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Abstract 
The leakages of metals from acid sulfate soils and their potential toxicity to benthic 
invertebrates were studied in the sediment profiles of Lillkvasjön and Lövselefjärden - a lake 
and an estuary known to be affected by acid sulfate soils - in Västerbotten, northern Sweden. 
The concentrations of 25 different elements were analyzed throughout both sediment profiles 
through X-Ray Fluorescence (XRF) Spectrometer analysis. Organic matter was measured 
through loss-on-ignition (LOI). By performing correlation analysis and normalizations to 
LOI on all sediment variables, Cu, Fe, Ni, Pb, S and Zn were found to be leached from acid 
sulfate soils to both sites, while Mg and Mn were related to leakages from acid sulfate soils in 
Lövselefjärden. The concentrations of Cu (195 mg kg-1), Ni (55 mg kg-1), Pb (90 mg kg-1) and 
Zn (398 mg kg-1) in the surface sediment of Lövselefjärden were classified as potentially toxic 
to benthic invertebrates. In Lillkvasjön, Cu (210 mg kg-1) and Ni (87 mg kg-1) were classified 
to have an increased risk of negative impacts on benthic invertebrates, while the 
concentrations of Pb (121 mg kg-1) and Zn (329 mg kg-1) were likely to low to have any 
negative effects. These results strengthen previous finds of impacts from acid sulfate soils in 
the two catchment areas and elucidate the importance of further studies on the impact of acid 
sulfate soils on benthic invertebrates.  
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1 Introduction and background 
1.1 Origin of sulfidic sediments 
After the latest glaciation until today, the Baltic Sea has evolved during different stages due to 
the isostatic uplift and changes in sea level (Björck 1995). The Anculys lake (9500 – 8000 yr 
BP) was a freshwater lake that was transcended into a brackish water called the Litorina Sea 
(8000 – 3000 yr BP). The increased salinity in the Litorina Sea caused a stratification of the 
waters, which hindered the seasonal circulation of the water mass and resulted in anoxic 
conditions. This may have increased the availability of phosphorous in the Litorina Sea due 
to the decreased bond strength between phosphorous and sediments under anoxic conditions 
(Sohlenius et al. 2001). During the same period, the amount of organic material increased 
due to a warmer climate (Seppä, Hammarlund and Antonsson 2005). These two factors 
contributed to an increased amount of organic material deposited during the Litorina Sea 
phase. 
 
When saprophytes decompose organic material under anoxic conditions in freshly deposited 
brackish sediments, sulfidic sediments are formed. Under these conditions, sulfate (𝑆𝑂!"#) 
and Fe (III) are reduced instead of oxygen, forming sulfide and Fe (II): 
 

     Eq 1. 𝑆𝑂!"# + 𝐹𝑒$% → 𝐻"𝑆 + 𝐹𝑒"%  
 
The reduced forms of sulfate and Fe (III) may subsequently react and form metastable iron 
monosulfides (FeS) (Equation 2), such as mackinawite and greigite, which can subsequently 
react with sulfur and form pyrite (FeS2). Mackinawite, greigite and pyrite are characteristic 
elements of sulfidic sediments (Becher, Sohlenius and Öhrling 2019): 
 
                                                            Eq. 2 𝐻"𝑆 + 𝐹𝑒"% → 𝐹𝑒𝑆"            
 
The extent of the Litorina Sea is often stated to be the limit to where sulfidic sediments may 
occur (Sohlenius et al. 2015). Sulfidic sediments are fine-grained and most common in areas 
with clay-silty soil (Åström and Björklund 1996, Sohlenius et al. 2015). However, these soils 
may also occur in areas with peat or soils with coarser grain size, such as till and sandy soils 
(Mattbäck, Boman and Österholm 2017, Becher, Sohlenius and Öhrling 2019).  
 
1.2 Oxidation of sulfidic sediments 
In northern Sweden, where the isostatic uplift is especially high (Berglund 2012), sulfidic 
sediments are lifted well above sea-level. The isostatic uplift, and anthropogenic activities 
such as ditching and lake lowering, may cause an oxidation of sulfidic sediments, where 
sulfuric acid (𝐻"𝑆𝑂!), iron (III) hydroxides (𝐹𝑒(𝑂𝐻)$), hydrogen ions and goethite (𝐹𝑒𝑂𝑂𝐻)  
are produced from the oxidation of metastable iron monosulfides and pyrite (Equation 3 and 
4) (Becher, Sohlenius and Öhrling 2019): 
 

               Eq. 3 10	𝐹𝑒𝑆 + 24	𝑂" + 26	𝐻"𝑂 → 10	𝐹𝑒(𝑂𝐻)$ + 11	𝐻"𝑆𝑂!           
 
                                          Eq. 4 𝐹𝑒𝑆" +

&'
!
𝑂" +

'
"
𝐻"𝑂 → 2	𝑆𝑂!"# + 4	𝐻% + 𝐹𝑒𝑂𝑂𝐻                           

 
Oxidized sulfidic sediments are called active acid sulfate soils. These soils are naturally acidic 
due to the oxidation, producing sulfuric acid and hydrogen ions, which reduce the pH in 
surrounding soils and waters (Sohlenius et al. 2015). The reduced pH increases the 
weathering of the soils, resulting in an increase in metals mobilized from active acid sulfate 
soils (Palko and Yli-Halla 1988). Because these soils are characterized by vertical cracks with 
precipitations of rust, high waterflows may lead to extensive leakages of metals from active 
acid sulfate soils (Sohlenius et al. 2015, Åström and Björklund 1996). Sohlenius et al. (2015) 
found that the elements that had elevated concentrations in waters draining areas with active 
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acid sulfate soils were lower in the active acid sulfate soils that were drained, when compared 
with underlying sulfidic sediment. This suggests that the elements are, at least partly, leached 
from the acid soils themselves.  
 
Cobalt, copper, nickel, manganese and molybdenum have been found to be bound to pyrite, 
while zinc and cadmium may be incorporated in sulfide minerals, resulting in a leakage of 
these elements as pyrite and iron sulfides are oxidized (Sohlenius and Öborn 2004). In 
Västerbotten and Norrbotten county, which together are estimated to contain approximately 
600 km2 of acid sulfate soils, aluminum, arsenic, iron, magnesium and titan have been found 
to be leached from active acid sulfate soils, among previously mentioned elements (Sohlenius 
et al. 2015). Elevated concentrations of calcium, potassium, sodium and strontium in waters 
and sediments affected by active acid sulfate soils have also been found (Erixon 2009, 
Åström and Björklund 1996).  
 
1.3 Acid sulfate soils and their impact on biota 
Historically, ditching, lake lowerings and dry seasons in areas where active acid sulfate soils 
occur have been followed by mass fish kills (Holm 1942). The seasonal acidification of waters 
due to these soils have been shown to diminish fish populations and have a negative impact 
on reproduction of multiple species (Hudd 2000). Meriläinen (1989) found that high acidity 
and dissolved inorganic aluminum have a negative impact on benthic invertebrates. Despite 
these findings, there is a lack of knowledge regarding the impact acid sulfate soils have on 
biota (Fältmarsch, Åström and Vuori 2008). 
 
As elements leached from active acid sulfate soils are deposited and form sediments, benthic 
invertebrates may be exposed to these elements. Copper, nickel and zinc are three elements 
that are vital for aquatic organisms. However, at elevated concentrations, these elements may 
instead become toxic (Swedish Environmental Protection Agency 2019b, Australian and New 
Zealand Environment and Conservation Council (ANZECC) and Agriculture and Resource 
Management Council of Australia and New Zealand (ARMCANZ) 2000). Elevated 
concentrations of lead may result in damages of the neurotic system on organisms (Swedish 
Environmental Protection Agency 2019a).  
 
1.4 Other sources to sulfate and metals  
An alternative pollution source of elements such as copper, lead, sulfuric acid and zinc in 
sediments in Västerbotten is the Rönnskär smelter. The Rönnskär smelter is situated in 
Skelleftehamn in northern Sweden. It is a smelter founded in 1930 that produces copper, 
gold, lead, silver, sulfuric acid and zinc (Boliden Group N.D.). Klaminder et al. (2008) found 
lead isotopes from the Rönnskär smelter in mor layers at a distance of 60 kilometers from the 
smelter. Johnson, Eriksson and Wiederholm (1992) found that surface sediment in lakes 
situated within 30 kilometers from the Rönnskär smelter were polluted by the smelter.  
 
During the 2000th century, Swedish lakes and rivers were acidified by atmospheric 
deposition of sulfuric acid, which had its origin in the combustion of fossil fuels. Today 
forestry is the main source of acidification, while transport vehicles contribute with emissions 
of nitrogen oxide. Still, the sulfur emissions have decreased with 70 % in Sweden since the 
1980s and the pH of precipitation has increased (Swedish Agency for Marine and Water 
Management 2019).  
 
Organic acids transported from terrestrial grounds and sulfate weathered from bedrock are 
natural sources of sulfate in waters (Ivarsson and Jansson 1994). Organic acids are derived 
from wetlands and forests (Elfvendahl and Broman 2003) and are known as natural 
acidifiers in waters (Erlandsson et al. 2010). In gneiss and granite, which largely cover the 
study area (SGU N.D.), the amount of sulfur is between 0.05-0.2 %, which is considered to be 
low (Ivarsson and Jansson 1994).  
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1.5 Aim and question formulations 
The purpose of this degree project is to investigate where metals from active acid sulfate soils 
accumulate in two catchments in Västerbotten and how the potential toxicity of Cu, Ni, Pb 
and Zn leached from these soils may harm benthic organisms. The purpose can be divided 
into the following question formulations: 
I) How does the estuarine and lake sediments differ regarding concentrations and inventories 
of elements due to leakages from active acid sulfate soils? 
II) What implications may the acid sulfate soils have on benthic organisms in the estuarine 
and lake surface sediments due to leakages of Cu, Ni, Pb and Zn? 
 
 
2 Materials and methods 
 
2.1 Site description 
The coastal area north of Umeå in Västerbotten, Sweden, has a geology consisting of 
granodiorite, granite and paragneiss (SGU n.d.). The annual precipitation is approximately 
700 mm for the coast (Swedish Metrological and Hydrological Institute (SMHI) 2020b), 
while the isostatic uplift has a rate of 9.5 mm per year (SMHI 2020a). Between 80 to 85 % of 
the land use in the catchment areas are constituted by forests (SMHI 2020b). 
 
Lillkvasjön is a lake within the drainage basin of the stream Sandåsån, situated 
approximately 30 kilometers north of Umeå. Till is the dominating soil type in the area, but 
peat is also common (figure 1) (SGU n.d.). The catchment has a total area of 30 km2. 
Approximately 2 % of the land-use in the catchment area is agricultural land, while wetlands 
constitute 10% of the land-use (SMHI 2020b). Sandåsån, which flows through Lillkvasjön, is 
draining multiple areas where potential and active acid sulfate soils are likely to occur (SGU 
n.d.). Both Lillkvasjön and Sandåsån have been reported to have low pH values (4.6 and 4.7-
4.9, respectively) and the amount of inorganic aluminum in the stream has been reported to 
be relatively high (209 ug/l). The impact of acid sulfate soils on pH is believed to have made 
the waters in the drainage basin inhospitable to fish (Länsstyrelsen Västerbotten 2019) and 
the amount of benthic species in the stream has been reported to be relatively low (< 30 
species) in a regional context (Sundqvist 2009). The catchment has been exposed to multiple 
lake lowerings over the years, for example the lake lowering of Gryssjön, which had a size of 
approximately 170 ha (Länsstyrelsen Västerbotten 2019). 
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Figure 1. Surficial geology of the Sandåsån drainage basin (black line). The locations of the sampling site in 
Lillkvasjön and the drainage basin in the Västerbotten county (dark grey area) are presented as well.  
 
Lövseleån flows into Lövselefjärden, an estuary situated approximately 85 kilometers north 
of Umeå. Till is the dominating soil type in the catchment, but outcrop, clay-silt, peat and 
postglacial sand are also existent (figure 2) (SGU n.d.). The drainage basin that Lövseleån is 
running through has a total area of 26 km2 and is lacking lakes. Agriculture constitutes 9 % of 
the land-use in the area, while wetlands make up 2 % (SMHI 2020b). According to an acid 
sulfate soil classification from SGU, active, and potential underlying, acid sulfate soils occur 
in the area (SGU n.d.). High conductivity was measured in parts of Lövseleån in 2014, 
indicating on an impact from acid sulfate soils (Länsstyrelsen Västerbotten 2019). Fish kills 
due to lake-lowerings between 1889 and 1990 (Holm 1942) and regionally high amounts of 
dissolved inorganic aluminum (Sundqvist 2009) have previously been documented in the 
area. Today the fish population is reestablished, indicating on a limited chemical impact from 
acid sulfate soils (Länsstyrelsen Västerbotten 2019). 
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Figure 2. Surficial geology of the Lövseleån drainage basin (black outline). Location of the sampling site in 
Lövselefjärden and in Västerbotten county (dark grey area) are also presented.  
 
Hertsånger River flows into Gumbodafjärden, which is an estuary situated approximately 60 
kilometers north of Umeå. Klådabodaån and Flarkån flows into Hertsånger River and lakes 
occur in the catchment area, which has a total area of 506 km2. Till is the dominating soil 
type, while clay-silty soils, peat, outcrops, alluvium and postglacial sand also exist in the area 
(SMHI 2020b, SGU n.d.) (figure 3). Land use and wetlands constitute 12 % and 2 % of the 
land use, respectively (SMHI 2020b). Active and potential acid sulfate soils have been 
surveyed in the area (SGU n.d.). High conductivity (>450 µS/cm) and low pH-values in parts 
of the drainage basin suggest that the area is affected by acid sulfate soils. This suggestion is 
strengthened by a fish population that is small in a regional context, which may be due to a 
negative impact on the population from acid sulfate soils (Länsstyrelsen Västerbotten 2019).  
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Figure 3. Surficial geology of Gumbodafjärden in the scale 1:100 000, where till (blue), outcrop (red), peat (light 
brown), silt-clay soils (yellow), postglacial sand and gravel (orange) and glacifluvial deposits (green) are 
displayed. The map was provided by SGU (n.d.). 
 
2.2 Field work 
The sediment profiles from Gumbodafjärden were sampled and analyzed during spring 2016. 
The sampling method and lab analyses performed were similar to those described below. For 
more detailed information see Thomas (2016). 
 
Sampling in Lillkvasjön and Lövselefjärden was performed between the 16th and 17th of 
march, 2020. Sampling of sediment cores was performed at the greatest depths in 
Lillkvasjön, which was found with a sonar to be 2.1 meters at N 63°, 55.295’ E 20°, 46.473’. In 
Lövselefjärden, samples were collected at a depth of 4.6 meters at N 64°, 18.618’ E 21°, 
15.176. At each site, one short surface sediment core was sampled with an HTH gravity corer 
(figure 4). Deeper sediments were collected as one-meter sections, which were overlapping, 
using a Russian peat corer. The short cores from Lillkvasjön and Lövselefjärden were 0.23 
and 0.17 meters, respectively. The total sediment depth was 1.16 meters in Lillkvasjön and 
1.44 meters in Lövselefjärden. Each short core was subsampled in intervals of one centimeter 
and were stored in marked plastic bags. Each long core was marked and covered with plastic 
foil and aluminum foil.  
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Figure 4. Picture a) and b) display the sampling of short cores with the HTH gravity corer. The Russian peat corer 
is displayed in c) with part of the sediment profile from Lillkvasjön and in d) with part of the sediment profile 
from Lövselefjärden. Pictures were taken by Malin Blomberg. 
 
2.3 Lab analyses 
All cores were stored in a refrigerator between field work and lab analysis. After removing the 
outer oxidized layer, the laminations within the profile enabled a visual determination of the 
overlap between the long cores at both sites. Samples from the long cores where thereafter 
collected at two-centimeter intervals.  
 
To prepare samples for analysis, volumetrically determined samples of six mL were collected 
at an interval of one- to two-centimeters in each long core. The sliced samples from the HTH 
gravity corer and the volumetric samples from the long cores were freeze-dried at -40 °C. The 
dry weight of all samples was measured to determine the bulk density of each sample. 
 
2.3.1 Loss-on-ignition (LOI) analysis 
Loss-on-ignition (LOI) is considered to be a reliable measure to approximate the amount of 
organic material in soil (Beaudoin 2003; Heiri et al. 2001). LOI at 550 °C was therefore 
analyzed for the entire sediment profile at each site to evaluate any correlation between the 
amount of organic material and concentrations of different elements. LOI was also analyzed 
to determine the overlap between the short and long sediment cores. Samples were 
subsequently weighed and LOI was calculated.  
 
2.3.2 X-Ray Fluorescence spectroscopy (XRF) analysis 
Samples were analyzed through X-Ray Fluorescence spectroscopy to determine the 
concentration of different elements throughout each sediment profile. The Bruker S8-Tiger 
WD-XRF spectrometer was thereafter used to measure the concentration of 25 elements in 
the freeze-dried samples. Sodium (Na), magnesium (Mg), aluminum (Al), silicon (Si), 
phosphorous (P), sulfur (S), chlorine (Cl), potassium (K), calcium (Ca), titanium (Ti), 
vanadium (V), manganese (Mn), iron (Fe), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), 
bromine (Br), rubidium (Rb), strontium (Sr), zirconium (Zr), barium (Ba), tungsten (W), lead 
(Pb) and carbon dioxide (CO2) were measured at different intervals throughout both 
sediment profiles. 
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2.4 Analysis through GIS and statistics 
Maps were created in ArcGIS using data from SGU and Lantmäteriet. Spearman’s rank 
correlation coefficient (r) was calculated between all elements, and LOI, in Excel 2020 to 
examine how the elements were related to one another as well as to LOI. The p-value of r was 
calculated by first calculating the t-statistics (t) using the equation:  
 

                       Eq 5. 𝑡 = (∗√+#"
√&#(!

 
 

Where n is the number of paired samples. The Student’s t-distribution was subsequently 
calculated in excel. All correlations with a r-value above 0.5 or below -0.5, with p-value below 
0.05, were determined to be significant. Elements correlating to organic material were 
normalized to LOI. If an element is correlated to organic material, the amount of the element 
deposited in a sediment profile may change as the amount of organic material transported to 
the sediment changes. By normalizing these elements to LOI, the export of the elements may 
be analyzed without the influence of organic material. 
 
Bulk density (𝜌,) was calculated with the equation: 
 

Eq. 6 𝜌, =
-"
.#

 
 
Where 𝑀/ is the dry weight of a sample in grams and 𝑉0 is the volume of a sample in m3. The 
concentration of each element at each depth was multiplied with the bulk density to calculate 
the inventory of each element throughout the sediment profiles. The inventories of sediment 
variables between zero to ten centimeters depth were compared between the sites using the 
Mann-Whitney U-test. Data above and below possible leaching events viewed in the sediment 
profiles were compared through the Mann-Whitney U-test to investigate any differences in 
the concentrations, and hence in the export, of the elements within the sites. Data from 
Gumbodafjärden were used from a previous study (Thomas 2016) to compare other regional 
data with the sites. Comparisons between the three sites were made at zero to ten centimeters 
depth using the Kruskal-Wallis test and Dunn’s test.  
 
In Lillkvasjön, the concentration of Br indicated on a transition from marine to freshwater 
sediment around 70 centimeters depth (annex 1). In order to obtain representative results for 
lake sediment, no analyses were performed on data from 70 to 94 centimeters depth in 
Lillkvasjön.  
 
The measurements of the CO2-concentrations performed by the XRF spectroscopy is 
considered to be inaccurate (Rydberg 2014). Furthermore, the analyses of Cl and W were not 
representative, and Cl, CO2 and W were therefore not included in any statistical analysis. The 
concentration of As was partially below its detection limit at all sites. The As data were still 
used to display patterns in the correlation and LOI-normalization analyses but were not used 
in any comparative analyses. 
 
2.5 Potential toxicity evaluation 
The concentrations of Cu, Ni, Pb and Zn in the topmost 5 centimeters of each sediment 
profile were compared with Norwegian sediment quality criteria (Bakke et al. 2010) and 
Swedish national guideline values (Swedish Environmental Protection Agency 1999a and 
1999b). Missing values in Lillkvasjön were interpolated to get representative result for the 
site. These comparisons indicated whether or not recent leakage from acid sulfate soils may 
have a negative impact on benthic invertebrates in Lillkvasjön and Lövselefjärden. 
 
The Norwegian sediment quality criteria presented in Bakke et al. (2010) is based on the 
toxicity of 50 inorganic and organic compounds, of which four are presented in table 1. The 
risk assessment is created for the upper five centimeters of marine surface sediment. Five 
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different levels exist, where level one represents background values of each compound. 
Compound concentrations within level two are predicted to have no negative effects on biota, 
while concentrations within level three may be harmful if organisms are chronically exposed 
to them. Level four represents concentrations which may be toxic if organisms are exposed 
during short periods of time. Concentrations within level five have acute negative effects on 
biota (table 1).  
 
Table 1. Risk assessment of Cu, Ni, Pb and Zn in marine sediments (Bakke et al. 2010).  

 
 
The Swedish Environmental Protection Agency (1999a) have provided some examples of 
effect limits to the total concentration of several metals in marine sediments. The American 
effect limit from the National Oceanic and Atmospheric Administration (NOAA) is based on 
multiple studies on toxicity on biota. The Canadian sediment quality criteria TEL stands for 
“Threshold effect level”, which here displays the mean value of concentrations which have 
been shown to be toxic to aquatic organisms. Finally, the security limits according to the 
British Water Research Centre (WRC) are displayed (table 2). 
 
Table 2. International effect limits on Cu, Ni, Pb and Zn in marine sediments. Values are derived from the 
Swedish Environmental Protection Agency (1999a).  

 
 
The Swedish Environmental Protection Agency (1999b) have divided concentrations of 
several metals into five different classes depending on their impact on biota in lakes and 
rivers. The first class represents concentrations in waters unaffected by anthropogenic 
activities. There are small risks of negative impact on aquatic organisms in class two. In class 
three there are higher risks of negative impact on reproduction and survival in waters with 
low pH and low amount of organic matter. In class four and five there are high risk of 
negative biological impact (table 3).  
 
Table 3. Swedish sediment quality criteria for Cu, Ni, Pb and Zn in lakes and rivers (Swedish Environmental 
Protection Agency (1999b). 

 
 
National background values of lakes and estuaries were used in this study to strengthen the 
assessments of toxicity in sediments based on sediment quality guidelines. National 
background values for Swedish lakes and estuaries are provided in table 4.  
 
 
 
 

Metals I - Background II - Good III - Moderate IV - Bad V - Very bad
Cu (mg Cu/kg) <35 35-51 51-55 55-220 >220
Ni (mg Ni/kg) <30 30-46 46-120 120-840 >840
Pb (mg Pb/kg) <30 30-83 83-100 100-720 >720
Zn (mg Zn/kg <150 150-360 360-590 590-4500 >4500

Metals Effect limit NOAA, U.S. Effect limit TEL, Ca Security limit WRC, UK
Cu (mg/kg d.w.) 70 36 40
Ni (mg/kg d.w.) 30 18 100
Pb (mg/kg d.w.) 35 35 40
Zn (mg/kg d.w.) 120 123 200

Metals 1 - Very low 2 - Low 3 - Moderately high 4 - High 5 - Very high
Cu (mg/kg d.w.) <15 15-25 25-100 100-500 >500
Ni (mg/kg d.w.) <5 5-15 15-50 50-250 >250
Pb (mg/kg d.w.) < 50 50-150 150-400 400-2000 >2000
Zn (mg/kg d.w.) <150 150-300 300-1000 1000-5000 >5000
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Table 4. Background values regarding Cu, Ni, Pb and Zn in lakes and estuaries. The values are given in mg kg-1. 
The background values in lakes relates to a sediment depth of 0-1 centimeters, while the background values for 
estuaries are based on sediment depths of 0-2 centimeters (Swedish Environmental Protection Agency 1999a and 
1999b). 

 
 
Deviation ratios were used in this study to measure how much Cu, Ni, Pb and Zn deviated 
from background values in Lövselefjärden (table 5). 
 
Table 5. Deviation from the background values regarding Cu, Ni, Pb and Zn in estuaries. The deviation of each 
element is given in ratios (Swedish Environmental Protection Agency 1999a). 

 
 
 
3 Results 
 
3.1 LOI and sediment profile 
The sediment profile from Lillkvasjön had a dark brown color. At 43 centimeters depth, there 
was a transition to an even darker sediment, which was followed by a grey laminated section 
between 26- and 35 centimeters depth (figure 4c). The mean percentage of LOI in the 
sediment profile in Lillkvasjön were 21 ± 13 %, while the median was at 20 % (figure 5). The 
highest and lowest LOI-values were 49 % and 4.7 % in the darker part of the sediment at 13- 
and 23 centimeter’s depth, respectively.   
 
In Lövselefjärden, the sediment profile was black with grey laminations throughout the 
profile (figure 4d). The highest and lowest values of LOI were 15 % and 1.4 % at one- and 84 
centimeter’s depth. The median LOI-value was 4.5 while the mean LOI was 4.7 ± 2.4 % 
(figure 5).  
 

 
Figure 5. Box plot of the LOI results in Lillkvasjön (grey) and Lövselefjärden (white). The black line within each 
box is the median value, while the cross mark is the mean value. The Y-axis represents LOI in percentage. 
 
 
 

Elements (mg/kg) Cu Ni Pb Zn
Background value lake 15 10 50 100
Background value estuary 15 30 25 85

Deviation None Small Distinct Large Very large
Cu < 1.0 1.0-2.0 2.0-3.3 3.3-5.3 > 5.3
Ni < 1.0 1.0-1.5 1.5-2.2 2.2-3.3 > 3.3
Pb < 1.0 1.0-1.6 1.6-2.6 2.6-4.4 > 4.4
Zn < 1.0 1.0-1.5 1.5-2.4 2.4-4.2 > 4.2
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3.2 Correlations and within-site comparison  
 
3.2.1 Lillkvasjön 
In Lillkvasjön, As, Br, Cu, Fe, Ni, P, Pb, S, V and Zn were found to be positively correlated to 
LOI. Arsenic, Cu, Fe, Ni, P, Pb, S, V and Zn were also strongly positively correlated with each 
other, while Br was negatively correlated with Al, Ba, Ca, K, Mg, Mn, Na, Rb, Sr, Ti and Zr. 
Silica was negatively correlated to LOI and to all other elements in this group, but Br. 
Aluminum, Ba, Ca, K, Mg, Mn, Na, Rb, Sr, Ti and Zr were strongly correlated to each other. 
All elements but Ca were negatively correlated to LOI (table 6) (annex 4 and 5). 
 
From this result, all sediment variables have been divided into groups depending on 
correlation trends found in the data.  As, Br, Cu, Fe, Ni, P, Pb, S, Si, V and Zn were correlated 
to LOI and to each other and were therefore divided into one group. Aluminum, Ba, Ca, K, 
Mg, Mn, Na, Rb, Sr, Ti and Zr were also strongly correlated and were therefore the second 
group in Lillkvasjön.   
 
Table 6. Result of the correlation analysis of all elements and LOI in the sediment profile from Lillkvasjön. Green 
represents significant positive correlations while red squares represent significant negative correlations. Light 
green and red represent positive or negative significant correlations with r-values smaller than 0.5 or larger than -
0.5. White squares are not significant (p-value > 0.05). 

 
 
 
 
 
 

    Al As Ba Br Ca Cu Fe K LOI Mg Mn Na Ni P Pb Rb S Si Sr Ti V Zn Zr

Al - 0,01 0,91 -0,92 0,86 0,13 0,00 0,92 -0,49 0,92 0,97 0,94 -0,35 -0,43 0,11 0,89 -0,03 -0,03 0,96 0,93 0,23 -0,23 0,93

As 0,01 - -0,01 0,00 0,22 0,77 0,81 -0,22 0,64 -0,17 0,03 -0,03 0,62 0,71 0,86 -0,21 0,71 -0,85 0,01 -0,21 0,78 0,60 -0,05

Ba 0,91 -0,01 - -0,91 0,78 0,09 -0,03 0,91 -0,57 0,89 0,91 0,94 -0,35 -0,46 0,08 0,94 -0,09 -0,01 0,97 0,92 0,17 -0,21 0,98

Br -0,92 0,00 -0,91 - -0,81 -0,03 0,05 -0,90 0,53 -0,88 -0,89 -0,95 0,47 0,49 -0,06 -0,88 -0,02 -0,02 -0,94 -0,90 -0,07 0,32 -0,93

Ca 0,86 0,22 0,78 -0,81 - 0,20 0,10 0,68 -0,29 0,67 0,81 0,82 -0,30 -0,25 0,20 0,62 0,10 -0,17 0,85 0,73 0,33 -0,24 0,80

Cu 0,13 0,77 0,09 -0,03 0,20 - 0,95 -0,15 0,58 -0,03 0,12 -0,05 0,79 0,70 0,95 -0,07 0,76 -0,87 0,06 -0,15 0,90 0,83 0,02

Fe 0,00 0,81 -0,03 0,05 0,10 0,95 - -0,27 0,73 -0,16 -0,03 -0,15 0,77 0,79 0,94 -0,19 0,78 -0,95 -0,06 -0,26 0,87 0,82 -0,09

K 0,92 -0,22 0,91 -0,90 0,68 -0,15 -0,27 - -0,71 0,96 0,92 0,95 -0,51 -0,65 -0,16 0,97 -0,28 0,25 0,93 0,98 -0,04 -0,38 0,93

LOI -0,49 0,64 -0,57 0,53 -0,29 0,58 0,73 -0,71 - -0,62 -0,55 -0,60 0,66 0,83 0,60 -0,70 0,52 -0,75 -0,55 -0,67 0,54 0,57 -0,59

Mg 0,92 -0,17 0,89 -0,88 0,67 -0,03 -0,16 0,96 -0,62 - 0,91 0,92 -0,39 -0,53 -0,05 0,95 -0,17 0,13 0,91 0,95 0,10 -0,24 0,90

Mn 0,97 0,03 0,91 -0,89 0,81 0,12 -0,03 0,92 -0,55 0,91 - 0,93 -0,35 -0,45 0,13 0,91 -0,05 0,00 0,95 0,90 0,22 -0,20 0,91

Na 0,94 -0,03 0,94 -0,95 0,82 -0,05 -0,15 0,95 -0,60 0,92 0,93 - -0,51 -0,52 -0,03 0,92 -0,12 0,08 0,97 0,95 0,06 -0,38 0,96

Ni -0,35 0,62 -0,35 0,47 -0,30 0,79 0,77 -0,51 0,66 -0,39 -0,35 -0,51 - 0,81 0,73 -0,45 0,61 -0,66 -0,43 -0,50 0,73 0,95 -0,43

P -0,43 0,71 -0,46 0,49 -0,25 0,70 0,79 -0,65 0,83 -0,53 -0,45 -0,52 0,81 - 0,72 -0,60 0,72 -0,77 -0,49 -0,62 0,63 0,75 -0,50

Pb 0,11 0,86 0,08 -0,06 0,20 0,95 0,94 -0,16 0,60 -0,05 0,13 -0,03 0,73 0,72 - -0,08 0,81 -0,90 0,07 -0,16 0,87 0,78 0,02

Rb 0,89 -0,21 0,94 -0,88 0,62 -0,07 -0,19 0,97 -0,70 0,95 0,91 0,92 -0,45 -0,60 -0,08 - -0,21 0,17 0,93 0,95 0,00 -0,29 0,94

S -0,03 0,71 -0,09 -0,02 0,10 0,76 0,78 -0,28 0,52 -0,17 -0,05 -0,12 0,61 0,72 0,81 -0,21 - -0,74 -0,10 -0,27 0,58 0,65 -0,13

Si -0,03 -0,85 -0,01 -0,02 -0,17 -0,87 -0,95 0,25 -0,75 0,13 0,00 0,08 -0,66 -0,77 -0,90 0,17 -0,74 - 0,00 0,22 -0,86 -0,69 0,05

Sr 0,96 0,01 0,97 -0,94 0,85 0,06 -0,06 0,93 -0,55 0,91 0,95 0,97 -0,43 -0,49 0,07 0,93 -0,10 0,00 - 0,94 0,17 -0,30 0,98

Ti 0,93 -0,21 0,92 -0,90 0,73 -0,15 -0,26 0,98 -0,67 0,95 0,90 0,95 -0,50 -0,62 -0,16 0,95 -0,27 0,22 0,94 - -0,01 -0,41 0,95

V 0,23 0,78 0,17 -0,07 0,33 0,90 0,87 -0,04 0,54 0,10 0,22 0,06 0,73 0,63 0,87 0,00 0,58 -0,86 0,17 -0,01 - 0,77 0,11

Zn -0,23 0,60 -0,21 0,32 -0,24 0,83 0,82 -0,38 0,57 -0,24 -0,20 -0,38 0,95 0,75 0,78 -0,29 0,65 -0,69 -0,30 -0,41 0,77 - -0,31

Zr 0,93 -0,05 0,98 -0,93 0,80 0,02 -0,09 0,93 -0,59 0,90 0,91 0,96 -0,43 -0,50 0,02 0,94 -0,13 0,05 0,98 0,95 0,11 -0,31 -
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In the first group, increases in the concentrations occurred at 42 centimeters depth in Cu, Fe, 
Ni, P, Pb, S, V and Zn. All positively correlated elements had increasing concentrations at 14- 
and seven centimeters depth, after which all but As decreased towards the surface. Silicon 
had its lowest concentration at 14 centimeters depth (figure 6).  
 

 
Figure 6. The concentrations of As, Br, Cu, Fe, LOI, Ni, P, Pb, S, Si, V and Zn throughout the sediment profile in 
Lillkvasjön. Concentrations are given in either PPM or percentage and the depth is given in centimeters. Take note 
of the different concentration ranges between the elements.   
 
In group two, all elements followed a similar trend, where they decreased continuously until 
46 centimeters depth. After 46 centimeters depth, all elements increased. The largest 
concentrations of all elements occurred between 30- and 20 centimeters depth. From this 
point all elements decreased, with a smaller increase in the concentrations at 10 centimeters 
depth (figure 7).  
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Figure 7. The concentrations of Al, Ba, Ca, K, Mg, Mn, Na, Rb, Sr, Ti and Zr throughout the sediment profile in 
Lillkvasjön. Concentrations are given in PPM or percentage and the depth is given in centimeters. Take note of the 
different concentration ranges between the elements.  
 
3.2.2 Lövselefjärden 
Bromine, Cu, Ni and Zn were positively correlated to LOI and to each other. Calcium was 
negatively correlated with LOI and with Al, Br, Cu, Ni and Zn. Aluminum, K, Na, Si, Sr and Ti 
were positively correlated to each other, while Al and Ti were negatively correlated to LOI. 
Arsenic, Fe and Pb were positively correlated and were all correlated to Cu and Zn. Strong 
positive correlations were found between Ba, Rb and Zr. These elements were also correlated 
to Sr. Magnesium was positively correlated with Cu, K, Ni and Zn. Manganese was positively 
correlated with Ti. Phosphorous had a strong correlation with Na. Sulfur was weakly 
positively correlated with As, Cu, Mg, Mn and had a strong correlation with Fe. Vanadium 
had stronger correlations with Cu, Mg and Ni (table 7) (annex 6 and 7). 
 
Bromine, Cu, LOI, Ni, Zn and Ca were placed in group one as they were strongly correlated. 
Because positive correlations were found between Al, K, Na, Si, Sr and Ti, they were placed in 
group two. Arsenic, Fe, Pb were strongly correlated, as were Ba, Rb and Zr. These six 
elements were therefore placed in group three.  Magnesium, Mn, P, S and V had few strong 
correlations with other elements and were therefore placed in group four.  
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Table 7. Result of the correlation analysis of all elements and LOI in the sediment profile from Lövselefjärden. 
Darker green represents strong significant positive correlations (r>0.5) while dark red squares represent strong 
significant negative correlations (r<-0.5). Bright red and bright green represent significant correlations with r-
values larger than -0.5 and smaller than 0.5, respectively. White squares are not significant (p-value > 0.05). 

 
 
In group one, the positively correlated elements followed LOI throughout the profile, where 
decreases were found in the concentrations between 114- and 82-centimeters depth. Copper, 
Ni and Zn increased at 17 centimeters depth, while all elements increased at 11 centimeters 
depth. Zinc had an additional peak with its largest concentration at 43 centimeters depth, 
which was observed in Cu and Ni as well. Calcium had fluctuating concentrations throughout 
the profile (figure 8). 
 

   Al As Ba Br Ca Cu Fe K LOI Mg Mn Na Ni P Pb Rb S Si Sr Ti V Zn Zr

Al - -0,44 0,31 -0,52 0,52 -0,10 -0,25 0,61 -0,53 0,18 0,30 0,73 -0,14 0,36 -0,40 0,38 0,13 0,83 0,52 0,80 -0,05 -0,35 0,44

As -0,44 - -0,12 0,33 -0,48 0,55 0,54 -0,27 0,39 0,27 0,15 -0,45 0,50 -0,16 0,85 -0,12 0,40 -0,35 -0,21 -0,51 0,20 0,80 -0,23

Ba 0,31 -0,12 - -0,09 0,24 0,00 -0,09 0,35 -0,28 0,18 0,10 0,14 -0,03 -0,05 -0,04 0,86 0,17 0,13 0,92 0,36 0,14 -0,16 0,93

Br -0,52 0,33 -0,09 - -0,79 0,60 0,17 -0,03 0,83 0,41 -0,02 -0,23 0,72 0,02 0,46 0,03 -0,16 -0,25 -0,16 -0,40 0,44 0,63 -0,22

Ca 0,52 -0,48 0,24 -0,79 -0,20 -0,56 -0,19 -0,12 -0,74 -0,45 0,02 0,35 -0,65 0,02 -0,46 0,08 0,04 0,22 0,34 0,44 -0,45 -0,62 0,34

Cu -0,10 0,55 0,00 0,60 -0,56 - 0,57 0,24 0,54 0,80 0,48 0,01 0,75 0,15 0,63 0,26 0,40 0,14 0,05 -0,07 0,62 0,82 -0,05

Fe -0,25 0,54 -0,09 0,17 -0,19 0,57 - -0,18 0,17 0,39 0,35 -0,17 0,33 -0,26 0,48 0,12 0,67 -0,20 -0,06 -0,21 0,40 0,49 -0,13

K 0,61 -0,27 0,35 -0,03 -0,12 0,24 -0,18 - -0,13 0,53 0,42 0,56 0,24 0,38 -0,18 0,55 0,13 0,72 0,47 0,68 0,28 -0,07 0,39

LOI -0,53 0,39 -0,28 0,83 -0,74 0,54 0,17 -0,13 - 0,25 -0,16 -0,29 0,62 0,21 0,45 -0,18 -0,24 -0,33 -0,31 -0,53 0,35 0,66 -0,35

Mg 0,18 0,27 0,18 0,41 -0,45 0,80 0,39 0,53 0,25 - 0,46 0,08 0,70 0,01 0,35 0,45 0,49 0,35 0,26 0,23 0,66 0,54 0,21

Mn 0,30 0,15 0,10 -0,02 0,02 0,48 0,35 0,42 -0,16 0,46 - 0,45 0,21 0,24 0,16 0,34 0,39 0,43 0,22 0,51 0,35 0,27 0,13

Na 0,73 -0,45 0,14 -0,23 0,35 0,01 -0,17 0,56 -0,29 0,08 0,45 - -0,13 0,64 -0,39 0,23 -0,07 0,75 0,39 0,73 -0,05 -0,27 0,27

Ni -0,14 0,50 -0,03 0,72 -0,65 0,75 0,33 0,24 0,62 0,70 0,21 -0,13 - -0,04 0,59 0,24 0,26 0,07 0,02 -0,10 0,59 0,78 -0,11

P 0,36 -0,16 -0,05 0,02 0,02 0,15 -0,26 0,38 0,21 0,01 0,24 0,64 -0,04 - -0,12 -0,01 -0,41 0,53 0,17 0,31 -0,16 0,06 0,08

Pb -0,40 0,85 -0,04 0,46 -0,46 0,63 0,48 -0,18 0,45 0,35 0,16 -0,39 0,59 -0,12 - 0,03 0,34 -0,21 -0,09 -0,45 0,18 0,80 -0,14

Rb 0,38 -0,12 0,86 0,03 0,08 0,26 0,12 0,55 -0,18 0,45 0,34 0,23 0,24 -0,01 0,03 - 0,30 0,29 0,88 0,48 0,38 0,01 0,82

S 0,13 0,40 0,17 -0,16 0,04 0,40 0,67 0,13 -0,24 0,49 0,39 -0,07 0,26 -0,41 0,34 0,30 - 0,08 0,17 0,21 0,25 0,28 0,14

Si 0,83 -0,35 0,13 -0,25 0,22 0,14 -0,20 0,72 -0,33 0,35 0,43 0,75 0,07 0,53 -0,21 0,29 0,08 - 0,37 0,76 -0,03 -0,15 0,26

Sr 0,52 -0,21 0,92 -0,16 0,34 0,05 -0,06 0,47 -0,31 0,26 0,22 0,39 0,02 0,17 -0,09 0,88 0,17 0,37 - 0,52 0,11 -0,15 0,95

Ti 0,80 -0,51 0,36 -0,40 0,44 -0,07 -0,21 0,68 -0,53 0,23 0,51 0,73 -0,10 0,31 -0,45 0,48 0,21 0,76 0,52 - 0,04 -0,37 0,47

V -0,05 0,20 0,14 0,44 -0,45 0,62 0,40 0,28 0,35 0,66 0,35 -0,05 0,59 -0,16 0,18 0,38 0,25 -0,03 0,11 0,04 - 0,45 0,10

Zn -0,35 0,80 -0,16 0,63 -0,62 0,82 0,49 -0,07 0,66 0,54 0,27 -0,27 0,78 0,06 0,80 0,01 0,28 -0,15 -0,15 -0,37 0,45 - -0,23

Zr 0,44 -0,23 0,93 -0,22 0,34 -0,05 -0,13 0,39 -0,35 0,21 0,13 0,27 -0,11 0,08 -0,14 0,82 0,14 0,26 0,95 0,47 0,10 -0,23 -
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Figure 8. The concentrations of Br, Ca, Cu, Ni, LOI and Zn throughout the sediment profile in Lövselefjärden. 
Concentrations are given in PPM or percentage and the depth is given in centimeters. Take note of the different 
concentration ranges between the elements. 
 
In group two, Al, K, Na, Si and Ti followed a similar trend where they were stable in the lower 
part of the profile, with increasing concentrations around 83 centimeters depth. Between 49- 
and zero centimeters depth concentrations were fluctuating, with common peaks at 43-, 27- 
and 15-centimeters depth. Strontium fluctuated throughout the sediment profile but shared 
the peaks of the positively correlated elements (figure 9). 
 

 
Figure 9. The concentrations of Al, K, Na, Si, Sr and Ti throughout the sediment profile in Lövselefjärden. 
Concentrations are given in PPM or percentage and the depth is given in centimeters. Take note of the different 
concentration ranges between the elements. 
 
In group three, As, Fe and Pb followed a similar pattern in which peaks in the concentrations 
occurred simultaneously at depths of 31- and 17 centimeters. Above 17 centimeters depth, 
concentrations were fluctuating for these elements. The lowest and highest concentrations 
for Ba and Rb were found at 83- and 123-centimeters depth, respectively. The highest 
concentration of Zr occurred at 107 centimeters depth, while the lowest concentration was 
found at the surface (figure 10).  
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Figure 10. The concentrations of As, Fe, Pb, Ba, Rb and Zr throughout the sediment profile in Lövselefjärden. 
Concentrations are given in PPM or percentage and the depth is given in centimeters. Take note of the different 
concentration ranges between the elements. 
 
Magnesium and Mn had increases in their concentrations around 17 centimeters depth and 
were largely fluctuating throughout the sediment profile. P remained relatively stable 
between 120- and 60 centimeters depth, after which fluctuating concentrations occurred in 
the upper 50 centimeters of the sediment profile. Sulfur had peaks in the concentration at the 
same depths as Arsenic, Cu and Fe (31 centimeters and 17 centimeters), where the highest 
concentrations of S occurred. Vanadium was fluctuating throughout the profile (figure 11).  
 

 
Figure 11. The concentrations of Mg, Mn, P, S, and V throughout the sediment profile in Lövselefjärden. 
Concentrations are given in PPM or percentage and the depth is given in centimeters. Take note of the different 
concentration ranges between the elements. 
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3.3 Normalization against LOI 
 
3.3.1 Lillkvasjön 
Elements with significant correlations to LOI were normalized to LOI to remove the effect of 
variations in the input of organic material to the sediment. In Lillkvasjön, increases were 
found in all elements but As:LOI between 38- and 18 centimeters depth. A peak was clearly 
displayed between 46- and 38 centimeters depth in the ratios of As:LOI, Cu:LOI, Fe:LOI, 
Ni:LOI, S:LOI and Zn:LOI, while the amount of organic material remained stable. Increases 
were seen in all elements between ten- and seven centimeters, as LOI decreased (figure 12).   
 

 
Figure 12. Ratios of As:LOI, Br:LOI, Cu:LOI, Fe:LOI, Ni:LOI, P:LOI, Pb:LOI, S:LOI, V:LOI and Zn:LOI 
throughout the sediment profile after being normalized to LOI. LOI is also presented. 
 
Increases in the LOI-normalized ratios of Al:LOI, Ba:LOI, K:LOI, Mg:LOI, Na:LOI, Rb:LOI, 
Si:LOI, Sr:LOI, Ti:LOI and Zr:LOI were found between 38 and 18 centimeters sediment 
depth and between ten and seven centimeters depth (figure 13). 
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Figure 13. Ratios of Al:LOI, Ba:LOI, K:LOI, Mg:LOI, Mn:LOI, Na:LOI, Rb:LOI, Si:LOI, Sr:LOI, Ti:LOI and Zr:LOI 
throughout the sediment profile after being normalized to LOI. LOI is also presented. 
 
Comparisons of the normalized ratios were performed between different depth intervals of 
the sediment profiles at each site. In Lillkvasjön, the sediment above and below the transition 
to a darker sediment (at 0.43 centimeters depth) were compared. If the p-value was lower 
than 0.05, the difference was determined to be significant. Aluminum (p=0.029), Ba 
(p=0.049), Ca (p=0.038), Cu (p=0.0029), Fe (p=0.00041), Na (p=0.029), Pb (p=0.0029), S 
(p=0.0049), Sr (p=0.022), V (p=0.0029) and Zn (p=0.016) were significantly higher in the 
upper part of the sediment profile compared to the lower part of the profile from Lillkvasjön. 
No difference was found in the ratios of Br (p=0.12), K (p=0.080), Mg (p=0.064), Mn 
(p=0.21), Ni (p=0.15), P (p=0.18), Rb (p=0.080), Si (p=0.49), Ti (p=0.15) or Zr (p=0.049) 
(figure 14).  
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Figure 14. Comparisons of LOI-normalized ratios within different depth intervals (0-42 centimeters and 46-62 
centimeters) in the sediment profile from Lillkvasjön. 
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3.3.2 Lövselefjärden 
In Lövselefjärden, increases were observed in Cu:LOI, Ni:LOI, Pb:LOI, V:LOI and Zn:LOI 
between 100- and 80 centimeters depth. An increase in the ratio of Zn:LOI was observed 
between 47- and 39 centimeters depth. Between 31- and 15 centimeters depth, two distinct 
increases were observed in As:LOI, Br:LOI, Cu:LOI, Ni:LOI, Pb:LOI and Zn:LOI, while V:LOI 
remained relatively stable (figure 15).   
 

 
Figure 15. Ratios of As:LOI, Br:LOI, Cu:LOI, Ni:LOI, Pb:LOI, V:LOI and Zn:LOI after being normalized against 
LOI in Lövselefjärden. LOI is also presented.  
 
Increases were observed between 100- and 80 centimeters depth in Al:LOI, Ca:LOI, Ti:LOI 
and Zr:LOI. The ratio of Zr:LOI increased between 31- and 15 centimeters depth (figure 16). 
 

 
Figure 16. Ratios of Al:LOI, Ca:LOI, Ti:LOI and Zr:LOI after being normalized against LOI in Lövselefjärden. 
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The depth intervals above and below a lamination in the sediment profile at 47 centimeters 
depth were compared in Lövselefjärden. The ratios of all elements but Br (p=0.058) and Zn 
(p=0.14) were found to be significantly higher in the lower part of the sediment profile, with 
p-values below 0.001 for all elements but Pb (p=0.03) (figure 17) (annex 8). 
 

 
Figure 17. Comparison between different depth intervals of (0–44 centimeters and 47–124 centimeters) in the 
sediment profile from Lövselefjärden. 
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3.4 Comparisons of concentration and inventory 
The concentrations and ratios of Cu, Fe, Mg, Mn, Ni, P, Pb, S, V and Zn, in the depth interval 
of zero to ten centimeters, were compared between Lillkvasjön, Lövselefjärden and 
Gumbodafjärden to establish any differences in the surface sediment regarding impact from 
acid sulfate soils between the sites. The inventories of Cu, Fe, LOI, Mg, Mn, Ni, Pb, S, V and 
Zn in the depth interval of zero to ten centimeters were also compared between Lillkvasjön 
and Lövselefjärden. 
 
Differences in the concentrations of the surface sediments were primarily found between 
Lillkvasjön and Lövselefjärden, where the concentrations of Mg (p=0.00050) and Mn 
(p=0.0094) were higher in Lövselefjärden. Lillkvasjön had higher concentrations of Fe 
(p=0.0035), Ni (p=0.014), P (p=0.0024) and Pb (p=0.0050). Gumbodafjärden had the 
lowest amount of Cu (p<0.05), while Lillkvasjön had the lowest concentration regarding Mn 
(p<0.01) and the highest concentration of P (p<0.05). No differences were found in the 
concentrations of S (p=0.14), V (p=0.51) or Zn (p=0.11) between the sites (figure 18) (annex 
1, 2 and 3).  
 

 
Figure 18. Box plots of the concentrations of Cu, Fe, Mg, Mn, Ni, P, Pb, S, V and Zn at Lillkvasjön, Lövselefjärden 
and Gumbodafjärden.  
 
In the comparison of ratios from normalization to LOI, all elements were found to be 
significantly higher in Lövselefjärden compared with Lillkvasjön (p<0.01). Nickel ratios were 
also found to be higher in Gumbodafjärden compared with the lake (p<0.01). No differences 
were found between the two estuaries (figure 19). 
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Figure 19. Box plots of the LOI-normalized ratios of Cu:LOI, Fe:LOI, Mg:LOI, Mn:LOI, Ni:LOI, P:LOI, Pb:LOI, 
S:LOI, V:LOI and Zn:LOI from Lillkvasjön, Lövselefjärden and Gumbodafjärden. 
 
Significantly higher inventories of Cu (p=0.019), Mg (p=0.016), Mn (p=0.016), V (p=0.028) 
and Zn (p=0.021) were found in Lövselefjärden compared with Lillkvasjön. Bulk density was 
also found to be higher in Lövselefjärden compared with Lillkvasjön (p=0.0078). The 
inventories of organic matter, however, were higher in Lillkvasjön compared with 
Lövselefjärden (p=0.032) (figure 18). No differences were found in the inventories of Fe 
(p=0.15), Ni (0.24), Pb (p=0.055) and S (p=0.22) (figure 20) (annex 9 and 10). 
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Figure 20. Comparisons of bulk density and the inventories of Cu, Fe, LOI, Mg, Mn, Ni, Pb, S, V and Zn between 
Lillkvasjön and Lövselefjärden. 
 
3.5 Toxicity in the sediments 
The total concentrations of Cu, Ni, Pb and Zn in the upper five centimeters of the sediment 
profiles in Lillkvasjön and Lövselefjärden are presented in table 6. From comparisons with 
freshwater sediment guidelines from Naturvårdsverket (1999b) (table 3), the total 
concentrations of Cu and Ni were classified as high in Lillkvasjön. The concentration of Pb 
was considered low while the concentration of Zn was moderately high. Copper and Ni had 
concentrations exceeding national background values. According to the marine sediment 
classification in Bakke et al. (2010) (table 1), the total concentration of Cu in Lövselefjärden 
had toxic effects at short exposures, while Ni, Pb and Zn had moderate concentrations (Bakke 
et al. 2010) (table 8). Copper had a large deviation from background values, while Zn and Pb 
had a distinct respectively small deviation. No deviation was found in Ni (table 5).  
 
Table 8. Total concentrations (mg/kg d.w.) of Cu, Ni, Pb and Zn in the upper five centimeters of the sediment 
profiles from Lillkvasjön and Lövselefjärden.  

 
 
 

   Cu (mg/kg) Ni (mg/kg) Pb (mg/kg) Zn (mg/kg)
0-5 cm Lillkvasjön 210 87 121 329
Mean Lillkvasjön 42 17 24 66
0-5 cm Lövselefjärden 195 55 90 398
Mean Lövselefjärden 39 11 18 80
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4 Discussion 
 
4.1 Behavior of sediment variables 
A majority of the elements in Lillkvasjön were found to be strongly correlated to LOI (table 6) 
as they largely followed LOI throughout the sediment profile (figure 6). The group two-
elements in Lillkvasjön are likely to represent the lithogenic fraction of the site because all 
elements were strongly correlated with lithogenic elements such as Zr and Ti (Boës et al. 
2011). Because the concentrations of the elements were relatively stable from 46- to 62 
centimeters depth, this depth interval could represent background values for sediment 
variables in Lillkvasjön (figure 12 and 13). 
 
An increase in the concentrations and in the LOI-normalized ratios of Cu, Fe, Ni, Pb, S and 
Zn was observed between 46- and 38 centimeters depth (figure 12 and 13). The ratios of 
Cu:LOI, Fe:LOI, S:LOI, Pb:LOI and Zn:LOI were also found to be significantly higher 
between zero to 42 centimeters depth compared with 46 to 62 centimeters depth. Copper, Fe, 
Ni, Pb, S and Zn are elements known to leach from acid sulfate soils (Sohlenius and Öborn 
2004, Nystrand et al. 2016, Boman, Åström and Fröjdö 2008). Thus, the increase around 40 
centimeters depth in the concentrations and ratios of Cu, Fe, Ni, Pb, S and Zn suggests that 
an event occurred during this period of time, e.g. ditching, lake lowering or drought, which 
resulted in an oxidation of sulfidic sediments and hence in a leakage of Cu, Fe, Ni, Pb, S and 
Zn to Lillkvasjön.  
 
Arsenic was strongly correlated with Cu, Fe, Ni, Pb, S and Zn in Lillkvasjön. However, the 
As:LOI-ratio did not follow the same trends as the other LOI-normalized ratios (figure 12). 
Yu et al (2016) found that As did not seem to be related to leakages from acid sulfate soils. 
Instead, the high concentration of As in an estuary affected by acid sulfate soils in the 
Bothnian Bay was partly due to increases in Al- and Fe-hydroxides and part due to emissions 
from the Rönnskär smelter. In Lillkvasjön, the strong correlations between As and leachable 
elements such as Cu, Fe and Ni could be due to the strong association between these 
elements and LOI (table 6). 
 
At both sites, similarities were found in the elements correlated to lithogenic elements such 
as Ti and Zr (Boës et al. 2011). In Lövselefjärden, Al, K, Na, Si, Sr and Ti were correlated, as 
were Ba, Rb and Zr, which are likely to represent lithogenic elements. Magnesium had weak 
correlations with Rb and Si, while Mn was strongly correlated to Ti. However, based on the 
correlations with Cu, Fe and S, it seems as if Mg and Mn come from a different source in 
Lövselefjärden compared with Lillkvasjön (table 7). 
 
In Lövselefjärden, significant positive correlations were found between similar elements as in 
Lillkvasjön (As, Cu, Fe, Ni, Pb, S, V and Zn), but r-values were generally lower, making 
correlation trends more difficult to interpret (table 7). Common increases were observed in 
the concentrations of Fe, Pb and S at 31 centimeters and in As, Cu, Mg, Mn, Ni, Zn, Fe, Pb 
and S at 17 centimeters depth (figure 8,10 and 11). These two peaks were also evident in the 
LOI-normalized ratios of As:LOI, Cu:LOI, Ni:LOI, Pb:LOI, Zn:LOI and Zr:LOI (figure 15 and 
16). Because Cu, Fe, Mg, Mn, Ni, Pb, S and Zn are related to leakages from acid sulfate soils 
(Nordmyr et al. 2006, Åström and Björklund 1995, Sohlenius and Öborn 2004, Nystrand et 
al. 2016), the simultaneous increase in these elements could be due to oxidation of sulfidic 
sediments. Arsenic may be transported and deposited with Al- and Fe-hydroxides (Yu et al 
2016, Widerlund and Ingri 1995). This could explain the similarities in the concentrations 
and LOI-normalized ratios of As and Cu, Fe, Ni, Pb and Zn in Lövselefjärden, because Al and 
Fe are two elements related to leakages of acid sulfate soils (Sundqvist 2009, Nystrand et al. 
2016).  
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An additional peak was observed in the LOI-normalized ratios of all investigated elements 
between 80 – 100 centimeters sediment depth. This increase in the LOI-ratios may have 
contributed to the significantly higher ratios of all elements but Br:LOI and Zn:LOI in the 
lower 77 centimeters of the sediment profile in Lövselefjärden (figure 15 and 16). This peak is 
probably driven by the change in LOI at this depth, as peaks are not evident in the 
concentrations of Cu, Ni, Pb, V, Zn, Al and Zr (figure 8 to 11).  
 
Iron was related to elements which are known to leach from acid sulfate soils in both 
Lillkvasjön and Lövselefjärden (table 6 and 7). There are, however, differing views on the 
leakage of Fe from acid sulfate soils. On the one hand, some previous studies (e.g. Nordmyr 
et al. 2006, Nordmyr, Åström and Peltola 2008) have not found that leakages of Fe from acid 
sulfate soils are larger than from other soils and Sohlenius and Öborn (2004) found that 
some Fe was leached from weathering caused by low pH, but that the leakages was relatively 
small. On the other hand, Mattbäck, Boman and Österholm (2017) and Nystrand et al. (2016) 
have found elevated concentrations of Fe in areas with acid sulfate soils. The reason for these 
deviating results may be that Fe oxyhydroxides are more soluble at lower pH-values. Thus, Fe 
oxyhydroxides may not be leached in areas with higher pH (Åström and Spiro 2000). 
 
4.2 Comparisons between sites 
The higher concentrations of Fe, Ni, P and Pb found in Lillkvasjön compared with 
Lövselefjärden were not found in the comparison of LOI-normalized ratios between the three 
sites (figure 18 and 19). Instead, all ratios of all investigated elements were higher in 
Lövselefjärden compared with Lillkvasjön, suggesting that there is more of Cu, Fe, Mg, Mn, 
Ni, P, Pb, S, V, and Zn per unit organic material in Lövselefjärden.  LOI was higher in 
Lillkvasjön compared with Lövselefjärden, however it was also more variable (figure 5), 
which could have an impact on the result.  
 
Manganese was found to be lower in Lillkvasjön regarding both concentrations, ratios and 
inventories (figure 18 – 20). Manganese was strongly correlated to lithogenic elements in 
Lillkvasjön (table 6). In Lövselefjärden, Mn was positively correlated to leachable elements 
from active acid sulfate soils (e.g. Cu, Fe, Ni, Mn, S, Zn), which indicated on the presence of 
these soils in the area to be at least a partial source of Mn in the estuary (table 7). Manganese 
have been found to be leached from acid sulfate soils (Nordmyr et al. 2006, Åström and 
Björklund 1995, Sohlenius and Öborn 2004). However, Mn has been found to be deposited 
further out in estuaries, where it is precipitated as oxyhydroxides. The high redox potential in 
Mn causes resuspension of Mn in surface sediments, resulting in Mn being transported and 
deposited in deeper waters (Wieland et al. 2001). Nickel and Zn have been found to 
precipitate with Mn (Nordmyr, Åström and Peltola 2008, Nystrand et al. 2016). Thus, 
Lillkvasjön may not show any signs of elevated concentrations of Mn because it is 
resuspended in Lillkvasjön and transported further out, into an adjacent estuary. However, 
the redox-sensitive nature of Mn and Fe, and the precipitation of Ni and Zn with Mn-
oxyhydroxides, may result in a similar deposition pattern of these elements (Wieland et al. 
2001), which could cause the positive correlation between Mn and Fe, Ni and Zn in 
Lövselefjärden. 
 
Because the sediment profiles in this study were not dated, the accumulation rates in 
Lillkvasjön and Lövselefjärden are unknown. However, the higher inventories of Cu, Mg, Mn, 
V and Zn in Lövselefjärden indicate on a higher accumulation of these elements in the 
estuary compared with Lillkvasjön (figure 20). As the bulk density was significantly higher in 
Lövselefjärden as well, probably due to the clay-silty sediment in the estuary, this may affect 
the differences found in the inventories between the sites. Magnesium is naturally higher in 
seawater (Nystrand et al. 2016), which may explain the difference between Lillkvasjön and 
Lövselefjärden. But as the correlation matrix in Lövselefjärden suggested leakages from acid 
sulfate soils to be a partial source of Mg in the sediment, while no such signs were seen in 
Lillkvasjön, Mg may be higher in the estuary due to the presence of acid sulfate soils. The 
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difference in Zn-inventories between the sites could be due to larger precipitation of Zn in 
Lövselefjärden due to precipitation of Mn-oxyhydroxides (Nordmyr, Åström and Peltola 
2008, Nystrand et al. 2016). 
 
4.3 Potential toxicity of the surface sediments 
In Lillkvasjön, the total concentrations of Cu (210 mg kg-1) and Ni (87 mg kg-1) were valued as 
high according to the Swedish Environmental Protection Agency guidelines (1999b), which 
implied that there was an increased risk of negative impacts on benthic invertebrates. Zinc 
was categorized to have a high enough concentration (329 mg kg-1) to have negative effects on 
reproduction and on the survival of benthic invertebrates in an early life stage (Swedish 
Environmental Protection Agency 1999b). However, neither Zn nor Pb (121 mg kg-1) had 
concentrations exceeding background values (table 4).  
 
Neira et al. (2011) found that elevated concentrations of Cu in sediments resulted in reduced 
biodiversity and in organisms with smaller biomass and size of body. This result suggests that 
benthic invertebrates in both Lövselefjärden and Lillkvasjön may be exposed to toxic 
amounts of Cu. In the Sandåsån catchment where Lillkvasjön is located, benthic 
invertebrates have been categorized as very affected by acid sulfate soils. pH-levels are 
estimated to be affected by the acid sulfate soils as well, resulting in inhospitable living 
conditions for benthic species and fish (Sundqvist 2009). Thus, the high concentrations of Cu 
and Ni due to leakages from acid sulfate soils may contribute to negative impacts on 
biodiversity, reproduction and body size of benthic species in Lillkvasjön. 
 
According to the sediment quality criteria from Bakke et al. (2010), the total concentration of 
Cu (195 mg kg-1) could infer negative impacts on benthic invertebrates in Lövselefjärden after 
short term exposure. The concentrations of Ni (55 mg kg-1), Pb (90 mg kg-1) and Zn (398 mg 
kg-1) in Lövselefjärden could result in negative impacts on the organisms if continuous 
exposure of these concentrations occur (Bakke et al. 2010) (table 1 and 8). All four elements 
exceeded the American effect limit, according to the Swedish Environmental Protection 
Agency (1999a). Only the mean value of Cu (39 mg kg-1) was larger than the Canadian 
threshold effect level, while the concentrations of Cu, Pb and Zn exceeded the British security 
limits (table 2). 
 
The concentrations of Ni did not exceed background values. However, Löf et al. (2016) found 
that concentrations of Ni and Zn – categorized as “moderate” and “good” in the Norwegian 
sediment quality criteria (Bakke et al. 2010) – were related to damages in the reproductive 
system of the amphipod Monoporeia affinis (M. affinis) in the Gulf of Bothnia (Löf et al. 
2016). M. affinis is a species living in both salt- and freshwater and is predicted to occur 
along the coast of Västerbotten (Florén et al. 2018). Because higher total concentrations of Ni 
and Zn have been found in Lövselefjärden compared with Löf et al. (2016), there is still a 
probability of Ni and Zn having similar effects on M. affinis in Lövselefjärden.  
 
In a risk assessment of polluted sediments, judging the potential biological damage on 
benthic invertebrates through sediment chemistry alone is generally not as reliable as 
performing toxicity tests or physiological studies on species (Sternbeck et al. 2008). 
Sediment quality guidelines (SQGs) can be used to assess the potential risks of inorganic and 
organic compounds in sediments. These guidelines are often appropriate when identifying 
biological risks for benthic invertebrates, because their exposure to compounds are directly 
related to sediment quality (Sternbeck et al. 2008). However, the actual biological impacts on 
benthic invertebrates are dependent on the bioavailability of compounds in the sediment. 
Ludwig and Iannuzzi (2005) and Hull and Swanson (2006) found that SQGs were 
insufficient to estimate the full risk of biological impacts from compounds derived from 
various sources. Instead, suggestions have been made that SQGs are more appropriate to rule 
out rather than confirm negative biological impact on benthic invertebrates (Hull and 
Swanson 2006). Thus, further studies on bioavailable fractions of these elements, as well as 
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physiological studies performed on benthic organisms at both sites are needed to properly 
determine the impact of acid sulfate soils on benthic organisms in Lillkvasjön and 
Lövselefjärden. 
 
4.4 Other potential sources 
Lillkvasjön is situated approximately 85 kilometers from the Rönnskär smelter, making any 
larger impact from the smelter unlikely (Klaminder et al. 2008, Johnson, Eriksson and 
Wiederholm 1992). Lövselefjärden is situated approximately 40 kilometers from the 
Rönnskär smelter, which indicates that the estuary may be affected by atmospheric 
deposition from the smelter (Klaminder et al. 2008). Cato and Sellén (2004) found that As, 
Cu, Hg, Pb and Zn were the main elements that have been emitted from the smelter. Because 
Ni show the same trend as Cu, Pb and Zn regarding concentrations and normalized LOI-
ratios, any larger impact from the Rönnskär smelter on the sediment chemistry of the estuary 
is unlikely.  
 
4.5 Conclusion 
Patterns in correlation data and LOI-normalized ratios strengthens previous observations 
claiming that Lillkvasjön and Lövselefjärden are and have been affected by acid sulfate soils 
(Länsstyrelsen Västerbotten 2019, Sundqvist 2009). Manganese and potentially Mg and Zn 
were found to be leached to a greater extent from acid sulfate soils in Lövselefjärden 
compared with Lillkvasjön. The concentrations of all investigated elements (Cu, Ni, Pb and 
Zn) in the surface sediment of Lövselefjärden were a potential threat to benthic invertebrates 
in the area, while Cu and Ni could harm benthos in Lillkvasjön.  
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7 Appendices 
 
Annex 1. Concentrations of all sediment variables in Lillkvasjön 

 

Depth 
(cm) Al (%)

As 
(PPM)

Ba 
(PPM)

Br 
(PPM) Ca (%)

Cl 
(PPM)

CO2 
(%)

Cu 
(PPM) Fe (%) K (%) LOI Mg (%)

Mn 
(PPM)

0,5 3,762 11,3 571 28 1,124 178 41,01 35 3,988 1,174 26,0 0,359 238
2,5 4,050 1,6 488 31 1,115 191 43,04 45 4,122 1,192 23,2 0,458 252
3,5 3,890 8,3 359 28 1,080 191 45,26 44 4,598 1,094 28,8 0,432 233
5,5 3,715 3,7 487 31 1,060 225 47,88 47 4,678 1,037 31,4 0,406 227
7,5 3,602 16 319 36 0,994 247 48,24 61 6,321 0,932 37,9 0,363 209
9,5 4,446 0,7 621 20 1,259 70 29,03 35 2,516 1,467 8,60 0,487 253
10,5 4,373 -3,2 630 22 1,234 74 30,61 35 3,038 1,459 16,1 0,507 242
12,5 3,232 20 318 37 1,051 279 55,97 81 8,010 0,559 49,4 0,245 187
14,5 3,469 25,7 257 42 1,154 400 55,96 125 13,32 0,420 56,9 0,225 216
18,5 4,041 1,3 441 25 1,043 165 41,73 67 6,792 1,108 27,3 0,411 243
22,5 4,913 -1,9 707 14 1,501 5 20,60 34 2,103 1,666 4,75 0,578 293
26,5 4,812 0,7 513 15 1,416 5 18,98 29 1,575 1,697 4,94 0,585 274
30,5 5,374 -2,9 999 24 1,181 70 20,17 48 3,128 2,052 7,01 0,99 344
34,5 3,951 -4,4 577 24 1,026 85 26,89 33 2,158 1,483 8,58 0,595 252
38,5 3,570 12,8 483 34 0,902 146 32,85 45 3,802 1,079 20,2 0,405 240
42,5 3,237 2,3 363 33 0,826 167 33,33 54 5,146 1,007 20,4 0,353 200
46,5 1,653 -2,9 197 46 0,521 200 30,87 26 1,937 0,564 22,6 0,208 148
50,5 1,687 -8 168 47 0,531 250 26,06 29 1,994 0,567 23,1 0,233 156
54,5 1,995 -5,9 243 59 0,608 187 29,15 33 1,894 0,692 21,3 0,272 177
62,5 1,971 -6,8 236 61 0,633 128 30,81 25 1,765 0,717 19,8 0,267 185
70,5 2,512 -2,3 317 88 0,785 154 28,42 27 1,981 0,964 17,2 0,409 231
78,5 3,601 4,2 454 156 0,996 86 24,48 48 3,730 1,408 11,7 0,621 304
86,5 3,638 -6,2 486 174 1,032 55 24,78 46 3,265 1,493 9,27 0,608 325
94,5 3,621 -6,9 406 146 1,051 47 27,43 38 2,827 1,468 6,99 0,559 292

Depth 
(cm) Na (%)

Ni 
(PPM)

P 
(PPM)

Pb 
(PPM)

Rb 
(PPM) S (%) Si (%)

Sr 
(PPM)

Ti 
(PPM)

V 
(PPM)

W 
(PPM)

Zn 
(PPM)

Zr 
(PPM)

0,5 1,227 14 1085 22 56 0,343 18,63 160 1998 39 4,20 52 294
2,5 1,052 18 1502 25 59 0,565 17,21 155 2026 49 4,70 69 255
3,5 0,963 19 1547 24 51 0,812 16,05 130 1991 53 3,30 74 201
5,5 0,852 20 1591 28 53 0,821 15,05 150 1849 52 3,90 73 255
7,5 0,742 39 1720 26 44 1,902 13,59 128 1640 53 6,00 110 191
9,5 1,546 12 949 22 69 0,701 23,88 195 2290 33 3,70 43 306
10,5 1,529 14 977 20 69 0,837 22,80 191 2297 37 6,90 54 315
12,5 0,594 31 2021 43 28 1,600 9,68 121 1084 65 3,80 134 175
14,5 0,376 49 2630 60 18 2,874 5,44 115 883 75 5,20 164 127
18,5 0,952 17 1494 37 57 1,639 15,76 150 1839 45 5,80 90 247
22,5 1,900 8 986 20 75 0,533 27,13 218 2982 35 5,80 44 412
26,5 1,873 8 715 17 68 0,473 28,49 195 2444 31 2,50 33 304
30,5 1,482 21 722 23 116 0,303 26,26 198 3314 57 5,70 92 364
34,5 1,232 13 760 18 77 0,359 26,01 164 2130 34 3,80 60 267
38,5 0,880 29 1522 28 56 1,209 22,68 130 1799 45 1,40 125 218
42,5 0,735 52 1646 26 52 2,080 21,69 119 1524 40 2,80 170 192
46,5 0,346 14 844 16 28 0,440 28,09 56 1143 22 3,50 50 123
50,5 0,315 16 1199 16 26 0,469 30,21 55 1162 25 3,50 58 113
54,5 0,416 15 1208 15 33 0,316 28,40 71 1319 26 3,90 54 133
62,5 0,441 14 1006 11 36 0,296 27,72 76 1376 28 4,00 50 132
70,5 0,581 17 1028 10 49 0,311 27,72 96 1867 36 4,00 73 138
78,5 0,948 25 607 12 74 1,839 25,92 140 2362 49 5,20 78 198
86,5 1,078 19 399 15 79 1,318 26,17 149 2464 44 6,20 74 217
94,5 1,180 14 327 15 71 1,228 25,28 145 2308 45 4,40 58 190



 
 

 

Annex 2. Concentrations of all sediment variables in Lövselefjärden 

 

Depth 
(cm)

Al       
(%)

As 
(PPM)

Ba 
(PPM)

Br 
(PPM)

Ca         
(%)

Cl 
(PPM)

CO2 
(%)

Cu 
(PPM)

Fe        
(%)

K          
(%)

LOI   
(%)

Mg      
(%)

Mn 
(PPM)

0,5 3,277 42,7 410 183 1,171 11005 27,50 50 4,693 1,390 15,08 0,681 449
1,5 3,947 3,7 517 67 1,302 3119 27,24 30 2,257 1,507 5,528 0,611 302
2,5 3,992 -3,5 492 69 1,355 2671 27,09 34 2,232 1,495 5,539 0,646 309
3,5 4,271 1,3 572 87 1,344 3618 23,81 41 2,455 1,646 5,678 0,78 323
4,5 4,118 8,5 739 99 1,254 3630 28,45 40 2,445 1,568 5,942 0,77 318
5,5 3,792 2,7 675 100 1,232 2713 33,80 33 2,209 1,476 5,668 0,628 291
6,5 4,329 2,1 627 108 1,349 3256 24,12 45 2,498 1,641 5,859 0,789 338
7,5 4,234 4,8 743 89 1,379 2343 25,93 33 2,060 1,591 4,972 0,653 314
8,5 4,234 2,2 581 79 1,322 2605 25,10 38 2,163 1,620 4,893 0,717 305
9,5 3,852 5,2 540 82 1,233 2518 33,21 32 2,099 1,477 5,589 0,658 292
10,5 4,416 22,5 587 104 1,351 3848 20,85 48 2,853 1,685 6,026 0,842 335
11,5 3,875 13,6 406 89 1,208 3457 29,72 39 2,987 1,463 9,966 0,726 285
13,5 4,539 11,6 540 93 1,387 2773 21,44 42 2,327 1,716 4,788 0,814 333
15,5 4,617 40,1 581 77 1,406 2661 18,24 46 2,715 1,743 4,506 0,824 340
17,5 4,342 53 585 79 1,359 3299 20,65 50 3,062 1,705 4,481 0,839 354
19,5 4,226 33,9 716 77 1,370 2351 23,36 43 2,610 1,633 4,478 0,729 340
23,5 3,844 44,7 527 71 1,250 1931 32,70 36 2,310 1,472 4,238 0,654 297
27,5 4,408 25,7 761 60 1,421 1747 22,87 40 2,110 1,650 3,741 0,747 331
31,5 3,820 66,5 629 87 1,234 3073 28,23 43 2,965 1,522 3,921 0,748 333
35,5 4,004 56,3 422 62 1,307 2416 27,68 42 2,870 1,556 5,689 0,717 330
39,5 3,817 51 489 76 1,263 1946 31,63 34 2,662 1,494 4,110 0,684 330
43,5 4,388 40,5 688 62 1,403 1654 23,75 38 2,340 1,619 4,622 0,701 329
47,5 3,961 38,9 629 65 1,245 2284 29,52 38 2,691 1,578 3,927 0,704 308
51,5 4,146 4,6 460 46 1,408 1234 27,96 30 2,336 1,525 3,185 0,554 324
55,5 4,160 10,1 695 58 1,310 2099 27,43 33 2,492 1,609 3,088 0,719 328
59,5 4,342 -4,6 512 66 1,399 1271 25,07 33 2,074 1,624 3,613 0,608 307
67,5 4,326 1,6 763 51 1,546 1182 24,28 32 2,287 1,651 2,988 0,585 337
75,5 4,253 1,8 732 41 1,423 1469 25,43 29 2,165 1,586 2,370 0,657 317
83,5 4,386 -6,2 362 19 1,511 1512 22,25 25 1,736 1,637 1,357 0,652 346
91,5 4,486 1,1 661 31 1,564 1184 22,33 31 1,967 1,662 1,788 0,634 323
99,5 4,542 -4,9 494 52 1,464 1702 20,69 37 2,429 1,747 2,553 0,751 327
107,5 4,283 0,7 927 63 1,377 1935 24,80 35 2,481 1,687 2,771 0,73 332
115,5 4,346 -6,1 725 67 1,358 1748 23,09 37 2,514 1,681 3,342 0,732 346
123,5 4,437 1,5 949 65 1,455 1915 21,81 38 2,646 1,718 3,192 0,728 326
Depth 
(cm)

Na    
(%)

Ni 
(PPM)

P 
(PPM)

Pb 
(PPM)

Rb 
(PPM)

S          
(%)

Si      
(%)

Sr 
(PPM)

Ti 
(PPM)

V 
(PPM)

W 
(PPM)

Zn 
(PPM)

Zr 
(PPM)

0,5 1,985 11 1002 21 58 0,448 23,44 174 2271 45 4,9 100 197
1,5 1,921 10 780 16 63 0,313 24,98 186 2596 35 3,4 59 267
2,5 1,874 9 821 14 64 0,427 24,95 180 2824 38 3,5 70 277
3,5 1,927 13 718 20 73 0,620 25,74 209 2751 47 4,7 82 323
4,5 1,830 12 639 19 76 0,697 23,85 203 2757 49 4,0 87 326
5,5 1,709 11 480 21 73 0,510 22,21 198 2551 42 5,7 81 302
6,5 1,937 15 734 17 75 0,663 25,48 203 2911 47 3,7 95 296
7,5 1,903 12 684 19 74 0,541 25,25 217 2825 35 4,9 75 322
8,5 1,859 12 686 19 71 0,642 25,54 194 2661 36 1,8 79 284
9,5 1,681 12 544 19 67 0,682 22,43 189 2588 44 3,2 79 268
10,5 1,937 16 753 23 73 1,540 26,19 201 2881 46 6,5 100 287
11,5 1,791 12 587 19 57 1,702 22,84 146 2528 42 3,7 90 210
13,5 1,931 15 694 19 70 0,745 26,57 191 2988 48 4,0 94 277
15,5 1,946 13 753 25 76 1,769 27,21 209 2938 43 7,2 95 299
17,5 1,860 14 589 33 75 2,162 26,00 199 2846 50 4,2 114 287
19,5 1,919 13 637 33 78 1,682 25,48 214 2821 45 4,0 99 315
23,5 1,644 11 500 30 64 1,333 22,28 177 2546 37 3,2 89 262
27,5 1,883 10 789 32 74 0,975 26,19 221 2768 36 3,8 88 347
31,5 1,739 12 413 40 71 2,088 23,39 197 2605 41 4,2 111 291
35,5 1,734 12 591 25 60 1,631 23,74 164 2732 45 2,7 102 220
39,5 1,643 12 495 22 65 1,220 22,57 175 2624 39 2,4 89 254
43,5 1,946 12 908 19 74 1,028 25,64 216 2791 42 5,5 130 331
47,5 1,693 11 551 20 72 1,317 23,26 191 2636 44 4,3 78 290
51,5 1,881 9 600 16 62 0,868 24,25 169 2689 36 4,8 53 253
55,5 1,801 11 510 16 74 1,045 24,18 208 2770 47 3,0 65 332
59,5 1,928 11 639 15 70 0,335 25,71 184 2766 43 4,0 64 230
67,5 2,011 10 724 19 78 1,209 25,35 224 3102 36 5,2 55 340
75,5 1,967 9 624 15 72 1,025 25,15 215 2857 39 5,0 48 337
83,5 1,972 5 687 12 54 0,785 26,80 162 3482 35 2,9 32 254
91,5 2,065 8 740 14 70 1,043 26,33 214 3073 37 4,7 45 333
99,5 2,009 11 620 15 72 1,348 26,56 197 3007 38 4,6 59 275
107,5 1,889 10 607 12 82 1,366 24,97 231 2927 44 3,4 57 385
115,5 1,924 11 526 13 78 1,401 25,70 212 2933 49 4,7 59 319
123,5 1,974 11 567 15 83 1,612 25,89 239 2958 44 4,7 55 365



 
 

 

Annex 3. Concentrations of all sediment variables in Gumbodafjärden 

 

Depth 
(cm) Al (%) As (PPM) Ba (PPM) Br (PPM) Ca (%) Cl (PPM) Cu (PPM) CO2 (%) Fe (%) K (%) LOI (%) Mg (%)

Mn 
(PPM)

0,5 4,067 6 452 55,3 1,458 3893 16 28,82 2,444 1,47 6,91       0,531 465
1,5 4,258 1 506 56,7 1,39 3251 22 29,25 2,239 1,534 7,54      0,621 370
5,5 4,438 9 468 73,6 1,371 4846 31 27,43 2,989 1,576 7,68      0,702 376
10,5 4,334 9 606 57,4 1,386 3734 27 29,09 2,761 1,565 7,57      0,683 389
13,5 4,464 13 431 59,6 1,383 3844 31 29,9 2,69 1,553 8,81       0,704 403
15,5 4,498 10 534 30,3 1,655 1571 17 23,59 2,08 1,598 4,53      0,547 410
16,5 4,339 23 531 40,1 1,485 2312 21 25,76 2,493 1,57 4,96      0,571 393
19,5 4,572 32 539 71,9 1,341 4580 34 27,49 3,634 1,692 9,20      0,807 432
21,5 4,668 33 591 57,8 1,375 3802 33 27,69 3,035 1,688 8,63      0,759 418
33 4,697 181 390 70,7 1,311 4510 44 32,62 3,112 1,38 14,06     0,581 377
38 4,903 236 436 78,1 1,264 5564 50 33,53 3,366 1,43 13,34     0,688 392
43 4,614 137 452 57,1 1,43 3994 43 28,77 3,163 1,511 13,66     0,638 401
48 4,391 64 573 62,1 1,29 3652 33 31,14 2,859 1,568 8,85      0,682 409
51 4,269 205 303 91,7 1,561 11526 55 41,65 5,575 1,112 16,63     0,775 461
53 4,766 127 513 61,2 1,321 4775 41 30,37 3,295 1,549 9,94      0,695 433
58 4,422 47 467 49,3 1,337 2724 28 27,9 2,627 1,657 6,82      0,654 402
63 4,678 41 568 38,8 1,394 2892 23 26,61 2,654 1,611 3,74      0,64 401
68 4,632 10 603 18,7 1,431 1602 15 23,62 2,349 1,717 1,61       0,66 383
73 4,28 -2 261 42 1,324 3162 19 28,42 2,599 1,606 7,39      0,663 414
78 4,485 6 620 54,8 1,314 3327 23 27,83 3,044 1,714 7,54      0,743 427
83 4,452 1 523 37,8 1,364 2287 20 27,09 2,778 1,692 3,56      0,658 418
88 4,212 1 570 45,9 1,341 2574 18 29,64 2,862 1,65 5,27      0,652 419
93 4,238 -4 417 38,7 1,31 2349 18 27,51 2,778 1,624 3,61       0,642 389
98 4,418 -1 728 48,4 1,295 2868 20 26,71 2,958 1,714 5,87      0,74 423
103 4,259 1 561 48,6 1,298 2819 18 27,06 2,992 1,642 4,83      0,653 408
108 4,139 0 617 48,9 1,255 3049 18 29,3 3,156 1,639 3,90      0,704 467
112 4,465 -5 656 36,6 1,473 1676 14 24,68 2,163 1,682 3,28      0,619 398
116 4,681 -3 594 33,8 1,55 1544 15 22,06 2,261 1,749 3,63      0,664 414
120 4,218 -2 592 41,4 1,371 2080 17 27,47 2,579 1,665 3,88      0,668 394
124 4,36 -1 583 43,7 1,422 1896 17 26,75 2,565 1,7 3,91       0,658 414
128 4,376 -2 545 45,9 1,399 1979 18 26,23 2,792 1,72 4,15       0,694 417
132 4,372 -3 563 47,3 1,393 1946 18 26,62 2,787 1,724 4,84      0,72 432
139 4,268 -4 617 36,5 1,396 1823 16 27,17 2,414 1,633 3,68      0,629 392
144 4,255 -1 627 43,6 1,347 2082 17 27,9 2,494 1,664 3,79      0,699 399
149 4,274 -2 615 46,7 1,35 2239 17 27,6 2,739 1,697 4,05      0,706 412
154 4,209 -3 635 42,4 1,367 2059 16 28,21 2,692 1,637 3,66      0,635 406
159 4,259 -4 556 40,9 1,383 1857 16 27,62 2,516 1,651 3,74      0,662 413
164 4,341 -1 619 58,3 1,333 2370 20 27,19 2,938 1,742 4,65      0,738 436
169 4,246 -1 464 51,8 1,305 2553 19 28,05 2,905 1,686 4,93      0,724 426
174 4,274 -3 505 42,2 1,332 2110 18 27,57 2,611 1,687 3,81       0,703 402
179 4,329 -3 582 44,9 1,337 2269 18 26,97 2,571 1,735 4,37      0,744 418
184 4,156 -4 518 59,5 1,293 2709 19 28,56 3,034 1,683 5,00      0,728 443
189 4,223 1 598 49,1 1,341 2155 17 27,56 2,648 1,666 3,89      0,678 411
194 4,484 -2 477 40,5 1,394 2111 17 23,57 2,477 1,747 3,36      0,706 401
199 4,381 -5 483 40,9 1,422 2004 15 24,54 2,418 1,7 3,76      0,688 410
204 4,13 0 505 59,5 1,291 2695 18 28,14 3,042 1,659 4,89      0,726 436
209 4,465 -5 488 20,2 1,445 2029 12 21,62 1,998 1,685 2,05      0,645 371
214 4,283 0 485 61,1 1,309 2736 20 27,12 2,893 1,724 5,14       0,775 422

Depth 
(cm) Na (%) Ni (PPM) P (PPM) Pb (PPM) Rb (PPM) S (%) Si (%) Sr (PPM) Ti (PPM) V (PPM) W (PPM) Zn (PPM) Zr (PPM)

0,5 2,087 14 776 20 63 0,153 23,889 190 2851 43 1 68 291
1,5 1,985 15 708 22 66 0,272 23,663 185 2694 44 2 82 227
5,5 2,106 19 719 24 69 0,789 23,385 187 2633 46 2 103 195
10,5 1,987 17 660 25 69 0,692 23,042 192 2624 47 1 91 221
13,5 1,934 17 718 24 68 0,777 22,567 191 2714 46 1 94 208
15,5 2,146 13 828 21 68 0,449 25,87 213 3353 43 2 61 324
16,5 2,078 14 682 24 69 0,755 24,746 200 2902 40 1 78 278
19,5 1,998 21 681 31 78 1,055 22,602 193 2981 57 1 125 208
21,5 1,985 19 720 29 77 0,651 23,08 200 2897 56 2 113 230
33 1,811 18 661 43 59 0,874 21,079 194 2316 44 3 144 177
38 1,782 20 789 54 64 0,938 20,127 186 2501 48 3 169 166
43 1,959 16 825 42 67 0,781 22,655 203 2623 47 3 97 206
48 1,877 17 643 45 72 0,416 22,219 188 2709 51 2 123 232
51 1,962 19 1098 50 49 1,306 14,785 239 1912 53 2 92 106
53 1,924 18 751 42 71 0,612 21,761 194 2553 49 2 115 188
58 1,961 17 579 34 73 0,361 23,829 187 2750 45 0 101 210
63 1,997 16 785 25 78 0,628 24,006 204 2720 45 2 80 275
68 2,041 12 541 22 73 0,666 25,585 211 2808 40 1 52 319
73 1,934 15 651 23 59 0,526 23,693 138 2798 48 0 73 124
78 1,908 18 791 22 79 0,518 23,331 196 2899 54 1 85 232
83 1,96 16 679 22 75 0,432 24,01 186 2866 49 2 68 225
88 1,875 15 556 22 77 0,481 23,038 190 2908 52 1 70 247
93 1,969 14 530 21 68 0,709 23,994 173 2667 44 1 64 192
98 1,944 16 520 21 80 0,709 23,921 194 2925 52 2 69 274
103 1,971 16 539 22 75 0,575 24,049 181 2753 46 2 67 236
108 1,826 16 2545 21 77 0,479 22,895 187 2755 50 2 66 247
112 2,05 14 663 20 74 0,247 25,543 203 3010 43 1 53 291
116 2,134 13 689 18 77 0,359 26,273 208 3166 47 0 54 284
120 1,898 14 532 18 75 0,589 24,165 194 2850 45 1 57 266
124 1,973 15 539 19 77 0,466 24,344 194 3030 49 1 58 258
128 1,991 16 540 20 78 0,566 24,333 190 3032 52 2 63 242
132 1,96 16 576 19 79 0,46 24,196 189 3172 51 1 63 245
139 1,955 13 619 18 73 0,519 24,402 196 2837 42 1 53 269
144 1,885 14 502 19 76 0,499 24,034 195 2827 50 1 57 261
149 1,905 15 471 20 79 0,541 23,918 192 2996 50 1 62 255
154 1,977 14 610 18 75 0,505 23,776 194 2852 47 1 56 275
159 1,93 13 814 19 75 0,318 24,189 192 2924 47 2 57 250
164 1,905 18 550 18 82 0,511 23,866 186 3113 55 0 67 245
169 1,866 16 605 21 75 0,549 23,646 175 2991 50 0 65 211
174 1,909 15 486 20 75 0,51 24,066 182 2931 49 1 56 224
179 1,847 15 586 19 79 0,404 24,318 191 3038 52 0 60 247
184 1,797 16 1142 20 78 0,543 23,379 181 2992 52 1 64 226
189 1,894 15 670 18 76 0,513 24,097 191 2900 49 2 60 263
194 1,995 15 518 19 75 0,577 25,676 190 2924 49 1 55 249
199 2,019 14 882 19 74 0,437 25,388 194 2918 47 1 52 251
204 1,805 16 920 19 75 0,514 23,647 178 2945 51 1 63 232
209 2,1 12 542 18 71 0,539 26,945 201 2690 40 1 44 226
214 1,877 17 482 20 78 0,691 23,914 182 3047 54 1 69 218



 
 

 

Annex 4.  P-values for the correlations between Al, As, Ba, Br, Ca, Cu, Fe, 
K, LOI, Mg and Mn and all other sediment variables in Lillkvasjön 

   Al As Ba Br Ca Cu Fe K LOI Mg Mn

Al - 9,55E-01 1,73E-08 7,80E-09 1,06E-06 5,77E-01 9,95E-01 9,20E-09 2,88E-02 5,54E-09 3,62E-12

As 9,55E-01 - 9,77E-01 9,95E-01 3,42E-01 7,38E-05 1,48E-05 3,45E-01 2,51E-03 4,62E-01 9,15E-01

Ba 1,73E-08 9,77E-01 - 3,59E-08 4,39E-05 7,02E-01 9,15E-01 2,34E-08 9,37E-03 2,07E-07 2,10E-08

Br 7,80E-09 9,95E-01 3,59E-08 - 1,67E-05 9,15E-01 8,40E-01 7,97E-08 1,60E-02 4,40E-07 1,12E-07

Ca 1,06E-06 3,42E-01 4,39E-05 1,67E-05 - 4,06E-01 6,82E-01 9,78E-04 2,12E-01 1,34E-03 1,40E-05

Cu 5,77E-01 7,38E-05 7,02E-01 9,15E-01 4,06E-01 - 2,65E-10 5,19E-01 7,38E-03 8,85E-01 6,28E-01

Fe 9,95E-01 1,48E-05 9,15E-01 8,40E-01 6,82E-01 2,65E-10 - 2,51E-01 2,31E-04 4,90E-01 9,10E-01

K 9,20E-09 3,45E-01 2,34E-08 7,97E-08 9,78E-04 5,19E-01 2,51E-01 - 5,14E-04 4,62E-11 6,89E-09

LOI 2,88E-02 2,51E-03 9,37E-03 1,60E-02 2,12E-01 7,38E-03 2,31E-04 5,14E-04 - 3,47E-03 1,29E-02

Mg 5,54E-09 4,62E-01 2,07E-07 4,40E-07 1,34E-03 8,85E-01 4,90E-01 4,62E-11 3,47E-03 - 1,80E-08

Mn 3,62E-12 9,15E-01 2,10E-08 1,12E-07 1,40E-05 6,28E-01 9,10E-01 6,89E-09 1,29E-02 1,80E-08 -

Na 5,01E-10 8,87E-01 1,48E-09 1,45E-10 1,05E-05 8,25E-01 5,31E-01 2,43E-10 4,75E-03 1,27E-08 5,32E-09

Ni 1,32E-01 3,90E-03 1,33E-01 3,53E-02 2,02E-01 3,43E-05 6,77E-05 2,06E-02 1,68E-03 8,49E-02 1,33E-01

P 5,55E-02 4,31E-04 3,97E-02 2,93E-02 2,92E-01 5,30E-04 3,70E-05 1,94E-03 6,88E-06 1,57E-02 4,42E-02

Pb 6,42E-01 1,45E-06 7,31E-01 8,11E-01 3,88E-01 1,96E-10 8,44E-10 5,03E-01 5,13E-03 8,23E-01 5,77E-01

Rb 1,36E-07 3,67E-01 4,77E-10 3,70E-07 3,23E-03 7,82E-01 4,25E-01 5,44E-12 6,25E-04 3,34E-10 2,37E-08

S 9,15E-01 4,77E-04 7,10E-01 9,25E-01 6,82E-01 9,63E-05 4,15E-05 2,27E-01 1,91E-02 4,86E-01 8,18E-01

Si 9,05E-01 2,24E-06 9,80E-01 9,20E-01 4,74E-01 6,55E-07 1,45E-10 2,98E-01 1,45E-04 5,96E-01 9,95E-01

Sr 1,15E-11 9,57E-01 1,93E-12 4,25E-10 2,11E-06 8,10E-01 8,03E-01 2,12E-09 1,19E-02 2,27E-08 8,44E-11

Ti 3,23E-09 3,78E-01 6,58E-09 9,04E-08 2,88E-04 5,28E-01 2,71E-01 8,44E-15 1,25E-03 1,45E-10 6,38E-08

V 3,21E-01 5,71E-05 4,62E-01 7,55E-01 1,58E-01 6,34E-08 8,41E-07 8,65E-01 1,44E-02 6,82E-01 3,62E-01

Zn 3,26E-01 5,47E-03 3,71E-01 1,75E-01 3,08E-01 5,08E-06 1,17E-05 9,42E-02 8,64E-03 3,00E-01 4,01E-01

Zr 2,32E-09 8,50E-01 4,44E-15 4,07E-09 2,13E-05 9,18E-01 6,96E-01 2,32E-09 6,72E-03 7,27E-08 2,82E-08



 
 

 

Annex 5. P-values of the correlations between Na, Ni, P, Pb, Rb, S, Si, Sr, 
Ti, V, Zn and Zr and all other sediment variables in Lillkvasjön 

   Na Ni P Pb Rb S Si Sr Ti V Zn Zr

Al 5,01E-10 1,32E-01 5,55E-02 6,42E-01 1,36E-07 9,15E-01 9,05E-01 1,15E-11 3,23E-09 3,21E-01 3,26E-01 2,32E-09

As 8,87E-01 3,90E-03 4,31E-04 1,45E-06 3,67E-01 4,77E-04 2,24E-06 9,57E-01 3,78E-01 5,71E-05 5,47E-03 8,50E-01

Ba 1,48E-09 1,33E-01 3,97E-02 7,31E-01 4,77E-10 7,10E-01 9,80E-01 1,93E-12 6,58E-09 4,62E-01 3,71E-01 4,44E-15

Br 1,45E-10 3,53E-02 2,93E-02 8,11E-01 3,70E-07 9,25E-01 9,20E-01 4,25E-10 9,04E-08 7,55E-01 1,75E-01 4,07E-09

Ca 1,05E-05 2,02E-01 2,92E-01 3,88E-01 3,23E-03 6,82E-01 4,74E-01 2,11E-06 2,88E-04 1,58E-01 3,08E-01 2,13E-05

Cu 8,25E-01 3,43E-05 5,30E-04 1,96E-10 7,82E-01 9,63E-05 6,55E-07 8,10E-01 5,28E-01 6,34E-08 5,08E-06 9,18E-01

Fe 5,31E-01 6,77E-05 3,70E-05 8,44E-10 4,25E-01 4,15E-05 1,45E-10 8,03E-01 2,71E-01 8,41E-07 1,17E-05 6,96E-01

K 2,43E-10 2,06E-02 1,94E-03 5,03E-01 5,44E-12 2,27E-01 2,98E-01 2,12E-09 8,44E-15 8,65E-01 9,42E-02 2,32E-09

LOI 4,75E-03 1,68E-03 6,88E-06 5,13E-03 6,25E-04 1,91E-02 1,45E-04 1,19E-02 1,25E-03 1,44E-02 8,64E-03 6,72E-03

Mg 1,27E-08 8,49E-02 1,57E-02 8,23E-01 3,34E-10 4,86E-01 5,96E-01 2,27E-08 1,45E-10 6,82E-01 3,00E-01 7,27E-08

Mn 5,32E-09 1,33E-01 4,42E-02 5,77E-01 2,37E-08 8,18E-01 9,95E-01 8,44E-11 6,38E-08 3,62E-01 4,01E-01 2,82E-08

Na - 2,17E-02 1,83E-02 8,85E-01 8,92E-09 6,27E-01 7,43E-01 3,57E-13 8,33E-11 7,99E-01 9,63E-02 7,91E-12

Ni 2,17E-02 - 1,49E-05 2,53E-04 4,64E-02 4,29E-03 1,60E-03 5,96E-02 2,34E-02 2,54E-04 3,25E-10 6,06E-02

P 1,83E-02 1,49E-05 - 3,43E-04 4,89E-03 3,56E-04 7,18E-05 2,77E-02 3,79E-03 3,20E-03 1,39E-04 2,57E-02

Pb 8,85E-01 2,53E-04 3,43E-04 - 7,48E-01 1,57E-05 8,36E-08 7,82E-01 4,95E-01 5,38E-07 4,30E-05 9,36E-01

Rb 8,92E-09 4,64E-02 4,89E-03 7,48E-01 - 3,69E-01 4,85E-01 3,96E-09 3,34E-10 9,94E-01 2,15E-01 7,96E-10

S 6,27E-01 4,29E-03 3,56E-04 1,57E-05 3,69E-01 - 2,21E-04 6,77E-01 2,46E-01 7,24E-03 2,11E-03 5,89E-01

Si 7,43E-01 1,60E-03 7,18E-05 8,36E-08 4,85E-01 2,21E-04 - 9,90E-01 3,63E-01 1,33E-06 8,05E-04 8,43E-01

Sr 3,57E-13 5,96E-02 2,77E-02 7,82E-01 3,96E-09 6,77E-01 9,90E-01 - 5,36E-10 4,76E-01 1,99E-01 2,20E-14

Ti 8,33E-11 2,34E-02 3,79E-03 4,95E-01 3,34E-10 2,46E-01 3,63E-01 5,36E-10 - 9,72E-01 7,49E-02 1,19E-10

V 7,99E-01 2,54E-04 3,20E-03 5,38E-07 9,94E-01 7,24E-03 1,33E-06 4,76E-01 9,72E-01 - 8,29E-05 6,36E-01

Zn 9,63E-02 3,25E-10 1,39E-04 4,30E-05 2,15E-01 2,11E-03 8,05E-04 1,99E-01 7,49E-02 8,29E-05 - 1,83E-01

Zr 7,91E-12 6,06E-02 2,57E-02 9,36E-01 7,96E-10 5,89E-01 8,43E-01 2,20E-14 1,19E-10 6,36E-01 1,83E-01 -



 
 

 

Annex 6. P-values of the correlations between Al, As, Ba, Br, Ca, Cu, Fe, 
K, LOI, Mg and Mn and all other sediment variables in Lövselefjärden

 
 

   Al As Ba Br Ca Cu Fe K LOI Mg Mn

Al - 9,74E-03 7,77E-02 1,56E-03 1,59E-03 5,74E-01 1,62E-01 1,30E-04 1,13E-03 3,19E-01 0,082

As 9,74E-03 - 5,10E-01 5,37E-02 4,21E-03 7,87E-04 1,09E-03 1,24E-01 2,10E-02 1,24E-01 0,394

Ba 7,77E-02 5,10E-01 - 5,95E-01 1,74E-01 9,80E-01 6,29E-01 4,44E-02 1,09E-01 3,04E-01 0,558

Br 1,56E-03 5,37E-02 5,95E-01 - 3,45E-08 1,99E-04 3,43E-01 8,86E-01 8,73E-10 1,69E-02 0,902

Ca 1,59E-03 4,21E-03 1,74E-01 3,45E-08 - 6,38E-04 2,73E-01 5,13E-01 5,51E-07 8,19E-03 0,889

Cu 5,74E-01 7,87E-04 9,80E-01 1,99E-04 6,38E-04 - 4,91E-04 1,66E-01 1,08E-03 1,32E-08 0,004

Fe 1,62E-01 1,09E-03 6,29E-01 3,43E-01 2,73E-01 4,91E-04 - 2,97E-01 3,36E-01 2,25E-02 0,042

K 1,30E-04 1,24E-01 4,44E-02 8,86E-01 5,13E-01 1,66E-01 2,97E-01 - 4,65E-01 1,18E-03 0,015

LOI 1,13E-03 2,10E-02 1,09E-01 8,73E-10 5,51E-07 1,08E-03 3,36E-01 4,65E-01 - 1,50E-01 0,357

Mg 3,19E-01 1,24E-01 3,04E-01 1,69E-02 8,19E-03 1,32E-08 2,25E-02 1,18E-03 1,50E-01 - 0,006

Mn 8,15E-02 3,94E-01 5,58E-01 9,02E-01 8,89E-01 4,47E-03 4,21E-02 1,46E-02 3,57E-01 5,69E-03 -

Na 1,17E-06 8,02E-03 4,33E-01 1,84E-01 4,19E-02 9,36E-01 3,43E-01 6,40E-04 9,85E-02 6,52E-01 0,008

Ni 4,39E-01 2,82E-03 8,71E-01 1,78E-06 2,75E-05 3,93E-07 5,76E-02 1,79E-01 1,09E-04 4,00E-06 0,226

P 3,74E-02 3,61E-01 7,94E-01 9,24E-01 9,32E-01 3,89E-01 1,35E-01 2,79E-02 2,23E-01 9,41E-01 0,174

Pb 1,96E-02 1,22E-10 8,39E-01 5,74E-03 6,31E-03 6,10E-05 3,84E-03 3,12E-01 8,22E-03 4,36E-02 0,370

Rb 2,48E-02 4,99E-01 6,97E-11 8,49E-01 6,36E-01 1,41E-01 4,96E-01 6,99E-04 3,14E-01 7,35E-03 0,052

S 4,62E-01 2,00E-02 3,47E-01 3,52E-01 8,40E-01 1,98E-02 1,46E-05 4,69E-01 1,64E-01 3,15E-03 0,021

Si 1,73E-09 3,98E-02 4,55E-01 1,51E-01 2,01E-01 4,25E-01 2,55E-01 1,53E-06 5,88E-02 4,44E-02 0,011

Sr 1,67E-03 2,43E-01 7,11E-15 3,81E-01 5,27E-02 7,93E-01 7,55E-01 5,23E-03 7,56E-02 1,42E-01 0,205

Ti 1,49E-08 2,29E-03 3,87E-02 1,76E-02 9,75E-03 6,83E-01 2,41E-01 8,02E-06 1,38E-03 1,89E-01 0,002

V 7,85E-01 2,64E-01 4,42E-01 9,10E-03 8,29E-03 9,64E-05 1,84E-02 1,06E-01 4,04E-02 2,24E-05 0,041

Zn 4,07E-02 1,42E-08 3,76E-01 7,32E-05 8,96E-05 2,02E-09 3,38E-03 6,91E-01 2,08E-05 9,34E-04 0,118

Zr 8,45E-03 1,94E-01 1,11E-15 2,02E-01 4,78E-02 7,79E-01 4,77E-01 2,11E-02 3,97E-02 2,36E-01 0,458



 
 

 

Annex 7. P-values of the correlations between Na, Ni, P, Pb, Rb, S, Si, Sr, 
Ti, V, Zn and Zr and all other sediment variables in Lövselefjärden 

 
 
 
 

   Na Ni P Pb Rb S Si Sr Ti V Zn Zr

Al 1,17E-06 4,39E-01 3,74E-02 1,96E-02 2,48E-02 4,62E-01 1,73E-09 1,67E-03 1,49E-08 7,85E-01 4,07E-02 8,45E-03

As 8,02E-03 2,82E-03 3,61E-01 1,22E-10 4,99E-01 2,00E-02 3,98E-02 2,43E-01 2,29E-03 2,64E-01 1,42E-08 1,94E-01

Ba 4,33E-01 8,71E-01 7,94E-01 8,39E-01 6,97E-11 3,47E-01 4,55E-01 7,11E-15 3,87E-02 4,42E-01 3,76E-01 1,11E-15

Br 1,84E-01 1,78E-06 9,24E-01 5,74E-03 8,49E-01 3,52E-01 1,51E-01 3,81E-01 1,76E-02 9,10E-03 7,32E-05 2,02E-01

Ca 4,19E-02 2,75E-05 9,32E-01 6,31E-03 6,36E-01 8,40E-01 2,01E-01 5,27E-02 9,75E-03 8,29E-03 8,96E-05 4,78E-02

Cu 9,36E-01 3,93E-07 3,89E-01 6,10E-05 1,41E-01 1,98E-02 4,25E-01 7,93E-01 6,83E-01 9,64E-05 2,02E-09 7,79E-01

Fe 3,43E-01 5,76E-02 1,35E-01 3,84E-03 4,96E-01 1,46E-05 2,55E-01 7,55E-01 2,41E-01 1,84E-02 3,38E-03 4,77E-01

K 6,40E-04 1,79E-01 2,79E-02 3,12E-01 6,99E-04 4,69E-01 1,53E-06 5,23E-03 8,02E-06 1,06E-01 6,91E-01 2,11E-02

LOI 9,85E-02 1,09E-04 2,23E-01 8,22E-03 3,14E-01 1,64E-01 5,88E-02 7,56E-02 1,38E-03 4,04E-02 2,08E-05 3,97E-02

Mg 6,52E-01 4,00E-06 9,41E-01 4,36E-02 7,35E-03 3,15E-03 4,44E-02 1,42E-01 1,89E-01 2,24E-05 9,34E-04 2,36E-01

Mn 8,26E-03 2,26E-01 1,74E-01 3,70E-01 5,17E-02 2,11E-02 1,11E-02 2,05E-01 2,13E-03 4,10E-02 1,18E-01 4,58E-01

Na - 4,78E-01 4,52E-05 2,35E-02 1,93E-01 7,10E-01 3,62E-07 2,12E-02 8,15E-07 7,89E-01 1,22E-01 1,26E-01

Ni 4,78E-01 - 8,38E-01 2,61E-04 1,66E-01 1,38E-01 6,97E-01 9,25E-01 5,62E-01 2,09E-04 4,85E-08 5,47E-01

P 4,52E-05 8,38E-01 - 5,04E-01 9,36E-01 1,72E-02 1,33E-03 3,38E-01 7,75E-02 3,53E-01 7,47E-01 6,34E-01

Pb 2,35E-02 2,61E-04 5,04E-01 - 8,73E-01 5,25E-02 2,30E-01 6,32E-01 6,90E-03 3,06E-01 1,41E-08 4,36E-01

Rb 1,93E-01 1,66E-01 9,36E-01 8,73E-01 - 8,14E-02 1,00E-01 1,10E-11 4,53E-03 2,73E-02 9,37E-01 4,05E-09

S 7,10E-01 1,38E-01 1,72E-02 5,25E-02 8,14E-02 - 6,64E-01 3,36E-01 2,27E-01 1,50E-01 1,06E-01 4,27E-01

Si 3,62E-07 6,97E-01 1,33E-03 2,30E-01 1,00E-01 6,64E-01 - 2,97E-02 1,57E-07 8,85E-01 3,88E-01 1,30E-01

Sr 2,12E-02 9,25E-01 3,38E-01 6,32E-01 1,10E-11 3,36E-01 2,97E-02 - 1,48E-03 5,37E-01 3,93E-01 0,0E+00

Ti 8,15E-07 5,62E-01 7,75E-02 6,90E-03 4,53E-03 2,27E-01 1,57E-07 1,48E-03 - 8,24E-01 3,15E-02 4,67E-03

V 7,89E-01 2,09E-04 3,53E-01 3,06E-01 2,73E-02 1,50E-01 8,85E-01 5,37E-01 8,24E-01 - 7,36E-03 5,86E-01

Zn 1,22E-01 4,85E-08 7,47E-01 1,41E-08 9,37E-01 1,06E-01 3,88E-01 3,93E-01 3,15E-02 7,36E-03 - 1,83E-01

Zr 1,26E-01 5,47E-01 6,34E-01 4,36E-01 4,05E-09 4,27E-01 1,30E-01 0,0E+00 4,67E-03 5,86E-01 1,83E-01 -



 
 

 

Annex 8. P-values from the comparison of LOI-normalized ratios in 
Lillkvasjön, Lövselefjärden and Gumbodafjärden  

 
 
Annex 9. Bulk density in Lillkvasjön 

 

Element P-value                                               
Lillkvasjön - Lövselefjärden

P-value                                                      
Lillkvasjön - Gumbodafjärden

P-value                                                 
Lövselefjärden - Gumbodafjärden

Cu 0.00039 0.88 0.12
Fe 0.00017 0.33 0.32
Mg 0.00023 0.35 0.33
Mn 0.00063 0.069 1.0
Ni 0.0049 0.022 1.0
P 0.0019 0.37 0.71
Pb 0.0013 0.071 1.0
S 0.0058 1.0 0.30
V 0.00023 1.0 0.30
Zn 0.00028 0.20 0.62

Depth                     
(cm)

Bulk density                    
Lillkvasjön (g/m2)

1 566
3 1055
4 1183
6 1118
8 758
10 2846
11 853
13 668
15 737
18 1360
23 6325
27 10508
31 5860
35 4710
39 2293
43 1852
47 1812
51 1688
55 1682
63 1735
71 2105
79 2892
87 3317
95 4633



 
 

 

Annex 10. Bulk density in Lövselefjärden 

 

Depth   
(cm)

Bulk density                    
Lövselefjärden 

(g/m2)
1 799
2 2374
3 3394
4 3355
5 2536
6 2792
7 2738
8 3748
9 3066
10 3124
11 2739
12 2623
14 5537
16 6502
18 5225
20 5603
24 5765
28 7947
32 4562
36 4857
40 5670
44 7195
48 5688
52 7025
56 6343
60 6182
68 7685
76 8345
84 11198
92 10802
100 8202
108 7272
116 7905
124 7312


