsorption 

and desorption).  

 

1.1.1 Mobility of contaminants 
Metals in the soil-, surface- and ground-water can occur either as bonded to suspended or 

colloidal material (organic or inorganic) or dissolved in liquid (Naturvårdsverket, 2006c). 

Soluble compounds are most common in soil- and groundwater, while the suspended material 

can make a significant contribution in rivers and lakes. Soluble metals appear as cation 

complexes (e.g. Pb
2+

, Zn
2+

), with either water molecules (common water solution) or some 

inorganic or organic molecules coordinated, or as anions (e.g. MoO4
2-

). 

Precipitation of metals can occur in the presence of e.g. sulphides, carbonates (at high pH), 

oxides, hydroxides, sulphates and phosphates. Adsorption in the form of complexation 

between the soil particle surface and metal is an important process and it is strongly 

depending on pH (Naturvårdsverket 2006c). Partitioning coefficients can be used to correlate 

concentrations in different environmental compartments (Asante-Duah, 1998). The basic 

assumption is that the distribution of chemicals is driven by equilibrium processes (this is 

seldom the case since environment is constantly changing). The partitioning coefficient can 

then be used to predict the concentration in the media of interest, such as soil, sediment, water 

or biota. Modelling can be used to assess the transportation and exposure of chemicals. 

1.1.2 Swedish guideline values for contaminated soils 
The situation for metals in soil as described above is complex, one of the most common 

analysis for characterisation of metal contaminated soils is total metal content in mg/kg TS 

(total solids). The Swedish generic guideline values for metal investigated in this report have 

been derived for two different types of land use, sensitive land use (KM) and less sensitive 

land use (MKM) (Naturvårdsverket, 2009a) and for classification of hazardous waste (Avfall 

Sverige, 2007)(Table 1). KM offers a greater protection to humans and ecosystem compared 

to MKM (Naturvårdsverket 2009a). In short KM is used for living areas and MKM for 

industrial areas.  

The guideline values are calculated risk concentrations. The guideline values consider human 

exposure (e.g. through drinking water, oral exposure, vegetables), protection of groundwater, 

protection of surface water and protection of microorganisms in soil. At concentrations below 

the guideline values the risk of negative effects on each receptor is considered to be low.  
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Table 1. Comparisons of guideline values for land fill concentration (Naturvårdsverket, 2009, Avfall Sverige, 2007). 

element KM MKM hazardous 

waste 

 Guideline values 

mg/kg 

Pb 50 400 2 500 

Hg 0.25 2.5 1 000 

Zn 250 500 2 500 

Ni 40 120 1 000 

Cr 80 150 10 000 

Mo 40 100 10 000 

V 100 200 10 000 

Cd 0,5 15 1 000 

 

1.1.3 Leachate tests 
The total content is difficult to use for prediction of the environmental impact and risks. Some 

of the metal may be incorporated in the mineral structure with very low solubility while other 

is more easily available. In order to be able to predict how much of the contamination that can 

be dissolved in short- and medium-term and thus are available in the environment, some kind 

of leachate test could be used to evaluate the environmental risk for waste and landfills.  

Leachate tests simulate how much metal is released from a material through percolation. The 

leachate test of a waste also classifies it into different classes, inert waste, non-hazardous 

waste or hazardous waste and defines in which landfill the waste can be deposited onto or 

into. The guideline values are given in NFS 2004:10.  

 

In a leachate test the L/S ratios indicate the liquid/solid ratio between fluid/water and solid 

sample/waste. The most common ones include an L/S (liquid/solid) ratio of 0.1 and 10 and 

uses pure water, e.g. SS-EN 12457-3 and SIS-CEN/TS 14405 (NV 5536, Naturvårdsverket 

2006c). The lower L/S ratios simulate the short term behaviour and higher L/S ratio indicates 

the longer term leakage. Comparison of the leachate concentrations of the contaminants with 

the threshold values, results in classification of the waste (Table 2). Leachate concentrations 

can in combination with the flow also be used to calculate total amounts of released 

components and in combination with the content in the soil the partitioning coefficient, Kd, 

can be calculated.  

There are several other methods for testing leachate from solids based on different pH and 

different solid/liquid ratios and different contact times. Some examples of application on 

short- and long-term leaching tests were given by Özverdi and Erdem, 2010. They have 

studied variation in parameters such as contact time, L/S ratio, presence of organic solution 

and acidity (to simulate acid rain). 

Procter et al, 2000, conducted an investigation of e.g. metal concentration, leachate and 

partitioning coefficients of three different types of slag from 58 different steel works in USA 

and Canada. The metal concentrations for several metals in slag are higher than typically 

found in soil and rocks. However, they found that leachate tests often result in the slag being 

classified as inert waste. Kd values (partitioning coefficients, slag-to-water) for metals in slag 

are often higher than the values commonly found in soil. This indicates that the metals in the 

slag are less mobile and less likely leach to environment than metals commonly found in the 

soil (Proctor et al.2000). Steel-industry slags are alkaline, producing water leachate with a pH 

of approximately 11.The high pH is one reason for the low mobility of the metals (i.e. 

leachability) of metals in slag. However as described below Cr, Mo and V usually show a 
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higher mobility at high pH and it is important to consider the ecological effects of the leachate 

from the slag, particularly when the dilution volume is limited in surface water and 

groundwater bodies (Proctor et al.2000).  

Some disadvantages with leachate tests are the differences with the field properties e.g. redox 

properties, the ion strength and pH in the liquid used, erosion and liquid-solid contact time. Kd 

is also assumed to be linear over the concentration interval of interest and that equilibrium 

prevails, which may not always be true (Leeuwen, & Vermeire, 2007). 

1.1.4 Swedish guideline values for ground- and surface water   
Another way to estimate the exposure is to investigate the recipient, this can be measurements 

of concentration in e.g. groundwater, surface water and/or biota. Comparison can be made 

with guideline values (Table 2). EU’s framework directive, 2013/39/EU, 2013, is aiming for a 

sustainable management and conservation of water, maintaining a good ecological and 

chemical quality. E.g. groundwater should be of drinking quality and safe for humans. In 

Sweden this directive is implemented in HVMFS 2015:4. 

 
Table 2. Guideline values in µg/l for metals in groundwater in Sweden (SGU-FS 2008:2) and annual average for 

surface water (2013/39/EU, 2013 and HVMFS 2015:4). 

Element Groundwater  
guideline values 

(µg/l) 

Inland surface 
water, annual 

average 
(µg/l) 

Other surface 
water, annual 

average 
(µg/l) 

Biota 
wet weight 

(µg/kg) 

As 10 - -  

Cd 5 0.08-0.25 0.2  

Pb 10 1.2 1.3  

Hg 1 0,07 a 0.07 a 20 

Zn - 5.5 1.1-3.4  

Ni - 4 8.6  
a
maximum allowable concentration 

 

1.2 The Metals 

A short presentation of the investigated metals Hg, Pb, Cd, Cr, Zn, Ni, Mo and V is given 

below (Naturvårdsverket, 2006c). Appendix 3 gives some guideline values regarding the 

different health effects (Avfallsförordning 2011:927, directive 2001/118/EU). 

1.2.1 Mercury (Hg) 
Largest anthropogenic source of Hg is from the burning of fossil fuels. High levels of Hg in 

fishes from lakes are the largest problem since methyl mercury dissolves in fat. Hg damages 

the central nervous system, brain and kidneys. The bonding to organic matter and sulphides 

are strong. Hg as a metal is volatile. Transportation as dissolved humus complexes. Average 

concentration in agricultural land in Sweden is 0.043 mg/kg and 0.067 mg/kg in earth crust 

(Naturvårdsverket, 2006c).  

1.2.2 Lead (Pb) 
Largest current anthropogenic sources of Pb are in glass, defence and in accumulators. Pb 

contamination has decreased since the use of leaded gas stopped. Incineration and leakage 

from landfills also causes the contamination. Pb damages the central nervous system, inhibits 

learning and intellectual development and may cause cardiovascular diseases. The bonding to 

organic matter, other metal oxides and sulphides are strong. Transportation as dissolved 

humus complexes or bonded to oxides or humus particles. Average concentration in 



5 

 

agricultural land in Sweden is 17 mg/kg and 10 mg/kg in earth crust(Naturvårdsverket, 

2006c). The concentration in a simulated typical soil according to Swedish environmental 

protection agency (Naturvårdsverket, 2007) is 37 mg/kg. 

1.2.3 Cadmium (Cd) 
The sources of Cd are from e.g. PVC-plastic, alloys, fertilizers and fossil fuels. Cd is toxic to 

animals, fishes and carcinogenic. Bonding to organic matter, carbonate and metal oxides at 

high pH. High solubility and mobility at low pH but strongly bonded to the soil at high pH 

and anaerobic conditions. Average concentration in agricultural land in Sweden is 0.23 mg/kg 

and 0.15 mg/kg in earth crust (Naturvårdsverket, 2006c). The concentration in a simulated 

typical soil according to Swedish environmental protection agency (Naturvårdsverket, 2007) 

is 0,11 mg/kg. 

1.2.4 Chromium (Cr) 
Some sources of Cr are from alloys and from steel production and leather. Cr can cause lung 

cancer, Cr(VI) is more toxic than Cr(III). Carcinogenic. Bonded to organic matter, other metal 

oxides in soil and as CrO4
2-

 and Cr(III) complexes in water. Adsorbed to oxides at pH<6 

otherwise high solubility and mobility. Transportation as dissolved humus complexes or 

bonded to oxides or humus particles. Average concentration in agricultural land in Sweden is 

20 mg/kg and the approximate concentration in earth crust is 140 mg/kg (Naturvårdsverket, 

2006c).  

1.2.5 Zinc (Zn) 
Zinc is used in large quantities, the yearly production is 10 million tons/year. Zinc is an 

essential element and shows a low toxicity on mammals, however 25µl/l have been suggested 

as a level where 95% of the species in water is protected. Strong bonding to organic matter at 

pH > 6. High solubility and mobility at low pH but strongly bonded to the soil at high pH. 

Average concentration in agricultural land in Sweden is 59 mg/kg and 79 mg/kg in earth crust 

(Naturvårdsverket, 2006c). The concentration in a simulated typical soil according to Swedish 

environmental protection agency (Naturvårdsverket, 2007) is 115 mg/kg. 

1.2.6 Nickel (Ni) 
The sources of Ni is from e.g. fossil fuels and alloys. Ni is toxic to animals, causes allergies 

and is carcinogenic. Bonding to organic matter, carbonate and metal oxides at high pH. High 

solubility and mobility at low pH but strongly bonded to the soil at high pH. Average 

concentration in agricultural land in Sweden is not determined and 90 mg/kg in earth crust 

(Naturvårdsverket, 2006c). The concentration in a simulated typical soil according to Swedish 

environmental protection agency (Naturvårdsverket, 2007) is 30 mg/kg. 

1.2.7 Molybdenum (Mo) 
The source is from e.g. ashes, pharmaceuticals and alloys. Mo is essential to plants, however, 

to high uptake competes with Cu and may cause deficiency in Cu uptake. Toxicity is not well 

documented. Non carcinogenic. Adsorbed to metal oxides at low pH. High solubility and 

mobility at high pH but strongly bonded to the soil at low pH. Average concentration in 

agricultural land in Sweden is not determined, however, the approximate concentration in 

earth crust is 1,1 mg/kg (Naturvårdsverket, 2006c).  

1.2.8 Vanadium (V) 
The source is from e.g. ashes and in slag from steel works. Soil microorganisms activity is 

inhibited by V. Non carcinogenic. Adsorbed to metal oxides at pH<10. High solubility and 

mobility at pH>10 but strongly bonded to the soil at low pH. Average concentration in 
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agricultural land in Sweden is not determined, however, the approximate concentration in 

earth crust is 190 mg/kg (Naturvårdsverket, 2006c).  

1.3 Risk Analysis 

The risks described above can be evaluated, considered and handled via risk analysis. In a risk 

analysis the  effect, concentration and distribution is investigated. Decisions are then made on 

how to handle the contamination and if remediation is needed (and possible). Risk analysis is 

a multidisciplinary field and should be a transparent and iterative process, containing the three 

parts given in Figure 1 (Leeuwen, & Vermeire, 2007). 

 
Figure 1. Risk analysis and the three processes included (Leeuwen, & Vermeire, 2007) 

Risk assessment is often considered to be the first step of risk analysis, and often include 

(Figure 2): 

1. Hazard identification, the process of determining whether exposure can cause adverse 

health or environmental effects 

2. Effect assessment, the process of characterizing the relationship between dose and the 

incidence of adverse health or environmental effects 

3. Exposure assessment, the process of measuring and estimating the intensity, duration and 

frequency of human and environmental exposure 

4. Risk characterization, the process of estimating the incidence of health and environmental 

effects under the various conditions described by the exposure assessment 

Risk Analysis 

Risk 
manage-

ment 

Risk 
Assessment 

Risk 
commun-

ication 
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 Figure 2. Risk assessment and its major elements (Leeuwen, & Vermeire, 2007) 

Risk assessment is seldom straight forward and can be performed by using several different 

approaches and methods.  

1.3.1 Exposure Assessment 
This thesis will focus on the hazard identification and exposure assessment of land fill in 

"Area C" in Halmstad harbour (Figure 3). The most critical metals in Area C with high levels 

in the landfill have been identified as Cr, Zn, Mo and V (ÅF, 2010). It may also contain 

significant amounts of other harmful heavy metals like Pb, Cd and Hg, which can cause 

hazard and environmental problems. This report compares two different ways to estimate the 

metal exposure (load of contaminant) to the recipient (pond→sea) via groundwater from the 

filling material in Area C. The groundwater concentrations and the slag leachate test have 

been used for a comparison. 

 
Figure 3. Overview of the location of Area C and the recipient pond (Google earth, 2015). 

Risk 
Assessment 

Hazard 
Identification 

Exposure 
Assessment 

Effect 
Assessment 

Risk 
Characterisation 

Area C 

Recipient pond 
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Factors of interest to study are: 

Hazard identification  

 Measured concentrations in the landfill/slag 

 Area and volumes of the landfill 

 Water flows and water volumes percolating through the area 

Exposure assessment and risk characterisation 

 Leachate concentrations both from leachate tests and actual measured concentrations 

in the recipients 

 Correlation between leachate tests and measured concentrations in the groundwater 

 Total amounts of released metals 

Modelling, extrapolation and calculations have been used to fill gaps in data and knowledge 

in the above factors. Since there is a lack of both data and knowledge, modelling, 

extrapolation and calculations have been used in order to fill in these gaps. 

1.3.2 Limitations  
This assessment only includes 

1. Area C within the harbour land fill  

2. The sample depth sampled as described in the field protocol 

3. The metals (Pb, Hg, Zn, Ni, Cr, Mo, V, Cd) from the slag 

4. Leachate in the form of groundwater and leachate tests on slag to the recipients (pond 

which has a connection to the sea)(Figure 3). 
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2 Methods 
No new primary data has been measured for this report.  Instead, it is based on available data 

from previous measurements and reports. This data includes the amounts of deposited slag, 

land fill concentrations, the slag concentrations, leachate tests on the slag, metal concentration 

in groundwater and percolation of rain in Halmstad harbour.  

From the measure land fill metal concentrations weighted values for the whole land fill have 

been calculated considering the distance, and thus the volume, between sampling points. The 

percolation information was used to estimate how much groundwater that is formed from the 

area, passing through the fill volume. The collected data on slag concentrations with the 

corresponding leachate tests were used to calculate Kd from the slag data. The land fill 

concentrations and the groundwater concentrations were used to calculate another Kd value. 

The Kd values was then together with the concentrations in the land fill and the percolated 

water used to calculate how much metal that is leaching from the area on an annual basis. 

Two ways to assess the exposure from available data have been used: 

 The groundwater concentrations together with the estimated infiltration 

 The land fill concentrations together with the partitioning coefficient for slag data 

This chapter aims to describe the methods used in the exposure assessment as well as 

describing the area and the slag.  

 



10 

 

2.1 Area description 

History and background for Halmstad harbour land fill and the slag 

Information about the land fill in Halmstad was found during this project in environmental 

reports, history description, protocols etc. A summary of these results is presented in appendix 

1. Information and reports have been given by the companies WSP (personal communication, 

Camilla Friberg) and Höganäs AB (personal communication, Pernilla Nydahl). 

Reports/protocols from Halmstad municipalities and HEM (Halmstad energy and 

environment, personal communication, Angelica Quintana) have also been read.  

The old merchant port in Halmstad was originally built along the river Nissan and several 

docks were built (Figure 4).  

 

 
Figure 4. Map over Halmstad harbour 1855 (Vöbam 2015-03-17). 

In the 1880s the existing 700 m breakwater (Figure 5) was built and at the turn of the century 

(1800-1900) a connection to  Östra Stranden (the eastern beach) was constructed.  
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Figure 5. Map over Halmstad harbour 1920-1930 showing the water breaker (Personal communication ,Camilla 

Friberg, WSP). 

In the 1950s, when there was no more dock opportunities along the Nissan, the municipalities 

in Halmstad decided to start the construction of “östra hamnbassängen” (the east dock). 

Water court approvals for water operation have been given 1966, 1973, 1984, 1993 and 2003 

with the final water operation permission ending at 2012 (appendix 1). 

Some of the land fill material reported (in Area “C”?) has been dredge spoil and construction 

waste  as well as industrial waste from  Pilkington (glass production), Lundgrens gjuteri 

(casting shop) and Halmstad Järnverk AB (steel work) which later became Höganäs AB. In 

this report the focus is on the metal exposure from steel work slag deposed in Area C (Figure 

6).  

Reporting on illegal deposition has also occurred within the harbour land fill as well as 

remediation of some hazardous waste (appendix 1).  

 
  



12 

 

 

 

 
 

Figure 6. Overviews of land fill area in Halmstad harbour, with the position of Area C (Karta Halmstad, 2015). 

C 

C 

C 
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Thus, the land fill has mainly been created in stages since ca 1950 as described above. In total 

the land filled area is approximately 420 acres with a coastline of 4300 m. The maximum 

depth of the land fill is assumed to be about 10 m in the southwest, but locally where sand has 

been used for other purposes it can be as deep as 20 m. The surface of the land is about 2 m 

above sea level and is occasionally flooded  when stormy weather and winds from the west 

are combined. 

Since the harbour area has been created over a long time period through land filling and 

deposition it has become a heterogeneous area with a wide variety of materials and soils. The 

content of the land fill is more or less well known and characterised. Documentation of 

general properties and position of the filling material  is available (Figure 7 and WSP, 2009). 

However, detailed knowledge and information about the filling materials, its properties and 

environmental effects is still lacking for large areas of the land fill. One of the most well 

characterised areas is Area C (Figure 6 and Figure 7) which contains i.a. the metal rich slag 

from Höganäs AB. The Höganäs slag has been used in the land fill between 1992 and 2012. 

Other material from other companies, such as  steel companies Fundia and Halmstad Järnverk 

AB, has previously also been used in the land fill between 1970-1990. The total depth is not 

exactly known since dredging and use of sand from the seabed has been common in the area 

(Höganäs AB, Holmqvist, 2010-12-22). The field protocol from the sampling pits (personal 

communication, April 2015, Camilla Friberg, WSP) in Area C indicate reasonably good 

correlations between the yearly environmental reports from Halmstad municipalities and 

HEM (see description in appendix 1 and 2). The vast part of the land fill in Area C consist of 

slag, tile, sand, rubble, stones and clay but also glass, concrete, porcelain, ashes, bitumen and 

metal waste.  

 

 
Figure 7. Different compositions of the landfill (WSP, 2009). 
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Figure 8. The evaluated Area C measures 60850 m2, the sampling points are shown on the map, paved areas are 

shown as blue squares. 

2.2 Characteristics of deposited slag material 

During steel production about 2–4 tons of wastes are generated per ton of steel (Das et al., 

2007). Solid wastes from the steel plant is in the form of slags and sludges, such as, blast 

furnace slag, blast furnace flue dust and sludge. The blast furnace slag has historically been 

used in landfills, however, more recently deposition is considered to be less attractive. Other 

uses have been investigated and some are in use and some are still under development. Some 

examples  include; fill, preparation of materials such as ceramic glass, silica gel, ceramic tiles, 

bricks, concrete constructions, road base, landscape erosion control, near water bodies for 

bank stabilization and in farm fields to condition the soil (Proctor et al., 2002). Research on 

the use of slag for removing phosphorus from wastewater, storm water and wetlands is also 

ongoing (Johansson Westholm, 2010 and Okochi & McMartin, 2011). The composition of 

these materials is mainly inorganic but varies depending on the source of generation. It 

normally contains some recoverable resources such as iron, calcium, zinc, lead.  

Components made by Höganäs metal powders can be used in different applications such as 

welding, metallurgical and chemical processes, friction or iron fortification (Höganäs AB, 

2015). Höganäs AB in Halmstad produces iron powder and EAF (Electric Arc Furnace) slag 

which is generated as a by-product ((EG) nr 1907/2006) when lime is added to the process. If 

the slag is used as a waste it is classified as inert waste according to the leachate tests 

(Jonsson &Terne, 2014).The alloy composition of the steel can then be changed in the ladle 

furnace (LF) after tapping from EAF. The grain density of the slag is 3.5 tons/m
3
 and the bulk 

density is between 1.4 and 1.7 tons/m
3
. Three main minerals have been identified in the slag 

Larnite (2CaO*SiO2), Wüstit ([Fe,Mg]O) and Brownmillerite (Ca2[Al,Fe]2O5). Other 

unwanted trace elements also end up in the slag, such as heavy metals that may possess an 

environmental threat. The chemical composition of the slag from Höganäs is slightly different  

compared to other steel plants by having a higher content of iron and magnesium oxides and 

less silicon oxides. The Höganäs AB slag also shows a higher porosity and a lower strength of 

the material as compared to other slags (Jonsson &Terne, 2014). 

C 
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2.3 Concentration of slag in land fill 

The total volume of the reported deposed slag material, from Table 3 assuming a density of 3 

tonnes/m
3
, is 149733 m

3
. The total investigated area of Area C is 61000 m

2
 (=6.1 ha) and 

since some of the sampling points are outside the total area included in the calculation is 

66449 m
2
. The sampling depth is between 1 and 4 meters with an average of 2.6 m. In total 

the investigated volume, based on area and average depth  is 173800 m
3
.  

It is not well documented that all the slag has been placed within Area C so the exact depth of 

the land fill is not known. Slag quantity data has not been found for all years meaning that the 

exact amounts and quality of the data is not known (Table 3). Information about the bulk 

density in the land fill has not been found and general values for soil and slag have been used. 

Another way to estimate the slag content was from the field protocol where the position of the 

slag content in the protocol (appendix 2). If slag was in the first position the amount was 

estimated to be 50 %, if it was in the second or third position it was assumed to be 25 %. The 

fourth or higher position was estimated to be 10 % slag content and if not mentioned in the 

field protocol the levels were assumed to be 0%. 

The last method to estimate slag content was from the iron content. The iron content in the 

EAF slag is 23.0 % and the ladle slag 15.7 %, as analysed at Höganäs AB between 2009 and 

2011. The average iron concentration, 19.3 %, was used to calculate the assumed content of 

slag in the land fill from the measured land fill iron concentration. This method assumes that 

no other iron rich land fill have been used in the area. The iron content in soils around 

Halmstad is about 5% (SLU, 2015). 

2.4 Leachate tests on the slag 

Data from the EAF-slag analysis have been obtained for 2003 and 2014 (method for 2003 not 

given but probably similar to 2014). The analyses have been performed according to NFS 

2004:10 with two types of leachate tests for slag particles <10mm. 

1. A percolation test in column (CEN/TS 14405). The method is used to determine the 

leaching behaviour of inorganic elements from granular waste. The waste is packed in 

a column and subjected to slow percolation with deionised water from the bottom of 

the column until specified L/S ratio is achieved. The waste is thus leached under 

hydraulically dynamic conditions. The leachate fluid is then filtered and the 

concentrations determined. 

2. A test where the waste is shaken with a liquid (EN 12457-3). A sample is sieved or 

ground to a particle size < 4 mm and shaken with deionized water in two steps: first at 

L/S 2 for 6 hours and then at L/S 8 for 18 hours. The total leaching time is 24 hours 

and the accumulated L/S ratio is 10. After filtering, the eluates are characterised 

physically and chemically. This European Standard has been developed to investigate 

inorganic constituents from wastes. Crushing material creates new and larger surfaces 

that can be exposed which may change the leaching properties. 

The column test describes the percolation when the material is exposed to rain, where L/S0.1 is 

closer to the initial leaching process and L/S10 corresponds to the continuous for a longer 

period. The shaking extraction is a more rough method where the liquid and the solid is 

shaken/stirred together for 24 hours and corresponds more to the long term effect of leaching. 

The time period, t, corresponding to the L/S ratio can be estimated according to eq. 1 as 

described by Naturvårdsverket, 2006b: 

 

𝑡 = 𝑡0 +
𝐿/𝑆×(𝐻×𝐴×𝑑)

(𝐼×𝐴+ 𝑄𝐺𝑉) 
                              [eq. 1] 
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t0 = time for the infiltrated water to pass the soil (years) 

L/S = liquid:solid ratio used in lab test (m
3
/kg) 

H = the thickness of the soil (m) 

A = the area of the contaminated land (m
2
) 

d = bulk density (kg/m
3
) 

I = infiltration (m/year) 

QGV = the amount of groundwater passing the area 

 

Other parameters that may influence the leaching of metals in addition to the solid liquid ratio 

and particle size are; pH and solutes in the liquid, what solid phase compound and form the 

metals are bonded in and its solubility, redox conditions and time of contact between liquid 

and solid. 

2.5 Partitioning Coefficient 

The partitioning coefficient, Kd was calculated as: 

 

𝐾𝑑 =  
𝐶𝑠𝑜𝑖𝑙

𝐶𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

                                         
[eq. 2] 

 

Kd = partitioning coefficient (l/kg) 

Csoil = weighted metal concentration in soil/material (mg/kg) 

Csolution = metal concentration in solution (mg/l) 

2.6 Current use of Area C 

HEM (Halmstads Energi och Miljö AB, Halmstad energy and environment) is the current 

operator within Area C. Examples of activities are sorting and grinding of material such as 

soil, gravel and stones. Short time deposition of inert waste for construction purposes, 

cleaning or biological remediation of contaminated soil and composting are also allowed 

within the area. 

2.7 Description of the investigated volume and calculation of land fill 

concentrations 

Raster, grids, triangulated irregular networks (TIN) and vector data is commonly used in GIS 

software in order to describe surfaces. TIN is often used to interpolate elevation of land 

(Pistocci, 2014). However, it should also be possible to use a similar methodology to describe 

chemical variation in a land mass. Only the area calculations have been performed using GIS 

software, the remainder of the calculations were done manually in Excel.  

The area was divided into 29 irregular triangles created by drawing straight lines between the 

sample points (Figure 9, appendix 2). The triangles were named from A to Z (plus AA, BB 

and CC, i.e. 29 triangles). The edge areas not covered by triangles were defined by the sample 

points closest to the edges (alpha and beta). The areas for the different triangles were 

calculated in the Arc GIS software.  
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Figure 9. The triangles used in the calculations of land fill concentrations and weighted values. 

The field protocol was used to create irregular prisms for the whole investigated volume. The 

sampling depths (d1 and d2 in Figure 10) were not the same for all sampling points, but from 

these, two contiguous volumes, were created, the top volume and the bottom volume. The top 

volume depth was selected as close as possible to d1 =1.5 m but varied between 1 and 1.9 m. 

This was done in order to use as much data as possible and to get a representative 

concentration in each prism. The bottom volume was the rest of the investigated depth. In 

these prisms the volumes were calculated by simple geometry. The metal concentrations in 

the prisms were estimated by first calculating the average from the samples (s1..n) taken in 

each point within the studied depth (e.g. average for s1, s2 and s3 in point C1201 gave the top 

concentration and average of s4 and s5 gave the bottom concentration in sample point C1201, 

Figure 10). The average concentration from each corner point of the prisms yielded the 

concentrations in the top volume and the bottom volume for all prisms covering the whole 

investigated volume.  From these values it would be possible to calculate the environmental 

exposure from each prism. However, this study focuses on the total load of Area C and 

therefore the weighted concentration was calculated for the whole area by using the estimated 

concentration and the proportional volume of each prism (assuming the same density). 

 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =  ∑ (𝐶𝑝𝑟𝑖𝑠𝑚 (𝑖) ×  
𝑉𝑝𝑟𝑖𝑠𝑚 (𝑖)

𝑉𝑡𝑜𝑡𝑎𝑙

𝑛
𝑖=1          [eq. 3] 

 

i = number of prism 

n = total number of prism 



18 

 

Cprism = calculated metal concentration in a prism 

V prism = volume of a prism 

V total = total volume of investigated area 

 

 

Figure 10. Illustration of a prism used for calculation of the volumes and the corresponding metal concentrations 

C1201, C1202 and C1220 represent the sampling points from the field protocol also shown in fig XX. d1 represent the 

top depth chosen as close as possible to 1.5 m from the sampling depths s1-sn (n=total number of depths sampled at one 

point). d2 represent the investigated depth below the top depth.  

2.8 Exposure calculations 

It is assumed that the infiltration of rain is 675 mm/year as described below. This corresponds 

to 675 l/m
2
. Since the total area included in the investigation is about 66500 m

2
 this will every 

year yield 44 900 000 l (=44 900 m
3
) as a calculated average. 

The total annual exposure from groundwater, E (in kg) from Area C can be calculated as: 

 

𝐸 = 𝑉 ×
𝐶𝑠𝑜𝑖𝑙

𝐾𝑑

                                                
[eq. 4] 

 

Kd = partitioning coefficient (l/kg) 

Csoil = metal concentration in soil/material (mg/kg) 

V = volume groundwater formed (l) 
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3 Results 

3.1 Slag characteristics 

The slag volumes found in different reports are summarised in Table 3. The total reported 

volume is 149733 m
3
 corresponding to ca 450000 tons. The annual variation is large, possible 

due to variation in production and raw material. 
 

Table 3. Reported slag volumes in environmental reports or from personal communication (Camilla Friberg, WSP). 

Year Volume or mass 

reported 

Volume   

(density=3 tons/m
3
) 

 

1972 58 000 tons 19300 m
3
 Halmstad Järnverk AB 

1984 60 000 tons 20000 m
3
 Halmstad Järnverk AB 

1985 60 000 tons 20000 m
3
 Halmstad Järnverk AB 

1987 600 m
3
 600 m

3
 Halmstad Järnverk AB 

1988 500 m
3
  500 m

3
  Halmstad Järnverk AB 

1989 400 m
3
 400 m

3
 Halmstad Järnverk AB 

1990 No available data   

1991 No available data   

1992 No available data   

1993 No available data   

1994 No available data   

1995 7175 m
3
 7175 m

3
 Höganäs AB 

1996 6600 m
3
 6600 m

3
 Höganäs AB 

1997 5800 m
3
 5800 m

3
 Höganäs AB 

1998 5475 tons 20000 m
3
 Höganäs AB 

1999 5268 tons 1800 m
3
 Höganäs AB 

2000 13890 tons 4630 m
3
 Höganäs AB 

2001 15000 tons 5000 m
3
 Höganäs AB 

2002 13400 tons 4500 m
3
 Höganäs AB 

2003 13400 tons 4500 m
3
 Höganäs AB 

2004 No available data   

2005 44537 tons? 14800 m
3
 
a
 Höganäs AB 

2006 4011 tons? 1300 m
3 a

 Höganäs AB 

2007 No available data   

2008 No available data   

2009 10284 tons 3428 m
3
 Höganäs AB 

2010 15519 tons 5200 m
3
 Höganäs AB 

2011 12571 tons 4200 m
3
 Höganäs AB 

2012 No available data   
a 
Included in HEM’s yearly environmental report but not specified as slag. 

  



20 

 

Data of metal content in Höganäs AB EAF slag and ladle slag including trace elements has 

been found for 2009 until 2011 (three years, Table 4) and for 2003 (Table 5). No information 

of the proportions of the slag has been found, therefore, a 50/50 mixture has been assumed 

and the average concentrations of the EAF slag and the ladle slag have been used. 

Table 4. Average slag content analysis for 2009, 2010 and 2011, concentrations given in mg/kg (Personal 

communication April 2015, Pernilla Nydahl, Höganäs AB)  

Element EAF slag, 

mean 

concen-

tration 

2009-2011 

SD coefficient 

of 

variation= 

SD/Mean 

Ladle slag, 

average 

total 

concen-

tration 

2009-2011 

standard 

deviation 

coefficient 

of 

variation= 

std/average 

Average for 

EAF slag 

and Ladle 

slag 2009-

2011 

 %   %   % 

Fe 230000 38600 2000 156500 51600 3300 193300 

Zn 130 60 4800 130 100 7600 130 

Ni 10 0 3700 30 20 8600 20 

Cr 2880 740 2600 1640 1300 7900 2260 

Mo 20 20 7300 80 80 10300 50 

 ppm or 

mg/kg 

  ppm or 

mg/kg 

  ppm or 

mg/kg 

Pb 2.76 1.45 0.53 4.02 3.59 0.89 3.39 

Hg 0.03 0.005 0.19 0.027 0.005 0.19 0.027 

Cd 0.03 0.006 0.21 0.028 0.004 0.14 0.029 

 
Table 5. Slag content analysis 2003, concentrations given in mg/kg (Personal communication, April 2015, Camilla 

Friberg, WSP) 

Element EAFslag Ladle slag Average for EAF slag and 

Ladle slag 2003 

Fe 17.8 9.51 136550 

Zn 0.0324 0.0658 491 

Ni 0.00108 0.00399 25.35 

Cr 0.108 0.124 1160 

Mo 0.0017 0.00176 17.3 

Pb 2.55 3.29 2.92 

Hg <0.1 <0.1 <0.1 

Cd 0.217 <0.1 0.217 

 

Results from the leachate tests from the investigated metals performed 2003 and 2014 are 

presented in Table 6 and Table 7. 

The time period, t, corresponding to the L/S ratios used was calculated according to eq.1. The 

infiltration time (t0) through the land fill volume is assumed to be fast since the material is 

coarse and the groundwater  level is fairly high. Thus, t0 is assumed to be negligible. L/S is 

either 0.1 or 10 l/kg (0.0001 and 0.010 m
3
/kg), the average thickness in the investigated land 

fill, H, is 2.6 m, the density is assumed to be 1800 kg/ton and the infiltration is assumed to be 

0.675 m/year. The investigated land fill volume is mainly above the groundwater level so QGV 
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is assumed to be negligible. Thus the L/S ratio 0.1 roughly corresponds to 0.7 year (8.5 

months) and L/S 10 to about 70 years. 
 

Table 6. Leachate concentration from slag stored 3-6 months outside, with L/S 0,1 and L/S 10 for a column leaching 

test (performed earlier than 2014 by ALS) and L/S 10 for a shaken sample (performed 2014 by ALcontrol) (Jonsson 

& Terne 2014). 

Element C0, L/S 0,1-

column/mg/l 

L/S 10-

column/mg/kg 

L/S 10-shaken/ 

mg/kg 

Cd <0.0001 0.0005 <0.0002 

Cr 0.00265 0.0199 0.093 

Hg <0.00002 0.0002 <0.001 

Mo <0.00389 0.0185 0.27 

Ni <0.001 0.00604 <0.005 

Pb 0.0204 0.00942 <0.002 

Zn 0.00649 0.0263 <0.03 

 
Table 7. Leachate concentration in slag (of unknown age) from Höganäs AB in Halmstad 2003 with L/S 0.1 and L/S 10 

for a column leaching test and L/S 10 for a shaken sample (Personal communication, Camilla Friberg WSP). 

Element C0, L/S 0.1-

column/mg/l 

L/S 10-

column/mg/kg 

L/S 10-shaken/ 

mg/kg 

Cd 0.001 0.001 0.001 

Cr 0.007 0.015 0.03 

Hg 0.0001 0.0003 0.0002 

Mo 0.3 0.1 0.1 

Ni 0.003 0.008 0.005 

Pb 0.01 0.028 0.03 

Zn 0.1 0.3 0.4 

3.2 Land fill characteristics 

The characteristics of the slag in the land fill has been described above, some sampling and 

characterisation has also been performed within the current Area C. Excavators have been 

used to dig sample pits and drilling has been used for the groundwater tubing used for 

groundwater sampling. In these points (Figure 8 and appendix 2) metal concentrations have 

been measured directly in the material with a handheld XRF (X-ray fluorescence) instrument. 

Some samples were also  sent away for lab analysis where the sample was dissolved and 

analysed. The XRF and the lab analyses showed good correlation and therefore the average of 

the two has been used for the further analysis (personal communication, April 2015, Camilla 

Friberg, WSP). In Table 8 the characteristics for some of the metals found in the land fill are 

presented as i.a. average, median values and values weighted with the corresponding volumes. 
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Table 8. Concentrations in mg/kg TS from land fill sampling average of XRF analysis and lab analysis (when 

available) for Cd all measured XRF results is Zero so these are not included in calculations, for the other metals 

measured zero values are included in calculations. Red indicates levels above hazardous waste, bold indicate levels 

above MKM and italics indicate measurements fulfilling the requirements for MKM, i.e. between KM and MKM 

(Table 1). 

 Pb 

XRF-

Lab 

Hg 

XRF-

Lab 

Zn 

XRF-

Lab 

Ni 

XRF-

LAB 

Cr 

XRF-

LAB 

Mo 

XRF-

LAB 

V XRF-

LAB 

Cd 

LAB 

number>0 69 43 93 81 93 91 93 14 

min 0 0 51 0 99 0 37 0.08 

max 897 6 39389 235 1213 190 539 2.00 

average 97 0.597 998 38 338 15 104 0.573 

median 13 0.000 252 27 316 5 82 0.273 

75 %-

percentile 

96 0.76 625.8 43.3 404 12.9 114 0.74 

weighted* 123 0.606 611 48 8018 13.9 106 0.10 

*Calculated with the prism method described above with [eq.2]. 

3.3 Land fill volume and land fill concentrations 

The land fill areas and volumes used to calculate the weighted concentration for the metal 

concentrations in the landfill are presented in Table 9and Table 10. 

. 
 
 

Table 9. Calculated area (A) for 

triangles and volumes (V) for 

prisms (Figure 9 and Figure 10). 

Triangle  A(m2) V(m3) 

A top 1327 1504 

A bottom 1327 1725 

B top 3750 4625 

B bottom 3750 5125 

C top 3095 3817 

C bottom 3095 4436 

D top 2884 3076 

D bottom 2884 5095 

E top 2142 2499 

E bottom 2142 4284 

F top 1103 1544 

F bottom 1103 1765 

G top 1646 2304 

G bottom 1646 2085 

H top 1706 2275 

H bottom 1706 2275 

I top 1796 2455 

I bottom 1796 3233 

J top 638 787 

J bottom 638 1127 

K top 2571 3428 

K bottom 2571 3685 

L top 2165 2887 

L bottom 2165 3248 

M top 3685 5528 

M bott. 3685 4913 

N top 3426 4796 

N bottom 3426 1485 

O top 2233 2828 

O bottom 2233 4243 

P top 1608 2358 

P bottom 1608 2466 

Q top 545 799 

Q bott. 545 836 

R top 2908 3877 

R bottom 2908 2908 

S top 2255 3007 

S bottom 2255 1879 

T top 1348 1977 

T bottom 1348 449 

U top 1210 1976 

U bottom 1210 403 

V top 1648 2307 

V bottom 1648 1263 

W top 1736 2199 

W bott. 1736 1562 

X top 1264 1601 

X bott. 1264 1980 

Y top 1400 2240 

Y bottom 1400 513 

Z top 651 846 

Z bottom 651 456 

AA top 1079 1295 

AA bott. 1079 863 

BB top 364 570 

BB bott. 364 643 

CC top 2291 3742 

CC bott. 2291 1527 

alpha top 7897 9740 

alpha 
bott. 

7897 13030 

beta top 4078 5593 

beta bot. 4078 5767 
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Table 10.The calculated weighted metal concentration from the land fill by using the described prism method. 

Element Concentration 

(mg/kg TS) 

Pb 123 

Hg 0.606 

Zn 611 

Ni 48.1 

Cr 8020 

Mo 13. 9 

V 106 

Cd 0.102 

3.4 Slag concentration in land fill 

If the total volumes of the reported deposited slag material between 1972 and 2012 were used 

as land fill within the investigated area the slag content would be 86 %.  

The calculation, as described above using the prism-method, for estimating total weighted 

concentrations of slag from field protocol and iron concentration were used The field 

protocol, together with the weighted land fill iron concentration, yields total weighted slag 

content for the whole volume by 24 %. The iron content method yields 13 % slag. 

3.5 Ground water characteristics 

Halmstad is a town on the west coast with a lot of rain due to humid sea winds  meeting cold 

air over land. The amount of rain is important when considering leaching and percolation. The 

yearly precipitation between 1961 and 2014 is between 600 and 1100 mm (Table 11). 

 
Table 11. The amount of rain in Halmstad harbour 

between 1961 and 2014. The map shows the rain in 

Sweden 2014 (SMHI, 2015). 

Year Yearly rain 
(mm) 

HEM's 
environmental 
reports (mm) 

1961-1990 700-800  

2000 800-900  

2001 700-800  

2002 900-1000  

2003 700-800  

2004 800-1000  

2005 800-900 999,7 

2006 800-1000 928 

2007 900-1100 1169 

2008 900-1000  

2009 600-800  

2010 700-900  

2011 700-900  

2012 800-900  

2013 600-700  

2014 800-900  

 

 



 

 Groundwater formation  not only depends on  precipitation but other factors such as; 

temperature, plants, evaporation, transpiration and soil type. In the investigated area there is 

no natural soil and almost no plants and there is also some paved surfaces used in the current 

activities which may reduce the infiltration (ca 10000 m
2
 within “Area C” according to 

Halmstad kommun, 2005). From this it is obvious that the uncertainties are significant both in 

calculations (Rodhe & Lindström et al., 2006) and from the conditions found in the harbour 

land fill. However, a lot of the material in the land fill within Area C is coarse (slag, sand, 

concrete, stones) and in order not to underestimate the infiltration, it is assumed to have the 

highest value, i.e. 675 mm/year for course material (Figure 11). The infiltration and ground 

water formation then determines how much leachate is produced from the area. 
 

 
Figure 11. Calculated ground water formation in three different soil (Coarse, moraine, and fine) types in Sweden. 

Average values between 1962-2003 calculated from precipitation and temperature data (Rodhe & Lindström et al., 

2006). The infiltration in Halmstad harbour is for coarse material 600-675 mm, for moraine material 525-600 mm and 

for fine material 450-525 mm. 

 Ground water tubing has been placed in the harbour land fill area in order to monitor the 

ground water. The sampling points that are of interest for Area C are shown in (Figure 12). 

The measured ground water concentrations are given in (Table 12). 
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Figure 12. Three ground water tubing GV4, GV5 and GV 6 within Area C. Two ground water tubing from the 

adjacent Biltema area BTGV6 and BTGV6 are also included since the assumed groundwater flow may transport 

solutes in that direction. 

Table 12. Measured groundwater concentrations (µg/l) and pH in the sampling points given in Figure 12. Numbers 

above guideline values in bold. 

Parameter Groundwater   
guideline 

values (µg/l) 

Area C 
(µg/l) 

Area C 
(µg/l) 

Area C 
(µg/l) 

Biltema 
(µg/l) 

Biltema 
(µg/l) 

   GV4 GV5 GV6 BTGV6 BTGV7 

 Date   2012-07-24 2012-07-24 2012-07-24 2008-06-26 2008-06-26 

pH  8.4 11.1 12 12.6 12.9 

Cd 5 0.01 0.066 0.015 <0.05 <0.05 

Cr  0.76 3.4 0.59 2.31 <0.5 

Hg 1 0.1 0.1 0.1 <0.02 <0.02 

Ni  0.88 11 25 13.1 22.7 

Pb 10 0.44 0.12 130 18.2 2.32 

Zn  2.7 1.7 9.8 27.9 28.4 

Mo  6.2 110 19   

V  9.6 59 0.94   

 

  

Biltema 

C 
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3.6 Partitioning Coefficient 

The partitioning coefficient, Kd, was calculated for the leachate tests performed in 2014 

(together with slag concentrations from 2009-2011) and 2003 (with the corresponding slag 

concentrations from 2003) and for the available groundwater concentrations measured at 2008 

and 2012 together with land fill concentrations (Table 4 to Table 8 and Table 12). The large 

variations in Kd results are presented in Table 13 to Table 15 together with guideline values. 

 
Table 13. Kd, in l/kg, calculated from leachate data 2014 and slag conc 2009-2011. Bold indicate values lower (higher 

leakage) than the guideline values in Naturvårdsverket, 2009a. 

 Kd (l/kg)  

(NV 5976) 

Kd (l/kg) 

(L/S 0,1-column) 

Kd (l/kg) 

(L/S 10-column) 

Kd (l/kg) 

(L/S 10-shaken) 

Pb 1800 166 3600 16900 

Hg 300 1330 1330 267 

Zn 600 19400 47900 42000 

Ni 300 19800 32800 39700 

Cr 1500 853000 1136000 243000 

Mo 80 13200 27800 1900 

Cd 200 292 583 1460 

 
Table 14. Kd, in l/kg, calculated from leachate data 2003 and slag concentration 2003. Bold indicate values lower than 

the guideline values in Naturvårdsverket, 2009 a. 

 Kd (l/kg)  

(NV 5976) 

Kd (l/kg) 

(2003 L/S 0,1-column) 

Kd (l/kg) 

(2003 L/S 10-column) 

Kd (l/kg) 

(2003 L/S 10-shaken) 

Pb 1800 292 1040 970 

Hg 300 1000 3330 5000 

Zn 600 4910 16400 12300 

Ni 300 8450 31700 50700 

Cr 1500 17 77 39 

Mo 80 0,01 0,17 0,17 

Cd 200 217 2170 2170 

 
Table 15. Kd, in l/kg, calculated from groundwater data 2008 and 2012 and land fill concentration 2012. Bold indicate 

values lower than the guideline values in Naturvårdsverket, 2009 a. 

 Kd (l/kg)  

(NV 5976) 

Kd (l/kg) 

2012 GV4 

Kd (l/kg) 

2012 GV5 

Kd (l/kg) 

2012 GV6 

Kd (l/kg) 

2008 BTGV6 

Kd (l/kg) 

2008 BTGV7 

Pb 1800 280000 1030000 948 6770 53100 

Hg 300 6060 6060 6060 30300 30300 

Zn 600 226000 360000 62400 21900 21500 

Ni 300 54600 4370 1920 3670 2120 

Cr 1500 10550000 2360000 13600000 3470000 16000000 

Mo 80 2240 126 732 - - 

V 1000 11100 1800 113000 - - 

Cd 200 10200 1550 6810 2040 2040 
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3.7 Estimated exposure  

The total annual exposure from groundwater from Area C was calculated according to eq.4. 

Assuming 44 900 000 l of infiltrated water for the 66500 m
2
 C-area and the weighted land fill 

concentrations given in Table 10. The estimated annual exposure from Area C for the 

different data sets is given in Table 16 to Table 18.  

For comparison the general Kd values suggested by Swedish environmental protection agency 

(Naturvårdsverket) were used and used in order to generate guideline values. These are 

considered to be conservative in order not to underestimate the exposure. The metal 

concentrations found in a simulated typical soil (Naturvårdsverket 2007) where used in order 

to calculate the exposure from an unaffected soil. For Cr, which was not included in the 

simulated typical soil data, data for typical agricultural soil was used and for Mo and V (also 

not included in simulated typical soil) average earth crust data was used. As another 

comparison concentrations from guideline values for less sensitive land use (MKM) 

(Naturvårdsverket 2009 b), which is usually considered to be acceptable levels for land used 

for industrial purposes, were used for exposure calculations. The results from these 

calculations are presented in Table 19. 

 
Table 16. Annual exposure from “Area C”, calculated from Kd data on slag concentrations from 2009-2011 and slag 

leachate data from 2014. The result is given in g for the investigated metals, weighted measured metal concentration 

in soil was used in the calculations. 

 annual load (g) 
(C0, L/S 0,1-column) 

annual load (g) 
(L/S 10-column) 

annual load (g) 
(L/S 10-shaken) 

Pb 33300 1540 327 

Hg 20 20 102 

Zn 1410 573 653 

Ni 109 66 54 

Cr 422 317 1480 

Mo 47 22 328 

Cd 16 8 3 

 
Table 17. Annual exposure from “Area C”, calculated from Kd data on slag from 2003 in g for some metals. The result 

is given in g for the investigated metals, weighted measured metal concentration in soil was used in the calculations.  

 annual load (g) 

C0, L/S 0,1-column 

annual load (g) 

L/S 10-column 

annual load (g) 

L/S 10-shaken 

Pb 18900 5300 5680 

Hg 27 8 5 

Zn 5590 1680 2240 

Ni 255 68 43 

Cr 21700000 4660000 9310000 

Mo 108000000 3610000 3610000 

Cd 21 2 2 
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Table 18. Annual exposure from “Area C”, from Kd data from groundwater measurements in g for the investigated 

metals, weighted measured metal concentration in soil was used in the calculations.  

 annual load (g) 

GV4 

annual load (g) 

GV5 

annual load (g) 

GV6 

annual load (g) 

BTGV6 

annual load (g) 

BTGV7 

Pb 20 5 5837 817 104 

Hg 4 4 4 1 1 

Zn 121 76 440 1253 1275 

Ni 40 494 1123 588 1019 

Cr 34 153 26 104 22 

Mo 278 4939 853 - - 

V 431 2649 42 - - 

Cd 0 3 1 2 2 

 
Table 19. Calculation of exposure from a simulated typical soil without contaminations of the same size as “Area C” 

and from a MKM soil together with metal concentrations and guideline Kd’s  

 Kd (l/kg) (NV 

2009b) 

Conc.-Soil 

typical soil 

mg/kg 

Conc.-soil 

MKM mg/kg 

exposure from 

simulated 

soil/g 

exposure from 

MKM soil/g 

Pb 1800 37 400 923 9978 

Hg 300 0,043 2.5 6 374 

Zn 600 115 500 8606 37417 

Ni 300 30 120 4490 17960 

Cr 1500 20* 150 599 4490 

Mo 80 1,1** 100 617 56125 

V 1000 190** 200 8531 8980 

Cd 200 0,11 15 25 3368 

*value for simulated soil is missing, values from Swedish agricultural soil used instead 
**value for simulated soil and Swedish agricultural soil is missing, earth crust average used instead 
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Figure 13. Diagram showing the variation between the calculated exposure values from Area C in grams using 

the different groundwater sampling points in (Figure 12). 

3.8 Comparison of data 

When comparing data of the weighted concentrations in the land fill with the concentrations 

in pure slag from Höganäs AB 2009-2011, literature values and guideline values (Table 20) it 

can be observed that the Pb, Hg and Cd in the land fill show higher concentrations as 

compared to pure slag from Höganäs AB 2009-2011. In a comparison with average literature 

data (Proctor et al., 2000) Pb and Hg in the land fill show higher concentrations as well as Zn, 

Ni, Cr. In a comparison with guideline values for soil Zn, Cr does not fulfil the criteria for less 

sensitive land use (MKM). The slag as characterised 2009-2011 can be classified as 

hazardous waste due to the high Cr concentration. 

 
Table 20. Comparison of land fill concentration (mg/kg) with concentration found in slag and in literature (Proctor et 

al., 2000) and guideline values. 

element Weighted 

land fill 

2012 

EAF slag Ladle 

slag  

Average 

slag  

BF 

slag 

BOF 

slag 

EAF 

slag 

KM MKM hazardous 

waste 

 mg/kg Slag conc Höganäs AB (2009-

2011) 

mg/kg 

Mean slag concentration 

literature (Proctor et al 

2000) mg/kg 

Guideline values 

mg/kg 

Pb 123 2.76 4.02 3.39 3.57 50.0 27.5 50 400 2 500 

Hg 0.61 0.03 0.027 0.027 nd 0.1 0.04 0.25 2.5 1 000 

Zn 611 1300 1300 1300 20 46 165 250 500 2 500 

Ni 48 100 300 200 1.4 4.9 30 40 120 1 000 

Cr 8018 28800 16400 22600 132 1271 3046 80 150 10 000 

Mo 14 200 800 500 0.8 11 30 40 100 10 000 

V 106 - - - 54 992 513 100 200 10 000 

Cd 0.10 0.03 0.028 0.029 nd 2.5 7.6 0,5 15 1 000 
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From the leachate data of the Höganäs AB slag Pb, Zn and Cr potentially show higher values 

as compared to the literature (Proctor et al., 2000). The leachate guideline values for 

classifying waste in order to decide where the slag waste should be deposited (Table 22) show 

that the slag fulfils the criteria for inert waste except for the Mo leachate from 2003. 
 

Table 21. Leachate data for investigated metals and comparison with literature (Proctor et al., 2000). Bold indicate 

value above guideline values (Table 22) 

element C0, L/S 

0,1-

column/

mg/l 

L/S 10-

column/

mg/kg 

L/S 10-

shaken/ 

mg/kg 

C0, L/S 

0.1-

column/

mg/l 

L/S 10-

column/

mg/kg 

L/S 10-

shaken/ 

mg/kg 

BF slag BOF slag EAF slag 

 Höganäs AB 2014 Höganäs AB 2003 leaching (Proctor et al 2000) 

mg/l 

Pb 0.0204 0.00942 <0.002 0.01 0.028 0.03 nd 0.004 0.004 

Hg <0.00002 0.0002 <0.001 0.0001 0.0003 0.0002 nd 0.0003 0.0002 

Zn 0.00649 0.0263 <0.03 0.1 0.3 0.4 0.11 0.07 0.11 

Ni <0.001 0.00604 <0.005 0.003 0.008 0.005 nd 0.012 0.07 

Cr 0.00265 0.0199 0.093 0.007 0.015 0.03 0.06 0.01 0.04 

Mo <0.00389 0.0185 0.27 0.3 0.1 0.1    

V - - - - - - - - - 

Cd <0.0001 0.0005 <0.0002 0.001 0.001 0.001 0.002 0.001 0.002 

 

Table 22. The EU leachate threshold values from NFS 2004:10 §22 for inert waste, non-hazardous waste and 

hazardous waste for the investigated metals. 

Element C0=L/S 

0.1/mg/kg 

inert waste 

L/S 

10/mg/kg 

inert waste 

C0=L/S 

0.1/mg/kg 

non-

hazardous 

waste 

L/S 10/mg/kg 

non-

hazardous 

waste 

C0=L/S 

0.1/mg/kg 

hazardous 

waste 

L/S 10/mg/kg 

hazardous 

waste 

Pb 0.15 0.5 3 10 15 50 

Hg 0.002 0.01 0.03 0.2 0,3 2 

Zn 1.2 4 15 50 60 200 

Ni 0.12 0.4 3 10 12 40 

Cr 0.1 0.5 2.5 10 15 70 

Mo 0.2 0.5 3.5 10 10 30 

Cd 0.02 0.04 0.3 1 1.7 5 

 

The concentration of metals in some of the ground water sampling points is well below the 

values for groundwater. The Hg concentration exceeds the maximum allowable concentration 

for surface water, however further dilution will take place when the groundwater becomes 

surface water, so this comparison may be less relevant. The Pb and Zn concentration for some 

sampling points exceeds the annual average for both groundwater and surface water (Table 

23). The environmental threat for surface and groundwater has been judged by ÅF, 2010 to be 

modest, they also point out the further dilution in the next recipient, the sea. 
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Table 23. Comparison of groundwater concentrations (µg/l) with some guideline values (Table 2) 

Element Ground 

water 

ranges in 

Area C 

Ground 

water 

guideline 

values 

Inland 

surface 

water, 

annual 

average 

Other 

surface 

water, 

annual 

average 

Blue 

mussels in 

recip. pond  

(Bio Marin 

Gruppen, 

2012)  

1992-2010 

Background 

levels in 

mussels (Bio 

Marin 

Gruppen, 

2012) 

Pb 0.12-130 10 1.2 1.3 5 0.9 

Hg 0.02-0.1 1 0,07 
a
 0.07 

a
 0.1 0.5 

Zn 1.7-28.4 - 5.5 1.1-3.4 250 120 

Ni 0.88-25    2 1 

Cr 0.59-3.4    2 2 

Mo 6.2-110    1  

V 0.94-59      

Cd 0.01-0.066 5 0.08-0.25 0.2 3 1.3 
a
maximum allowable concentration 

 

The calculated Kd data show a wide range of variation (Table 24) most ranges covers both 

guideline values and literature values (Table 24). However, the metals expected to show low 

mobility (and high Kd) at high pH as described above in “The Metals” paragraph, i.e. Zn, Ni 

and Cd, have higher Kd values as compared to the guideline values, indicating lower mobility. 

The other metals, Pb, Hg, Cr and Mo potentially are more mobile than expected from the 

guideline values and the literature data (Table 24). 

 
Table 24. Comparison of calculated Kd values with Swedish environmental protection agency (Naturvårdsverket 

2009a) Kd values and some values for slag in literature (Proctor et al., 2000). 

Element Guideline 

values, 

NV 2009a 

Calculated Kd ranges 

in table 12-14 above 

for slag and land fill 

BF slag BOF slag EAF slag 

 Kd (l/kg) Area C Kd (l/kg), (Proctor et al., 2000) 

Pb 1800 290-280000 20667 3194 28591 

Hg 300 267-30300 nd 1000 900 

Zn 600 4910-360000 3348 4775 24050 

Ni 300 1920-54600 1300 1720 14600 

Cr 1500 17-13600000 78292 856667 544105 

Mo 80 0,01-27800 1320 700 1154 

V   11753 239230 72959 

Cd 200 217-6800 nd 61224 33886 

 

A comparison of the calculated exposures from the land fill, from uncontaminated (simulated) 

soil and from MKM soil is shown in Table 25. As Kd indicated above, the mobility of Zn, Cd 

and Ni seems to be low at the high pH found in the slag and the land fill. The exposures of 

these metals are potentially lower than from common soil. This may also be true for V, 

however good reference values for Swedish soil concentration is lacking. The Hg exposure 

from the land fill is well below the exposure from MKM, but potentially higher than common 

soil. The estimated exposure ranges for the Pb, Cr and Mo metals from slag leachate data is 

large indicating possible high or even very high exposures of these metals. However, the 

exposure data from the groundwater concentrations suggest that the exposure is well below 

that from MKM soil and for Cr also lower than the exposure from common soil. 
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Table 25. Comparison of annual exposure data from Area C in grams from slag leachate tests (Table 16 and Table 

17), from groundwater concentrations (Table 18), from simulated soil and from MKM soil (Table 19). 

Element Exposure from 

leachate tests/g 

Exposure from 

groundwater 

concentrations/g 

Exposure from 

simulated soil/g 

Exposure from 

MKM soil/g 

Pb 327-33300 5-5840 923 9980 

Hg 5-102 1-4 6 374 

Zn 573-5590 76-1280 8610 37400 

Ni 43-255 40-1120 4490 18000 

Cr 317-9300 000 22-153 599 4490 

Mo 22-108 000 000 278-4940 617 56100 

V  42-2650 8530 8980 

Cd 2-21 1-3 25 3370 

4 Discussion and Conclusion 
When using existing or old data it is not always easy to identify exactly what method that 

have been used, it can also be a challenge to find primary data. It is easy to wish for more 

complete data sets or other analyses. In this discussion there will be some comments included 

on the available data and suggestions on other measurements that could improve the 

evaluation. 

Alizadeh and Naseri (2014) have shown that particle size and available surface influences 

leaching properties. They also showed that number of leaching cycles with acid mine drainage 

decreases the pH of the eluate. This suggests that further characterisation of e.g. particle size 

and ageing effects can improve the risk assessment and exposure assessment. Possible effects 

of changes in climate and environment could also be considered. 

Ageing and carbonation of EAF slag influences the properties. Suer et al. (2009) also 

observed a significant decrease in pH as well as changes in the leachate properties, both for 

naturally aged slag in pavement and for accelerated laboratory samples. The ageing effect 

caused decreased leaching for Ca, Cu, Ba, Fe, Mn, Pb, Ca and increased leaching for V, Si, 

and Al. Engström et al. (2014) conclude that ageing of slag dramatically decreases 

leachability. 

In this report slag characterisation has been performed on fairly fresh slag (up to ca 6 month). 

The characterisation of the land fill has been done in connection with the sampling and the 

different samples can be assumed to have different ages or combination of ages. Knowledge 

about slag particle size in the land fill material is also lacking as well as correlation with 

particle size of fresh slag. Characterisation of particle size may give a better estimation of the 

water infiltration through the investigated land fill volume. Estimation of the slag content in 

the land fill was difficult based on available data. The eighty-six percent estimate of slag 

volume within land fill is probably too high assuming that all reported slag is deposed within 

the investigated volume. The slag may have been deposited both deeper and in a wider area 

than “Area C”. The method based on the iron content resulting in 13 % slag content may also 

have some weaknesses, the variation of the iron slag content over time is unknown as well as 

possible leaking of iron. Also the estimation in the field protocol is very rough, but it is 

possible that this value is closest to the true value. 

The L/S ratios used in the leachate tests corresponds to 0.7 and 70 years of leaching, 

estimating the exposure in a short to medium time perspective. The results do not consider 



33 

 

possible ageing effects, changes in pH, redox properties and thus changes in leaching neither 

the long-time effects. The results with a very wide range in the estimated environmental 

exposure and partitioning coefficients, Kd, indicate the possibility both for under and 

overestimation of the risk. It can also be noted that the suggested Kd (Naturvårdsverket, 

2009a) is in the lower end of the calculated ranges (Table 24) and definitely lower (higher 

exposure) than the Kd values obtained from the groundwater data, which could be considered 

the most reliable of the available data.  

In order to get a more accurate estimation of the partitioning coefficient and the exposure, it 

would be interesting to get access to more of the historic leachate data on the slag and if 

available also more data on the metal concentrations in the slag. As complementary data it 

would be interested to follow the groundwater concentrations over a longer time period in 

order to get more information on the variation. Leachate tests on the land fill would also be of 

interest in order to better correlate the concentration in the ground water with the leachate 

from the land fill. 

In order to estimate the hazard from the land fill, the hazard quotient (HQ) can be calculated. 

Assuming that the environmental exposure from MKM land is acceptable and could be used 

as a threshold values, the HQ values are given in Table 26 for exposure calculated from both 

leachate data and for groundwater data, as well as water concentrations in ground water for 

non-inland surface water for comparison. In order not to underestimate the risk the highest 

exposure data and the highest groundwater concentration for each metal have been used 

(Table 26). HQ> 1 indicates a leaching of metals higher than the “acceptable risk” defined as 

MKM (Naturvårdsverket 2009a).  

 
Table 26. Estimation of the hazard using hazard quotient for the estimated expose (HQ=highest estimated exposure 

from land fill/exposure from MKM land) and for water concentration (HQ(GW)=highest groundwater conc /guideline 

value for ground water and HQ(non inland surface water)=highest groundwater conc /guideline value for non-inland 

surface water). HQ<1 indicate acceptable risk or exposure below that of MKM soil. 

Element HQ exposure 

From leachate 

conc. 

HQ exposure 

From ground 

water conc. 

HQ water conc.  

groundwater/non 

inland surface water 

Pb 3.34 0.58 100 

Hg 0.27 0.01  

Zn 0.15 0.03 26 

Ni 0.01 0.06  

Cr 2071 0.03  

Mo 1924 0.09  

V  0.29  

Cd 0.01 0.0009 0,33 

 

More data would be of interest in order to be able to determine the statistical significance of 

the results and variations. The variation in the estimated exposure data is large, the data 

obtained from the slag leachate tests potentially indicate very large exposures. However, 

leachate data is only available from 2003, while land filling was still ongoing. The slag 

concentration data from 2009-2011 was used together with data from 2014 when the activities 

had stopped. Both Höganäs AB data and literature data indicate that the slag properties may 

vary. 

It is often concluded that the correlation between solid state concentration and the leachate 

concentration in different materials is poor (e.g. Naturvårdsverket, 2006b), using the Kd 

values suggested as guideline values may overestimate the exposure. The groundwater data 
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seems to be more reliable. The land fill concentrations have been measured only at one 

occasion, the groundwater concentrations was also measured only once, however, the 

different tubings were measured at two separate occasions?  

Assuming that the groundwater data results in the most reliable data (Figure 14), this indicates 

that the exposure may be higher than from common soil, especially for Pb and Mo. Relating 

the environmental exposure with the HQ values based on MKM for soil indicates a decreasing 

risk in the order Pb>V>Mo. However, the exposure is well below that from MKM soil which 

could be assumed, according to Swedish environmental protection agency guideline values, to 

be an acceptable exposure. When comparing the groundwater concentrations with the surface 

water guidelines Pb again comes out as the metal of greatest concern, but Zn also shows high 

levels. It should be kept in mind that possible dilution effects from groundwater to pond to sea 

have not been included, nor has other contributions from other areas in the harbour land fill or 

from other possible sources.  

Similar calculations of annual load to rivers have been performed on glassworks in southern 

Sweden. The average leakage from one glasswork was calculated to be ca 2 kg As, 0.15 kg 

Cd and 0.4 kg Pb (Kemakta consult 2007). A comparison with the annual load from Area C in 

Halmstad, with a Pb average load of 1.4 kg/year, confirms the concern for Pb (Figure xx14). 

Sheppard (2008) points out that it is possible to use modelling of environmental exposure in 

order to determine the maximum level of contaminant addition that would result in an 

environmental concentration not exceeding the highest acceptable concentration. Using this 

method it would also be possible to investigate how loss rates can vary with time due to the 

ageing of material or climate change. This type of study would be interesting in order to set 

site specific values for a control program. 

In the scientific literature this type of environmental exposure or load calculation seems to be 

less common. It seem to be more common to study the exposure to fishes, humans or other 

species and the concentration in sediments and biota, to calculate the total environmental load 

and absolute figures (e.g. Agusa et al. 2007 and Marijić & Raspor, 2007). 

 
Figure 14. Average metal load in grams per year calculated from the average groundwater data. 

 

The heavy metal concentrations in landfill leachate from municipal solid waste (MSW) are 

considered to be fairly low by Kjeldsen et al. 2002 (table XX). A comparison with the average 

groundwater concentrations found within area C with the concentrations found in MSW 
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lechate, the area C concentrations are in the lower end or below the ranges and below the 

averages (table xx). Again Pb is the highest relatively seen. 

 

Element mean metal conc 

from 

groundwater 

ppm Area C 

Reference values 

from 

Hashim et al., 

2011 

Range Average 

Kjeldsen et al, 2002 

 

Cd 0,00004 ppm USEPA 0.005 

ppm 
0.0001-0.44 ppm 0.005 ppm 

Cr 0,0015 ppm Normal 

groundwater 

concentration 

<0.001 ppm 

0.2-1.5 ppm 0.28 ppm 

Hg 0,00007 ppm USEPA 

0,002 ppm 

0.00005-0.16 

ppm 

 

Ni 0,015 ppm   0.015-13 ppm 0.17 ppm 

Pb 0,030 ppm USEPA 0.015 

ppm 
0.001-5 ppm 0.09 ppm 

Zn 0,014 ppm WHO  

5 ppm 

0.03-1000 ppm 0.6-5 ppm 

 

If further investigation of the area should imply the need for remediation and the heavy metal 

contaminated soil and its leachate needs to be handled, the most common technique for 

remediation is still dig and dump. This includes identification of contaminated soil and 

moving it to a landfill with some kind of liner and leachate control. 

However, several other techniques for treating groundwater is also available (Hashim et al., 

2011). They can be divided into chemical, biological and physico-chemical methods, where 

the chemical methods include e.g. fixation via chemical reactions or washing. The chemical 

reactions, often reduction aims to reduce mobility and/or toxicity and may be very element 

specific, while the washing techniques like flushing and chelating often can be used on a 

wider range of elements. Biological techniques can be uptake by plants, organisms or 

cellulose materials. The physico-chemical methods like filtration using membrane techniques, 

sorbtion to different types of materials or electrokinetic treatments could also be considered.  

Several biological and physico-chemical methods shows promising results (Hashim et al., 

2011). Adsorption using carbon prepared from peanut husks or bio-char from fast wood/bark 

pyrolysis can be used for e.g. Pb
2+

 removal. Other processes such as phytoremediation, 

phytoextraction or hyperaccumulation may also be used for remediation possible in 

combination with other remediation processes. Genetically engineered organisms developed 

for remediation purposes could possible be used in this types of processes. 

A pilot-scale test and a column experiment were carried out by Navarro and Martinez in 2010 

where  remediation of metal contaminated soils were tested by using the soil-flushing 

technique in order to evaluate the efficiency for removal of metals from a mining 

contaminated by base-metal smelting slags. The results of the pilot-scale study showed large 

variations with the removal ranges of e.g. Ni (0-46.4%) and Zn (0-83.4%). Other metals such 

as Cd and Pb were mobilized or removed in negligible amounts from the groundwater. This 

indicate the possibility to actually decrease the pollution, however, the limitation for different 

specific metals may also be a problem depending on the selected method.  

The use of chemicals like in soil washing or chelate flushing may destroy soil profiles and 

should mainly be used for metal recovery from heavily polluted industrial sites where no 

other methods can be applied. In the case of Halmstad harbour land fill the soil destruction 
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may be a minor problem since normal soil profile is not available and the material is mainly 

from industrial sources or dredging soil. However chemicals can be non-biodegradable or 

toxic and the aquifer and recipients may be influenced in the cleaning process. Hence, caution 

should always be taken while introducing new chemicals in the environment. Soil chemistry 

is complex and, extensive site specific research on soil and pollution is necessary to bring out 

the optimum performance from any of these technologies in order to be able to select a proper 

site specific remediation technique. This is challenging due to the uncertainty in both 

assessment of level of contamination, high costs of remediation and the impacts of the 

techniques on the environment. 

Several remediation methods are costly and include building barriers, collecting groundwater 

and or creating treatment zones. The use of chemicals for mobilisation or stabilisation in some 

of the available methods may require risk assessment and monitoring of the process and 

emissions. The size and location of the investigated area with other neighbouring 

contaminated areas and with possible seawater mixing with the groundwater, probably makes 

remediation even more difficult. 

 

In conclusion, in order to make the calculations in this report more accurate, more data would 

be needed to make a better estimation. More leachate data with corresponding soil/slag 

concentrations and more ground water concentration showing variation over time would be 

particularly valuable. The environmental exposure effect of Area C seems to be within 

acceptable limits when considering the existing data and guideline values. 
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Appendix 1. History and background for Halmstad harbor land fill 

 

 

The old merchant port in Halmstad was originally built along the river Nissan and several 

docks were built (Figure 4).  

In the 1880th the existing 700 m breakwater (Figure 5) was built and at the turn of the century 

(1800-1900) a connection to the Östra Stranden (the eastern beach) was constructed.  

In the 1950s, when there was no more dock opportunities along river Nissan, the 

municipalities in Halmstad decided to start the construction of “östra hamnbassängen” (the 

east dock) and it was finished at 1967 (Halmstads handelshamns uppkomst och utveckling, 

Berg, P. Harry Svenska Ingår i: Föreningen Gamla Halmstads årsbok.; 1977(54)). 

1956-1958 Land fill 160 000 m
2
 outside Halmstad Järnverk AB 

1966 Water court approve water operation for land fill of dredging spoil. 

1969 Possible start of deposition of sludge from Carlsson Nickel and Chromium containing 

Cr, Ni, Cu, Zn, brass (Cu and Zn) and cyanide. 

1970 Land fill 140 000 m2 from 1956-1958 finished and used by Halmstad Järnverk AB 

(80000 m2) and Sydkraft (15000 m2). 

1972 Deposition of sludge from Carlsson Nickel and Chromium containing Cr, Ni, Cu, Zn, 

brass (Cu and Zn) and cyanide. Slag from steel production Halmstad Järnverk AB 58 000 tons 

other deposition adds to total of more than 200 000 tons.  

Start of deposition of filtermaterial (filtersoft) from Halmstad Järnverk AB (Fundia Bygg AB 

2000-08-09). 

Area is used as public dump (Fundia Bygg AB 2000-08-09). 

1973 Further need for expansion of harbor. Water court approve new water operation for land 

fill of dredging spoil as well as slag from Halmstad Järnverk AB (VA 30/73, vattendomstolen, 

Vänersborgs tingsrätt). Monitoring of mercury and PCB in fishes and no dredging during 

summer due to glass eels (VA 30/73). 

Decision for a new outer water breaker to provide cost efficient possibilities for deposition of 

dredging spoil and environmental protection for recreation area at Östra stranden 

1977 New application for water operation including material from, dredging spoil, Halmstad 

Järnverk AB, Lundgrens gjuteri (foundry) and Pilkington glass. 

Control program (Länstyrelsen) sampling of water, sediment and accumulation of toxic 

substances in biological material. Reporting content in deposition material of DDT, PCB, Hg, 

Cd and Pb. Contents of deposition material from Pilkington, Halmstad Järnverk AB (slag 

58000 tons/year=19500m
3
 results in density of 3 tons/m

3
), Lundgrens gjuteri and Halmstad 

kommunala Renhållnings AB are given and amounts per year e.g. for some metals in:  

Cooling water sludge Pb 10.5 tons, Cu, 5.3 tons, Zn 3.2 tons, Cr 2.1 tons, Ni 2,1 tons, Cd 35 

kg 

Matter from flue gas purification Cr2O3 10 tons, NiO 2 tons, CuO 15 tons, PbO 130 tons, ZnO 

700 tons (from calculations 1973 and 1974 

Incinerated municipal slag Cd 295 kg, Hg 15 kg, Pb 9314 kg. 

1983 Sampling of sediment in land fill docks. Highest levels are (mg/kg TS)Ni (38),Cu (49), 

Zn (170), Cd (0,74), Hg (0,14), Pb (18), DDT (<0,1), PCB (<0,01). 

1984 Water court permission to use ashes in land fill together with continued land fill with 

slag, filter matter and casting sand. Monitoring of dredging spoil properties such as heavy 

metals and PCB (VA 33/83). 

Slag from steel production Halmstad Järnverk AB 60 000 tons other deposition adds to total 

of about 150 000 tons. 

Permission to depose another 300 tons of ashes. 

1985 Slag from steel production Halmstad Järnverk AB 60 000 tons other deposition adds to 

total of about 150 000 tons. 

1987 Permission to depose ashes (as fly ash, bottom ash, bed materials and desulphuring 

products). Requirement to mix ashes with lime to obtain a high pH in landfill. Buildning 
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material waste and tile from hospital 80000 m3. Halmstad Järnverk AB 600 m
3
 slag, 

Lundgrens gjuteri 150 m
3
 casting sand but no data on deposition of ashes. 

Other source/documentation: Slag from steel production Halmstad Järnverk AB 30 000 tons 

other deposition adds to total of about 47 000 tons including 10000 tons of bottom ashes from 

coal. 

1988 120 000 m
3
 rubbles and tile. Halmstad Järnverk AB 500 m

3
 slag, Lundgrens gjuteri 100 

m
3
 casting sand but no data on deposition of ashes. Land fill up to +1.0 to +1.5 m over sea 

level. 

1989 120 000 m3 rubbles and tile. Halmstad Järnverk AB 400 m
3
 slag, Lundgrens gjuteri 100 

m3 casting sand but no data on deposition of ashes. Land fill up to +1.0 to +1.5 m over sea 

level. 

1990 Deposition of dredging spoil. 

1991 Spill including chemicals during loading and unloading in harbor is collected and 

deposed in the harbor land fill e.g.5 m
3
 sodium carbonate and 250 m

3
 sodium chloride. 

Halmstad Järnverk AB is closing no more filter material production (Fundia Bygg AB 2000-

08-09). 

216000 or 280000 m
3
 deposition of sand, clay, concrete, stone and within minor area carbon 

residuals and tanning salts. 

Heavy metals (mg/kg TS) in mussels Cr (2,1) Ni (2,3), Cu (9,3), Zn (280) Pb (8,2), Cd (7,3). 

 

1992 216000 m
3
 deposition of sand, clay, concrete, stone and within minor area carbon 

residuals (Länsstyrelsen 930511,242-3101-93). 

Deposition of bitumen residuals. Illegal public dumping and deposition of e.g. appliances and 

paint residuals (Meddelande Länsstyrelsen 921109, 242-7494-92). 

Fundia starts activities (Fundia Bygg AB 2000-08-09). 

 

1993 209000 m
3
 deposition of sand and clay (Länsstyrelsen 940323, 2490-1770-93). 

Water court approve (VA 38/92:5) new water operation for land fill of a total of 300000 m
2
 

up to +2.0 m over sea level until 2012. The water court also states the monitoring of the area 

and the material should be performed during working hours in order to avoid hazardous 

waste.  

Illegal deposition of sludge (Meddelande Länsstyrelsen 930211, 242-857-93 and 930609, 

242-3743-93). 

Remediation of filtermaterial (filtersoft) from Halmstad Järnverk AB (see 1972) (Fundia 

Bygg AB 2000-08-09). 

1994 147000 m
3
 =265000 ton (results in density 1.8 tons/m

3
) deposition of sand and clay 

(Länsstyrelsen 950330, 2490-1898-95). 

1995 156000 m
3
 deposition of sand and clay together with slag 7175 m

3
,
 
tiles200 m

3
 and 

sludge 34,5 m
3
 from Höganäs AB(Länsstyrelsen 960328, 2490-1612-96). 

1996 From Höganäs AB 6600 m
3
 of slag, 340 m

3
 tiles, 100 m

3
 sludge. 

115300 m
3
 deposition of sand and clay (Länsstyrelsen 950330, 2490-1898-95). 

Illegal construction and food waste observed (Meddelande Länsstyrelsen 960223, 242-991-

96). 

1997 108300 m
3
 harmless materials, 5800 m

3
 slag, 370 m

3
 tile, 75 m

3
 sludge (Länsstyrelsen 

980318, 249-2067-98). 

Heavy metals (mg/kg TS) in sediments Cr (44) Ni (26), Cu (53), Zn (460) Pb (100), Cd 

(0,62), Hg (0,16). 

Heavy metals (mg/kg TS) in mussels Cr (2,0) Ni (1,4), Cu (28), Zn (145) Pb (3,9), Cd (0,3), 

Hg (0,1). 

1998 From Halmstad Järnverk AB 5475 tons of slag, tiles 335 tons, 150 tons of sludge. 



Appendix 1. History and background for Halmstad harbor land fill 

 

 

1999 From Höganäs AB 5268 tons of slag, 485 tons of tiles, 100 tons of sludge. 

131000 m
3
 deposition of sand and clay and 6900 m

3
 concrete (Länsstyrelsen 000517, 249-

2200-00). 

1000 m
3
 sludge from municipalities are removed since levels of hydrocarbons and PCB. 

1999-2002 Heavy metals in sample pits up to 18 % zinc and 4 % lead. Groundwater levels Pb 

0.05 mg/ml. 

Oil contaminations in soil and ground water was found. 

2000 Action against illegal deposition. 

From Höganäs AB 13890 tons of slag, 820 tons of ceramic material, 325 tons of sludge. 

125600 m
3
 deposition of sand, 40300 m

3
 clay and 35000 m

3
 concrete and tiles (Halmstad 

kommun 0103266, KS 2001/0215). 

2001 Inert waste 68000 tons, soil 51500 tons, from metal production 16500 tons (slag 15000 

tons) (Halmstad kommun 2002-03-25, MI 1991 505) 

2002 Inert waste 18600 tons, soil 2900 tons, construction waste 2400 tons, from metal 

production 13300 tons (slag 13400 tons) (Halmstad kommun 2003-03-31, MI 1991 505) 

2003 Inert waste 57500 tons, soil 54200 tons, construction waste 3300 tons, from metal 

production 14640 tons (slag 13400 tons) (Halmstad kommun 2004-03-30, MI 1991 505) 

More oil contaminated fill found during shafting. 

Water court permission for water operation prolonged until 2012 

2004 soil 29254 tons and slag mentioned but not reported (Halmstad kommun 2005-03-31, 

MI 1991 505) 

2005 Inert waste 85267 tons and slag mentioned could be reported as inert production waste 

44537 tons, concentrations in surface water reported (Halmstad kommun 2006-02-08, MI 

1991 505) 

2006 HEM (Halmstad energy and environment) is formed. 

Emissions reported. Slag could be possibly be reported as inert production waste 4011 tons 

(HEM 2007-03-29). 

2009 Slag 10284 tons (Personal communication, Pernilla Nydahl, Höganäs AB) 

2010 Slag 15519 tons (Personal communication, Pernilla Nydahl, Höganäs AB) 

2011 Slag 12571 tons (Personal communication, Pernilla Nydahl, Höganäs AB)
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Punkt nr Nivå Jordart Färg Lukt

m.u.my

C1201 0-0,5 F/slagg, st ljusgrå, mörkbrun ingen 

0,5-1,2 F/slagg, sa, le, metallskrot brun ingen 

1,2-2,5 F/le grå ingen 

Ca 2,5 Grundvattennivå 2012-06-26

C1202 0-0,6 F/slagg, tegel, sa grå, brun ingen 

0,6-1,2 F/gr, tegel, slagg, st, skrot mörkbrun ingen 

1,2-2,5 F/finslagg svart, mörkbrun ingen 

Ca 2,5 Grundvattennivå 2012-06-26

C1203 0-0,5 F/st, gr, slagg mörkbrun ingen 

0,5-1,0 F/sa, le, tegel, slagg mörkbrun ingen 

1,0-2,0 F/le, sa brun, grå ingen 

2,0-3,5 F/le grå, svart ingen 

Ca 3,5 Grundvattennivå 2012-06-26

C1204 0-0,3 F/växtmaterial, sa, mu brun ingen 

0,3-2,5 F/le, tegel, slagg, sa, aska brun, grå ingen 

2,5-3,5 Le grå ingen 

C1205 0-0,5 F/st, gr, slagg svart, mörkbrun ingen 

0,5-2,5 F/si, st, gr, finslagg, asfalt svart, brun ingen 

Ca 2,5 Grundvattennivå 2012-06-26

C1206 0-0,3 F/växtmaterial, st mörkbrun, svart ingen 

0,3-0,7 F/slagg, st, tegel grå ingen 

0,7-2,0 F/slagg, st, tegel, mu, muddermassor brun, grå ingen 

2,0-3,0 F/le, mu grå, brun ingen 

Ca 3 Grundvattennivå 2012-06-26

C1207 0-0,2 F/st, gr mörkbrun, grå ingen 

0,2-0,8 F/tegel, gr, slagg brun, grå ingen 

0,8-1,5 F/st, slagg, tegel, mu brun, grå ingen 

1,5-3,0 F/le, st grå, svart ingen 

Ca 3 Grundvattennivå 2012-06-27

C1208 0-0,3 F/gr, st mörkbrun, vitt ingen 

0,3-0,7 F/gr, st, slagg grå, ljusbrun ingen 

0,7-1,5 F/slagg, st, gr, tegel, metallskrot brun, vitt ingen 

1,5-3,0 F/mu, slagg grå, brun ingen 

Ca 3 Grundvattennivå 2012-06-27

C1209 0-1,0 F/slagg, tegel, glas, gr, st, metallskrot mörkbrun ingen 

Ca 1 Grundvattennivå 2012-06-27

C1210 0-2,5 F/st, tegel, gr grå, mörkbrun ingen 

Ca 1,5 Grundvattennivå 2012-06-27

C1211 0-0,3 F/växtmaterial, gr, slagg, tegel mörkbrun ingen 

0,3-2,5 F/gr, slagg, tegel, st grå ingen 

Ca 2 Grundvattennivå 2012-06-27

C1212 0-0,3 F/st, gr, slagg gråvitt, svart ingen 

0,3-1,1 F/st, gr, sa, slagg, tegel gråvitt, svart ingen 

1,1-2,0 F/st, gr, sa, slagg, tegel, mu rostbrun ingen 

2,0-4,0 F/st, gr, sa, slagg, tegel, le svart ingen 

C1213 0-0,4 F/växtmaterial, st, sa brun ingen 

0,4-2,0 F/st, sa, slagg, skrot brun svart rostbrun ingen 

2,0-2,5 F/le, mu grå ingen 

Ca 2,5 Grundvattennivå 2012-06-27

C1214 0-1,5 F/st, gr, slagg svart, mörkbrun ingen 

1,5-2,5 F/mu, gr, st mörkbrun ingen 

2,5-3,5 F/le, mu mörkbrun ingen 

Ca 2 Grundvattennivå 2012-06-27

C1215 0-0,3 F/växtmaterial, tegel brun ingen 

0,3-1,1 F/gr, tegel, slagg, skrot gråbrun ingen 

1,1-2,0 F/gr, skrot, slagg gråblå ingen 

2,0-2,5 F/mu mörkbrun ingen 

Ca 2 Grundvattennivå 2012-06-27

C1216 0-1,1 F/slagg, tegel, st, metallskrot brun ingen 

1,1-1,5 F/slagg, tegel, st, metallskrot, trä, mu brun ingen 

Ca 1,5 Grundvattennivå 2012-06-28

C1217 0-1,4 F/slagg, tegel, st, gr, skrot brun, grå ingen 

1,4-2,5 F/slagg, tegel, st, gr, skrot, mu mörkgrå ingen 

Ca 1,4 Grundvattennivå 2012-06-28

C1218 0-1,0 F/slagg, st, gr brun, grå ingen 

1,0-1,6 F/slagg, st, gr, skrot brun, grå ingen 

1,6-2,5 F/slagg, st, gr, skrot, mu brun ingen 

Ca 2 Grundvattennivå 2012-06-28

C1219 0-0,4 F/slagg, tegel, st, gr, porslin brun, grå ingen 

0,4-1,0 F/slagg, tegel, st, gr, porslin, metallskrot brun, grå ingen 

1,0-1,9

F/slagg, tegel, st, gr, porslin, metallskrot, 

betongklumpar, trä brun, grå ingen 

Ca 1,5 Grundvattennivå 2012-06-28

C1220 0-0,4 F/växtmaterial, st, sa ljusbrun ingen 

0,4-2,3 F/slagg, st, gr, tegel, betong, skrot brun, ljusgrå ingen 

Ca 1,5 Grundvattennivå 2012-06-28

C1221 0-0,3 F/växtmaterial, gr mörkbrun, svart ingen 

0,3-2,5 F/slagg, st, sa gråbrun, mörkbrun ingen 

Ca 1,5 Grundvattennivå 2012-06-28
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Punkt nr Nivå Jordart Färg Lukt

m.u.my

C1201 0-0,5 F/slagg, st ljusgrå, mörkbrun ingen 

0,5-1,2 F/slagg, sa, le, metallskrot brun ingen 

1,2-2,5 F/le grå ingen 

Ca 2,5 Grundvattennivå 2012-06-26

C1202 0-0,6 F/slagg, tegel, sa grå, brun ingen 

0,6-1,2 F/gr, tegel, slagg, st, skrot mörkbrun ingen 

1,2-2,5 F/finslagg svart, mörkbrun ingen 

Ca 2,5 Grundvattennivå 2012-06-26

C1203 0-0,5 F/st, gr, slagg mörkbrun ingen 

0,5-1,0 F/sa, le, tegel, slagg mörkbrun ingen 

1,0-2,0 F/le, sa brun, grå ingen 

2,0-3,5 F/le grå, svart ingen 

Ca 3,5 Grundvattennivå 2012-06-26

C1204 0-0,3 F/växtmaterial, sa, mu brun ingen 

0,3-2,5 F/le, tegel, slagg, sa, aska brun, grå ingen 

2,5-3,5 Le grå ingen 

C1205 0-0,5 F/st, gr, slagg svart, mörkbrun ingen 

0,5-2,5 F/si, st, gr, finslagg, asfalt svart, brun ingen 

Ca 2,5 Grundvattennivå 2012-06-26

C1206 0-0,3 F/växtmaterial, st mörkbrun, svart ingen 

0,3-0,7 F/slagg, st, tegel grå ingen 

0,7-2,0 F/slagg, st, tegel, mu, muddermassor brun, grå ingen 

2,0-3,0 F/le, mu grå, brun ingen 

Ca 3 Grundvattennivå 2012-06-26

C1207 0-0,2 F/st, gr mörkbrun, grå ingen 

0,2-0,8 F/tegel, gr, slagg brun, grå ingen 

0,8-1,5 F/st, slagg, tegel, mu brun, grå ingen 

1,5-3,0 F/le, st grå, svart ingen 

Ca 3 Grundvattennivå 2012-06-27

C1208 0-0,3 F/gr, st mörkbrun, vitt ingen 

0,3-0,7 F/gr, st, slagg grå, ljusbrun ingen 

0,7-1,5 F/slagg, st, gr, tegel, metallskrot brun, vitt ingen 

1,5-3,0 F/mu, slagg grå, brun ingen 

Ca 3 Grundvattennivå 2012-06-27

C1209 0-1,0 F/slagg, tegel, glas, gr, st, metallskrot mörkbrun ingen 

Ca 1 Grundvattennivå 2012-06-27

C1210 0-2,5 F/st, tegel, gr grå, mörkbrun ingen 

Ca 1,5 Grundvattennivå 2012-06-27

C1211 0-0,3 F/växtmaterial, gr, slagg, tegel mörkbrun ingen 

0,3-2,5 F/gr, slagg, tegel, st grå ingen 

Ca 2 Grundvattennivå 2012-06-27

C1212 0-0,3 F/st, gr, slagg gråvitt, svart ingen 

0,3-1,1 F/st, gr, sa, slagg, tegel gråvitt, svart ingen 

1,1-2,0 F/st, gr, sa, slagg, tegel, mu rostbrun ingen 

2,0-4,0 F/st, gr, sa, slagg, tegel, le svart ingen 

C1213 0-0,4 F/växtmaterial, st, sa brun ingen 

0,4-2,0 F/st, sa, slagg, skrot brun svart rostbrun ingen 

2,0-2,5 F/le, mu grå ingen 

Ca 2,5 Grundvattennivå 2012-06-27

C1214 0-1,5 F/st, gr, slagg svart, mörkbrun ingen 

1,5-2,5 F/mu, gr, st mörkbrun ingen 

2,5-3,5 F/le, mu mörkbrun ingen 

Ca 2 Grundvattennivå 2012-06-27

C1215 0-0,3 F/växtmaterial, tegel brun ingen 

0,3-1,1 F/gr, tegel, slagg, skrot gråbrun ingen 

1,1-2,0 F/gr, skrot, slagg gråblå ingen 

2,0-2,5 F/mu mörkbrun ingen 

Ca 2 Grundvattennivå 2012-06-27

C1216 0-1,1 F/slagg, tegel, st, metallskrot brun ingen 

1,1-1,5 F/slagg, tegel, st, metallskrot, trä, mu brun ingen 

Ca 1,5 Grundvattennivå 2012-06-28

C1217 0-1,4 F/slagg, tegel, st, gr, skrot brun, grå ingen 

1,4-2,5 F/slagg, tegel, st, gr, skrot, mu mörkgrå ingen 

Ca 1,4 Grundvattennivå 2012-06-28

C1218 0-1,0 F/slagg, st, gr brun, grå ingen 

1,0-1,6 F/slagg, st, gr, skrot brun, grå ingen 

1,6-2,5 F/slagg, st, gr, skrot, mu brun ingen 

Ca 2 Grundvattennivå 2012-06-28

C1219 0-0,4 F/slagg, tegel, st, gr, porslin brun, grå ingen 

0,4-1,0 F/slagg, tegel, st, gr, porslin, metallskrot brun, grå ingen 

1,0-1,9

F/slagg, tegel, st, gr, porslin, metallskrot, 

betongklumpar, trä brun, grå ingen 

Ca 1,5 Grundvattennivå 2012-06-28

C1220 0-0,4 F/växtmaterial, st, sa ljusbrun ingen 

0,4-2,3 F/slagg, st, gr, tegel, betong, skrot brun, ljusgrå ingen 

Ca 1,5 Grundvattennivå 2012-06-28

C1221 0-0,3 F/växtmaterial, gr mörkbrun, svart ingen 

0,3-2,5 F/slagg, st, sa gråbrun, mörkbrun ingen 

Ca 1,5 Grundvattennivå 2012-06-28
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Halmstads kommun
Hamnutfyllnaden i Halmstad, område C

Skruvborrning 2012-06-21

Fältprotokoll:

Punkt nr Nivå Jordart Färg Lukt

m.u.my

GV 4 0-0,8 F / Saf, Si, (Le) / grå-brun ingen

(C1222) 0,8-1,3 F / slagg, Si, Sa / mörkbrun-grå-brun ingen

1,3-1,7 F / Sa, Si, tegel, murbruk / mörkgrå ingen

1,7-2,0 F / si Saf / grå ingen

2,0-2,6 F / Si, Sa, Le, tegel / brun-grå ingen

2,6-3,0 le Gy svart-grå ingen

0,9-2,9 Filterdel grundvattenrör

GV 5 0-0,5 F / Sa, Gr, tegel, murbruk / brun ingen

(C1223) 0,5-1,0 F / Le, Si, Mu, Sa / mörkbrun-brun-grå ingen

1,0-1,7 F / Sa, Gr, Le, trä, betong /

2,0-3,0 svårborrat-inget prov

3 Erhållet stopp

0,65-2,65 Filterdel grundvattenrör

GV 6 0-0,3 F / Sa, Gr, tegel / brun ingen

(C1224) 0,3-1,0 F / Sa, Le, tegel, slagg / brun-grå ingen

1,0-2,0 F / Sa, Gr, Si, slagg, aska? / brun-grå ingen

2,0-2,3 svårborrat-inget prov

2,3 Erhållet stopp

0,8-1,8 Filterdel grundvattenrör



Appendix 3. Guideline values for human health 

 

 

Table 27. Classification guideline values for the investigated metals (mg/kg TS) for hazardous properties for waste (Avfall Sverige, 2007). H4-H14 according to “Avfallsförordning 

(2011:927)” and directive 2001/118/EU. 

Element/metal H4 H5-6 H7 H8 H10 H11 H14 
hazardous 
waste 

 
Irrit. Human health Canc. Corrosive Birth defects. Mutag. Ekotox. (mg/kg TS) 

Pb 
 

250 000 
  

5 000 
 

2 500 2 500 

Cd, icke lättlösligt  
 

30 000 1 000 
 

50 000 10 000 250 000 1 000 

Cd, lättlösligt  
 

1 000 1 000 
 

5 000 1 000 2 500 100 

Cr VI  
  

1 000 
   

2 500 1 000 

Cr totalt 
       

10 000 

Hg, oorganiskt 
 

1 000 
    

2 500 1 000 

Hg, organiskt  
 

1 000 
    

2 500 500 

Mo 200 000 
 

10 000 
    

10 000 

Ni, icke lättlösligt  
  

1 000 
   

250 000 1 000 

Ni, lättlösligt  
 

250 000 10 000 
   

2 500 100 

V 200 000 30 000 
  

50 000 10 000 25 000 10 000 

Zn 
 

250 000 
 

50 000 
  

2 500 2 500 
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