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Abstract 
The area of “Norra Hamnstaden” in Lidköping has been used for several different industires for more 

than 100 years and porcelain has been produced there since 1912. The sub-area studied in this thesis 

has been used as a landfill for industrial waste including waste from the local porcelain factory, 

Rörstrand. Lead is a common contaminant in ceramic waste since the favorable properties of lead(II) 

oxide has made it a common component in porcelain glazes. Previous surveys have shown severe 

contamination with levels of lead up to 20 g/kg in the area, but they have been performed to get an 

overview. Since there are plans for housing and parks on the site, the risk for future inhabitants 

needs to be assessed more thoroughly. 

When the theoretical environmental impact of an element in the soil environment is evaluated, only 

its total concentration in the fine (<2 mm) fraction of the matrix is considered and the availability is 

assumed to be 100%. For a better understanding of the environmental impact from the soil in the 

area, a sequential leaching was performed to reveal the chemical speciation and availability of the 

elements. Analyses of water soluble elements, inorganic anions and total concentrations were also 

performed. Since the area contains a large amount of porcelain residues and other industrial waste 

which do not pass through a 2 mm sieve, the coarse fraction was crushed and analyzed as well. 

The sampling revealed that the main filling of a part of the area was porcelain and porcelain related 

waste. The lead contamination was severe at those sampling points where porcelain was found, and 

remediation is needed in that area. The water leachable lead was up to 521 µg/L or 6.2 mg/kg. The 

total concentration of lead exceeded the limit value for hazardous waste at five sampling points 

where it reached 52 g/kg. The sequential leaching showed that the total concentration of lead was a 

good estimate for its bioavailable concentration. For the risk controlling elements almost 50 % of the 

results showed a significant statistical difference between the bioavailable and the total 

concentration. The coarse fraction contained lower lead concentration than the fines and the total 

concentrations therefore overestimate the risk. Moving the porcelain masses could be the best 

option for remediation unless it can be motivated to leave them in the area.  

  



Sammanfattning 
Norra Hamnstaden är ett område i Lidköping som under mer än 100 år huserat flertalet olika 

industrier, bland annat har porslin producerats där sedan 1912. Den del av området som undersökts i 

denna avhandling har använts för att dumpa industriavfall bland annat från den närliggande 

porslinsfabriken Rörstrand. Det är vanligt att hitta bly i porslinsavfall då blyoxid har använts i stor 

utsträckning i glasyr eftersom det har många eftertraktade egenskaper. Området har undersökts 

tidigare för att få en överblick av eventuella föroreningar och då har blyhalter upp till 20 g/kg hittats. 

Då det nu finns planer för att bygga bostäder och parker i området måste det undersökas mer 

grundligt. 

Då man bedömer ett grundämnes teoretiska påverkan av miljön tar man endast hänsyn till 

totalhalten i finfraktionen (<2 mm) och antar att dess biotillgänglighet är 100%. För att få en bättre 

förståelse av grundämnenas påverkan på miljön så gjordes en sekventiell lakning som visar deras 

speciering och tillgänglighet. Utöver detta utfördes analyser av oorganiska anjoner och 

grundämnenas lakbarhet i vatten och syra. Eftersom det finns en stor andel porslinskross och annat 

industriavfall som är större än 2 mm så krossades den grövre fraktionen och analyserades.  

Under provtagningen konstaterades att porslinskross och annat avfall från porslinstillverkning var 

den huvudsakliga fyllningen inom en del av området. I det delområdet var blyföroreningen som 

allvarligast och där finns ett behov av sanering. Halten av vattenlakbart bly var upp till 521 µg/L 

motsvarande 6.2 mg/kg. Totalkoncentrationen av bly överskred gränsvärdet för farligt avfall i fem 

prover och nådde som mest upp till 52 g/kg. Den sekventiella lakningen visade att totalhalten av bly 

fungerade bra för att uppskatta den biotillgängliga halten. För de riskstyrande ämnena så visade 

nästan hälften av resultaten en statistiskt signifikant skillnad mellan den biotillgängliga och den totala 

koncentrationen. Den grövre fraktionen visade lägre blyhalter än finfraktionen vilket innebär att 

totalkoncentrationerna överskattar risken. Det bästa alternativet för sanering vore att flytta på 

avfallet om det inte kan motiveras att lämna kvar det.  

  



Introduction 
The western harbor in Lidköping, also called “Hamnstaden” (marked in blue in Figure 1), is located 

between the city center and the lake Vänern. Hamnstaden contains industrial operations such as a 

municipal sewage treatment plant and a small marina. Historically there has been industries such as 

a porcelain factory, gasworks and an oil-fired power plant. The northern part has been used as a 

landfill for industrial waste for about 100-130 years (WSP 2014a). Currently, there are plans for 

housing and parks in Hamnstaden. It must therefore be assessed if there are any increased health 

risks for residents and visitors and whether remediation is needed to reduce any such potential risks. 

The assessment must also take into consideration the leaching of hazardous compounds to the 

nearby lake Vänern and the river Lidan, especially since Vänern is used as a source for drinking water 

for the municipality of Lidköping (WSP 2014b).  

 

Figure 1. Aerial photo of Lidköping with Hamnstaden marked in blue and the investigated area marked in red (Source: 
Google maps). 

The development of Hamnstaden is planned to start in the northern parts and this thesis will 

therefore focus on the area marked in red in Figure 1. This area is divided into three sub areas. The 

western area “Släggan 2” was filled from the mid 60ies until the 70ies. A sewage treatment plant has 

been active there since 1977. The northeastern part is “Sannorna 5:1” which was filled between the 

mid 60ies and the 80ies. The eastern part is used as a storage area for coal and coke, and the surface 

is covered with asphalt (WSP 2014a). The southern part is “Städet 18” which was used as a dump site 

by the porcelain factory Rörstrand between 1955-68 (WSP 2014c). 

Several geochemical surveys have been performed in the area between 1999-2013 and the overall 

results indicate a severe contamination of lead. Lead concentrations of up to 20 g/kg have been 

found in Sannorna 5:1 while up to 18,7 g/kg has been found in Städet 18 (WSP 2014d). WSP (2014b) 

concluded that the health risks with the current use are low. However, with a more extensive use as 

a residential area there should be measures undertaken to reduce the future inhabitants contact 

with the polluted soil. There have been no indications of effects on the quality of the drinking water 

which is extracted from Vänern, approximately 6 km from Norra Hamnstaden. However, the 



contamination is heterogeneous spread and previous surveys have been performed to get an 

overview. Therefore, further studies are needed to increase the certainty of the conclusions (WSP 

2014b). 

WSP (2014b) has used the metal concentrations in the groundwater to calculate the load of metals 

seeping into Vänern. The load of lead calculated from unfiltered samples was 16 kg/year which 

represents some 1.4 % of the load from the river Lidan. Samples from the storm water system 

showed that the transport was overestimated and that the load was more likely to be around 0.15 

kg/year which represents 0.01 % of the load from Lidan. Copper was the element with the largest 

proportion of the load of Lidan with 0.2 % (WSP 2014b).   



Background 

Pottery 
Porcelain has been produced in Norra Hamnstaden since 1912 although imported china ware has 

been painted there since 1892 (Rörstrand museum a). Most of the produced porcelain was feldspar-

based (Rörstrand, Rörstrand museum a) which is pre-fired at 900˚C, then glazed, and finally fired at 

1400˚C (Rörstrand, Rörstrand museum b). Minerals used for production of ceramics mainly consists 

of alumina and iron silicates and include kaolinite, illite and chlorite (Denio 1980, Weber-Qvarfort 

2011). Besides minerals, the clay also contains impurities including quartz, calcium and magnesium 

carbonates, alkali and alkaline earth metal oxides and different iron compounds among others. The 

composition of the clay can thus differ a lot even within one site (Denio 1980).  

Glaze is the thin outer glass layer of porcelain with silica (SiO2) as the main constituent (Mohamed et 

al. 1995, Denio 1980). Since SiO2 has a relatively high melting point of 1710˚C, one or a few fluxing 

agents are usually added to reduce it (Tunstall and Amarasiriwardena 2002, Denio 1980). Due to the 

acidity of SiO2, metal oxides are commonly used to neutralize the acidity. Glazes containing lead(II) 

oxide has many properties that are desired. They stick well to the surface of the pottery, they 

interact well with oxides used for coloring and they are usually smooth and pure (Tunstall and 

Amarasiriwardena 2002, Denio 1980). White lead (2PbCO3*Pb(OH)2) is also favored as a fluxing 

agent. The color of the glaze is an important property and a complete spectrum of colors can be 

achieved with the use of only eight metals, which are chromium, cobalt, copper, iron, manganese, 

nickel, titanium and vanadium. Sometimes a few other metals such as cadmium are used (Denio 

1980). If a glaze is formulated, applied and fired properly, the salts used for coloring will not be 

available for leaching or extraction but will be sealed into the glaze (Mohamed et al. 1995). 

Limit values 
Several regulatory limit values are available depending on the intended land use. Presented in Table 

1 is the Swedish environmental protection agency´s (Naturvårdsverket 2009) limit values for 

elements in polluted soil for sensitive land use (KM), such as residential areas and parks, and for less 

sensitive land use (MKM), such as industrial areas. Table 1 also shows the Swedish trade organization 

for waste management´s (Avfall Sverige 2007) limit values of elements in polluted masses to be 

classified as hazardous waste (FA). The Dutch ministry of housing, spatial planning and environment´s 

(2000) indicative levels of serious contamination (IL) is also included in Table 1.  



Table 1. Limit values for sensitive land use (KM), less sensitive land use (MKM), hazardous waste (FA) and indicative levels of 
serious contamination (IL) for some selected elements. 

  KM1 MKM2 FA3 IL4 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Antimony 12 30 10000   

Arsenic 10 25 1000   

Barium 200 300 10000   

Beryllium       30 

Cadmium 0.8 12 100   

Chromium 80 150 10000   

Cobalt 15 35 100   

Copper 80 200 2500   

Lead 50 400 2500   

Mercury 0.25 2.5 500   

Molybdenum 40 100 10000   

Nickel 40 120 100   

Selenium       100 

Silver       15 

Tellurium       600 

Thallium       15 

Tin       900 

Vanadium 100 200 10000 250 

Zinc 250 500 2500   

1Sensitive land use 
2Less sensitive land use 
3Hazardous waste 
4Indicative levels of serious contamination 

Sequential extraction  
When the theoretical environmental impact of an element is evaluated, only its total concentration 

in the fraction of the matrix smaller than 2 mm is considered (Naturvårdsverket 2006, Kelepertizis et 

al. 2015). The regulatory limits in Table 1 are thus calculated on an estimated availability of 100%. 

However, the approach does not take into consideration an elements mobility and availability during 

different hydrogeochemical conditions. A better approach for understanding the environmental 

impact from e.g. a contaminated material is thus to perform sequential leaching that reveal the 

chemical speciation and availability of the elements. The chemical speciation of the elements is 

essential for understanding their fate in soil since different species are bound to the soil with 

different strengths (Lo and Yang 1998, D’Amore et al. 2005, Marković et al. 2016, Kelepertizis et al. 

2015, Gleyzes et al. 2002). Element species are usually divided into the five fractions: exchangeable, 

carbonate bound, reducible, oxidizable and residual (Lo and Yang 1998) in schemes similar to the one 

developed by Tessier et al (Tessier et al. 1979). Sometimes is also an initial leaching with pure water 

included to release the water-soluble fraction of elements in the material (Marković et al 2016). 

Those schemes are however limited by the selectivity of the extractants, metals redistributing during 

the extraction process and the deficient dose of extractants at high metal concentrations (Lo and 

Yang 1998). Since the selectivity of the extractants is limited, the speciation should be seen as 

operationally defined and not as exact mineralogical phases (Bäckström et al. 2004). Although the 

extractants are limiting the extractions, they have shown connection with empirical models of 



absorption and bioavailability (D’Amore et al. 2005). As long as the limitations are known and 

considered, sequential speciation can be a useful tool and should not be disqualified (D’Amore et al. 

2005, Bäckström et al. 2004). 

The literature provides many sequential extraction methods, but the two protocols most commonly 

used are the “Tessier” and BCR schemes (Rosado et al. 2016). The Tessier scheme was developed to 

study how varying environmental conditions affected the release of metals from sediments and 

suspended particles in fresh water systems. The BCR scheme was developed as a standard procedure 

to reduce interlaboratory method differences. It has mainly been used for studying the bioavailability 

and mobility of metals. The Tessier scheme extracts the five operationally defined phases mentioned 

above while the two first phases are combined into one in the BCR scheme. Although the two 

schemes extract similar phases they are not directly comparable since the extraction steps are 

operationally defined (Reid et al. 2011). The precision, reproducibility and accuracy of both schemes 

has been shown to be similar (Reid et al. 2011, Rosado et al. 2016, Pérez-Cid et al. 1999). 

Sorption of lead 
Lead is an element that is naturally present in soil. Its concentrations in soil is strongly related to its 

occurrence in the parent bedrock, where it is mainly present as Pb2+ in the form of galena (PbS). The 

sulfides oxidize slowly during weathering and the Pb2+-ion can then form carbonates or become 

incorporated in organic matter, clay minerals or in Fe and Mn oxides. Lead can also occur in soil due 

to anthropogenic enrichment and pollution. It can interact with soil particles through processes such 

as precipitation, nucleation or sorption to solid surfaces. Its properties such as coordination, redox 

state, charge and solubility are the main determiners of which interaction that will occur. The soil 

properties that mainly determines its mobility and bioavailability are pH, cation exchange capacity, 

mineral species, texture, and the level of organic matter. Due to the low mobility and strong 

interaction with soil particles, lead from atmospheric sources is reported to accumulate in the soil 

surface. The sorption of lead in soils increases with increasing pH and is also affected by the ionic 

strength. The sorption to soil colloids has been modeled and can in most systems be described by the 

Langmuir equation. However, since soils differ a lot the effect of pH will also differ (Martıńez-Villegas 

et al. 2004). 

Solid/liquid partitioning coefficients  
The distribution of elements in soils depends on environmental factors such as pH, redox and organic 

matter content. To estimate the distribution and mobility of elements, the solid/liquid partitioning 

coefficient (KD) is usually used. It is calculated by dividing the concentration of an element in solid 

phase with its equilibrium concentration in a contacting liquid phase from empirical measurements. 

The change in KD can be used as a model for sorption, but the empirical value also incorporates other 

attenuation mechanisms such as precipitation and diffusion into micropores. Using KD as a model for 

sorption carries a large uncertainty since it is simplistic and uses assumptions that are usually 

disproven (Sheppard et al. 2011). The general guideline value for lead is a log KD of 3.26 

(Naturvårdsverket 2009, Annex 1, Table A3.1).  A previous study by WSP (2014b, Annex 5) showed 

calculated log KD for lead at 4.35 in the eastern part of Sannorna 5:1, 2.71 in the central part of 

Sannorna 5:1, 3.68 in the eastern part of Släggan 2 and 3.69 just north of Släggan 2. They also found 

that samples containing porcelain had lower KD than the rest. 

Remediation 
In previous cases concerning ceramic deposits, the residues have been removed either totally or 

partially, due to high levels of mainly lead but also barium, zinc, arsenic, copper and cadmium. In one 

case, surrounding environmental factors such as land use has been used to motivate a 



recommendation to leave the masses untouched. Sieving the materials to remove the finer fraction 

or to immobilize lead using a chelating agent has been suggested but not executed (Jordnära 

Miljökonsult 2015). Immobilization of lead in soil could be performed by precipitation with 

phosphate compounds, lime addition to increase pH, solidification with cement or increased sorption 

with biochar. However, there is a need to develop procedures for evaluating the short and long-term 

stability of the immobilization techniques in situ (Mahar et al. 2015). 

Aim 
The aim of this thesis is to continue the investigation of northern Hamnstaden to get a better 

understanding of the inorganic contamination. To investigate where it is present and at which levels 

and thereby strengthen the risk assessment at the site. Further, bioavailable concentrations will be 

compared with the total concentrations to analyze their suitability as a tool for risk assessment. 

Analysis of different size fractions will be performed to determine the possible release of elements 

over time and to get a total picture of the contamination. Alternatives for remediation of the area to 

reduce the exposure for future inhabitants and visitors should be proposed.  

Objectives 
Analyze element concentrations in soil samples from the area to investigate contamination depth 

and stratification and thus strengthen the risk assessment. 

Perform sequential leaching of selected samples for comparison of the total elemental 

concentrations and the amount bound to different fractions.  

Analyze porcelain residues to evaluate its content of potentially leachable elements.  

Sum all analyses to a whole picture of the contaminated area and propose measures for remediation 

of the area.  

  



Methods 

Sampling 
On Thursday 14th of December 2017, five wells for groundwater sampling, were drilled using an 

auger. During drilling, soil samples were collected from each half meter. Samples in which porcelain 

was found and a random selection of some of those without porcelain were sent to Eurofins for 

elemental analysis. Seven old groundwater wells were also used for water sampling. The locations of 

the wells are marked with blue dots in Figure 2. The groundwater wells were drained of 

approximately 8 liters of water on Friday the 15th of December for turn over until Tuesdays sampling. 

The drilling was conducted by Bohusgeo with the assistance of Jordnära Miljökonsult.  

 

Figure 2. Map of sampling points. 

On Monday the 18th of December 2017, 15 pits were dug on the sites marked with red squares in 

Figure 2. The pits were dug down to the groundwater table using an excavator. Soil samples were 

collected as mixed samples in 10 L plastic buckets from each half meter, each sample thereby 

representing 50 cm. The only exception from this procedure was 1711 were soil was found down to 

0.7 m while there was porcelain below why samples were collected at 0-0.7 m and 0.7-1.2 m. Other 

materials such as casting molds, porcelain and clays with different colors were also collected and put 

in separate buckets.  

On Tuesday the 19th of December 2017 groundwater samples were collected, using a peristaltic 

pump. First one liter of water was pumped and discarded before the water sample was collected in 

250-mL bottles. In the lab, the water was divided into two Sarstedt tubes and one of them was 

acidified to a final concentration of 2% nitric acid. A week later they were both filtrated, the second 

sample was acidified and internal standard was added before analysis with ICP-MS. Filtrated samples 

without acidification was analyzed on an ion chromatograph (IC) for inorganic anions. 



Sample preparation 
The soil samples were dried at 60˚C before they were sieved through a 2-mm sieve and both 

fractions were weighed. The soil was sieved with an Octagon digital sieve shaker from Endecotts for 

10 minutes at the amplitude of 5. Thereafter both fractions were weighed, and the percentage of 

each fraction was calculated and can be seen in Table 2. Table 2 also contain a short description of 

the coarse fraction. The finer fraction was used for microwave digestion and acid, water and 

sequential leaching. 

Table 2. Proportion of soil passing through a 2 mm sieve for seven soil samples and a description of the material. 

Sample 

<2mm >2mm 
Description of coarse fraction 

(%) (%) 

1703 0-0.5 54.6 45.4 Small rocks, brick residues, sand lumps 

1704 0-0.5 50.1 49.9 Sand lumps 

1704 0.5-1.0 32.4 67.6 Sand lumps 

1710 0-0.5 68.2 31.8 Residues of porcelain and casting mold, sand lumps 

1710 0.5-1.0 3.0 97.0 Mainly porcelain 

1719 0-0.5 21.9 78.1 Mainly porcelain 

1719 0.5-1.0 8.0 92.0 Mainly porcelain 

 

The area contains a large amount of porcelain residues and other industrial waste that do not pass 

through a 2 mm sieve. As can be seen in Table 2 some samples only had a few percentages of fine 

soil particles which means that if the risk assessment is based only on the finer fraction it would not 

be representative for the actual sample. Therefore, 7 samples were selected for crushing and 

analyzing. The samples were selected based on the following criteria. Two samples (1710 0.5-1.0 and 

1719 0.5-1.0) were chosen since they had the largest proportion of coarse material, two samples 

(1704 0-0.5 and 1704 0.5-1.0) were chosen since they had a large proportion of coarse material but 

did not contain any porcelain residues, two samples (1703 0-0.5 and 1710 0-0.5) were chosen since 

they were around the limit for sensitive land use and 1719 0-0.5 was chosen since it had the highest 

concentration of lead. All samples were crushed to a size smaller than 1.8 mm using a Retsch BB51 

jaw crusher. The samples containing large amounts of porcelain residues (1710 0.5-1.0 and both 

depths of 1719) were pre-crushed in a Retsch BB200. The crushing was performed at Fortum Waste 

solutions AB in Kumla. The crushed samples were used for leaching with water and acid, respectively.  

Water leaching 
Soil samples were put in and weighed directly in 50 ml Sarstedt tubes and 18.2 MΩ water was added 

to obtain an L/S-ratio of 10. The samples were then agitated on an end-over-end shaker. After 24 

hours a subsample was withdrawn and filtrated through a 0.2 µm polypropylene syringe filter from 

VWR. In the remaining leachates were electrical conductivity and pH measured. The filtered solutions 

were diluted and analyzed on an IC for inorganic anions. They were also diluted, acidified and 

analyzed with an inductively coupled plasma mass spectrometer (ICP-MS) after addition of internal 

standard (1% 103Rh). 

Acid leaching for total concentrations 
The samples were also put in and weighed directly in 50 ml Sarstedt tubes and Aqua Regia was added 

to obtain an L/S-ratio of 10. They were put in a water bath and heated to 70˚C for 4 hours. The 

volumes were adjusted to 50 ml with 18.2 MΩ water before they were filtrated through a 0.2 µm 

polypropylene filter from VWR. The filtrated samples were diluted 100 times, acidified and internal 

standard was added before analysis with ICP-MS.  



Sequential leaching 
The samples with any total elemental concentration above the limit value for less sensitive land use 

were selected for sequential leaching. The samples were weighed into 50 ml Sarstedts tubes and all 

leachants were added following the scheme presented in Table 3. The leachants were added to 

obtain an L/S-ratio of 10 in all steps except in the residual step where the it was added to obtain an 

L/S-ratio of 100. After each of the five first leaching steps, all samples were centrifuged at 4637 rcf 

for 20 min before the supernatants were pipetted into a new Sarstedt tube. After the oxidation steps 

2 to 4, the samples were centrifuged for 10 min at 4637 rcf before the supernatants were removed. 

The remaining pellet was dried at 60˚C before the residual step. The microwave digestion was 

performed in a CEM MarsV microwave oven. In the beginning, the temperature increased from room 

temperature to 150˚C over 30 min. Then it increased to 180˚C over 10 min and was kept there for 

another 20 min. The water leachates from the first leaching step were filtrated through a 0.2 µm 

polypropylene filter from VWR, diluted 10 times, acidified and internal standard was added before 

analysis with ICP-MS. All other leachates were filtrated through a 0.2 µm polypropylene filter from 

VWR, diluted 100 times, acidified and internal standard was added before analysis with ICP-MS. 

Table 3. Scheme for the sequential leaching. 

Leaching step Leachant Temperature Time 

Water soluble 18.2 MΩ H2O Room temperature 24 h 
Ion exchangeable 1.0 M NH4AC Room temperature 5 h 

Carbonates and amorph 
hydroxides 

1.0 M NH4AC at pH 5 90˚C 5 h 

Reducible 0.04 M NH2OH-HCl in 25% HAc. 90˚C 5 h 
Oxidizable step 1 0.02 M HNO3 + 30% H2O2  85˚C 3 h 
Oxidizable step 2 3.2 M NH4AC Room temperature Fast shake 
Oxidizable step 3 18.2 MΩ H2O Room temperature Fast shake 
Oxidizable step 4 18.2 MΩ H2O Room temperature Fast shake 

Residual 1:9 H2O2: HNO3 Microwave digestion 1 h 

Microwave digestion 
The same microwave digestion program was used to treat 11 original soil samples for mass balances 

estimation of the sequential leaching. The two samples with lowest relative standard deviation of the 

total concentrations (1711 0-0.7 m and 1716 0-0.5 m) were not included in the mass balance 

estimation. The digested samples were filtrated thorough a 0.2 µm polypropylene filter from VWR, 

diluted 100 times, acidified and internal standard was added before analysis with ICP-MS.  

Elemental analysis 
The elemental analyses were performed on an Agilent 7500cx ICP-MS with a micromist nebulizer. 

The signal was optimized by tuning of five mass-to-charge ratios (m/z = 7, 59, 89, 140 and 205) 

divided over the whole span of analyzed ratios. External calibration curves were used for all 

elements. The range differed between the elements but overall the calibration curves ranged from 

10 ng/L to 10 mg/L.  

Validation by Eurofins 
Ten samples were sent to Eurofins AB in Lidköping to validate the total concentrations from the acid 

leaching. Two of the samples (1711 0-0.5 m and 1716 0.5-1.0 m) had high levels of lead, two (1701 

0.5-1.0 m and 1709 0.5-1.0 m) had low levels of lead and six (1703 0-0.5 m, 1703 0.5-1.0 m, 1707 0-

0.5 m, 1710 0-0.5 m, 1718 0-0.5 m and 1718 0.5-1.0 m) were close to the KM limit for any element.  

 



Speciation modelling 
The concentrations of the major elements (Na, Mg, K and Ca), aluminum, iron, lead and the major 

inorganic anions (F-, Cl-, SO4
2-) were used as input data for a geochemical modelling. The modelling 

was performed using Visual MINTEQ, ver. 3.1 to determine which aqueous inorganic species lead 

would form when it is leached from the soil. For the modelling, the atmospheric partial pressure of 

CO2 was used and the pH was set at the measured value. 

Loss on ignition (LOI) 
Selected soil samples were analyzed for their content of LOI. The samples were selected based on the 

highest concentrations in all three subareas. The selected samples for Släggan 2 was 1703 0-0.5 and 

0.5-1.0, for Sannorna 5:1 was 1711 0-0.7 (not 1710 0.5-1.0 due to low sample amount) and for Städet 

18 was 1717 0-0.5, 1719 0-0.5 and 0.5-1.0. Both depths of 1721 were also included to analyze a 

sandy sample from Städet 18. The soils were dried at 105˚C, then 4.8-5.0 g soil was heated in a 

crucible to 550˚C using a muffle oven. An exception was made for 1719 0.5-1.0 m of which 1.8 g of 

soil was used due to low sample amount. After 4 hours were the heated crucibles removed from the 

muffle oven and when they had reached room temperature the loss of mass was measured.  

Statistical methods 
For statistical comparison of means, the two-tailed t-test for paired observations was applied using 

Excel software. A significance level of 0.05 was used and the p-values were corrected for multiplicity 

using the Benjamini-Hochberg correction. The comparison of means was performed between 

groundwater samples and water leachates from nearby sampling points, between the Eurofins 

results and the total concentrations for the 10 samples sent to Eurofins and between the sum of all 

leaching steps in the sequential leaching and the microwave digestions for the 11 samples used for 

mass balance estimation. The comparison was performed for the samples across all risk elements 

and for risk elements across the samples. A comparison was also performed between the 

bioavailable and total concentrations. For this comparison the difference between the replicates of 

each result was tested.  

To investigate which elements had a connection to each other and could possibly origin from the 

same source, a correlation matrix was produced using Excel software. The correlation coefficient was 

calculated between all total element concentrations, hydrogen ions, electrical conductivity, anions, 

and water leachable calcium, iron and risk elements. 

To investigate if the porcelain has changed the chemical composition of the soils enough for them to 

be separated from the original soils, a principal component analysis (PCA) was performed in R. It was 

also used to confirm the findings of the correlation analysis and to investigate if there were variables 

with strong correlations that it had failed to recognize. The variables associated with the variation 

between soils with and without porcelain were also investigated using the PCA. The total 

concentrations, water leachable concentrations, the major anions, pH and EC were used as variables. 

The samples where indexed in two groups, those in which porcelain had been found and those 

where it had not. Since variables with low variance could get increased significance when the data is 

scaled, the 25 % with the lowest variance were filtered out before scaling. The remaining 43 variables 

were mean centered and variance scaled before the PCA was performed. To minimize the characters 

in the PCA, depths were named alphabetically with letters where the top soil was called A.  



Results and Discussion 

Field observations 
The sampling showed that the main filling in western Städet 18 (1716, 1717 and 1719) was porcelain 

and porcelain related waste. Similar materials were also found in small amounts in the southeastern 

part of Städet 18 (1720 and 1721). Porcelain and related waste was also found in Sannorna 5:1 in 

1709, in the depth 0.4-1.6 m in 1710 (Figure 3) and down to a depth of 0.7 m in 1711. Other 

industrial waste such as metal pieces, brick residues and foundry sand were found sporadically at the 

remaining sampling sites, but the main filling was sand, silt or clay. 

 

Figure 3. Soil horizon at sampling point 1710. 

Water leachable concentrations 
All results for the water leachates are shown in Appendix 1. If the water leachates are compared to 

the limit values for drinking water only two of them (1711 0.7-1.2 and 1718 0.5-1.0) would be 

considered serviceable. Of the remaining samples, 28 would be serviceable with remarks and 11 

would be unserviceable (Table 4). The highest level of water leachable lead is found in 1717 0-0.5 

with 521 µg/L which corresponds to 6.2 mg/kg in the solid sample. This means that the lead that 

leach from 1 kg of material at this depth would need to be diluted with 620 liters of clean water to be 



serviceable as drinking water. The second highest sample, 1719 0-0.5, would need to be diluted with 

400 liters of water to be below the limit value.  

Table 4. Concentration of elements and anions which have exceeded the limit for serviceable with remarks or unserviceable 
drinking water in those samples they have been exceeded. The results colored in yellow has exceeded the limit for 
serviceable with remarks and those colored in red has exceeded the limit for unserviceable. 

    Aluminum Calcium Manganese Iron Nickel Lead Sulfate 

 Unit µg/L mg/L µg/L µg/L µg/L µg/L mg/L 

Drinking 
water 

Serviceable w. remarks  100 100 50 200     100 

Unserviceable         20 10   
Sample 
Name Depth 

      
 

1710 
0.5-1.0 12.7 

6360 
230 10.3 11.2 90.5 

1410 
1.0-1.5 133 

5790 
86.3 7.47 8.83 41.1 

1400 
1711 0-0.7 26.5 

1060 
14.9 6.50 3.14 35.9 

219 

1716 
0-0.5 38.9 

654 
93.9 19.6 3.07 189 

144 
0.5-1.0 28.8 

2250 
16.8 3.62 4.10 132 

511 

1717 
0-0.5 11.8 

10000 
409 7.49 28.2 521 

2320 
0.5-1.0 11.7 

8400 
189 9.39 27.3 204 

2030 

1719 
0-0.5 11.3 

2130 
26.8 7.23 13.41 347 

465 
0.5-1.0 13.9 

4550 
71.6 14.1 19.26 200 

1010 
1720 0.5-1.0 69.8 

32 
42.9 120 2.13 21.0 

11.3 
1721 0-0.5 59.6 

87 
21.7 248 6.37 16.5 

8.53 

 

When groundwater results are compared to those from the water leaching tests from nearby 

samples no significant differences were found. When results for each variable (elements, anions, pH 

and EC) are compared between the two groups, 20 out of 35 variables show significant differences. 

Lead, nickel and sulfate were amongst those that did not show any significant differences.  

When the results for dissolved lead in groundwater samples are compared to water leachates from 

nearby sampling points the levels of lead is higher for the water leachates in 5 samples, about the 

same in 5 samples and higher in the groundwater in 2 samples. The two groundwater wells for which 

the concentration is higher than the nearby water leachates (1715 and 1368), are both located in the 

southern part of Städet 18. The higher level of lead in 1715, which was about 11 times higher than in 

the highest leachate from 1720, could be due to the presence of porcelain in 1715 and absence of it 

in 1720. It could also be an indication that the groundwater carries contamination from another 

source. The source could be the western part of Städet 18 since the level of dissolved lead was 

similar in 1713 and 1715 and those were the two wells with highest levels. The source could also be 

in a nearby property as for example Städet 17 where a sludge lagoon has been located. The two wells 

in Släggan 2 both showed lower concentrations than the nearby leachates, indicating that lower L/S 

ratios might be suitable for representative water leaching there. No correlations could be found for 

the remaining wells. 

The correlation coefficient was calculated between all groundwater samples and water leaching tests 

on nearby soil samples. High correlations were shown but they were strongly dependent on the high 

concentrations of some variables, mainly calcium. To eliminate the outlier problem all variables were 

mean centered and variance scaled. The highest correlation found afterwards were r = -0.52 which 

means that no strong correlations (r ≥ 0.7) could be seen.  



Total concentrations 
The complete information concerning of total concentrations is shown in Appendix 2. The samples 

with an element concentration above any of the limit values are shown in Table 5. 

Table 5. Element concentrations for those samples and elements where any limit value was exceeded. The results colored in 
green has exceeded the limit for KM, those in yellow has exceeded the limit for MKM and those colored in red has exceeded 
the limit for FA/IL. 

  

  Arsenic Barium Cadmium Cobalt Copper Lead Nickel Thallium Zinc 

Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

KM 10 200 0.8 15 80 50 40   250 

MKM 25 300 12 35 200 400 120   500 

Sample FA / IL 1000 1000 100 100 2500 2500 100 15 2500 

1703 0-0.5 2.75 44.5 0.151 3.48 12.3 53.3 5.85 0.220 72.1 

1710 

0.5-1.0 2.29 33.2 0.348 13.4 14.0 1570 13.9 3.75 1000 

1.0-1.5 1.33 26.2 0.070 5.35 11.1 695 5.20 1.61 79.4 

1711 0-0.7 6.75 428 0.617 28.6 73.4 2320 13.8 5.53 545 

1716 

0-0.5 1.86 852 0.191 21.6 48.2 1900 13.3 4.56 688 

0.5-1.0 2.78 209 0.096 45.1 19.7 4110 5.86 10.1 202 

1717 

0-0.5 7.41 123 0.306 110 110 6850 40.7 16.9 673 

0.5-1.0 5.93 64.9 0.886 42.5 74.3 5040 27.9 12.5 6880 

1719 

0-0.5 13.5 390 0.723 97.2 498 52300 69.8 138 1110 

0.5-1.0 5.72 132 0.455 60.4 219 18600 22.6 45.1 692 

1.0-1.5 8.50 186 0.527 11.8 147 1360 21.2 3.13 666 

1720 

0.5-1.0 1.53 73.4 0.088 5.29 9.11 282 4.73 0.697 54.7 

1.0-1.5 1.37 36.4 0.073 2.34 16.4 70.1 3.84 0.182 36.8 

1721 

0-0.5 1.65 79.6 0.198 2.63 41.2 206 8.92 0.538 125 

0.5-1.0 3.63 110 0.266 2.50 55.1 156 8.27 0.429 299 

 

The samples with a total concentration of lead above 200 mg/kg are those whose water leachates 

would be considered unserviceable as drinking water. The only exception is 1719 1.0-1.5 with a 

concentration of lead at 5.0 µg/L although the total concentration was 1360 mg/kg. The relationship 

between these two parameters is not direct, with the same order of samples having the highest 

concentration of total lead and water leachable lead. However, there is a relationship between a high 

concentration of total lead and a high concentration of water leachable lead.  

Table 5 clearly show that the most severe contamination is present at the northwest side of Städet 

18 where samples 1716, 1717 and 1719 were taken. The highest detected concentration of lead is 

52.3 g/kg in the top soil at 1719 which is about 20 times the limit for hazardous waste. The southern 

part of Städet 18 where 1720 and 1721 are located have concentrations of lead above the limit for 

sensitive land use, except for the top layer at 1720. The highly contaminated samples correlate well 

with the locations where porcelain was found during sampling. Exceptions are 1720 0.5-1.0 & 1.0-1.5, 

1709 0.5-1.0 and 1703 0-0.5, 0.5-1.0 & 2.0-2.5. At 1720, the filling consisted of tiles, metal and 

molding sand which could be the source of contaminants. At 1709 there was porcelain and casting 

molds, but the levels of lead were below 5 mg/kg. This indicates that the porcelain might not be the 

only source of pollution or that the leaching is quicker closer to the lake Vänern. Glazing chemicals 

could be a source which would not be obvious at ocular inspection and that would be more spread in 

the soil. It is also possible that the porcelain in 1709 has not been exposed to the same amount of 



mechanical destruction as the rest and thereby has a lower amount of porcelain residues in the finer 

fraction. The sample 1703 0-0.5 contains lead above the limit for sensitive land use although no 

porcelain was found there. There might be a contamination at 1703 which is hidden by the 

heterogeneity of the soil of which the source remains unknown. Other samples that are around the 

limit values are 1718 0-0.5 with a concentration of lead at 47.6 ± 4.8 mg/kg, 1710 0-0.5 with a 

concentration of lead at 49.5 ± 3.6 mg/kg and 1707 0-0.5 with a concentration of copper of 73.6 ± 

29.3 mg/kg. 

Lead seems to be the most hazardous pollutant among the included elements, since it is present in 

most samples at concentrations above its limit values. For example, lead is three times the KM limit 

value in 1721 0.5-1.0 while zinc at a higher concentration only is 1.2 times its limit value. The 

exception from this is 1717 0.5-1.0 where the concentration of zinc is higher than lead and the limit 

value for hazardous waste is the same. 

The results show that remediation is neccesary for almost the entire area of Städet 18 and the part of 

Sannorna 5:1 where porcelain has been found. The rest of Sannorna 5:1 should be habitable without 

any risk. At Släggan 2 there is a need for remediation of the top soil around 1703 and maybe deeper 

down although the contamination is heterogenous on this site and might be different from the 

results shown in this study. 

The samples from the drilling supported the conclusion that only a part of Sannorna 5:1 would need 

remediation. No limit values were exceeded in the samples 1702 (in Släggan 2), 1705 or 1712 (both in 

Sannorna 5:1), although porcelain was found below 1.7 m in 1712. The groundwater level was at 1.4 

m at 1712 which means that the lead might already have leached out from the soil particles although 

it is present in the porcelain.  

For Städet 18 all three samples showed high concentrations of lead, supporting that remediation of 

that area is needed. At 1713 the limit for hazardous waste was exceeded from 0.1-2.0 m but 

decreasing with increasing depth. The levels of cobalt exceeded FA at all depths between 0.1-2.0 m 

except in 0.5-1.0 m were no limit value was exceeded. The limit for FA was also exceeded for copper 

at 1.5-2.0 m but copper was lower than any limit value in the rest of the depth-profiles. Zinc 

exceeded MKM at three of the depths and KM in the fourth of the depths between 0.1-2.0 m. At 

1714, lead exceeded FA in 0.3-1.0 while it exceeded MKM at 1.5-2.0 m which was below the 

groundwater level. In 1715, lead exceeded MKM between 0-2.0 m with the highest level at 0.3-1.1 m 

with 49 g/kg which is almost high as in 1719 0-0.5 m (52.3 g/kg). The high levels in these two samples 

although porcelain was found in large amounts in the whole Städet 18 support that the old sludge 

lagoon, located in Städet 17, could be the largest source of contamination. 

Ten samples were selected for element analysis at Eurofins Lidköping to validate the determination 

of total concentrations made in this study. Eurofins analyzed for ten elements (As, Ba, Cd, Co, Cr, Cu, 

Ni, Pb, V and Zn) and there was no significant difference in any sample between their results and the 

those from the acid leaching. For the ten elements analyzed there was a significant difference for 

chromium where Eurofins results showed on average a 47% lower result. This could be due to the 

heterogeneity of the samples or that the method for leaching in this study extracts chromium more 

efficiently than the method that Eurofins uses. However, chromium does not exceed the limit for KM 

in any sample and is therefore not present at levels that would require remediation. For individual 

results, a few differences did occur. The KM limit was exceeded for copper at 1707 0.5-1.0 m and 

lead at both 1710 0-0.5 m and 1718 0-0.5 m. In their total concentrations, these three results were 

just below the limit of KM while their confidence intervals ranged above it. Barium in 1716 0.5-1.0 

was below KM but also within the confidence interval of its total concentration. The differences can 



be explained by the heterogeneity of the site since the sums of all sequentially leached 

concentrations were within the confidence intervals of the total concentrations. Eurofins reported 

130 mg/kg of lead in 1703 0-0.5 which is more than any of the replicates of the total concentrations 

or from the sequential leaching. This indicates that there is a heterogeneous lead contamination at 

the site. 

Results from previous surveys have also shown that the contamination is most severe at Städet 18. 

All samples taken in the northwestern part of this site exceeded the limit for hazardous waste in at 

least two depths. The levels of lead were in the range of about 5-19 g/kg in this area (WSP 2014d) 

which is similar to the results of this study. No sample has been taken from the southwestern part of 

Städet 18 but Sweco reported 79 g/kg closer to the factory which was located south of Städet 18 

(Jordnära Miljökonsult 2015). This supports that the concentrations could be higher in the 

southwestern part of Städet 18 which has been found in this study. In the eastern part of Städet 18, 

lead exceeded MKM at one depth while copper exceeded FA at 1.5-2.0 m. Levels of copper exceeding 

KM were also found at shallower depths and in the property east of Städet 18 (WSP 2014d) which 

indicates that there might have been some other source of contamination in that area.  

No contamination has been found previously in Släggan 2 while the levels of lead in Sannorna 5:1 

exceeds FA in the area surrounding sampling point 1711 on the same side of the bicycle road. The 

concentrations at 1710 and 1711 were up to 2300 mg/kg of lead while measurements from the year 

2009 went up to 4700 and one sample from the year 2014 showed 20000 mg/kg. The higher values 

in the older measurements could be due to the heterogenicity of the soil or different sampling 

preparations. It might be possible that a larger volume of old glaze chemicals has been discarded at 

the site of that sample. Lead has also exceeded KM at various depths at sampling points in the 

eastern part of Sannorna 5:1 (WSP 2014d). Considering that 1712 did not exceed any limit value it 

supports that the contamination is very heterogeneous. 

Solid/liquid partitioning coefficients of lead 
At Släggan 2, the calculated log KD of lead were in the range of 4.05-4.31 except for 1703 2.0 - 2.5 m 

(Table 6). The depth of 2.0-2.5m had a log KD of 4.42. An explanation for this might be that lead at 

this depth is bound stronger due to e.g. redox-conditions facilitating formation of sulfides. There is a 

tendency of increasing KD with increasing depth for 1701 and 1703 but an opposite tendency for 

1704.  

All log KD are higher than those that WSP (2014b) reported for the area (3.68 and 3.69 L/kg). 

However, WSP had a large variation and choose to report the lowest KD to not underestimate the 

leaching.   

 

 

 

 

  



Table 6. Log KD of lead for all samples. 

Sample 
Name 

Depth 
log KD   

Sample 
Name 

Depth 
log KD   

Sample 
Name 

Depth 
log KD 

1701 
0-0.5 4.05  

1707 

0-0.5 4.34  1716 
0-0.5 4.04 

0.5-1.0 4.31  
0.5-1.0 4.07  

0.5-1.0 4.58 

1703 

0-0.5 4.08  
1.0-1.5 4.44  1717 

0-0.5 4.31 
0.5-1.0 4.13  

1708 

0-0.5 4.05  
0.5-1.0 4.42 

1.0-1.5 4.18  
0.5-1.0 4.10  1718 

0-0.5 4.52 
1.5-2.0 4.31  

1.0-1.5 4.54  
0.5-1.0 5.34 

2.0-2.5 4.42  
1709 

0-0.5 4.30  
1719 

0-0.5 5.34 

1704 

0-0.5 4.27  
0.5-1.0 3.92  

0.5-1.0 5.01 
0.5-1.0 4.21  

1.0-1.5 3.72  
1.0-1.5 5.45 

1.0-1.5 4.05  
1710 

0-0.5 4.20  
1720 

0-0.5 4.26 

1706 

0-0.5 4.16  
0.5-1.0 4.46  

0.5-1.0 4.07 
0.5-1.0 4.22  

1.0-1.5 4.23  
1.0-1.5 5.26 

1.0-1.5 3.93  
1711 

0-0.5 4.90  
1721 

0-0.5 4.15 

    
0.5-1.0 

5.56  
0.5-1.0 

4.05 

 

Log KD ranges from 3.72 to 5.56 in Sannorna 5:1 (Table 6). No obvious relationship can be found 

between depth and log KD but all values above 4.40 are found either in samples where porcelain was 

found or at depths of 1.0-1.5 m. The two highest log KD were found in 1711 with 4.90 at 0-0.7 m and 

5.56 at 0.7-1.2 m. A reason why the values were higher in 1711 than in 1710 could be that the 

porcelain in 1711 might be more crushed. Both 1710 0.5-1.0 and 1.0-1.5 had high proportions of 

particles larger than 2 mm (97.0 and 87.3 % respectively). The higher amount of small particles could 

be crushed porcelain which would leach less than soil particles. If the 3% small particles in 1710 0.5-

1.0 are soil particles they bind lead less tight than porcelain and it would explain the lower log KD. 

However, at visual inspection, the particles are whiter than the two other depths of 1710. 

The log KD that WSP calculated for the center at Sannorna 5:1 (2.71) is much lower than those from 

this study. WSPs choice of reporting the lowest KD is probably the explanation, but the heterogeneity 

of the soil could be another possibility. The other value they obtained (4.35) is in the higher end of 

the range for samples without porcelain and seems more aligned with the results in this study.  

At Städet 18 the KD ranges between 4.04 and 5.45 (Table 6). The highest values are found in 1719 

(5.34, 5.01 and 5.45 by increasing depth) which could be explained by the large amount of porcelain. 

High log KD were also found in 1718 0.5-1.0 m and 1720 1.0-1.5 m (5.34 and 5.26 respectively) for 

which a possible explanation is harder to detect.  

All KD were higher than the general guideline value for lead which means that the lead in the area is 

bound stronger than naturally occurring lead. The average log KD is 4.39, the median 4.26 and the 

lowest value is 3.72. The higher mean than median indicates that there are high values in the upper 

range that skews the mean. The results in this study contradicts the previous results from WSP who 

had found that samples containing porcelain had lower KD. The difference might be explained by the 

heterogeneity or the difference in sample preparation. The KD would be lower If the entire sample 

was crushed before it was leached since lead in the porcelain would be more accessible.  

Remediation 
Remediation is needed in Städet 18, in a part of Sannorna 5:1 and at 1703. The immobilization 

techniques for lead in soils could be applied at 1703 to reduce the bioavailability. However, the 

surface might become hardened within the future building plans, which would reduce the 

bioavailability. The problem with leaching into Vänern would remain.  



For the porcelain deposits there is a question how efficient the techniques would be. The large 

heterogenicity and larger pieces might reduce the efficiency of chelating agents, phosphate 

compounds, lime and biochar. Since most of the lead is associated with the fine size fraction just 

removing it might be an alternative. However, this could be contra-productive since the vehicles and 

machines used for moving masses would put pressure on the ceramics and causing them to 

disintegrate into finer pieces. Putting the ceramics back at the site after sieving would also grind a 

part of the ceramics, producing new fines. The alternative of removing the residues might be the only 

viable solution if it cannot be motivated to leave the masses untouched. 

Sequential leaching 
The complete results from the sequential leaching are shown in Appendix 3. Samples and elements 

where concentrations exceeded any limit value are shown in Table 7. 

The concentrations of lead are higher than the total concentrations for all samples except both 

depths at 1703. The concentration of chromium exceeded the MKM limit at both 1717 0-0.5 and 

1719 0-0.5 although they did not even exceed KM in the total concentration analysis. The largest 

concentration of lead is still found in 1719 0-0.5 where it has risen from 52.3 to 131 g/kg which is 

about 50 times the limit value for hazardous waste. The increases are probably due to the differences 

in method and the phase transformation that the sequential leaching causes. The prolonged leaching 

time, the prolonged leaching time together with heat, the leaching with combined heat and pressure 

and the larger variety in ways for the different leachants to attack the soil surfaces are all factors that 

add to the increased efficiency of the sequential leaching. 

Table 7. Concentrations of those elements that exceeded any limit value in the total concentrations of all fractions in the 
sequential leaching. The results colored in green has exceeded the limit for KM, those in yellow has exceeded the limit for 
MKM and those colored in red has exceeded the limit for FA/IL. 

  

  Arsenic Barium Cadmium Chromium Cobalt Copper Lead Nickel Thallium Zinc 

Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

KM 10 200 0.8 80 15 80 50 40   250 

MKM 25 300 12 150 35 200 400 120   500 

Sample FA / IL 1000 1000 100 10000 100 2500 2500 100 15 2500 

1703 
0-0.5 2.16 47.8 0.227 7.8 2.96 18.1 48.6 9.46 0.220 64.9 

0.5-1.0 0.90 27.1 0.138 5.5 1.63 9.09 20.0 6.49 0.140 41.4 

1710 0.5-1.0 4.82 95.9 0.426 40.9 30.4 26.5 5380 25.9 12.5 1010 

1711 0-0.7 6.42 546 0.933 64.7 49.5 111 4030 26.5 9.27 666 

1716 
0-0.5 1.49 954 0.121 7.7 25.2 111 2630 6.92 5.57 431 

0.5-1.0 3.92 382 0.130 20.7 57.7 26.2 8230 9.76 18.7 312 

1717 
0-0.5 9.95 799 0.387 160 181 152 19700 42.3 43.7 844 

0.5-1.0 9.22 3230 1.44 36.0 64.5 73.2 8570 31.8 19.6 8660 

1719 
0-0.5 16.8 502 0.939 334 232 253 131000 124 305 1190 

0.5-1.0 6.96 231 0.642 74.8 101 337 34500 35.2 79.4 821 

1720 0.5-1.0 2.23 98.2 0.254 9.7 6.47 10.7 371 20.9 1.02 62.4 

1721 
0-0.5 1.10 103 0.296 12.3 3.07 24.3 733 13.0 1.66 122 

0.5-1.0 2.68 228 0.634 10.7 2.80 662 220 11.4 0.629 516 

 

The sequential leaching also showed that iron is mainly found in the residual fraction with an average 

of 71% of the total iron concentration of all leaching steps (Figure 4). The second large fraction was 

the reducible one with an average of 22 %. At average the oxidizable fraction contained 4.5 % of all 



iron and together the three fractions contained 97.9 % of all iron. This means that iron mainly is 

present in very stable forms but is also to a large extent present in reducible forms such as Fe(OH)3. 

Since Fe(OH)3 is good at co-precipitating other elements when it is formed, this indicate that many 

contaminants could be released if the site was exposed to reducing conditions. As for example if the 

water level in Vänern were to increase in the future or if the oxygen feed were to be reduced by 

hardening the surface.  

 

Figure 4. Speciation of iron in all samples in the sequential leaching. 

Most of the lead is found in carbonates and amorphous hydroxides which are shown in grey in Figure 

5. This fraction accounted for an average of 41% of the sum of lead leached from all fractions. These 

could be ion exchanged by plants following an acidic rain and are therefore considered bioavailable. 

A decrease of pH could release an average amount of 5.2 g/kg of lead from the sample locations at 

Städet 18 and Sannorna 5:1. The other large fractions were the reducible and the residual fraction 

with 22.4 % and 22.5 % respectively. The reducible fractions were more consistent in a range of 10.5 

to 30.1 % while the residual fraction ranged from 4.5 % in 1716 0-0.5 m to 59.4 % in 1710 0.5-1.0 m. 

Since glazing is made of silicates which are not decomposed or dissolved in this sequential leaching 

procedure there is probably more lead in the samples, however, it is not bioavailable. The carbonate 

fraction is representing an average of 87 % of the bioavailable lead. The remaining bioavailable 

species come from the ion exchangeable fraction while the water leachable fraction maximally 

represents 0.3% of the bioavailability. The water leachable fraction is probably that small due to time 

and the continuous exposure to water from three directions which continuously leaches out the 

water-soluble ions that are formed. If the environmental conditions were to change to more 

reducing conditions in the future, it could induce a release of an average of 5.0 g/kg of lead from the 

heavily contaminated area. If the conditions instead were to be more oxidizing it could induce an 

average release of 1.2 g/kg of lead.  
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Figure 5. Speciation of iron in all samples in the sequential leaching. 

For the remaining risk controlling elements, the speciation can be seen in Table 8. The largest two 

fractions are the residual with an average of 37 % of all elements and the carbonate with 24 % of all 

elements. It can be seen that 75 % of all bioavailable elements are present in the carbonate fraction 

which means that a moderate acidification of the area could release a lot of elements. At average for 

the samples in Städet 18 and Sannorna 5:1, a decrease of pH could release 790 mg/kg of risk 

elements, not including lead. A change to more reducing conditions could induce an average release 

of 520 mg/kg of risk elements while more oxidizing conditions could release 270 mg/kg risk elements 

at average. 

Table 8. Percentage of each element present in each fraction of the sequential leacing and an average. 

Element 

Water 
soluble 

Ion 
exchangeable 

Carbonates 
and 
amorphous 
hydroxides Reducible Oxidizable Residual 

(%) (%) (%) (%) (%) (%) 

Arsenic 1 2 13 25 10 49 

Barium 0 10 28 7 11 45 

Calcium 13 22 31 6 4 24 

Cadmium 1 15 36 10 7 31 

Chromium 0 1 9 14 15 61 

Cobalt 0 1 19 31 12 37 

Copper 1 3 21 12 40 24 

Nickel 0 1 10 17 17 54 

Thallium 0 5 34 21 8 33 

Zinc 0 5 41 31 9 14 

Average 2 6 24 17 13 37 

 

To create a mass balance estimation for the sequential leaching, eleven of the original soils were also 

digested in the microwave as in the residual step of the sequential leaching. All results from this 

microwave digestion can be seen in Appendix 4. The results for the elements that exceeded any limit 

for KM/IL were tested for significant differences from the results of the sequential leaching. No 
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significant differences were found between the results for each sample and not for each element 

either. 

Bioavailable concentrations 
When comparing the bioavailable elements (Table 9) with the total amounts, it is evident that no 

samples have bioavailable concentrations of arsenic, chromium or nickel that are above the KM limit. 

Arsenic had the lowest bioavailability at 16 % followed by nickel and cobalt at 18 and 27 % 

respectively. The concentrations of lead at both depths in sample 1703 are well below the limit for 

KM which means that measures for immobilizing lead at this site might be unnecessary. Compared 

with the sum of all fractions from the sequential leaching about half of the lead at 1703 is in a 

chemical form that is not bioavailable. The amount of bioavailable copper is lower than the total 

concentration and is below KM in the samples that were previously above KM and MKM. The only 

exception is 1721 0.5-1.0 in which the bioavailable amount is 242 mg/kg which means that it has 

went from below KM to exceeding MKM. Cobalt has total concentrations above the limit for KM in 

seven samples with four above MKM and one above FA. However, only three samples have 

bioavailable concentrations above KM of which none is above MKM. 

Table 9.. Bioavailable concentrations of elements based on the sequential leaching. The results colored in green has 
exceeded the limit for KM, those in yellow has exceeded the limit for MKM and those colored in red has exceeded the limit 
for FA/IL. 

  

  Arsenic Barium Cadmium Chromium Cobalt Copper Lead Nickel Thallium Zinc 

Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

KM 10 200 0.8 80 15 80 50 40   250 

MKM 25 300 12 150 35 200 400 120   500 

Sample FA / IL 1000 1000 100 10000 100 2500 2500 100 15 2500 

1703 
0-0,5 0.286 28.5 0.092 0.5 0.83 2.2 24 0.726 0.06 16.9 

0,5-1,0 0.250 13.8 0.060 0.7 0.43 1.9 9 0.944 0.03 12.4 

1710 0,5-1,0 0.163 7.3 0.221 1.5 3.34 1.9 1240 1.61 2.50 448 

1711 0-0,7 0.374 263 0.485 1.3 3.32 30.5 2190 2.31 4.49 272 

1716 
0-0,5 0.483 398 0.075 1.7 8.51 28.8 1620 0.637 3.10 267 

0,5-1,0 1.44 227 0.078 3.0 5.65 12.9 4630 0.744 9.67 221 

1717 
0-0,5 2.18 206 0.249 35.0 26.5 65.6 6340 4.62 12.65 460 

0,5-1,0 0.673 60.7 0.828 1.5 14.6 17.3 4170 5.11 8.81 4830 

1719 
0-0,5 1.95 92.1 0.384 9.8 23.6 31.3 33300 6.17 74.02 552 

0,5-1,0 0.969 70.6 0.397 5.3 22.2 47.7 9690 4.95 20.42 449 

1720 0,5-1,0 0.197 50.1 0.065 0.4 1.43 2.2 237 0.915 0.49 14.0 

1721 
0-0,5 0.095 58.9 0.175 0.7 0.88 5.2 503 3.22 1.06 44.0 

0,5-1,0 0.281 92.0 0.437 1.2 0.82 242 125 2.86 0.28 298 

 

Lead is the element with the highest bioavailability at 87% of the total concentration, followed by 

cadmium at 79%. The lowest bioavailability of lead compared to the total amount from the 

sequential leaching is found in 1710 0.5-1.0 with 23% followed by the three samples with the highest 

amount of lead (1719 0-0.5 m at 25%, 0.5-1.0 m at 28% and 1717 0-0.5 m at 32%). The highest 

bioavailability is found in 1721 0-0.5 m (68.7 %) and 1720 0.5-1.0 (63.9 %). 

A t-test was performed to analyze the statistical difference between the bioavailable and the total 

concentration for those samples and elements that exceeded any limit value in the total 

concentrations, shown in Table 5. There was a significant difference in 54 of 117 results (46 %). Of 



those 54 results, 16 differed in their risk classification meaning that, for example, the concentration 

of a sample went from above to below MKM. Of those 16, only barium in 1717 0-0.5 m had a higher 

bioavailability than its total concentration. The higher level of barium in the bioavailable fractions 

could be due to barium being present in that sample in a form that is leachable with NH4Ac but not 

with Aqua regia. However, it is more probable to be caused by the heterogeneity of the soil. Nine 

results had a change in classification although no statistical difference, seven of them decreased and 

lead in 1721 0-0.5 m went above MKM while copper in 1721 0.5-1.0 m exceeded KM. Barium and 

cadmium were the two elements with the fewest significant differences with two each. For lead, 

three results showed a significant difference. One of them (1703 0-0.5 m) changed classification 

while the other two were those samples that had the highest concentrations of lead (First two 

depths of 1719). Cobalt had a low percentage of bioavailability and was also the element that has the 

most results with significant differences. Only one of 13 results did not differ and all the seven 

samples that had exceeded a limit value decreased in classification. Arsenic and nickel also had low 

bioavailability and they had 10 significant differences each.  

The large amount of significant differences show that total concentration is not a good estimate for 

bioavailability. However, in this case since lead is the main pollutant and also is the most bioavailable 

element, 1703 is the only site where remediation might be unnecessary. Since the first two depths 

are below the limit for KM there would be no need for remediation of those.  

Coarse fraction 
For the seven samples that were crushed, a total concentration for each sample was calculated by 

multiplying the concentrations in the coarser and the finer fractions with their respective weight 

percentages (Table 2). The results concerning the risk elements can be seen in Table 10. In general, 

the element concentrations are higher in the coarser fraction in the samples located at Släggan 2 

(1703 and 1704). At both depths at 1719 and 1710 0.5-1.0 m it is higher in the finer fraction and in 

1710 0-0.5 m it is mainly higher in the coarser fraction. For both 1703 and 1704 the coarser fraction 

does not contain concentrations high enough for any limit value to be exceeded since lead was 

already above the limit for sensitive land use in 1703. In 1710 0-0.5 m, the limit for sensitive land use 

is exceeded due to the coarser fraction. The concentration (49.5 ± 1.4 mg/kg) in the finer fraction 

was not significantly below the regulatory limit. For 1710 0.5-1.0 m, which was the sample with the 

largest fraction of >2 mm, all total concentrations were significantly lower than the concentrations in 

the finer fraction.  

The risk classification decreased for many elements at both depths of 1719, but the concentration of 

lead still exceeded the limit for FA in both samples. The concentrations of lead in these samples were 

higher than those in 1710 0.5-1.0 m although all the samples contained mainly porcelain. This 

indicates that the porcelain might not be the main source of lead or that the porcelain could contain 

different amounts of lead depending on for example its year of production. Residues of glazing 

chemicals from the porcelain factory were deposited in a sludge lagoon close to 1719 which could be 

the source of lead. However, another possibility could be that lead might not have been used in 

glazes anymore when the area in Sannorna 5:1 was filled which would explain the lower level of lead. 

It should be stressed that these concentrations are found in the coarser fraction after it has been 

crushed. At the site the porcelain is still present in larger pieces meaning that all these elements are 

not bioavailable nor leachable. Furthermore, the sequential leaching showed that the bioavailability 

was not as high as the total concentration. Considering that the sequential leaching was performed 

on soil and that porcelain is a more inert material, the bioavailability of these elements is probably 

lower. However, even if there would be no bioavailable lead in the coarser fraction both depths of 

1719 would still exceed the limit for FA due to the high concentration in the finer fraction.  



Table 10. Elemental concentrations in finer fraction (<2 mm), coarser fraction (>2 mm) and the total concentration for 
chosen samples. The results colored in green has exceeded the limit for KM, those in yellow has exceeded the limit for MKM 
and those colored in red has exceeded the limit for FA/IL. 

  

  Arsenic Barium Cobalt Copper Lead Nickel Thallium Zinc 

Unit (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

KM 10 200 15 80 50 40   250 

MKM 25 300 35 200 400 120   500 

FA / IL 1000 1000 100 2500 2500 100 15 2500 

Sample 
Name 

Particle 
size 

 

1703 0-0.5 

<2 mm 
2.751 44.5 3.48 12.3 53 5.85 0.220 72.1 

>2 mm 
3.86 72.9 5.39 12.8 57.7 8.70 0.247 89.3 

Total 
3.25 57.4 4.35 12.5 55.3 7.143 0.232 79.9 

1704 0-0.5 

<2 mm 
1.381 17.8 1.45 8.05 7.0 3.57 0.055 18.6 

>2 mm 
2.19 62.2 4.83 13.8 10.99 8.59 0.117 42.0 

Total 
1.79 40.0 3.14 10.9 8.98 6.08 0.086 30.3 

1704 0.5-1.0 

<2 mm 
1.683 14.4 1.29 4.30 4.2 2.55 0.037 12.5 

>2 mm 
2.87 55.6 4.29 8.65 8.41 6.55 0.129 39.0 

Total 
2.49 42.2 3.31 7.24 7.05 5.26 0.099 30.4 

1710 0-0.5 

<2 mm 
0.544 11.4 0.762 7.47 49.5 1.71 0.123 22.5 

>2 mm 
0.56 11.6 1.09 4.64 91.0 2.48 0.207 14.9 

Total 
0.550 11.5 0.866 6.56 62.7 1.95 0.150 20.1 

1710 0.5-1.0 

<2 mm 
2.287 33.2 13.4 14.0 1566 13.9 3.748 1002 

>2 mm 
0.40 6.3 1.98 5.81 102 3.35 0.222 110 

Total 
0.454 7.07 2.33 6.05 146 3.66 0.328 137 

1719 0-0.5 

<2 mm 
13.519 390 97.2 498 52270 69.8 138 1111 

>2 mm 
2.57 48.3 21.4 74.6 5386 17.7 12.5 151 

Total 
4.97 123 38.0 167 15647 29.1 39.9 361 

1719 0.5-1.0 

<2 mm 
5.724 132 60.4 219 18560 22.6 45.1 692 

>2 mm 
3.09 41.6 18.9 40.9 4708 7.22 11.2 195 

Total 
3.30 48.8 22.3 55.2 5818 8.45 13.9 235 

 

Species modelling 
The aqueous species that lead forms after leaching are shown in Table 11. The major species formed 

are Pb2+, PbSO4(aq), PbCO3(aq) and PbOH+ with averages of 33, 31, 13 and 11 % respectively. 

PbSO4(aq) is the major species in most samples where higher concentrations of lead were found. In 

those samples which did not exceed MKM (1703, 1720 and 1721), Pb2+ or PbCO3(aq) is the major 

specie. In the samples with a higher concentration of lead, an average of 52 % of all lead forms either 

PbSO4(aq) or PbCO3(aq). Since neither PbSO4(aq) or PbCO3(aq) are charged they will not be 

bioavailable for plants through ion exchange unless the pH is changed. This means that the high 

concentration of sulfates present in the area reduces the hazard of lead although not its transport 

with the groundwater. Considering that WSP (2014b) found that the leaching from the site might 

only represent as little as 0.01 % of the load of river Lidan, the contribution from the site might be 

relatively low. Upon visual inspection of the water leachates, no precipitation was present and the 

amount of humic substances was assessed as low. Therefore, no measurements of dissolved organic 

material were performed and consequently, it was not included in the modelling. 



The charge difference between the modelled anions and cations can also be seen in Table 11. A 

larger difference is found in the samples that did not exceed MKM for lead while the more 

contaminated samples had a lower charge difference. In 1710 0.5-1.0, 1719 0-0.5 and 1720 0.5-1.0 

there was a negative net charge. The imbalance might be due to the metal ions having higher 

oxidation numbers than the most common ones which were used in the modelling. It might also be 

that a major cation such as another metal ion or an organic cation is missing in the model. For the 

remaining samples, there was a positive net charge indicating that one or more major anions are 

missing in the model. The sequential leaching showed that a large proportion of the lead was present 

in the carbonate fraction, indicating that carbonate probably is the missing anion. Since carbonate is 

part of the IC mobile phase it was not analyzed, and consequently, it was not included in the model.  

Table 11. Modelled speciation of lead in aqueous form in leachates from selected samples. 

 Specie Pb2+ PbOH+ PbF+ PbCl+ PbSO4 (aq) Pb(SO4)2
2- PbCO3 (aq) PbHCO3+ 

Charge 
difference 

Sample Depth (%) (%) (%) (%) (%) (%) (%) (%) (%) 

1703  0-0.5 74 3.7 3.3 0.9 17 0.1 0.3 0.7 28.1  

 0.5-1.0 34 24 1.1 0.4 8.0 0.1 28 4.3 18.9 

1710 0.5-1.0 12 3.5 0.5 0.1 48 33 2.5 0.6 14.6 

1711 0-0.7 23 17 1.0 0.1 25 1.9 28 3.1 15.7 

1716  0-0.5 39 11 1.4 0.3 38 2.1 6.4 2.0 10.5 
 

 0.5-1.0 27 10 0.5 0.1 44 7.4 8.9 1.8 4.9 

1717 0-0.5 15 3.0 0.4 0.1 50 30 1.5 0.5 1.8 
 

 0.5-1.0 18 5.0 0.8 0.1 49 24 3.5 0.9 9.0 

1719  0-0.5 19 14 0.8 0.1 34 5.8 24 2.5 1.2 
 

 0.5-1.0 18 11 0.7 0.1 39 12 17.0 2.0 7.2 

1720 0.5-1.0 68 1.3 2.9 0.7 26 0.2 0.0 0.2 24.1 

1721 0-0.5 60 13 5.2 0.5 15 0.1 4.6 2.3 24.4 
 

 0.5-1.0 21 22 2.2 0.1 6.1 0.1 44 4.0 50.4 

 

The saturation index (log Ion activity product (IAP) – log solubility constant (Ks)) of minerals were also 

calculated in the modelling and can be seen in Table 12.  PbSO4 was undersaturated in all samples 

except 1717 0-0.5 which is the water leachate with the highest lead concentration. PbCO3 was 

oversaturated in 8 samples with the largest oversaturation being present in both depths of 1719. 

CaSO4  

  



Table 12. Modelled saturation index (log IAP - log Ks) of PbSO4, PbCO3 and CaSO4 in leachates from selected samples. 

 Specie PbSO4 PbCO3 CaSO4 

Sample Depth (Saturation index) 

1703 0-0.5 -2.37 -2.53 -1.40  

0.5-1.0 -2.99 -0.88 -1.35 

1710 0.5-1.0 -0.89 -0.57 1.17 

1711 0-0.7 -1.20 0.43 0.19 

1716 0-0.5 -0.32 0.48 -0.03 
 

0.5-1.0 -0.34 0.53 0.63 

1717 0-0.5 0.31 0.36 1.43 
 

0.5-1.0 -0.10 0.33 1.34 

1719 0-0.5 -0.09 1.33 0.58 
 

0.5-1.0 -0.21 1.00 0.99 

1720 0.5-1.0 -1.48 -2.71 -1.67 

1721 0-0.5 -1.73 -0.67 -1.40 
 

0.5-1.0 -2.11 0.31 -0.75 

 

Correlations 
Several of the correlation coefficients showed a heavy influence from observations with high values 

which is exemplified in Figure 6. To decrease this, the data was plotted versus sample number and 

the individual curves were compared. The sample number was determined by sorting all samples 

after increasing lead concentration.  

Lead had a high correlation coefficient to thallium, cobalt, water leachable lead and water leachable 

cobalt with r-values of 0.9997, 0.99, 0.83 and 0.78 respectively. In Figure 7 lead has a continuously 

increasing function which thallium seems to follow with some deviations. This indicates that thallium 

could come from the same contamination source as lead and/or that thallium might have changed 

place with lead in some mineral structure. Cobalt had a strong correlation with both lead and 

thallium (r=0.99) but it does not follow the same trend in Figure 7 which means that the strong 

correlation is probably due to observations with high values. The water leachable lead and cobalt 

have less systematic increase than the others in the plot and does not seem to correlate well with 
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Figure 6. Correlation between sodium and thallium with (to the left) and without (to the right) the two highest values. 



lead. However, they follow the same trend in some regions and seem to have a correlation to each 

other (r=0.78). 

 

Figure 7. Trend of thallium, lead, cobalt, water leachable cobalt and water leachable lead through all samples. 

The water leachable concentrations of thallium and lead also had a high correlation coefficient 

(r=0.996) and their trends can be seen in Figure 8. They show a good correlation meaning that 

thallium also leach in the same manner as lead which supports the indication that thallium has been 

exchanged for lead in some mineral structure. Thallium was only present in concentrations high 

enough to be quantifiable in 13 samples which makes the interpretation more uncertain. 

 

Figure 8. Trend of water leachable thallium and lead in those samples where thallium could be quantified. 

Water leachable calcium showed a strong correlation to sulfate (r = 0.997) indicating equilibrium 

with gypsum. The modelling showed that gypsum was oversaturated and that an average of 34 % of 

all calcium was present in the form of CaSO4(aq). They both showed strong correlations to EC (r = 

0.97 and 0.95, respectively) and calcium (r = 0.88 and 0.91, respectively). Strontium showed high 

correlations to calcium and EC (r = 0.97 and 0.8, respectively) probably as a trace element in 

insoluble sulphate. Water leachable nickel showed correlations to calcium (r = 0.73), EC (r = 0.71), 
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sulfate (r = 0.76) and water leachable calcium (r = 0.75). Figure 9 shows that water leachable calcium, 

sulfate and EC correlate very well although water leachable calcium has a slightly different trend for 

some samples. Calcium, strontium and water leachable nickel all seem to have weak correlations to 

the other three variables. 

 

Figure 9. Trend of calcium, electrical conductivity sulfate, water leachable calcium, strontium and water leachable nickel 
through all samples. 

Chloride had good correlation with fluoride and EC (r = 0.95 and 0.7 respectively) but as can be seen 

in Figure 10, they do not follow the same trends. Chloride and fluoride are in the same magnitude in 

all samples, so they could still have a correlation. However, if the results from sample number 32 and 

33 are removed, the correlation coefficient decreases to 0.25.   

 

Figure 10. Trend of electrical conductivity fluoride and chloride through all samples. 

PCA 
The first three components of the PCA explains 41.0, 13.4 and 8.7 % of the variance in the data set as 

can be seen in the scree plot (Figure 11). 
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Figure 11. Scree plot of the principal component analysis. 

When the two first components, which together explains 54.4 % of the variance in the data set, are 

plotted (Figure 12) they separate the samples with porcelain (P) from those without (N). The four 

samples with the highest total concentrations clearly influence the separation in the first component 

(PC1) the most. In the second component the two sampling points 1717 and 1719 influence the 

separation in different directions.  

 

Figure 12. Score plot of the first and second component for the samples in the PCA. The blue dots are samples in which 
porcelain was found (P) while the red represents samples without porcelain (N). 

The loading plot (Figure 13) shows that most variables are associated with the samples having 

porcelain in the first component since they are on the same side of the plots. The only two variables 

associated with the samples without porcelain are water leachable iron (FeW) and water leachable 

aluminum (AlW). Total concentrations of nickel (NiA) and cobalt (CoA) were most associated with the 



separation in the first component but other variables such as total concentrations of vanadium, 

cadmium, chromium and arsenic and water leachable lead and potassium also had strong influences. 

In the second component water leachable sodium (NaW) and total concentrations of thallium (TlA), 

lead (PbA) and copper (CuA) had strong influence towards 1719. At the other end, 1717 was mainly 

influenced by water leachable calcium (CaW), sulfate and conductivity. The loading plot supports the 

strong correlation between total lead and thallium since they are very close together. Water 

leachable thallium was filtered out due to its low variance which means that the correlation to water 

leachable lead could not be proven. It also supports the strong correlations between water leachable 

calcium, sulfate and conductivity. Fluoride and chloride are close to each other suggesting that there 

is a correlation between them although the correlation coefficient was low without the two samples 

with highest concentrations.  

 

Figure 13. Loading plot of the first and second component for all variables in the PCA. 

When the first and the third component was plotted (Figure 14), explaining 49.7 % of the variance in 

the data, the first depths of 1717 and 1719 were at the same end of the third component. Both 

depths of 1716 were separated from the samples without porcelain in the third component. The 

samples without porcelain were more scattered in the third component and only 1719 1.0-1.5 

(1719C) were separated from them in the positive end of the third component.  



 

Figure 14. Score plot of the first and third component for the samples in the PCA. The blue dots are samples in which 
porcelain was found (P) while the red represents samples without porcelain (N). 

The loading plot (Figure 15) showed that both forms of lead and cobalt together with total thallium 

and water leachable barium were associated with both depths of 1716 and the first depth of 1717 

and 1719 in the third component. Total concentrations of iron and magnesium were associated with 

1719 1.0-1.5 in the third component. In the first and third component, water leachable cobalt show 

very strong correlation to total lead and thallium while barium also show strong correlation to them. 

Their correlations to water leachable lead is also stronger in the third component. 

 

Figure 15. Loading plot of the first and third component for all variables in the PCA. 

 



The data analysis displayed that the porcelain has changed the chemical composition of the soil. It is, 

at most sites, distinguishable from the composition of the original soil. Most of the parameters are 

more associated with the samples containing porcelain. The variation between the original soils and 

those containing porcelain in the first component, was mainly explained by total concentrations of 

nickel and cobalt but also to a large extent by many other parameters. The data analysis also 

supported the strong correlation between the total concentrations of lead and thallium and that they 

have a correlation to water leachable cobalt. They also have correlations to total concentration of 

copper and water leachable barium which the correlation analysis did not show. It confirmed that 

electrical conductivity, sulphate and water leachable calcium had strong correlations to each other. 

Chloride and fluoride seem to have a correlation although the correlation analysis did not show any 

similarity in their trends.  

Loss on ignition 
Table 13 shows the content of LOI in selected samples. The organic matter content showed no 

correlation with the oxidizable fractions of iron or lead (r = 0.36 and -0.14 respectively). The only 

good correlation shown to any other variable was to chloride (r = 0.78) when it was plotted against 

sample number the correlation looked weak at best.  

Table 13. Content of LOI in selected samples. 

  LOI (%) 

1703 0-0.5 9.5 

1703 0.5-1.0 0.9 

1711 0-0.7 4.5 

1717 0-0.5 3.1 

1719 0-0.5 5.2 

1719 0.5-1.0 7.2 

1721 0-0.5 3.7 

1721 0.5-1.0 4.4 

 

  



Conclusion 
The area of western Städet 18 and a part of Sannorna 5:1 show severe contamination of lead. Since 

the concentrations of lead are above the limit value for sensitive land use it needs to be remediated 

for future habitation. Concentrations up to 52 g/kg of lead was found in the soils and up to 521 µg/L 

in the water leachates. Lead contamination can also be found in eastern Städet 18 and at one site in 

Släggan 2. Water leachates from the same areas in Städet 18 and Sannorna 5:1 show that high levels 

of lead are leached. Modelling of the aqueous lead species showed that in the more heavily polluted 

samples around 50 % of the leached lead would be in the form of lead sulfate or lead carbonate 

which are not bioavailable.  

The sequential leaching showed that the total concentration of lead is a good estimation for the 

bioavailable concentration at this site. For other elements it showed less suitability and almost 50 % 

of the results showed a statistical significant difference (p = 0.05) between the bioavailable and the 

total concentration. Furthermore, the analysis of the coarse fraction showed that the concentrations 

are overestimated if they are only based on the finer fraction.  

Remediation in Släggan 2 might be unnecessary due to the low bioavailability of lead in that area. For 

the contaminated sites in Städet 18 and Sannorna 5:1, the masses would need to be moved unless a 

good motivation for leaving them could be found.  
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Appendix 1 – Water leaching results 
Table 14. Water leachate concentrations of aluminum – chromium. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium 
Sample 
name Depth (m) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) 

1701 0-0.5 653 (11) 1.41 (0.19) 9.83 (0.49) 0.1 (0.04) 0.02 (0.02) 4448 (51) 0.75 (0.04) 

 0.5-1.0 130 (53) 0.25 (0.13) 2.58 (0.11) 0.03 (0.01) 0.01 (0) 957 (43) 0.03 (0) 

1703 0-0.5 226 (138) 1.73 (0.22) 17.59 (2.45) 0.05 (0.01) 0.06 (0.02) 9195 (1251) 0.74 (0.37) 

 0.5-1.0 187 (33) 3.85 (0.31) 5.04 (0.77) <0.19 <0.03 9972 (718) 0.27 (0.16) 

 1.0-1.5 208 (46) 5.88 (1.8) 2.95 (0.24) <1 <0.5 7522 (587) <7 

 1.5-2.0 217 (29) 5.15 (1.68) 2.55 (0.4) <1 0.16 (0.06) 9876 (834) <7 

 2.0-2.5 196 (7) 4.26 (2.19) 1.18 (0.21) <1 <0.5 12279 (606) <7 

1704 0-0.5 129 (36) 0.77 (0.05) 3.42 (0.32) 0.05 (0.01) 0.01 (0) 4976 (203) 2.99 (0.27) 

 0.5-1.0 155 (69) 1.04 (0.07) 2.14 (0.48) 0.05 (0.01) 0.02 (0) 4121 (99) 0.84 (0.17) 

 1.0-1.5 796 (20) 2.71 (0.86) 16.2 (0.47) <1 0.19 (0.08) 10507 (606) 2.41 (1.81) 

1706 0-0.5 174 (36) 1.83 (0.19) 6.81 (0.59) 0.03 (0.01) 0.03 (0) 11331 (593) 0.32 (0.22) 

 0.5-1.0 198 (21) 1.72 (0.38) 6.96 (0.3) 0.1 (0.05) <0.005 8884 (106) 0.98 (0.08) 

 1.0-1.5 420 (12) 1.25 (0.69) 19.73 (0.42) <1 <0.5 15408 (692) 18.92 (30.19) 

1707 0-0.5 172 (10) 1.17 (0.09) 11.07 (0.24) 0.05 (0.04) 0.01 (0) 9872 (586) 0.44 (0.1) 

 0.5-1.0 140 (16) 1.52 (0.06) 17.76 (1.55) 0.04 (0.01) <0.005 17403 (1928) 0.44 (0.14) 

 1.0-1.5 210 (57) 1.32 (0.37) 37.2 (1.14) <1 <0.5 36266 (1886) 2.38 (1.29) 

1708 0-0.5 264 (27) 0.93 (0.09) 13.01 (0.28) 0.06 (0) <0.005 6054 (269) 0.77 (0.32) 

 0.5-1.0 125 (4) 0.52 (0.07) 6.33 (0.12) 0.02 (0.01) <0.005 8002 (25) 0.22 (0.08) 

 1.0-1.5 176 (18) 1.49 (0.6) 8.65 (0.45) <1 <0.5 19546 (2132) <7 

1709 0-0.5 611 (49) 0.45 (0.14) 5.62 (0.39) 0.09 (0.03) <0.005 2787 (52) 0.97 (0.19) 

 0.5-1.0 544 (21) 0.54 (0.03) 10.12 (2.99) 0.05 (0.01) <0.005 2570 (943) 1.01 (0.18) 

 1.0-1.5 362 (74) 9.65 (1.75) 4.81 (0.99) <1 <0.5 4145 (263) 0.83 (0.64) 

1710 0-0.5 15 (1) 0.65 (0.13) 90.72 (7.26) 0.01 (0.01) <0.005 258088 (46265) 0.06 (0.08) 

 0.5-1.0 13 (2) 0.9 (0.14) 88.06 (2.96) <0.19 0.72 (0.06) 614577 (43095) 0.54 (0.68) 

 1.0-1.5 133 (5) 1.06 (0.87) 102.51 (4.2) <1 <0.5 578735 (11947) <7 

1711 0-0.5 20 (14) 2.37 (0.17) 42.2 (4.03) <0.19 0.04 (0.01) 103674 (19619) 0.87 (0.4) 

 0.5-1.0 41 (8) 0.89 (0.12) 3.78 (0.25) 0.03 (0.01) 0.02 (0) 20101 (455) 0.08 (0) 

1716 0-0.5 39 (9) 1.23 (0.13) 94.01 (11.85) <0.19 0.15 (0.03) 66521 (14518) 1.33 (0.77) 

 0.5-1.0 25 (5) 1.33 (0.21) 91.79 (31.04) <0.19 0.22 (0.04) 216554 (37467) 3.09 (0.57) 

1717 0-0.5 12 (1) 2.17 (0.23) 434.77 (18.42) <0.19 1.82 (0.18) 948684 (70842) 6.89 (0.45) 

 0.5-1.0 11 (1) 1.55 (0.14) 49.66 (4.94) <0.19 3.2 (0.66) 828350 (39107) 0.37 (0.24) 

1718 0-0.5 126 (21) 0.29 (0.09) 4.18 (0.32) 0.01 (0) <0.005 3796 (87) 0.41 (0.16) 

 0.5-1.0 34 (4) 0.09 (0.05) 1.27 (0.05) 0.03 (0.01) <0.005 2527 (82) 0.11 (0.07) 

1719 0-0.5 11 (1) 3.12 (0.24) 110.43 (6.85) <0.19 0.08 (0.01) 188669 (27818) 14.37 (2.01) 

 0.5-1.0 12 (3) 5.08 (0.36) 74.14 (5.45) <0.19 0.24 (0.05) 429692 (44198) 11.59 (1.06) 

 1.0-1.5 163 (7) 1.32 (0.74) 35.57 (1.29) <1 <0.5 52403 (4065) 5.14 (3.13) 

1720 0-0.5 106 (9) 0.09 (0.03) 15.24 (1.04) 0.02 (0.01) <0.005 736 (65) 0.03 (0) 

 0.5-1.0 75 (8) 0.79 (0.2) 71.61 (9.63) <0.19 0.05 (0.02) 3373 (263) 0.21 (0.11) 

 1.0-1.5 149 (17) 0.79 (0.33) 62.52 (4.47) <1 <0.5 70136 (5112) <7 

1721 0-0.5 76 (20) 0.75 (0.23) 30.52 (5.19) <0.19 <0.03 8954 (629) 0.85 (0.22) 

 0.5-1.0 277 (13) 3.01 (0.29) 33.8 (4.79) <0.19 0.05 (0.03) 33731 (1340) 1.61 (0.46) 

 

  



Table 15. Water leachate concentrations of cobalt – magnesium. Average concentration (Standard deviation). 

  Cobalt Copper Gallium Iron Lead Lithium Magnesium 
Sample 
name Depth (m) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) 

1701 0-0.5 0.56 (0) 15.2 (1.06) 0.45 (0.04) 473 (14) 1.25 (0.05) 0.39 (0.04) 361 (4) 

 0.5-1.0 0.06 (0.03) 2.86 (0.17) 0.12 (0.02) 162 (92) 0.13 (0.08) 1.68 (0.16) 99 (13) 

1703 0-0.5 0.62 (0.09) 19.12 (1.3) 0.65 (0.11) 399 (218) 4.62 (2.23) 0.48 (0.14) 316 (64) 

 0.5-1.0 0.08 (0.02) 9.28 (0.35) 0.42 (0.05) 110 (43) 1.26 (0.72) 0.49 (0.65) 124 (15) 

 1.0-1.5 <0.5 9.96 (2.25) 0.14 (0.03) 77 (17) 0.51 (0.23) <1 148 (15) 

 1.5-2.0 <0.5 8.92 (0.61) 0.12 (0.05) 85 (65) 0.46 (0.15) <1 165 (30) 

 2.0-2.5 <0.5 18.22 (11.85) 0.22 (0.11) 31 (3) 0.34 (0.09) <1 224 (6) 

1704 0-0.5 0.11 (0.01) 13.38 (0.52) 0.17 (0.03) 290 (86) 0.37 (0.13) 0.69 (0.4) 166 (11) 

 0.5-1.0 0.26 (0.02) 11.97 (0.41) 0.14 (0.05) 429 (137) 0.26 (0.11) 0.32 (0.06) 507 (6) 

 1.0-1.5 5.27 (0.12) 11.83 (1.39) 0.41 (0.02) 243 (16) 0.46 (0.09) 2.72 (0.39) 3723 (198) 

1706 0-0.5 0.08 (0.01) 11.9 (0.26) 0.47 (0.03) 170 (92) 1.39 (0.67) <0.005 106 (7) 

 0.5-1.0 0.29 (0.02) 5.68 (0.34) 0.39 (0.08) 221 (34) 0.67 (0.06) <0.005 159 (7) 

 1.0-1.5 1.01 (0.13) 11.63 (0.39) 0.61 (0.09) 293 (46) 4.3 (0.54) <1 997 (41) 

1707 0-0.5 0.25 (0.02) 42.29 (1.37) 0.47 (0.03) 393 (43) 1.12 (0.09) <0.005 139 (1) 

 0.5-1.0 0.3 (0.03) 24.31 (0.85) 0.8 (0.1) 451 (66) 2 (0.32) 0.22 (0.38) 222 (36) 

 1.0-1.5 0.24 (0.12) 21.86 (0.78) 0.99 (0.12) 144 (16) 0.85 (0.13) <1 560 (42) 

1708 0-0.5 0.2 (0.02) 10.94 (0.27) 0.57 (0.05) 192 (9) 1.88 (0.11) 0.02 (0) 162 (8) 

 0.5-1.0 0.33 (0.02) 3.04 (0.18) 0.29 (0.01) 232 (8) 0.55 (0.01) 0.23 (0.04) 257 (4) 

 1.0-1.5 <0.5 7.52 (1.96) 0.39 (0.01) 100 (152) 0.24 (0.06) 0.16 (0.12) 592 (52) 

1709 0-0.5 0.21 (0.03) 4.67 (0.09) 0.27 (0.01) 337 (16) 0.2 (0.02) 0.59 (0) 175 (11) 

 0.5-1.0 0.39 (0.05) 5.52 (0.36) 0.44 (0.12) 419 (23) 0.34 (0.24) 0.2 (0.04) 114 (31) 

 1.0-1.5 <0.5 8.88 (1.68) 0.21 (0.13) 175 (27) 0.41 (0.19) <1 145 (20) 

1710 0-0.5 0.42 (0.05) 5.62 (0.31) 3.53 (0.2) 19 (2) 3.11 (0.48) 0.52 (0.08) 459 (20) 

 0.5-1.0 3.15 (0.44) 20.05 (1.6) 2.87 (0.72) 10 (1) 101.55 (17.11) 3.74 (0.89) 778 (182) 

 1.0-1.5 1.05 (0.11) 13.61 (0.51) 2.99 (0.13) 7 (2) 41.1 (1.83) 0.75 (0.19) 464 (24) 

1711 0-0.5 0.37 (0.05) 34.76 (2.91) 1.42 (0.32) 6 (1) 39.49 (4.73) 3.51 (0.55) 270 (43) 

 0.5-1.0 0.04 (0.01) 2 (0.1) 0.25 (0.02) 4 (1) 0.05 (0) 2.83 (0.59) 107 (9) 

1716 0-0.5 10.01 (1.77) 39.71 (9.85) 3.44 (0.98) 17 (7) 208.65 (39.79) 1.04 (0.45) 467 (54) 

 0.5-1.0 10.82 (2.36) 19.68 (1.4) 3.05 (0.69) 3 (1) 157.1 (28.88) 1.27 (0.37) 190 (35) 

1717 0-0.5 81.77 (8.38) 116.4 (10.57) 12.28 (2.77) 7 (1) 623.45 (122.72) 4.97 (1.31) 1121 (222) 

 0.5-1.0 37.94 (7.06) 45.78 (1.83) 1.44 (0.31) 9 (1) 255.09 (56.78) 9.64 (3.17) 1455 (283) 

1718 0-0.5 0.29 (0.03) 6.49 (0.31) 0.18 (0.01) 201 (34) 1.42 (0.28) 3.06 (0.17) 246 (16) 

 0.5-1.0 0.02 (0.01) 1.12 (0.15) 0.07 (0.03) 107 (8) 0.09 (0.03) 3.93 (0.48) 257 (11) 

1719 0-0.5 13.22 (0.66) 57.6 (3.82) 3.38 (0.74) 7 (1) 404.18 (66.27) 5.54 (1.64) 914 (188) 

 0.5-1.0 18.08 (3.04) 145.55 (10.53) 2.26 (0.59) 16 (3) 252.81 (58.54) 16.33 (5.29) 484 (134) 

 1.0-1.5 0.36 (0.13) 81.91 (4.22) 1.15 (0.14) 44 (14) 4.95 (0.82) 5.34 (0.27) 475 (34) 

1720 0-0.5 0.07 (0) 2 (0.13) 0.62 (0.06) 144 (25) 0.98 (0.25) 3.02 (0.35) 122 (8) 

 0.5-1.0 2.05 (0.42) 5.85 (0.75) 2.32 (0.26) 151 (38) 29.38 (9.58) 2.65 (0.74) 326 (39) 

 1.0-1.5 1.52 (0.18) 7.12 (0.75) 1.83 (0.07) 17 (21) 0.43 (0.15) 0.1 (0.05) 936 (92) 

1721 0-0.5 0.21 (0.05) 23.17 (2.09) 0.98 (0.11) 402 (180) 29.85 (15.54) 0.7 (0.1) 468 (75) 

 0.5-1.0 0.29 (0.05) 87.54 (5.07) 1.57 (0.17) 412 (154) 20.9 (12.47) 0.59 (0.09) 1220 (121) 

 

  



Table 16. Water leachate concentrations of manganese – sodium. Average concentration (Standard deviation). 

  Manganese Molybdenum Nickel Potassium Rubidium Silver Sodium 
Sample 
name Depth (m) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) 

1701 0-0.5 39.36 (0.62) 0.6 (0.08) 2.63 (0.07) 620 (28) 1.13 (0.03) 0.01 (0.01) 924 (20) 

 0.5-1.0 8.97 (2.09) 0.42 (0.04) 2.41 (0.09) 1111 (5) 0.61 (0.05) 0.01 (0.01) 2095 (14) 

1703 0-0.5 85.9 (12.15) 4.18 (0.11) 3.07 (0.23) 1062 (127) 1 (0.21) 0.02 (0.01) 866 (104) 

 0.5-1.0 7.31 (2.94) 3.01 (0.25) 1.11 (0.24) 712 (17) 1.2 (0.1) <0.01 519 (48) 

 1.0-1.5 11 (4.17) 4.52 (0.75) 3.02 (1.31) 931 (31) 1.91 (0.09) <0.5 371 (72) 

 1.5-2.0 13.49 (4.12) 4.86 (0.11) 2.47 (0.99) 928 (137) 2.79 (0.34) <0.5 366 (35) 

 2.0-2.5 24.33 (0.45) 6.27 (0.85) 1.66 (0.13) 1067 (102) 3.52 (0.14) <0.5 271 (6) 

1704 0-0.5 5.24 (0.42) 2.26 (0.2) 1.31 (0.05) 527 (56) 0.99 (0.09) 3.77 (6.38) 326 (15) 

 0.5-1.0 13.17 (0.27) 2.88 (0.13) 1.51 (0.04) 658 (23) 0.82 (0.13) 0.02 (0) 647 (28) 

 1.0-1.5 419.02 (10.26) 1.2 (0.99) 9.83 (1.53) 2462 (60) 2.42 (0.09) <0.5 2335 (159) 

1706 0-0.5 4.77 (1.64) 3.66 (0.42) 1.25 (0.29) 927 (27) 3.41 (0.1) 0.01 (0) 331 (19) 

 0.5-1.0 129.32 (5.59) 6.2 (0.48) 0.97 (0.14) 2070 (71) 1.42 (0.12) 0.02 (0.01) 412 (7) 

 1.0-1.5 332.95 (17.91) 3.82 (2.36) 5.94 (6.03) 1285 (81) 2.38 (0.38) <0.5 457 (31) 

1707 0-0.5 25.35 (0.39) 3.25 (0.19) 4.45 (0.1) 694 (9) 2.78 (0.07) 0.01 (0) 959 (9) 

 0.5-1.0 26.16 (2.99) 7.03 (0.69) 2.97 (0.21) 681 (47) 3.65 (0.26) 0.02 (0.01) 838 (67) 

 1.0-1.5 145.41 (4.86) 7.07 (0.41) 4.67 (1.25) 1276 (52) 5.28 (0.29) <0.5 615 (78) 

1708 0-0.5 18.45 (0.51) 1.55 (0.02) 1.54 (0.1) 1166 (29) 1.63 (0.06) 0.02 (0.01) 369 (28) 

 0.5-1.0 148.65 (2.9) 2.01 (0.08) 1.83 (0.09) 929 (40) 1.37 (0.08) <0.05 450 (12) 

 1.0-1.5 35.58 (2.62) 10.27 (0.83) 1.89 (0.87) 1485 (81) 1.48 (0.14) <0.5 759 (116) 

1709 0-0.5 9.15 (0.87) 1.32 (0.08) 1.18 (0.16) 1526 (60) 0.56 (0.05) 0.01 (0) 371 (22) 

 0.5-1.0 8.59 (0.85) 0.58 (0.04) 1.27 (0.14) 1314 (66) 0.72 (0.08) 0.01 (0) 249 (4) 

 1.0-1.5 17.33 (1.68) 1.14 (0.72) 1.88 (0.32) 843 (117) 2.13 (0.31) <0.5 268 (62) 

1710 0-0.5 26.24 (4.32) 0.76 (0.05) 4.44 (0.78) 1835 (26) 1.34 (0.06) 0.01 (0.01) 345 (13) 

 0.5-1.0 258.18 (51.03) 6.58 (0.71) 10.86 (0.76) 2882 (346) 6.16 (0.51) 0.02 (0.01) 1895 (350) 

 1.0-1.5 86.29 (5.09) 1.82 (1.24) 8.83 (0.38) 1774 (19) 2.14 (0.1) <0.5 645 (50) 

1711 0-0.5 15.85 (3.12) 6.2 (0.67) 2.87 (0.6) 3007 (321) 5.21 (0.29) <0.01 549 (68) 

 0.5-1.0 0.71 (0.08) 9.53 (0.16) 0.42 (0.04) 1817 (152) 1.24 (0.03) 0.01 (0.01) 538 (52) 

1716 0-0.5 98.99 (22.72) 1.31 (0.21) 2.87 (0.77) 960 (48) 3.72 (0.41) <0.01 139 (20) 

 0.5-1.0 19.2 (6.23) 1.08 (0.2) 3.99 (0.65) 532 (64) 4.62 (0.42) <0.01 213 (35) 

1717 0-0.5 447.51 (50.91) 13.28 (0.43) 28.21 (1.62) 4914 (642) 19.91 (0.75) 0.01 (0.01) 1329 (221) 

 0.5-1.0 226.34 (47.51) 6.54 (0.27) 28.74 (2.01) 2991 (399) 18.9 (1.42) 0.01 (0.01) 1433 (254) 

1718 0-0.5 62.6 (3.87) 1.02 (0.08) 2.71 (0.12) 2708 (180) 5.04 (0.13) 0.01 (0) 1108 (26) 

 0.5-1.0 12.02 (0.32) 0.34 (0.17) 0.77 (0.31) 2389 (76) 5.7 (0.16) 0.02 (0) 695 (17) 

1719 0-0.5 29 (2.67) 1.33 (0.15) 12.77 (1.3) 4756 (819) 12.57 (0.35) 0.03 (0.03) 7281 (1823) 

 0.5-1.0 101.61 (34.29) 2.12 (0.2) 19.41 (1.31) 4188 (627) 15.75 (1.31) 0.01 (0.01) 7708 (1971) 

 1.0-1.5 11.45 (1.2) 2.52 (0.81) 5.75 (0.93) 2507 (112) 5.95 (0.22) <0.5 2052 (108) 

1720 0-0.5 11.75 (0.98) 0.59 (0.07) 2.19 (0.23) 1479 (94) 1.58 (0.06) 0.01 (0.01) 1240 (24) 

 0.5-1.0 50.06 (8.64) 1.34 (0.2) 2.06 (0.22) 1149 (112) 2.81 (0.25) <0.01 1027 (127) 

 1.0-1.5 483.18 (25.81) 9.12 (1.06) 4.72 (3.75) 830 (138) 2.72 (0.11) <0.5 929 (114) 

1721 0-0.5 31.51 (11.12) 9.63 (0.34) 6.74 (0.45) 2946 (259) 4.57 (0.43) 0.01 (0.01) 756 (101) 

 0.5-1.0 34.76 (12.31) 13.1 (0.49) 7.08 (0.28) 3357 (352) 1.88 (0.15) 0.02 (0) 2021 (305) 

 

  



Table 17. Water leachate concentrations of strontium - zinc, pH and conductivity. Average concentration (Standard deviation). 

  Strontium Thallium Uranium Vanadium Zinc pH EC 
Sample 
name 

Depth 
(m) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)  (µS/cm) 

1701 0-0.5 14.91 (0.06) 0.01 (0) 0.53 (0) 9.28 (0.17) 6.01 (0.46) 5.4 (0.1) 25.3 (0.3) 

 0.5-1.0 3.22 (0.06) <0.005 0.04 (0.01) 0.72 (0.12) <0.46 6.2 (0.1) 19.7 (0.1) 

1703 0-0.5 17.69 (1.51) 0.02 (0.01) 0.38 (0.08) 2.68 (0.53) 5.97 (2.68) 6.4 (0.2) 45.5 (4.5) 

 0.5-1.0 17.53 (0.54) 0.01 (0.01) 0.27 (0.05) 7.32 (0.21) 0.99 (0.6) 7.6 (0.5) 49.7 (1.7) 

 1.0-1.5 15.85 (0.91) <0.5 0.16 (0.06) 15.13 (1.27) <6 7.3 (0.1) 37.8 (1.8) 

 1.5-2.0 19.43 (1.15) <0.5 0.13 (0.06) 19.39 (1.33) <6 7.4 (0) 49.2 (2.4) 

 2.0-2.5 20.46 (1.11) <0.5 0.13 (0.05) 30.73 (1.53) <6 7.4 (0.1) 59.6 (3.4) 

1704 0-0.5 8.82 (0.11) 0.01 (0) 0.92 (0.01) 1.73 (0.23) <0.46 6.9 (0.1) 22.3 (0.7) 

 0.5-1.0 8.03 (0.37) 0.01 (0) 1.39 (0.03) 1.39 (0.34) 7.81 (0) 6.5 (0.1) 23.6 (0.3) 

 1.0-1.5 46.57 (0.95) <0.5 1.91 (0.04) 1.97 (0.19) 35.1 (3.01) 5 (0) 107.8 (2.9) 

1706 0-0.5 19.4 (0.62) 0.03 (0.01) 0.27 (0.02) 4.75 (0.45) <0.46 7.9 (0.1) 50.3 (0.9) 

 0.5-1.0 17.28 (0.35) 0.01 (0.01) 0.67 (0.04) 5.84 (0.03) 1.48 (0.61) 6.6 (0.1) 45.2 (1.7) 

 1.0-1.5 34.05 (0.32) <0.5 0.48 (0.07) 2.36 (0.08) 10.65 (1.59) 6 (0.1) 87.1 (1.7) 

1707 0-0.5 16.27 (0.62) 0.05 (0) 0.22 (0.01) 0.78 (0.08) <0.46 6.6 (0.1) 45 (0.8) 

 0.5-1.0 30.9 (3.17) 0.07 (0.01) 0.15 (0.01) 1.18 (0.02) 0.93 (0) 6.7 (0.1) 85.5 (7.3) 

 1.0-1.5 68.23 (1.12) <0.5 0.06 (0) 0.42 (0.19) 2.64 (1.93) 6.5 (0) 186.3 (4.7) 

1708 0-0.5 8.33 (0.03) 0.03 (0.01) 0.32 (0.01) 1.94 (0.05) <0.46 6.5 (0.1) 30.4 (0.9) 

 0.5-1.0 14.27 (0.22) 0.01 (0) 0.19 (0.01) 0.71 (0.06) <0.46 6.4 (0.1) 45.8 (1.1) 

 1.0-1.5 33.63 (2.42) <0.5 0.23 (0.13) 1.2 (0.25) <6 7.7 (0.2) 102.1 (7.6) 

1709 0-0.5 7.91 (0.28) 0.01 (0) 0.53 (0.02) 1.48 (0.08) <0.46 6 (0.1) 18.1 (0.7) 

 0.5-1.0 7.96 (3.94) 0.02 (0) 1.09 (0.1) 1.11 (0.16) <0.46 5.4 (0.1) 17.5 (5.7) 

 1.0-1.5 26.8 (1.66) <0.5 0.31 (0.01) 3.13 (0.38) 12.97 (19.31) 6.6 (0) 21.2 (0.5) 

1710 0-0.5 796.16 (98.62) 0.01 (0) 0.12 (0.01) 0.96 (0.12) <0.46 7.8 (0.1) 913 (98.3) 

 0.5-1.0 4284.33 (77.18) 0.27 (0.09) 0.42 (0.11) 0.6 (0.1) 128.69 (16.88) 7.5 (0.1) 1910 (60.4) 

 1.0-1.5 1741.78 (19.36) <0.5 0.15 (0.08) 0.94 (0.18) 4.88 (1.1) 7.4 (0.1) 1910 (13.6) 

1711 0-0.5 1063.83 (125.34) 0.12 (0.01) 5.58 (0.69) 0.87 (0.1) 5.93 (2.04) 7.7 (0.2) 469 (76.6) 

 0.5-1.0 137.51 (5.38) 0.01 (0) 1.23 (0.37) 0.79 (0.05) <0.46 8.4 (0.1) 109.6 (5.1) 

1716 0-0.5 489.56 (50.48) 0.53 (0.17) 0.79 (0.12) 0.33 (0.05) 150.76 (39.16) 7.3 (0.2) 316 (68.1) 

 0.5-1.0 847.51 (93.14) 0.4 (0.13) 3.7 (1.36) 0.09 (0.04) 51.52 (16.9) 7.5 (0.3) 856 (111.1) 

1717 0-0.5 2570.91 (110.95) 1.66 (0.53) 4.9 (0.37) 0.46 (0.06) 653.06 (109.24) 7.3 (0.1) 2850 (124.7) 

 0.5-1.0 2707.13 (71.98) 0.81 (0.26) 20.94 (2.76) 0.89 (0.12) 3229.04 (663.77) 7.5 (0.1) 2600 (227.7) 

1718 0-0.5 41 (1.03) 0.02 (0.01) 0.05 (0.01) 0.31 (0.02) 0.58 (0) 6.2 (0.1) 35.6 (1.7) 

 0.5-1.0 10.95 (0.16) 0.01 (0) 0.03 (0.02) 0.09 (0.01) <0.46 6.5 (0.1) 26.6 (0.5) 

1719 0-0.5 1109.58 (55.69) 1.02 (0.33) 0.18 (0.03) 0.46 (0.06) 24.66 (3.66) 7.8 (0.2) 833 (39.6) 

 0.5-1.0 1797.3 (77.23) 0.7 (0.28) 0.26 (0.04) 0.85 (0.14) 37.15 (11.84) 7.8 (0.2) 1490 (86.2) 

 1.0-1.5 864.48 (339) <0.5 0.22 (0.04) 0.87 (0.13) 7.74 (1.11) 8 (0.1) 274 (13.9) 

1720 0-0.5 2.91 (0.27) 0.01 (0) 0.02 (0) 0.12 (0.02) <0.46 6.1 (0.1) 17.8 (1.4) 

 0.5-1.0 27.01 (4.91) 0.09 (0.03) 0.1 (0.03) 0.65 (0.03) 12.53 (4.33) 6 (0.1) 33.1 (4.6) 

 1.0-1.5 122.76 (0.24) <0.5 0.18 (0.07) 1.81 (0.26) 13.3 (3.39) 6.6 (0.1) 339.7 (7) 

1721 0-0.5 29.72 (3.57) 0.09 (0.04) 0.34 (0.07) 0.79 (0.18) 8.29 (3.37) 7 (0.3) 56.7 (3.9) 

 0.5-1.0 91.56 (5.46) 0.07 (0.03) 1.21 (0.18) 5.79 (0.28) 29.29 (10.07) 7.8 (0.2) 163.4 (7.1) 

 

  



Table 18. Water leachate concentrations of inorganic anions. Average concentration (Standard deviation). 

  Fluoride Chloride Sulfate 
Sample 
name Depth (m) (mg/L) (mg/L) (mg/L) 

1701 0-0.5 1.4 (0.1) 1.6 (0.8) 11.1 (4.4) 

 0.5-1.0 0.8 (0.2) 2.7 (0.5) 11.3 (4.1) 

1703 0-0.5 1.4 (0.2) 1.3 (0.9) 7.5 (5.8) 

 0.5-1.0 0.9 (0.2) 1.5 (0.8) 8.5 (5.8) 

 1.0-1.5 <1.47 1.3 (0) 13.3 (0.1) 

 1.5-2.0 <1.47 1.2 (0) 16 (0.3) 

 2.0-2.5 <1.47 1.2 (0) 20.1 (0.9) 

1704 0-0.5 1.1 (0.2) 1.4 (0.8) 10.9 (4.2) 

 0.5-1.0 0.7 (0.2) 1.5 (0.8) 12.6 (4.4) 

 1.0-1.5 <1.47 1.3 (0) 45.9 (1) 

1706 0-0.5 0.9 (0.1) 1.4 (1.2) 10.9 (4.4) 

 0.5-1.0 1.2 (0.2) 1.8 (0.8) 13.5 (4.3) 

 1.0-1.5 <1.47 1.5 (0) 32.1 (0.7) 

1707 0-0.5 1.7 (0.4) 1.7 (0.9) 11.4 (4.4) 

 0.5-1.0 1.5 (0.2) 2.6 (0.8) 22 (3.7) 

 1.0-1.5 <1.47 1.7 (0.1) 75.3 (3.4) 

1708 0-0.5 1.1 (0.1) 1.7 (0.8) 11.2 (4.4) 

 0.5-1.0 1 (0.1) 1.5 (0.8) 18 (4.3) 

 1.0-1.5 <1.47 1.2 (0) 32.4 (1.6) 

1709 0-0.5 0.8 (0.2) 1.6 (0.9) 10.6 (4.4) 

 0.5-1.0 0.7 (0.1) 1.5 (0.8) 12.1 (5.8) 

 1.0-1.5 <1.47 1.4 (0) 11.1 (0) 

1710 0-0.5 0.7 (0.2) 0.5 (0) 560.4 (86.5) 

 0.5-1.0 2.5 (1.4) 2.3 (0.7) 1413.7 (10.7) 

 1.0-1.5 <1.47 <10.4 1403.1 (31.6) 

1711 0-0.5 1.8 (0.7) 1.2 (0.7) 218.8 (47.2) 

 0.5-1.0 0.9 (0.2) 1.6 (0.8) 39.4 (2.7) 

1716 0-0.5 1 (0.1) 0.9 (0.8) 144.3 (39.8) 

 0.5-1.0 1.2 (0.9) 0.9 (0.8) 511.4 (78.8) 

1717 0-0.5 3.4 (2.3) 2.4 (1.5) 2322.7 (130.7) 

 0.5-1.0 4.2 (2.1) 2.7 (1.5) 2026.2 (198.7) 

1718 0-0.5 1.7 (0.3) 1.5 (0.8) 12.9 (4.7) 

 0.5-1.0 1.2 (0.2) 1.5 (0.8) 12.7 (4.3) 

1719 0-0.5 2.3 (1) 1.8 (0.8) 465 (27.6) 

 0.5-1.0 4 (2.6) 3.4 (1.7) 1007.7 (69.7) 

 1.0-1.5 <1.47 12 (0.1) 157.5 (6.9) 

1720 0-0.5 0.9 (0.1) 1.3 (0.6) 11.2 (4.2) 

 0.5-1.0 0.9 (0.1) 1.1 (0.6) 11.3 (5.2) 

 1.0-1.5 <1.47 1.5 (0) 132.5 (3.7) 

1721 0-0.5 1.9 (0.2) 0.8 (0.6) 8.5 (5) 

 0.5-1.0 2.7 (0.4) 0.9 (0.5) 25.7 (3.4) 

 

  



Appendix 2 – Total concentrations 
Table 1. Total concentrations of aluminum – chromium. Average concentration (Standard deviation). 

  Aluminum  Arsenic  Barium  Beryllium  Cadmium  Calcium  Chromium 
Sample 
Name Depth (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1701 0-0.5 2590 (35) 1.38 (0.1) 24.5 (1.1) 0.18 (0) 0.08 (0) 1480 (29) 8.52 (0.8) 

 0.5-1.0 1040 (93) 0.66 (0.1) 13.6 (1) 0.15 (0) 0.03 (0) 651 (31) 4.3 (0.3) 

1703 0-0.5 4540 (509) 2.75 (0.2) 44.5 (2.9) 0.29 (0) 0.15 (0) 2270 (149) 10.86 (0.6) 

 0.5-1.0 1970 (120) 1.54 (0.4) 20.2 (1.6) 0.16 (0) 0.1 (0.1) 1910 (129) 6.3 (0.4) 

 1.0-1.5 1739 (131) 1.25 (0.3) 16.9 (0.4) 0.06 (0) 0.05 (0) 1797 (282) 2.71 (0.3) 

 1.5-2.0 1395 (84) 0.87 (0.1) 19.4 (0.6) <0.05 0.03 (0) 1408 (106) 1.96 (0.1) 

 2.0-2.5 1313 (53) 0.66 (0.1) 12.3 (1) <0.05 0.02 (0) 1610 (79) 2.17 (0.4) 

1704 0-0.5 2470 (132) 1.38 (0.1) 17.8 (1.3) 0.18 (0) 0.04 (0) 2120 (46) 14.27 (4.6) 

 0.5-1.0 2330 (136) 1.68 (0.1) 14.4 (0.6) 0.15 (0) <0.025 2310 (108) 7.85 (1.2) 

 1.0-1.5 2906 (223) 1.81 (0.1) 16.5 (1.7) 0.2 (0.1) 0.07 (0) 1691 (105) 4.54 (0.4) 

1706 0-0.5 2420 (178) 1.99 (0.2) 28.2 (2.9) 0.19 (0) 0.05 (0) 2180 (348) 7.73 (0.3) 

 0.5-1.0 5350 (159) 1.67 (0.3) 27.9 (2.1) 0.33 (0) 0.03 (0) 1840 (107) 10.99 (0.6) 

 1.0-1.5 2400 (262) 1.28 (0.1) 18.2 (0.3) 0.08 (0) 0.03 (0) 1541 (131) 3.45 (0.7) 

1707 0-0.5 2610 (112) 4.28 (0.4) 34.8 (0.2) 0.22 (0) 0.1 (0) 2980 (159) 10.9 (1.2) 

 0.5-1.0 2210 (52) 2.73 (0.1) 35.4 (0.6) 0.18 (0) 0.09 (0) 3130 (140) 8.62 (1.4) 

 1.0-1.5 2423 (384) 2.8 (0.4) 36.3 (2.5) 0.13 (0) 0.09 (0) 3138 (184) 6.01 (1.1) 

1708 0-0.5 2670 (115) 1.32 (0) 27.3 (0.8) 0.18 (0) 0.06 (0) 1850 (12) 7.8 (0.4) 

 0.5-1.0 8080 (126) 1.31 (0.4) 14.9 (0.5) 0.13 (0) 0.04 (0) 1630 (289) 7.61 (0.9) 

 1.0-1.5 2357 (278) 1.68 (0.6) 21.9 (1.8) 0.08 (0) 0.04 (0) 2472 (760) 5.01 (1.6) 

1709 0-0.5 2130 (72) 0.6 (0) 10.7 (0.1) 0.14 (0) <0.025 1320 (46) 8.85 (4.3) 

 0.5-1.0 2090 (21) 0.65 (0.1) 11.3 (0.1) 0.12 (0) <0.025 1270 (28) 6.73 (0.8) 

 1.0-1.5 1455 (38) 2.93 (0.1) 9.3 (0.1) <0.05 0.04 (0) 1479 (51) 2.62 (0.3) 

1710 0-0.5 794 (10) 0.54 (0) 11.4 (0.6) 0.08 (0) <0.025 7990 (1722) 7.3 (1.9) 

 0.5-1.0 3240 (454) 2.29 (0.1) 33.2 (2.5) 0.26 (0) 0.35 (0.1) 99900 (10470) 12.36 (1.3) 

 1.0-1.5 2005 (660) 1.33 (0.1) 26.2 (0.8) <0.05 0.07 (0) 19360 (2174) 6.1 (1.1) 

1711 0-0.5 5360 (406) 6.75 (1.4) 428.4 (28.6) 0.57 (0) 0.62 (0.1) 18300 (3192) 16.75 (4.2) 

 0.5-1.0 2630 (98) 2.44 (0.6) 22.3 (0.7) 0.22 (0) 0.03 (0) 1970 (175) 7.78 (1.5) 

1716 0-0.5 815 (98) 1.86 (0.7) 852.1 (249.5) 0.08 (0) 0.19 (0.2) 2950 (495) 11.05 (2.8) 

 0.5-1.0 956 (300) 2.78 (0.1) 209 (124.8) 0.09 (0.1) 0.1 (0) 6300 (1667) 12.04 (4.8) 

1717 0-0.5 2620 (43) 7.41 (0.8) 123.2 (26.4) 0.38 (0) 0.31 (0) 19500 (2178) 77.23 (8.1) 

 0.5-1.0 3920 (259) 5.93 (0.9) 64.9 (8.6) 0.35 (0.1) 0.89 (0.1) 36700 (1559) 26.37 (8.7) 

1718 0-0.5 3120 (189) 2.41 (0.4) 33.3 (2) 0.27 (0) 0.06 (0) 1910 (105) 13.18 (2.8) 

 0.5-1.0 3260 (138) 2.68 (0.2) 29.5 (1.4) 0.29 (0) 0.04 (0) 1880 (114) 12.76 (1.3) 

1719 0-0.5 8960 (329) 13.52 (1.4) 389.5 (50.1) 0.43 (0) 0.72 (0) 27700 (1142) 61.84 (0.9) 

 0.5-1.0 5760 (305) 5.72 (0.4) 132.2 (24.1) 0.43 (0) 0.46 (0) 17000 (1993) 30.93 (0.6) 

 1.0-1.5 3953 (285) 8.5 (0.6) 186 (37.9) 0.35 (0.1) 0.53 (0.1) 9951 (1078) 45.37 (11.7) 

1720 0-0.5 939 (41) 0.73 (0.1) 61.4 (3.3) 0.12 (0) 0.03 (0) 622 (10) 4.71 (0.6) 

 0.5-1.0 2020 (181) 1.53 (0.1) 73.4 (11.1) 0.23 (0) 0.09 (0) 1130 (270) 7.35 (0.4) 

 1.0-1.5 3107 (166) 1.37 (0.1) 36.4 (3) 0.11 (0) 0.07 (0) 2170 (76) 10 (4.5) 

1721 0-0.5 2250 (210) 1.65 (0.2) 79.6 (8.7) 0.22 (0) 0.2 (0) 2500 (491) 9.98 (1.3) 

 0.5-1.0 2840 (83) 3.63 (1.6) 110.2 (9.6) 0.21 (0) 0.27 (0) 9340 (239) 10.4 (2.8) 

 

  



Table 2. Total concentrations of cobalt - magnesium. Average concentration (Standard deviation). 

  Cobalt Copper  Gallium  Iron Lead Lithium  Magnesium  
Sample 
Name Depth (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1701 0-0.5 1.36 (0) 8.15 (0.4) 2.22 (0.1) 4910 (113) 14 (0.8) 3.25 (0) 815 (23) 

 0.5-1.0 0.72 (0) 2.61 (0.2) 0.98 (0.1) 2620 (84) 2.6 (0.6) 1.06 (0.1) 361 (45) 

1703 0-0.5 3.48 (0.4) 12.32 (0.7) 3.71 (0.3) 9340 (914) 53.3 (6.6) 5.48 (0.7) 1990 (363) 

 0.5-1.0 1.78 (0.3) 6.76 (0) 1.7 (0.2) 4410 (955) 90.1 (132.9) 2.53 (0.1) 843 (149) 

 1.0-1.5 1.28 (0) 4.34 (0.1) 1.17 (0) 3363 (193) 6.7 (0) 1.99 (0.4) 565 (59) 

 1.5-2.0 0.89 (0) 4.92 (0.2) 1.07 (0.1) 2864 (94) 8.6 (0.6) 1.46 (0.2) 362 (39) 

 2.0-2.5 0.98 (0) 4.72 (0.4) 0.86 (0) 2088 (47) 54.1 (79.3) 1.41 (0.1) 341 (22) 

1704 0-0.5 1.45 (0.2) 8.05 (2.2) 1.89 (0.1) 5390 (580) 7 (0.3) 3.13 (0.4) 922 (60) 

 0.5-1.0 1.29 (0) 4.3 (0.1) 1.75 (0.1) 5200 (51) 4.2 (0.7) 2.95 (0.3) 1050 (71) 

 1.0-1.5 1.97 (0.1) 8.21 (0.8) 1.8 (0.1) 5039 (424) 5.1 (0.5) 3.49 (0.4) 1162 (111) 

1706 0-0.5 2.07 (0.2) 9.66 (0.5) 2.18 (0.2) 6080 (718) 20 (1.7) 3.14 (0.2) 903 (110) 

 0.5-1.0 3.34 (0.1) 7.74 (0.2) 3.21 (0.2) 9090 (539) 11.1 (0.2) 5.23 (0) 2010 (25) 

 1.0-1.5 1.38 (0.1) 5.64 (0.3) 1.52 (0) 4345 (344) 36.4 (4.4) 2.11 (0.3) 733 (86) 

1707 0-0.5 2.28 (0.1) 73.57 (11.8) 2.6 (0.1) 9200 (694) 24.7 (4.6) 2.54 (0.6) 856 (109) 

 0.5-1.0 1.54 (0) 50.04 (3.6) 2.43 (0.1) 6130 (218) 23.5 (0.5) 1.83 (0.2) 479 (14) 

 1.0-1.5 1.61 (0.1) 71.9 (7) 1.95 (0) 6726 (275) 23 (0.1) 1.76 (0.1) 544 (36) 

1708 0-0.5 1.62 (0.1) 8.73 (0.3) 2.25 (0.1) 4990 (211) 21 (3.6) 2.82 (0.2) 923 (106) 

 0.5-1.0 1.46 (0.2) 8.83 (8.2) 1.49 (0.1) 4620 (754) 6.9 (0.8) 2.29 (0.2) 726 (77) 

 1.0-1.5 2.2 (0.2) 10.53 (6.1) 1.6 (0.2) 6290 (1038) 7.8 (1.1) 3.06 (0.4) 1051 (116) 

1709 0-0.5 1.09 (0) 2.01 (0.1) 1.37 (0.1) 3290 (210) 4 (1.9) 2.44 (0.3) 780 (56) 

 0.5-1.0 1.23 (0) 1.88 (0.2) 1.38 (0) 3640 (155) 2.8 (0.1) 2.29 (0.1) 848 (16) 

 1.0-1.5 0.97 (0) 2.05 (0.1) 0.93 (0) 2236 (61) 1.9 (0) 1.38 (0.1) 542 (13) 

1710 0-0.5 0.76 (0.1) 7.47 (0.5) 0.74 (0.1) 1850 (262) 49.5 (1.4) 2.14 (0.5) 672 (159) 

 0.5-1.0 13.35 (0.4) 13.97 (0.4) 2.56 (0.1) 3830 (605) 1570 (118.8) 9.24 (0.6) 3270 (296) 

 1.0-1.5 5.35 (0.3) 11.13 (1.3) 1.41 (0.1) 3228 (202) 695 (44.1) 3.24 (0.1) 1026 (57) 

1711 0-0.5 28.65 (3.1) 73.43 (2.9) 19.32 (1) 13400 (2348) 2320 (41.8) 6.22 (0.3) 2000 (126) 

 0.5-1.0 2.86 (0.1) 4.92 (0.6) 2.06 (0.1) 6880 (170) 6.8 (1.6) 3.94 (0.2) 1280 (62) 

1716 0-0.5 21.62 (5.3) 48.18 (26.9) 33.93 (9.1) 1680 (426) 1900 (301.7) 1.59 (0.1) 284 (51) 

 0.5-1.0 45.06 (10.3) 19.69 (5.5) 8.78 (5) 1340 (560) 4110 (508.6) 1.85 (0.4) 281 (78) 

1717 0-0.5 109.62 (3.1) 110.2 (1.4) 6.16 (1) 3150 (331) 6850 (1683.8) 4.34 (0.2) 1010 (66) 

 0.5-1.0 42.54 (3.8) 74.32 (35.3) 4.26 (0.4) 5740 (1265) 5040 (553.5) 5.8 (0.3) 2220 (61) 

1718 0-0.5 3.38 (0.4) 14.76 (1.1) 2.66 (0.1) 12100 (1162) 47.6 (1.9) 2.97 (0.3) 992 (106) 

 0.5-1.0 3.23 (0.3) 14.9 (0.9) 2.61 (0.1) 20600 (250) 19.5 (20.1) 3.16 (0.1) 1050 (75) 

1719 0-0.5 97.24 (5.1) 497.62 (110.1) 18.29 (2) 2830 (154) 52300 (3859.1) 10.18 (1) 767 (114) 

 0.5-1.0 60.36 (6.2) 219.11 (18.9) 7.67 (1.1) 2530 (242) 18600 (1104.4) 10.09 (1.2) 1100 (230) 

 1.0-1.5 11.79 (1.4) 146.63 (7.1) 7.51 (1.1) 27642 (1047) 1359.7 (168.5) 6.66 (0.6) 1650 (242) 

1720 0-0.5 0.63 (0) 2.61 (0) 2.91 (0.2) 3573 (134) 17.6 (2.1) 0.82 (0) 323 (7) 

 0.5-1.0 5.29 (0.9) 9.11 (0.9) 3.92 (0.6) 5313 (399) 282.4 (47.6) 3.16 (0.5) 1030 (173) 

 1.0-1.5 2.34 (0.2) 16.41 (12) 2.47 (0.1) 6635 (516) 70.1 (74) 3.4 (0.1) 1435 (157) 

1721 0-0.5 2.63 (0.1) 41.16 (37.2) 4.23 (0.4) 8645 (668) 205.9 (16.6) 2.85 (0.2) 945 (77) 

 0.5-1.0 2.5 (0.2) 55.08 (10.6) 5.63 (0.4) 7670 (1464) 155.6 (28.6) 3.48 (0.1) 1200 (194) 

 

  



Table 3. Total concentrations of manganese – sodium. Average concentration (Standard deviation). 

  Manganese Molybdenum  Nickel  Potassium Rubidium  Silver  Sodium 
Sample 
Name Depth (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1701 0-0.5 84.5 (1.3) 0.34 (0.1) 2.77 (0.4) 340 (11) 4.24 (0.1) 0.06 (0) 52.5 (0.7) 

 0.5-1.0 56.9 (2.7) 0.09 (0) 2.26 (0.1) 199 (22) 1.8 (0.1) 0.02 (0) 61.8 (1.3) 

1703 0-0.5 225 (19.8) 0.63 (0.1) 5.85 (0.7) 864 (27) 11.22 (0.7) 0.1 (0) 72.5 (4.9) 

 0.5-1.0 96.8 (19.9) 0.33 (0) 3.09 (0.5) 389 (92) 4.96 (0.9) 0.06 (0) 43.7 (4) 

 1.0-1.5 62.6 (2.4) 0.3 (0.1) 2.17 (0.2) 253 (18) 3.75 (0.1) <0.025 34.1 (2.5) 

 1.5-2.0 43.8 (1.6) 0.13 (0) 1.67 (0.1) 200 (19) 3.21 (0.3) <0.025 26 (4.5) 

 2.0-2.5 45.4 (2.3) 0.21 (0.1) 1.56 (0.1) 151 (16) 2.62 (0.1) <0.025 21.3 (2.4) 

1704 0-0.5 73.3 (5.2) 0.5 (0.3) 3.57 (1.3) 427 (37) 5.08 (0.4) 4.64 (2.6) 55.4 (4.1) 

 0.5-1.0 75 (3.2) 0.43 (0.1) 2.55 (0.5) 592 (44) 6.1 (0.4) 0.04 (0) 67.3 (6.1) 

 1.0-1.5 81.5 (6.9) 0.29 (0) 4.08 (0.3) 706 (80) 7.27 (0.8) <0.025 73 (8.1) 

1706 0-0.5 92.9 (5.7) 0.75 (0.1) 3.79 (0.5) 339 (18) 5.46 (0.2) 0.04 (0) 40.5 (2.1) 

 0.5-1.0 154.5 (4.8) 0.75 (0.2) 5.51 (0.6) 742 (36) 8.87 (0.4) 0.03 (0) 45.7 (2.1) 

 1.0-1.5 78.8 (5.5) 0.41 (0.2) 2.29 (0.2) 282 (20) 3.97 (0.2) <0.025 25.7 (1.6) 

1707 0-0.5 147 (11.4) 0.84 (0.1) 7.12 (0.4) 292 (14) 4.3 (0.1) 0.12 (0) 54.7 (3.8) 

 0.5-1.0 89.1 (1.9) 0.69 (0) 5.66 (0.6) 179 (37) 2.77 (0.1) 0.13 (0) 44 (0.7) 

 1.0-1.5 166.6 (51) 1.23 (0.2) 5.62 (0.2) 232 (26) 3.26 (0.1) 0.04 (0) 52.4 (15.8) 

1708 0-0.5 82.5 (8.3) 0.37 (0) 3.23 (0) 359 (41) 5.25 (0.8) 0.22 (0) 38.3 (1.3) 

 0.5-1.0 85 (5) 0.34 (0) 3.68 (1.1) 368 (8) 4.44 (0.2) 0.03 (0) 36.3 (2.4) 

 1.0-1.5 125.1 (7.3) 0.75 (0.2) 5.08 (1.7) 570 (39) 7.43 (0.5) <0.025 51.9 (4) 

1709 0-0.5 49.4 (5.6) 0.15 (0) 3.39 (2.7) 259 (14) 3.12 (0.1) 0.02 (0) 35 (1.4) 

 0.5-1.0 50.3 (1.9) 0.12 (0) 2.02 (0.2) 300 (15) 3.78 (0.1) 0.01 (0) 36.2 (0.5) 

 1.0-1.5 48.3 (4) 0.05 (0) 1.59 (0) 158 (10) 2.45 (0) <0.025 24.3 (1.3) 

1710 0-0.5 23.7 (1.7) 0.94 (0) 1.71 (0.7) 154 (11) 1.56 (0) 0.07 (0.1) 55.9 (6.5) 

 0.5-1.0 256.8 (29.1) 0.95 (0.1) 13.86 (0.8) 345 (15) 4.48 (0) 0.12 (0) 139.6 (45.2) 

 1.0-1.5 79.7 (2.7) 1 (0.2) 5.2 (0.4) 223 (15) 3.44 (0.2) <0.025 58.7 (20.6) 

1711 0-0.5 310.3 (32.8) 2.76 (1.6) 13.83 (2.7) 1230 (48) 13.92 (1.1) 0.19 (0) 173.7 (9) 

 0.5-1.0 162.3 (3.6) 0.62 (0.2) 4 (0.6) 902 (23) 8.81 (0.3) 0.1 (0) 107.1 (7.3) 

1716 0-0.5 25.7 (2.3) 0.89 (0.2) 13.3 (8.2) 95 (4) 1.5 (0.1) 0.07 (0) 34.9 (5.8) 

 0.5-1.0 79.1 (84.6) 0.17 (0.1) 5.86 (3.4) 142 (75) 1.87 (0.4) 0.06 (0) 107 (9.5) 

1717 0-0.5 336.3 (154.8) 8.67 (0.5) 40.71 (3.7) 359 (29) 5.13 (0.3) 0.41 (0.1) 114.5 (2.5) 

 0.5-1.0 156.2 (13.3) 1.86 (0.1) 27.89 (3.4) 457 (13) 6.67 (0.2) 0.98 (0.3) 164.2 (19.1) 

1718 0-0.5 253.3 (9.1) 0.65 (0.1) 7.86 (0.9) 650 (32) 6.82 (0.6) 0.04 (0) 63.5 (3.5) 

 0.5-1.0 278 (51) 0.31 (0) 7.52 (0.1) 646 (15) 7.02 (0.2) 0.02 (0) 64.6 (2) 

1719 0-0.5 61.7 (0.7) 0.73 (0.1) 69.76 (3.8) 1130 (25) 13.23 (0.5) 0.71 (0) 4410 (166.4) 

 0.5-1.0 75.3 (2.6) 0.46 (0) 22.6 (0.8) 567 (11) 8.61 (0.3) 0.38 (0) 1110 (57) 

 1.0-1.5 245.2 (12.9) 1.14 (0.1) 21.24 (0.8) 480 (30) 6.61 (0.1) 0.25 (0) 128.7 (10) 

1720 0-0.5 72.8 (24.7) 0.17 (0) 3.13 (0.1) 192 (3) 1.78 (0) 0.02 (0) 75.1 (3.9) 

 0.5-1.0 96.9 (23.1) 0.24 (0) 4.73 (0.7) 400 (24) 4.43 (0.2) 0.07 (0) 71.2 (12.3) 

 1.0-1.5 104.4 (4.7) 0.59 (0) 3.84 (0.1) 431 (25) 5.85 (0.2) <0.025 47.8 (5.6) 

1721 0-0.5 223.2 (11.5) 1.16 (0.5) 8.92 (0.8) 409 (38) 5.22 (0.4) 0.13 (0) 117 (21.2) 

 0.5-1.0 206.2 (11.8) 0.69 (0) 8.27 (0.6) 413 (75) 5.37 (0.8) 0.34 (0) 85.6 (18.8) 

 

  



Table 4. Total concentrations of strontium – zinc. Average concentration (Standard deviation). 

  Strontium  Thallium  Uranium  Vanadium  Zinc 
Sample 
Name Depth (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1701 0-0.5 5.84 (0.1) 0.07 (0) 0.77 (0) 16.1 (0.1) 26.6 (0.8) 

 0.5-1.0 2.99 (0.2) 0.01 (0) 0.25 (0) 3.1 (0.2) 9.3 (0.7) 

1703 0-0.5 7.28 (0.6) 0.22 (0) 1.06 (0) 16.2 (2.2) 72.1 (12.6) 

 0.5-1.0 5.36 (0.3) 0.24 (0.3) 0.69 (0) 7.6 (0.6) 37.9 (3.5) 

 1.0-1.5 5.75 (0.5) 0.03 (0) 0.66 (0) 6.5 (0.3) 28.2 (0.5) 

 1.5-2.0 5.81 (0.1) 0.01 (0) 0.54 (0) 5.2 (0.2) 34.9 (1.4) 

 2.0-2.5 5.66 (0.2) 0.13 (0.2) 0.54 (0) 4.7 (0.1) 18.2 (0.5) 

1704 0-0.5 5.94 (0.3) 0.05 (0) 1.19 (0) 9.7 (0.6) 18.6 (5.6) 

 0.5-1.0 6.11 (0.3) 0.04 (0) 1.3 (0) 9.9 (0.2) 12.5 (0.8) 

 1.0-1.5 6.02 (0.5) 0.04 (0) 2.07 (0.1) 10.2 (0.6) 18.2 (0.7) 

1706 0-0.5 6.14 (0.5) 0.1 (0) 0.73 (0.1) 10.6 (0.9) 44.3 (3.1) 

 0.5-1.0 6.82 (0.4) 0.08 (0) 1.06 (0.1) 16.2 (1.1) 64.3 (10.8) 

 1.0-1.5 4.75 (0.3) 0.1 (0) 0.71 (0) 8.1 (0.3) 19.2 (0.8) 

1707 0-0.5 7.77 (0.2) 0.14 (0) 1.01 (0.1) 10.3 (0.5) 42.5 (9.2) 

 0.5-1.0 8.27 (0.2) 0.13 (0) 0.91 (0.1) 7.7 (0.3) 32.2 (1.8) 

 1.0-1.5 8.78 (0.4) 0.11 (0) 0.87 (0) 8.8 (0.2) 29.4 (0.4) 

1708 0-0.5 4.47 (0.2) 0.11 (0) 0.78 (0) 8.7 (0.5) 28.2 (1.3) 

 0.5-1.0 4 (0.3) 0.05 (0) 0.52 (0) 6.3 (0.2) 14.1 (0.5) 

 1.0-1.5 5.52 (0.4) 0.06 (0) 0.74 (0.1) 8.8 (0.7) 17.9 (1.5) 

1709 0-0.5 3.77 (0) 0.04 (0) 0.51 (0) 6.4 (0) 13.2 (0.9) 

 0.5-1.0 3.45 (0) 0.03 (0) 0.59 (0) 6.9 (0.2) 12.3 (0.5) 

 1.0-1.5 5.6 (0.2) <0.025 0.54 (0) 5 (0.3) 7.6 (0.1) 

1710 0-0.5 66.13 (3.7) 0.12 (0) 0.16 (0) 2.2 (0.1) 22.5 (0.9) 

 0.5-1.0 524 (56.6) 3.75 (0.1) 1.64 (1.1) 13.5 (0.8) 1000 (98.9) 

 1.0-1.5 132.86 (12.8) 1.61 (0.1) 0.65 (0.1) 6.4 (0.1) 79.4 (5.1) 

1711 0-0.5 185.39 (10) 5.53 (0.2) 8.95 (0.4) 27.6 (7.6) 545.2 (43.9) 

 0.5-1.0 13.68 (0.5) 0.04 (0) 2.22 (0.1) 9.8 (0.5) 22.4 (0.2) 

1716 0-0.5 78.05 (13.4) 4.56 (0.7) 2.14 (0.7) 3 (0.2) 688.2 (448.1) 

 0.5-1.0 78.61 (15.3) 10.13 (1.5) 2.48 (0.5) 3.5 (1.5) 202.3 (30.2) 

1717 0-0.5 136.47 (2.4) 16.9 (4.3) 14.37 (3.4) 33.5 (1.9) 672.5 (39) 

 0.5-1.0 127.73 (3) 12.48 (1.4) 7.12 (1.8) 39.5 (28.8) 6880 (1226.3) 

1718 0-0.5 23.19 (1.7) 0.16 (0) 0.65 (0.1) 12.9 (0.9) 39.8 (4) 

 0.5-1.0 13.93 (0.6) 0.07 (0) 0.52 (0) 13.9 (0.4) 21.2 (2.3) 

1719 0-0.5 517.88 (73.6) 137.77 (11) 1.19 (0.1) 38.1 (2.9) 1110 (84.2) 

 0.5-1.0 625.05 (278.1) 45.07 (2.1) 0.93 (0.1) 15.5 (0.6) 692.4 (30.9) 

 1.0-1.5 81.65 (13.3) 3.13 (0.3) 0.81 (0.1) 23.4 (1.8) 665.6 (64.9) 

1720 0-0.5 3.44 (0.1) 0.06 (0) 0.28 (0.1) 2.7 (0.1) 8.5 (0.1) 

 0.5-1.0 12.22 (1.9) 0.7 (0.1) 0.57 (0) 7.3 (0.3) 54.7 (8.6) 

 1.0-1.5 6.89 (0.3) 0.18 (0.2) 1 (0.2) 11.5 (0.6) 36.8 (1.8) 

1721 0-0.5 9.98 (1) 0.54 (0.1) 0.86 (0.1) 9 (0.3) 124.9 (24) 

 0.5-1.0 20.47 (0.8) 0.43 (0.1) 0.76 (0) 12.8 (0.5) 299 (29.6) 

 

  



Appendix 3 – Sequential leaching results 
Table 1. Concentrations in the water leachable fraction of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 
Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 2.7 (2.17) 0.02 (0) 0.2 (0.02) <0.0019 0 (0) 84 (3) 0.01 (0) 0.01 (0) 0.2 (0.02) 0.01 (0) 4.52 (3.27) 0.05 (0.03) 0.01 (0) 

1703 0.5-1.0 1.69 (0.08) 0.04 (0) 0.06 (0) <0.0019 <0.0003 96 (8) 0 (0) 0 (0) 0.09 (0) 0 (0) 1.46 (0.11) 0.02 (0) 0 (0.01) 

1710 0.5-1.0 0.12 (0.04) 0.01 (0) 0.89 (0) <0.0019 0.01 (0) 5819 (568) 0.01 (0.01) 0.03 (0) 0.2 (0.03) 0.02 (0) 0.09 (0.02) 1.18 (0.16) 0.03 (0.01) 

1711 0-0.7 0.14 (0.03) 0.02 (0) 0.43 (0.03) <0.0019 0 (0) 1014 (123) 0.01 (0) 0 (0) 0.35 (0.03) 0.01 (0) 0.05 (0.01) 0.43 (0.03) 0.03 (0) 

1716 0-0.5 0.39 (0.13) 0.01 (0) 0.89 (0.01) <0.0019 0 (0) 677 (185) 0.01 (0) 0.11 (0.03) 0.45 (0.12) 0.03 (0) 0.15 (0.01) 2.28 (0.43) 0.01 (0.01) 

1716 0.5-1.0 0.21 (0.03) 0.01 (0) 1.08 (0.4) <0.0019 0 (0) 2081 (208) 0.03 (0) 0.11 (0.02) 0.21 (0.01) 0.03 (0.01) 0.02 (0.01) 1.83 (0.05) 0.01 (0) 

1717 0-0.5 0.12 (0.01) 0.02 (0) 4.44 (0.1) <0.0019 0.02 (0) 8951 (479) 0.07 (0) 0.88 (0.04) 1.08 (0.02) 0.1 (0.01) 0.07 (0.01) 7.27 (0.65) 0.04 (0.01) 

1717 0.5-1.0 0.1 (0.01) 0.02 (0) 0.54 (0.04) <0.0019 0.04 (0) 8179 (337) 0.01 (0) 0.44 (0.04) 0.46 (0.02) 0.01 (0) 0.08 (0.01) 3.07 (0.04) 0.07 (0.01) 

1719 0-0.5 0.1 (0.01) 0.03 (0) 1.14 (0.06) <0.0019 0 (0) 1643 (62) 0.13 (0.01) 0.14 (0.01) 0.56 (0.03) 0.03 (0) 0.06 (0.01) 4.61 (0.22) 0.04 (0.01) 

1719 0.5-1.0 0.1 (0.03) 0.05 (0) 0.79 (0.02) <0.0019 0 (0) 4048 (521) 0.11 (0.01) 0.2 (0.02) 1.41 (0.14) 0.02 (0) 0.17 (0.04) 3.07 (0.08) 0.12 (0.03) 

1720 0.5-1.0 0.8 (0.08) 0.01 (0) 0.8 (0.04) <0.0019 0 (0) 35 (3) 0 (0) 0.02 (0) 0.06 (0.01) 0.02 (0) 1.82 (0.27) 0.38 (0.04) 0.02 (0.01) 

1721 0-0.5 0.92 (0.14) 0.01 (0) 0.35 (0.01) <0.0019 0 (0) 93 (5) 0.01 (0) 0 (0) 0.25 (0.01) 0.01 (0) 5.58 (0.95) 0.43 (0.07) 0.01 (0) 

1721 0.5-1.0 2.78 (0.15) 0.03 (0) 0.38 (0.02) <0.0019 0 (0) 330 (15) 0.02 (0) 0 (0) 0.92 (0.03) 0.01 (0) 5.52 (0.35) 0.32 (0.05) 0.01 (0) 

  Magnesium Manganese Molybdenum Nickel Potassium Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 
Sample 

Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 2.63 (0.54) 0.99 (0.06) 0.04 (0) 0.03 (0) 9.88 (2.02) 0.01 (0) <0.0001 7.83 (1.42) 0.18 (0) 0 (0) 0 (0) 0.03 (0.01) 0.08 (0.02) 

1703 0.5-1.0 1.09 (0.08) 0.1 (0) 0.03 (0) 0.01 (0) 7.15 (0.17) 0.01 (0) <0.0001 4.68 (0.1) 0.18 (0.01) 0 (0) 0 (0) 0.07 (0) 0.01 (0.01) 

1710 0.5-1.0 6.42 (2.41) 3.01 (0.15) 0.07 (0.01) 0.1 (0.01) 26.26 (4.21) 0.07 (0) <0.0001 16.57 (4.89) 42.2 (0.39) 0 (0) 0.01 (0) 0.01 (0) 1.46 (0.04) 

1711 0-0.7 2.45 (0.38) 0.17 (0.01) 0.06 (0) 0.03 (0) 28.2 (3.45) 0.05 (0) <0.0001 5.13 (0.86) 
10.77 
(0.74) 0 (0) 0.06 (0) 0.01 (0) 0.08 (0) 

1716 0-0.5 4.47 (0.63) 1.04 (0.33) 0.01 (0) 
0.03 
(0.01) 9.84 (0.51) 0.04 (0.01) <0.0001 1.24 (0.08) 5.05 (0.7) 0.01 (0) 0.01 (0) 0 (0) 1.67 (0.54) 

1716 0.5-1.0 1.66 (0.25) 0.22 (0.06) 0.01 (0) 0.04 (0) 5.14 (0.76) 0.05 (0) <0.0001 1.95 (0.4) 8.53 (0.28) 0.01 (0) 0.05 (0.01) 0 (0) 0.58 (0.16) 

1717 0-0.5 9.42 (1.58) 4.87 (0.39) 0.13 (0) 
0.28 
(0.02) 43.98 (4.64) 0.21 (0) <0.0001 11.53 (1.67) 

25.67 
(0.63) 0.02 (0) 0.05 (0) 0 (0) 7.49 (0.18) 

1717 0.5-1.0 12.03 (0.77) 2.65 (0.34) 0.07 (0) 0.3 (0.01) 26.41 (1.09) 0.2 (0.01) <0.0001 12.05 (0.33) 
27.66 
(0.57) 0.01 (0) 0.23 (0.03) 0.01 (0) 

38.05 
(2.96) 

1719 0-0.5 7.46 (0.69) 0.31 (0.01) 0.01 (0) 0.12 (0) 40.3 (3.21) 0.13 (0) <0.0001 56.72 (6.97) 10.79 (0.5) 0.01 (0) 0 (0) 0 (0) 0.28 (0.01) 

1719 0.5-1.0 3.82 (1.06) 1.32 (0.13) 0.02 (0) 0.2 (0.02) 37.24 (5.51) 0.17 (0) <0.0001 
61.29 
(14.33) 

18.29 
(0.88) 0.01 (0) 0 (0) 0.01 (0) 0.48 (0.03) 

1720 0.5-1.0 2.99 (0.38) 0.57 (0.06) 0.01 (0) 0.02 (0) 10.9 (1.42) 0.03 (0) <0.0001 9.38 (1.27) 0.31 (0.04) 0 (0) 0 (0) 0.01 (0) 0.16 (0.03) 

1721 0-0.5 4.13 (0.53) 0.41 (0.04) 0.1 (0) 0.07 (0) 27.61 (1.62) 0.05 (0) <0.0001 6.75 (0.43) 0.33 (0) 0 (0) 0 (0) 0.01 (0) 0.11 (0.01) 

1721 0.5-1.0 11.29 (1.02) 0.46 (0.02) 0.13 (0.01) 0.07 (0) 30.63 (1.78) 0.02 (0) 0 (0) 17.61 (1.49) 0.96 (0.03) 0 (0) 0.01 (0) 0.06 (0) 0.38 (0.03) 



Table 2. Concentrations in the ion exchangeable fraction of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium 
Cadmiu
m Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 

Sample 
Name 

Depth 
(m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 1.42 (0.05) 0.02 (0) 14.4 (0.7) 0 (0) 0.02 (0) 790 (9) 0.04 (0.01) 0.02 (0) 0.1 (0.04) 0.48 (0.03) 0.71 (0.29) 0.5 (0.1) 0.02 (0) 

1703 0.5-1.0 2.03 (1.02) 0.03 (0.01) 5.4 (0.2) 0 (0) 0.01 (0) 714 (47) 0.04 (0.01) 0.01 (0) 0.08 (0.04) 0.18 (0.01) 0.3 (0.04) 0.14 (0.02) 0.01 (0) 

1710 0.5-1.0 1.14 (0.11) 0.03 (0.02) 2.7 (0.1) 0 (0) 0.11 (0) 25925 (154) 0.16 (0.16) 0.19 (0.02) 0.3 (0) 0.08 (0.01) 0.53 (0.17) 310 (49) 0.02 (0) 

1711 0-0.7 1.14 (0.13) 0.06 (0.01) 24.1 (0.7) 0 (0) 0.09 (0) 3490 (96) 0.05 (0.01) 0.07 (0) 2.39 (0.12) 0.79 (0.01) 0.23 (0.01) 203 (7) 0.05 (0) 

1716 0-0.5 1.77 (0.47) 0.05 (0) 64.9 (3.2) 0 (0) 0.03 (0) 1117 (149) 0.11 (0.01) 0.9 (0.05) 6.11 (7.05) 2.15 (0.12) 0.76 (0.13) 510 (51) 0.01 (0) 

1716 0.5-1.0 1.43 (0.12) 0.1 (0.02) 24.1 (3) 0.01 (0) 
0.03 
(0.01) 1258 (125) 0.23 (0.02) 0.54 (0.05) 2.19 (1.24) 0.82 (0.1) 0.28 (0.06) 1002 (65) 0.01 (0) 

1717 0-0.5 1.22 (0.03) 0.15 (0.02) 13.6 (1.2) 0 (0) 0.08 (0) 2831 (64) 0.39 (0.01) 1.43 (0.01) 8.45 (1.55) 0.45 (0.05) 1.16 (0.81) 1164 (61) 0.03 (0) 

1717 0.5-1.0 1.55 (0.35) 0.07 (0.02) 3.3 (0.4) 0.01 (0) 
0.29 
(0.02) 14151 (901) 0.05 (0.01) 1.23 (0.07) 2.4 (0.12) 0.11 (0.01) 0.53 (0.16) 852 (58) 0.05 (0.01) 

1719 0-0.5 1.2 (0.05) 0.15 (0.01) 10.1 (0.5) 0 (0) 0.08 (0) 2301 (100) 0.46 (0.02) 1.09 (0.03) 1.24 (0.2) 0.33 (0.02) 0.65 (0.11) 2140 (39) 0.07 (0) 

1719 0.5-1.0 1.65 (0.29) 0.15 (0.01) 5.3 (0.1) 0 (0) 0.12 (0) 2973 (40) 0.39 (0.01) 1.22 (0.02) 2.48 (0.18) 0.18 (0) 1.21 (0.05) 820 (42) 0.14 (0) 

1720 0.5-1.0 1.35 (0.09) 0.01 (0) 28 (1.7) 0 (0) 0.03 (0) 304 (11) 0.04 (0.02) 0.16 (0.01) 0.2 (0.21) 0.93 (0.05) 0.23 (0.08) 46 (6) 0.02 (0) 

1721 0-0.5 2.14 (0.73) 0 (0) 19 (0.9) 0.01 (0) 0.04 (0) 1082 (22) 0.06 (0.03) 0.02 (0) 0.35 (0.13) 0.66 (0.02) 0.75 (0.07) 24 (34) 0.02 (0) 

1721 0.5-1.0 2.52 (0.13) 0.04 (0) 15 (1.2) 0 (0) 
0.06 
(0.01) 3711 (16) 0.06 (0.01) 0.02 (0.01) 5.55 (6.55) 0.5 (0.04) 3.2 (0.08) 1 (1) 0.03 (0.01) 

  

Magnesiu
m Manganese 

Molybdenu
m Nickel 

Potassiu
m Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 

Sample 
Name 

Depth 
(m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 14.5 (1.4) 10.9 (0) 0.02 (0) 0.07 (0.03) 31 (3) 0.08 (0) 0 (0) 5.7 (1.1) 1.8 (0) 0 (0) 0.02 (0) 0.01 (0) 1.06 (0.1) 

1703 0.5-1.0 5.7 (0.3) 2.4 (0.2) 0.03 (0.02) 0.04 (0) 18 (3) 0.09 (0.01) 0 (0) 4.5 (0) 1.6 (0) 0.01 (0) 0.02 (0.01) 0.02 (0) 0.61 (0.02) 

1710 0.5-1.0 4 (0.6) 8.7 (0.3) 0.03 (0) 0.48 (0.01) 33 (2) 0.25 (0.01) 0 (0) 8.3 (0.5) 64.9 (0.8) 0.52 (0.02) 0.02 (0) 0.02 (0) 39 (2) 

1711 0-0.7 7.5 (0.3) 6 (0.3) 0.07 (0) 0.17 (0.01) 129 (6) 0.8 (0.05) 0 (0) 9 (0.9) 30.8 (0.5) 0.36 (0.05) 0.62 (0.01) 0.02 (0) 15 (1) 

1716 0-0.5 5 (0.9) 3.4 (0.8) 0.03 (0.02) 0.09 (0.01) 9 (1) 0.09 (0.01) 0 (0) 5.1 (3) 12.2 (0.9) 0.83 (0.11) 0.45 (0.02) 0.02 (0) 61 (5) 

1716 0.5-1.0 5.1 (0.7) 0.5 (0) 0.02 (0) 0.07 (0) 14 (1) 0.26 (0.01) 0 (0) 4.1 (1.1) 14.7 (0.3) 1.86 (0.03) 1.24 (0.3) 0.01 (0) 38 (19) 

1717 0-0.5 5.2 (0.3) 10.3 (0.4) 0.12 (0.01) 0.33 (0.03) 91 (2) 1.17 (0.04) 0 (0) 8 (1.1) 8.7 (0.2) 2.01 (0.13) 2.13 (0.28) 0.04 (0) 37 (1) 

1717 0.5-1.0 7.8 (0.4) 6.3 (0.5) 0.05 (0.01) 0.88 (0.04) 45 (2) 0.75 (0.04) 0 (0) 7.8 (0.5) 31.9 (1.7) 1.54 (0.03) 2.82 (0.23) 0.04 (0.01) 907 (58) 

1719 0-0.5 8.4 (0.5) 4.9 (0.1) 0.01 (0.01) 0.35 (0.01) 272 (14) 2.04 (0.04) 0 (0) 56.4 (2.3) 16.5 (0.2) 3.65 (0.37) 0.03 (0) 0.01 (0) 30 (1) 

1719 0.5-1.0 6.6 (0.2) 11.9 (0.6) 0.02 (0) 0.39 (0.01) 123 (4) 1.3 (0.03) 0 (0) 35 (1.5) 15.2 (0.4) 1.55 (0.13) 0.03 (0) 0.03 (0) 26 (0) 

1720 0.5-1.0 16.3 (0.5) 4.4 (0.1) 0.02 (0) 0.14 (0.04) 23 (0) 0.18 (0.01) 0 (0) 6.7 (0.7) 2.6 (0.2) 0.08 (0.01) 0.02 (0) 0 (0) 2 (0) 

1721 0-0.5 31.5 (1.9) 8.7 (1) 0.03 (0) 0.18 (0) 62 (1) 0.29 (0.01) 0 (0) 7 (0.2) 3.8 (0.1) 0.05 (0.05) 0.02 (0) 0 (0) 3 (0) 

1721 0.5-1.0 43.1 (0.8) 12 (2.2) 0.07 (0.01) 0.22 (0.04) 61 (1) 0.11 (0) 0 (0) 10.5 (0.5) 8 (0.1) 0.01 (0) 0.12 (0) 0.05 (0) 17 (2) 

 



Table 3. Concentrations in the carbonate and amorphous hydroxide fraction of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 
Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 77 (8) 0.25 (0.04) 14 (2) 0.06 (0.01) 0.07 (0.01) 395 (171) 0.47 (0.06) 0.8 (0.12) 2 (0) 0.5 (0.1) 113 (2) 24 (3) 0.14 (0.02) 

1703 0.5-1.0 68 (4) 0.18 (0.03) 8 (1) 0.05 (0) 0.05 (0) 375 (120) 0.61 (0.43) 0.42 (0.05) 2 (0) 0.3 (0) 65 (7) 8 (2) 0.07 (0) 

1710 0.5-1.0 13 (0) 0.12 (0.01) 4 (0) 0.04 (0.01) 0.1 (0) 28301 (132) 1.31 (1.43) 3.12 (0.45) 1 (0) 0.1 (0) 12 (2) 927 (154) 0.19 (0.01) 

1711 0-0.7 79 (2) 0.29 (0.03) 239 (32) 0.1 (0.02) 0.4 (0.03) 12673 (619) 1.21 (0.09) 3.25 (0.29) 28 (3) 7.8 (1.2) 106 (4) 1985 (147) 0.46 (0.09) 

1716 0-0.5 53 (3) 0.42 (0.05) 332 (31) 0.02 (0) 0.04 (0.01) 829 (104) 1.58 (0.07) 7.5 (1.36) 22 (13) 11.2 (1.2) 55 (5) 1106 (82) 0.09 (0.01) 

1716 0.5-1.0 40 (4) 1.33 (0.07) 202 (93) 0.02 (0) 0.05 (0.01) 1287 (210) 2.8 (0.64) 4.99 (0.83) 11 (2) 6.9 (3.3) 58 (4) 3621 (253) 0.22 (0.03) 

1717 0-0.5 71 (6) 2.01 (0.2) 188 (10) 0.11 (0.02) 0.15 (0) 7368 (344) 34.51 (2.07) 24.18 (1.19) 56 (6) 6.2 (0.2) 101 (6) 5169 (233) 0.56 (0.06) 

1717 0.5-1.0 106 (12) 0.58 (0.08) 57 (4) 0.08 (0.01) 0.5 (0.04) 
14657 
(1134) 1.42 (0.1) 12.97 (0.64) 14 (2) 2 (0.2) 117 (12) 3316 (226) 0.65 (0.09) 

1719 0-0.5 14 (3) 1.77 (0.08) 81 (5) 0.07 (0) 0.3 (0.01) 
20704 
(1388) 9.25 (0.71) 22.42 (1.75) 30 (4) 2.6 (0.1) 61 (15) 31132 (507) 3.62 (0.22) 

1719 0.5-1.0 35 (5) 0.76 (0.09) 65 (3) 0.1 (0.01) 0.28 (0.02) 9405 (746) 4.78 (0.58) 20.78 (1.44) 44 (12) 2.2 (0.1) 156 (34) 8864 (839) 1.91 (0.19) 

1720 0.5-1.0 50 (8) 0.17 (0.01) 21 (4) 0.05 (0.01) 0.04 (0) 114 (12) 0.4 (0.1) 1.25 (0.07) 2 (0) 0.7 (0.1) 93 (19) 190 (21) 0.18 (0.03) 

1721 0-0.5 67 (12) 0.06 (0.01) 40 (8) 0.06 (0.02) 0.14 (0.03) 494 (89) 0.68 (0.23) 0.85 (0.16) 5 (1) 1.4 (0.3) 153 (37) 479 (543) 0.19 (0.05) 

1721 0.5-1.0 120 (11) 0.21 (0.03) 77 (4) 0.06 (0) 0.38 (0.16) 5284 (501) 1.12 (0.18) 0.79 (0.11) 235 (385) 2.7 (0.2) 240 (29) 123 (44) 0.22 (0.03) 

  Magnesium Manganese 
Molybdenu
m Nickel Potassium Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 

Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 10 (3) 85 (9) 0.04 (0) 0.63 (0.02) 13 (2) 0.04 (0.01) 0 (0) 7 (1) 1 (0) 0.1 (0) 0.49 (0.04) 0.35 (0.05) 16 (4) 

1703 0.5-1.0 17 (8) 43 (6) 0.06 (0) 0.9 (0.64) 11 (1) 0.04 (0) 0 (0) 6 (1) 1 (0) 0 (0) 0.3 (0.03) 0.35 (0.04) 12 (5) 

1710 0.5-1.0 629 (53) 115 (7) 0.18 (0.05) 1.02 (0) 20 (2) 0.11 (0.01) 0 (0) 34 (5) 90 (0) 2 (0.3) 0.28 (0.04) 0.52 (0) 408 (27) 

1711 0-0.7 333 (37) 157 (19) 0.25 (0.04) 2.12 (0.15) 69 (8) 0.4 (0.04) 0 (0) 37 (4) 145 (19) 4.1 (0.4) 4.28 (0.1) 0.51 (0.05) 257 (37) 

1716 0-0.5 157 (33) 8 (1) 0.28 (0.03) 0.52 (0.03) 16 (2) 0.08 (0.01) 0 (0) 15 (1) 59 (14) 2.3 (0.2) 1.23 (0.16) 0.59 (0.03) 204 (27) 

1716 0.5-1.0 159 (26) 7 (2) 0.05 (0) 0.63 (0.3) 19 (2) 0.22 (0.01) 0 (0) 80 (5) 49 (8) 7.8 (1) 1.18 (0.4) 1.05 (0.13) 182 (80) 

1717 0-0.5 756 (72) 174 (31) 0.84 (0.06) 4.01 (0.25) 91 (4) 0.79 (0.03) 0 (0) 69 (5) 124 (11) 10.6 (0.6) 8.32 (0.45) 4.68 (0.21) 415 (12) 

1717 0.5-1.0 968 (111) 87 (2) 0.16 (0.01) 3.92 (0.3) 53 (2) 0.45 (0.01) 0 (0) 45 (1) 75 (9) 7.3 (0.8) 7.74 (0.89) 2.26 (0.19) 3888 (381) 

1719 0-0.5 130 (20) 30 (2) 0.05 (0.01) 5.7 (0.47) 430 (13) 4.8 (0.17) 0 (0) 2768 (141) 129 (18) 70.4 (2.7) 0.48 (0.03) 3.11 (0.46) 522 (42) 

1719 0.5-1.0 546 (69) 53 (4) 0.05 (0.01) 4.36 (0.44) 139 (18) 1.51 (0.2) 0 (0) 661 (93) 427 (35) 18.9 (2.3) 0.31 (0.06) 2.39 (0.43) 422 (38) 

1720 0.5-1.0 11 (2) 26 (5) 0.05 (0.03) 0.76 (0.09) 14 (2) 0.08 (0.01) 0 (0) 11 (2) 1 (0) 0.4 (0) 0.23 (0.03) 0.13 (0.03) 12 (1) 

1721 0-0.5 23 (6) 111 (19) 0.03 (0) 2.97 (0.57) 30 (5) 0.15 (0.03) 0 (0) 15 (3) 3 (1) 1 (1.1) 0.61 (0.12) 0.11 (0.03) 41 (8) 

1721 0.5-1.0 61 (15) 141 (8) 0.07 (0.01) 2.57 (0.81) 25 (3) 0.07 (0.01) 0 (0) 13 (2) 9 (1) 0.3 (0.1) 0.31 (0.02) 0.97 (0.06) 281 (218) 

 



Table 4. Concentrations in the reducible fraction of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 
Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 471 (30) 0.55 (0.02) 4 (1) 0.08 (0) 0.02 (0) 101 (22) 1.4 (0.2) 0.6 (0.1) 0.6 (0.1) 0.18 (0.03) 1589 (151) 12 (1) 0.5 (0.04) 

1703 0.5-1.0 384 (18) 0.42 (0.06) 3 (0) 0.05 (0.01) 0.01 (0) 136 (28) 1.1 (0.3) 0.4 (0.1) 0.9 (0.2) 0.15 (0.01) 850 (71) 5 (1) 0.28 (0.04) 

1710 0.5-1.0 147 (20) 0.12 (0.08) 1 (0) 0.05 (0) 0.03 (0) 10559 (34) 2.7 (2.4) 1.2 (0.3) 0.1 (0) 0.07 (0.01) 663 (94) 567 (67) 0.28 (0.06) 

1711 0-0.7 1043 (115) 0.85 (0.11) 54 (6) 0.2 (0.03) 0.12 (0.02) 1877 (778) 6.2 (1) 5.3 (0.6) 13.6 (2.6) 2.1 (0.26) 3234 (426) 868 (126) 0.79 (0.08) 

1716 0-0.5 324 (39) 0.47 (0.01) 58 (2) 0.02 (0) 0.01 (0) 145 (6) 1.5 (0.1) 13.3 (4.3) 6.6 (3.6) 2.16 (0.08) 373 (44) 552 (37) 0.18 (0.03) 

1716 0.5-1.0 366 (42) 1.27 (0.27) 34 (16) 0.03 (0.01) 0.01 (0.01) 242 (162) 2 (0) 44.1 (8.1) 3.4 (0.3) 1.34 (0.58) 496 (198) 2129 (41) 0.26 (0.04) 

1717 0-0.5 894 (96) 3.18 (0.08) 46 (4) 0.27 (0.07) 0.05 (0.01) 1414 (106) 44.6 (24.2) 96.5 (6.4) 26.6 (4.9) 1.86 (0.15) 967 (191) 4633 (472) 0.75 (0.08) 

1717 0.5-1.0 1069 (32) 1.58 (0.26) 16 (2) 0.1 (0.01) 0.11 (0.01) 3198 (229) 4 (0.4) 21.2 (3) 4.6 (1) 0.7 (0.05) 1394 (60) 1917 (66) 0.65 (0.03) 

1719 0-0.5 770 (67) 4.08 (0.6) 15 (2) 0.1 (0.01) 0.11 (0.02) 3178 (273) 20.3 (2.3) 36.5 (4) 65.3 (3.8) 0.7 (0.08) 770 (61) 
33276 
(2989) 2.1 (0.17) 

1719 0.5-1.0 1116 (107) 1.58 (0.15) 13 (2) 0.18 (0.03) 0.1 (0.01) 1895 (279) 10.3 (1.5) 32.9 (4.3) 104.6 (38.3) 0.62 (0.1) 1213 (119) 
10376 
(1214) 1.6 (0.13) 

1720 0.5-1.0 338 (28) 0.58 (0.06) 8 (1) 0.07 (0) 0.01 (0) 81 (7) 1.1 (0.3) 2.4 (0.4) 0.7 (0.1) 0.33 (0.05) 1197 (54) 67 (6) 0.39 (0.03) 

1721 0-0.5 434 (14) 0.23 (0.03) 11 (2) 0.08 (0.01) 0.03 (0) 230 (87) 1.9 (0.3) 0.6 (0) 1.6 (0.4) 0.44 (0.08) 2656 (79) 143 (119) 0.38 (0.03) 

1721 0.5-1.0 538 (6) 0.91 (0.17) 25 (2) 0.07 (0) 0.07 (0.03) 767 (48) 1.8 (0.1) 0.4 (0) 
140.6 
(235.1) 0.95 (0.09) 2320 (538) 48 (15) 0.47 (0.08) 

  Magnesium Manganese 
Molybdenu
m Nickel Potassium Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 

Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 38 (3) 33 (1) 0.1 (0.01) 0.8 (0.1) 16 (2) 0.05 (0) 0.03 (0.02) 14 (1) 0.4 (0) 0 (0) 0.13 (0.01) 3.5 (0.5) 21 (2) 

1703 0.5-1.0 51 (32) 21 (3) 0.08 (0.01) 0.7 (0.1) 12 (0) 0.06 (0) 0.03 (0.01) 8 (1) 0.5 (0) 0 (0) 0.07 (0) 2.2 (0.2) 14 (1) 

1710 0.5-1.0 1483 (166) 46 (6) 0.19 (0.05) 0.9 (0) 19 (0) 0.1 (0.01) 0 (0) 45 (4) 23.4 (1.5) 1 (0) 0.08 (0.02) 4.2 (1.4) 317 (3) 

1711 0-0.7 203 (18) 85 (12) 0.5 (0.12) 3.6 (0.7) 59 (10) 0.48 (0.07) 0.02 (0.01) 45 (8) 16.8 (2.5) 2 (0) 1.37 (0.08) 11 (1.6) 243 (43) 

1716 0-0.5 31 (2) 5 (2) 0.21 (0.09) 0.7 (0.1) 17 (1) 0.12 (0.03) 0.04 (0) 8 (1) 7.6 (1.8) 1 (0) 0.19 (0.03) 1.2 (0.1) 131 (10) 

1716 0.5-1.0 29 (7) 6 (4) 0.05 (0.01) 1.3 (0.2) 19 (2) 0.2 (0.02) 0.07 (0.01) 36 (3) 4.3 (1.2) 5 (0) 0.13 (0.03) 2 (0.4) 73 (26) 

1717 0-0.5 489 (24) 175 (30) 0.79 (0.11) 12.3 (1.3) 88 (6) 0.67 (0.06) 0.1 (0.05) 128 (9) 10.6 (1.2) 11 (1) 1.21 (0.2) 17.5 (1.6) 267 (26) 

1717 0.5-1.0 1164 (73) 50 (6) 0.2 (0.04) 4.9 (0.5) 29 (0) 0.27 (0) 0.03 (0.02) 28 (3) 10.2 (1.5) 5 (0) 1.37 (0.27) 10.6 (0.8) 2642 (249) 

1719 0-0.5 228 (47) 12 (4) 0.11 (0.01) 8 (0.9) 172 (16) 1.98 (0.19) 0.15 (0.04) 1123 (88) 16.1 (0.6) 81 (7) 0.16 (0.01) 18.4 (1.7) 414 (35) 

1719 0.5-1.0 480 (62) 13 (1) 0.08 (0.01) 4.9 (0.5) 83 (11) 0.99 (0.11) 0.1 (0.02) 293 (53) 54.3 (6.7) 25 (3) 0.15 (0.01) 8.8 (1.3) 273 (43) 

1720 0.5-1.0 48 (3) 12 (0) 0.09 (0.01) 12.1 (19.5) 14 (2) 0.08 (0.01) 0.03 (0) 20 (1) 2.4 (0.4) 0 (0) 0.06 (0.01) 1.7 (0.1) 17 (2) 

1721 0-0.5 65 (12) 66 (21) 0.2 (0.03) 2.4 (0) 24 (1) 0.12 (0) 0.01 (0) 36 (2) 1.4 (0.4) 0 (0) 0.14 (0.03) 2.8 (0.1) 34 (1) 

1721 0.5-1.0 52 (11) 32 (0) 0.14 (0.03) 2.3 (0.4) 20 (5) 0.12 (0.02) 0.11 (0.08) 96 (149) 2.4 (0.2) 0 (0) 0.09 (0) 5.2 (0.6) 129 (35) 

 



Table 5. Concentrations in the oxidizable fraction of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 
Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 591 (17) 0.23 (0.05) 2 (1) 0.06 (0) 0.01 (0) 155 (4) 1.5 (0) 0.3 (0) 10 (7) 0.14 (0.02) 326 (20) 6 (1) 0.49 (0.03) 

1703 0.5-1.0 339 (9) 0.12 (0) 2 (0) 0.03 (0.01) 0.02 (0) 130 (12) 0.7 (0) 0.2 (0) 3 (0) 0.1 (0.01) 139 (2) 3 (1) 0.28 (0) 

1710 0.5-1.0 670 (3) 0.33 (0.01) 6 (1) 0.08 (0.02) 0.01 (0) 
24785 
(1032) 6.9 (5.4) 5.5 (1.4) 11 (1) 0.27 (0.03) 465 (69) 382 (87) 0.38 (0) 

1711 0-0.7 984 (50) 0.29 (0.05) 75 (6) 0.12 (0.01) 0.02 (0) 322 (49) 3.4 (0.1) 11.7 (2) 34 (2) 2.65 (0.21) 539 (4) 209 (13) 0.6 (0.07) 

1716 0-0.5 227 (32) 0.2 (0.04) 160 (3) 0.02 (0.02) 0.02 (0) 79 (7) 1.5 (0.2) 2.6 (1.4) 67 (95) 5.55 (0.13) 91 (7) 340 (380) 0.13 (0.01) 

1716 0.5-1.0 225 (25) 0.31 (0.05) 79 (34) 0.02 (0.01) 0.02 (0) 68 (6) 1.4 (0.1) 3.4 (0.6) 6 (1) 2.78 (1.14) 78 (15) 372 (75) 0.16 (0.09) 

1717 0-0.5 701 (19) 0.74 (0.16) 94 (15) 0.06 (0.01) 0.02 (0) 248 (17) 31.7 (4.7) 12.8 (0.4) 47 (4) 3.35 (0.55) 135 (6) 1069 (40) 0.33 (0.06) 

1717 0.5-1.0 982 (50) 0.89 (0.08) 134 (10) 0.06 (0) 0.05 (0.02) 553 (33) 4.7 (0.3) 12.9 (1.2) 39 (4) 4.86 (0.38) 490 (19) 619 (30) 0.37 (0.03) 

1719 0-0.5 592 (57) 2.16 (0.3) 61 (4) 0.04 (0.01) 0.04 (0.01) 655 (92) 23.5 (3.2) 7.2 (0.6) 109 (3) 2.1 (0.11) 54 (2) 8062 (642) 0.65 (0.08) 

1719 0.5-1.0 1192 (50) 0.65 (0.07) 21 (5) 0.07 (0.01) 0.07 (0.03) 317 (25) 14.6 (0.8) 8.2 (0.8) 154 (42) 0.98 (0.14) 164 (3) 2599 (124) 0.58 (0.01) 

1720 0.5-1.0 391 (12) 0.2 (0.03) 14 (2) 0.04 (0.01) 0.01 (0) 155 (11) 1.6 (0.7) 1 (0.1) 2 (1) 0.56 (0.05) 390 (71) 20 (2) 0.55 (0.04) 

1721 0-0.5 555 (27) 0.14 (0.02) 8 (1) 0.06 (0.03) 0.02 (0) 239 (21) 2.1 (0.2) 0.5 (0.1) 9 (1) 0.4 (0.04) 676 (33) 53 (34) 0.46 (0.05) 

1721 0.5-1.0 768 (109) 0.33 (0.1) 19 (7) 0.06 (0) 0.02 (0.02) 200 (10) 2.7 (0.1) 0.2 (0.1) 274 (413) 0.72 (0.28) 355 (222) 19 (3) 0.38 (0.03) 

  Magnesium Manganese 
Molybdenu
m Nickel Potassium Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 

Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 81 (2) 7.3 (0.5) 0.29 (0.01) 1.8 (0.7) 26 (0) 0.17 (0.01) 0.02 (0.01) 20 (1) 0.4 (0) 0.02 (0) 0.09 (0.01) 3 (0.2) 10 (4) 

1703 0.5-1.0 48 (1) 4.3 (0.2) 0.13 (0.02) 1.9 (0.2) 35 (2) 0.16 (0) 0.03 (0.03) 16 (2) 0.4 (0) 0.01 (0) 0.07 (0.01) 1.2 (0) 4 (0) 

1710 0.5-1.0 231 (57) 9.9 (1) 0.64 (0.13) 2.2 (0.2) 24 (7) 0.15 (0) 0.04 (0) 39 (4) 133.8 (3.4) 0.94 (0.22) 0.48 (0.12) 5.5 (1.4) 102 (19) 

1711 0-0.7 96 (6) 12 (0.5) 0.98 (0.15) 2.7 (0.6) 43 (3) 0.38 (0.03) 0.04 (0) 27 (2) 5 (0.4) 0.52 (0.04) 1.03 (0.3) 5.2 (0.4) 52 (9) 

1716 0-0.5 17 (2) 1.8 (0.6) 0.4 (0.21) 1.5 (0.3) 14 (0) 0.09 (0.01) 0.04 (0.01) 10 (2) 7.4 (2.6) 0.82 (0.92) 0.14 (0.02) 0.7 (0.1) 23 (6) 

1716 0.5-1.0 12 (2) 1.3 (0.4) 0.1 (0.01) 1.1 (0.3) 15 (1) 0.1 (0.01) 0.03 (0) 12 (2) 2.4 (0.9) 0.95 (0.17) 0.05 (0.01) 0.6 (0.1) 9 (2) 

1717 0-0.5 57 (3) 11.1 (1.6) 5.92 (1.18) 3.9 (0.7) 35 (1) 0.36 (0) 0.22 (0.02) 41 (4) 5 (1.5) 2.64 (0.1) 1.64 (0.13) 8.7 (0.6) 35 (2) 

1717 0.5-1.0 195 (9) 7.2 (0.1) 0.82 (0.12) 3.7 (0.3) 25 (1) 0.27 (0.02) 0.31 (0.01) 18 (2) 6.9 (0.2) 1.57 (0.08) 0.42 (0.15) 6.8 (0.3) 913 (100) 

1719 0-0.5 70 (5) 2 (0.6) 0.39 (0.02) 4.1 (0.3) 79 (7) 1.35 (0.08) 0.39 (0.03) 318 (49) 23.2 (7.2) 20.02 (1.42) 0.05 (0) 16.1 (1.8) 78 (5) 

1719 0.5-1.0 72 (5) 3.8 (0.7) 0.35 (0.01) 2.6 (0.2) 37 (1) 0.57 (0.02) 0.23 (0.05) 73 (11) 12.7 (3) 6.46 (0.4) 0.06 (0) 5.7 (0.4) 52 (6) 

1720 0.5-1.0 103 (8) 6.6 (1.4) 0.22 (0.15) 1.5 (0.5) 24 (2) 0.21 (0.01) 0.02 (0) 20 (0) 2.5 (0.3) 0.05 (0.01) 0.07 (0) 1.3 (0) 11 (1) 

1721 0-0.5 90 (27) 14.9 (2.6) 0.56 (0.1) 2.1 (0.5) 28 (2) 0.28 (0.02) 0.05 (0) 28 (3) 1.2 (0.2) 0.13 (0.08) 0.08 (0) 2.2 (0.1) 17 (2) 

1721 0.5-1.0 54 (19) 6.4 (0.3) 0.24 (0.01) 2.4 (0.2) 24 (6) 0.24 (0.04) 0.08 (0.02) 13 (4) 1.2 (0.1) 0.05 (0.01) 0.06 (0.01) 3.1 (0.2) 44 (3) 

 



Table 19. Concentrations in the residual fraction of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 
Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 3785.7 1.1 13.1 <0.5 0.1 2359.6 4.3 1.3 5.7 2.1 5613.0 6.1 2.9 

1703 0.5-1.0 1863.6 0.1 8.2 <0.5 0.1 1702.0 3.0 0.6 3.6 1.5 3226.0 3.2 1.6 

1710 0.5-1.0 22127.7 4.2 81.4 <0.5 0.2 2972.8 29.9 20.3 13.3 10.1 6959.5 3195.4 29.5 

1711 0-0.7 17597.2 4.9 153.2 0.5 0.3 3255.9 53.8 29.1 32.6 10.6 13211.4 761.1 13.8 

1716 0-0.5 1739.1 0.3 337.5 <0.5 0.0 304.1 2.9 0.8 8.6 10.0 771.6 118.3 1.5 

1716 0.5-1.0 5040.3 0.9 41.6 <0.5 0.0 328.9 14.2 4.5 3.9 2.9 927.9 1102.7 3.0 

1717 0-0.5 16777.3 3.9 452.8 <0.5 0.1 570.8 48.7 45.0 13.1 18.8 3888.1 7684.4 16.8 

1717 0.5-1.0 23931.8 6.1 3018.6 <0.5 0.5 1061.5 25.9 15.8 11.9 97.0 4714.6 1860.6 24.8 

1719 0-0.5 24142.9 8.7 334.3 0.8 0.4 4218.5 280.0 164.2 47.4 17.4 2699.9 56442.1 25.9 

1719 0.5-1.0 31695.2 3.8 127.0 0.8 0.1 1049.7 44.6 37.6 31.1 14.4 2143.3 11824.1 33.5 

1720 0.5-1.0 4345.7 1.3 26.0 <0.5 0.2 3077.1 6.6 1.7 5.4 2.7 8518.3 47.0 3.0 

1721 0-0.5 3265.5 0.6 24.9 <0.5 0.1 1569.8 7.5 1.1 8.2 2.1 8526.3 33.9 2.6 

1721 0.5-1.0 2425.0 1.2 93.3 <0.5 0.1 2221.0 5.1 1.3 6.2 3.9 4768.8 27.7 2.3 

  
Magnesium Manganese Molybdenum Nickel Potassium Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 

Sample 
Name Depth (m) 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 1075.8 101.2 <0.5 5.8 693.3 8.9 0.1 113.8 12.8 0.1 0.6 11.2 17.8 

1703 0.5-1.0 505.9 54.5 <0.5 3.0 348.1 4.9 0.1 677.1 8.9 0.1 0.5 7.4 11.1 

1710 0.5-1.0 2432.4 95.7 <0.5 20.2 1740.1 24.4 0.2 242.5 212.6 7.7 1.3 17.6 138.8 

1711 0-0.7 2336.8 178.2 1.5 17.2 2976.9 30.5 0.2 437.4 34.9 2.2 2.2 28.2 97.7 

1716 0-0.5 138.7 7.3 <0.5 3.6 <40 1.9 0.2 68.2 8.1 0.4 0.3 1.8 10.2 

1716 0.5-1.0 119.6 11.6 <0.5 5.7 243.2 3.7 0.1 105.2 5.4 2.9 0.1 1.3 8.7 

1717 0-0.5 368.3 50.7 5.8 20.5 1154.4 16.8 0.2 240.6 32.9 17.6 2.4 17.7 81.2 

1717 0.5-1.0 717.7 45.7 <0.5 17.2 1784.8 22.6 0.6 308.4 85.6 4.7 1.9 19.9 268.7 

1719 0-0.5 677.9 61.3 1.2 104.8 1783.2 23.6 0.7 1635.0 470.1 130.6 0.9 11.4 142.9 

1719 0.5-1.0 537.8 26.4 <0.5 21.6 2019.4 28.1 0.3 497.4 91.4 27.6 1.2 8.8 46.6 

1720 0.5-1.0 1584.1 89.6 <0.5 5.5 749.5 7.1 0.1 81.8 35.0 0.3 0.3 16.3 20.4 

1721 0-0.5 847.8 97.8 <0.5 4.4 579.7 6.9 0.1 546.1 12.1 0.1 0.4 8.6 27.0 

1721 0.5-1.0 1666.8 84.0 <0.5 3.5 321.8 7.1 0.2 131.2 11.3 0.2 0.5 8.3 45.6 

 

  



Table 20. Concentrations from the microwave digestion of the sequential leaching. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Gallium Iron Lead Lithium 
Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 4928 (56) 2.2 (0) 48 (4) 0.7 (0) 0.22 (0.02) 3884 (194) 8 (0) 3 (0) 18 (7) 3 (0) 7646 (132) 49 (5) 4.1 (0.1) 

1703 0.5-1.0 2659 (6) 0.9 (0.1) 27 (2) 0.64 (0.02) 0.14 (0.01) 3153 (192) 6 (1) 2 (0) 9 (0) 2 (0) 4281 (76) 20 (4) 2.3 (0) 

1710 0.5-1.0 22959 (22) 4.8 (0.1) 96 (1) 0.67 (0.02) 0.42 (0.01) 98362 (476) 41 (9) 30 (2) 27 (1) 11 (0) 8101 (28) 5383 (358) 30.4 (0.1) 

1711 0-0.7 19704 (153) 6.4 (0.2) 546 (35) 0.93 (0.05) 0.93 (0.05) 
22632 
(1503) 65 (1) 50 (2) 111 (7) 24 (1) 17091 (430) 4026 (252) 15.7 (0.1) 

1716 0-0.5 2345 (68) 1.5 (0.1) 954 (30) 0.57 (0.02) 0.12 (0.01) 3151 (103) 8 (0) 25 (7) 111 (119) 31 (1) 1291 (56) 2628 (524) 1.9 (0) 

1716 0.5-1.0 5673 (62) 3.9 (0.4) 382 (142) 0.59 (0.01) 0.13 (0.02) 5266 (592) 21 (1) 58 (9) 26 (4) 15 (5) 1561 (214) 8229 (284) 3.7 (0.2) 

1717 0-0.5 18444 (84) 10 (0.3) 799 (2) 0.94 (0.09) 0.39 (0.01) 21381 (903) 160 (30) 181 (7) 152 (9) 31 (0) 5093 (190) 19727 (799) 18.5 (0.2) 

1717 0.5-1.0 26091 (45) 9.2 (0.4) 3229 (12) 0.75 (0.02) 1.44 (0.02) 
41799 
(1775) 36 (1) 65 (3) 73 (6) 105 (0) 6716 (49) 8568 (324) 26.6 (0.1) 

1719 0-0.5 25520 (19) 16.8 (0.5) 502 (9) 1.05 (0.01) 0.94 (0.04) 
32699 
(1091) 334 (5) 232 (5) 253 (8) 23 (0) 3586 (65) 

131057 
(4108) 32.4 (0.2) 

1719 0.5-1.0 34039 (68) 7 (0.1) 231 (9) 1.14 (0.01) 0.64 (0.06) 
19687 
(1547) 75 (2) 101 (6) 337 (92) 18 (0) 3677 (130) 

34485 
(1887) 37.8 (0.3) 

1720 0.5-1.0 5126 (28) 2.2 (0.1) 98 (5) 0.66 (0.01) 0.25 (0) 3766 (9) 10 (1) 6 (0) 11 (1) 5 (0) 10201 (47) 371 (31) 4.2 (0.1) 

1721 0-0.5 4325 (21) 1.1 (0.1) 103 (10) 0.71 (0.02) 0.3 (0.03) 3707 (188) 12 (0) 3 (0) 24 (2) 5 (0) 12018 (106) 733 (729) 3.7 (0.1) 

1721 0.5-1.0 3856 (97) 2.7 (0.1) 228 (14) 0.69 (0.01) 0.63 (0.21) 12513 (566) 11 (0) 3 (0) 662 (1040) 9 (1) 7693 (353) 220 (58) 3.4 (0.1) 

  Magnesium Manganese 
Molybdenu
m Nickel Potassium Rubidium Silver Sodium Strontium Thallium Uranium Vanadium Zinc 

Sample 
Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 1222 (10) 238 (11) 1 (0) 9 (1) 788 (9) 9.3 (0) 0.17 (0.01) 168 (2) 16 (0) 0 (0) 1.4 (0.1) 18 (1) 65 (9) 

1703 0.5-1.0 628 (38) 125 (8) 0.8 (0) 6 (1) 432 (4) 5.3 (0) 0.13 (0.01) 716 (0) 13 (0) 0 (0) 1 (0) 11 (0) 41 (6) 

1710 0.5-1.0 4786 (172) 278 (12) 1.6 (0.1) 25 (0) 1862 (2) 25 (0) 0.24 (0) 384 (7) 567 (2) 13 (1) 2.1 (0.1) 28 (0) 1006 (50) 

1711 0-0.7 2979 (44) 439 (26) 3.4 (0.3) 26 (0) 3304 (7) 32.6 (0.1) 0.28 (0.01) 561 (8) 244 (22) 9 (1) 9.6 (0.3) 45 (2) 666 (77) 

1716 0-0.5 353 (30) 27 (2) 1.4 (0.4) 6 (0) 106 (4) 2.3 (0.1) 0.24 (0.02) 108 (3) 99 (17) 6 (1) 2.3 (0.2) 4 (0) 431 (28) 

1716 0.5-1.0 327 (34) 26 (6) 0.7 (0) 9 (0) 315 (2) 4.5 (0) 0.16 (0.02) 240 (9) 84 (10) 19 (1) 2.8 (0.7) 5 (1) 312 (126) 

1717 0-0.5 1685 (89) 426 (64) 13.6 (1.1) 41 (2) 1503 (9) 20 (0) 0.53 (0.04) 498 (8) 207 (12) 44 (2) 15.7 (0.7) 49 (1) 844 (32) 

1717 0.5-1.0 3065 (142) 199 (8) 1.8 (0.2) 31 (1) 1964 (1) 24.5 (0) 0.98 (0.02) 419 (2) 238 (10) 20 (1) 14.4 (1.2) 40 (1) 8657 (737) 

1719 0-0.5 1122 (62) 111 (6) 1.8 (0) 123 (1) 2778 (21) 33.9 (0.4) 1.22 (0.04) 5956 (119) 666 (25) 305 (5) 1.7 (0) 49 (2) 1187 (51) 

1719 0.5-1.0 1646 (136) 110 (5) 1 (0) 34 (1) 2439 (36) 32.7 (0.3) 0.64 (0.06) 1621 (168) 619 (43) 79 (5) 1.7 (0.1) 26 (2) 821 (73) 

1720 0.5-1.0 1765 (6) 140 (6) 0.9 (0.1) 20 (19) 836 (4) 7.7 (0) 0.17 (0) 149 (4) 44 (1) 1 (0) 0.7 (0) 19 (0) 62 (3) 

1721 0-0.5 1061 (17) 299 (40) 1.4 (0.1) 12 (1) 751 (8) 7.8 (0) 0.11 (0) 639 (3) 21 (1) 2 (2) 1.3 (0.1) 14 (0) 122 (5) 

1721 0.5-1.0 1889 (18) 276 (10) 1.2 (0) 11 (1) 482 (3) 7.6 (0) 0.41 (0.1) 282 (146) 33 (1) 1 (0) 1.1 (0) 18 (1) 516 (250) 



Appendix 4 – Results from the validation by microwave digestion 
Table 21. Concentrations from microwave digestion. Average concentration (Standard deviation). 

  Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium 

Sample Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 8945 3.4 59 <0.5 0.2 5490 12.9 

1703 0.5-1.0 4628 1.1 36 <0.5 0.2 4118 6.3 

1716 0-0.5 5264 2.3 726 <0.5 0.1 2212 9.1 

1716 0.5-1.0 3025 2.5 50 <0.5 0.2 2349 9.9 

1717 0-0.5 10995 5.4 568 0.7 0.4 20078 80.3 

1717 0.5-1.0 18060 5.3 2366 0.5 1.0 32695 22.9 

1719 0-0.5 14166 13.4 453 <0.5 0.9 25521 175.7 

1719 0.5-1.0 12590 6.4 166 0.5 0.5 14938 39.3 

1720 0.5-1.0 2632 0.9 58 <0.5 0.2 1632 4.7 

1721 0-0.5 5006 1.6 143 <0.5 0.3 3443 12.3 

1721 0.5-1.0 6981 2.8 160 <0.5 0.3 9640 9.5 

 
 

        

  
Cobalt Copper Gallium Iron Lead Lithium Magnesium 

Sample Name Depth (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1703 0-0.5 3.2 12.2 5.1 11803 35.5 6.3 2201 

1703 0.5-1.0 1.6 9.2 2.8 5321 13.1 2.7 874 

1716 0-0.5 18.3 21.6 22.6 1849 1912 5.3 599 

1716 0.5-1.0 17.3 12.7 2.3 1263 3953 2.1 212 

1717 0-0.5 91.9 98.1 20.7 2396 14341 11.8 1039 

1717 0.5-1.0 37.2 71.9 71.5 5616 6468 16.1 2219 

1719 0-0.5 256.4 205.3 17.4 2641 134276 21.2 614 

1719 0.5-1.0 56.4 172.1 9.6 2653 30868 18.5 978 

1720 0.5-1.0 2.9 7.8 2.8 4749 137 2.2 649 

1721 0-0.5 2.7 22.1 6.0 10765 255 3.8 1025 

1721 0.5-1.0 2.7 60.5 7.7 8710 164 5.2 1247 

 

 


