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Abstract 

Anthropogenic activities are often considered to be the main sources of mercury (Hg) found 
in aquatic systems. The aim of this study was to reconstruct the historic input of Hg to a large 
lake (Lake Ekoln) situated downstream the City of Uppsala using a dated sediment core. The 
main objective was to reveal general long-term (millennia-scale) trend in mercury loadings to 
the lake assess to what extent the lake has received an increase input of mercury during the 
last century from atmospheric inputs or local sources (mining activities, hospital effluents, 
industries or agricultural activities). Sediment samples were analyzed with X-ray 
fluorescence spectroscopy for measurements of lead and phosphorous (used as a proxy for 
atmospheric inputs and effluent water, respectively). Total Hg was analyzed using a mercury 
analyzer. My results indicate high Hg concentrations in sediment of Lake Ekoln during the 
last three centuries. Hg concentrations was not correlated to atmospheric derived metals (Pb) 
or effluent water derived nutrients (P) and only weakly correlated to the organic matter 
content of the sediment. Highest concentrations was found during a period around 1850 and 
in the last few years. The weak correlation with Pb suggest that the Hg is entering the lake 
from other sources than atmospheric inputs. The most likely local sources are argued to be 
mining activities (including fossil fuel burning during the production of iron) or Uppsala 
university hospital situated upstream of Lake Ekoln. However, there is a large uncertainty 
regarding the importance of these historical Hg sources for the lake.  

Key words: mercury, sediments, aquatic ecosystem, Lake Ekoln. 
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Introduction 

Mercury (Hg) is one of the most toxic and dangerous elements to human health and to other 
organisms living in the environment. This metal is accumulated in biota and has often high 
environmental mobility due to its ability occur as a gas (Manahan 2010). Although Hg 
appears in the environment naturally, anthropogenic activities increase mercury loadings in 
aquatic ecosystem. It is considered that anthropogenic emission is the main contributor of 
Hg entering aquatic environment (Biber et al. 2015). Environmental factors, such as 
hydrological and geological conditions, organic matter content, and water depth or sediment 
composition can also influence the Hg distribution (Beldowski et al. 2015).  
 
In aquatic ecosystems, Hg is easily assimilated and accumulated by immersing suspension 
and being deposited at the end in the bottom sediments of the lake (Beldowski et al. 2015). 
Studies have assumed that increasing loadings of Hg to surface sediments may arise as the 
Hg absorption by settling algae, plankton or organic matter suspended in the lake increases 
(Jiang et al. 2011). Eutrophication during the last decades and thus, increasing scavenging by 
algae and zooplankton may, therefore explain to some extent why Hg concentrations is often 
higher in younger surface than in the older bottom sediment (Gobeil et al. 1999, Asmund and 
Nielsen. 2000, Drevnick et al. 2012).  
 
Methylmercury is one of the most toxic Hg species in aquatic environments. It is produced by 
microbial methylation of Hg (Zhang et al. 2012), which creates diverse effect in humans and 
in the different organisms of the food web in the ecosystem (Chasar et al. 2009, Marvin-
DiPasquale et al. 2009). Methylmercury bioaccumulates in different organisms and affects 
diverse food chains (Selin 2009, Reinemann et al. 2014).  
 
As has been said before, on a regional and global scale, anthropogenic activities induced by 
humans has increased the mercury liberation in the ecosystem, producing variations in the 
cycles of Hg and increasing the atmospheric deposition of Hg to aquatic ecosystems 
(Reinemann et al. 2014). Sweden is one of the critical places in Hg content in all Scandinavia 
(Bindler et al. 2012) where the deposition of Hg is influenced by the emission sources in 
Europe. In Sweden, reconstructions of atmospheric inputs are indicated. However, Hg 
deposition rates has been reduced since the late 1980s to the early 1990s (Bindler 2003). 

In some studies it was estimated that the Hg concentration started to increase in the 
atmosphere and lakes around ∼1850 AD, when the Industrial Revolution appeared in several 
countries along with economic progress and industrial development (Yang and Smyntekab 
2014). This situation generated the use of intensive activities in the industry and high energy 
utilization that produced a large amount of heavy metals, such as Fe, Pb, Cr or Ni, to the 
ecosystem (Li et al. 2013, Yang et al. 2014). In this time, Hg concentrations started to be 
three times higher than pre-industrialization levels (Lindberg et al. 2007, Drevnick et al. 
2012) and about 5 to 10 times higher than estimated natural levels in the environment 
(Horowitz et al. 2014). Hg deposition in the 20th and 21st centuries is estimated 2 to 5 times 
higher than in 1850 (Yang & Smyntekab 2014). 

High latitude countries such as Sweden may not only receives mercury contamination from 
global sources but also from local sources (Rose et al. 2004, Drevnick et al. 2012) such as 
mining industry, forest cleaning, coal flaming, (Veiga et al. 1994, Lacerda 1995, Roulet et al. 
1998, Roulet, et al. 1999) or waste water receiving inputs from dental clinics or hospitals 
(Arenholt-Bindslev and Larsen 1996). A study called WACAP concluded that the carriage of 
agriculture and industrial activities had a major responsibility in the atmospheric deposition 
of pollutants such as Hg that can in a later stage enter aquatic ecosystems like lakes (Landers 
et al. 2008). For several centuries Hg was used in the hospitals to treat syphilis (Goldwater 
1972). Therefore, if a lake is situated next to a big city there is an old hospital upstream, it can 
be one of the responsibilities of Hg inputs in the lake as well. The effluent discharges from the 
hospital also affect the lake where Hg is stored in the soil and in the vegetation (Horowitz et 
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al. 2014). Hg has been used in several commercial products and this commercial Hg can be 
released into the environment through different avenues, such as volatilization (from paints), 
by discharge of water waste (in chemical industry) or by pesticides used in the agriculture 
(Horowitz et al. 2014). However, the temporal variation of Hg from these sources is not well 
known. Nevertheless, increasing amount of Hg contamination is expected in urban areas 
because there are more intensive anthropogenic activities causing higher impact in the 
environment (Landis and Keeler 2002, Liu et al. 2010). 
 
The aim of this study was to reconstruct the historic input of mercury to Lake Ekoln, a lake 
situated downstream the city of Uppsala, southern Sweden, using a sediment core and use 
the reconstructed trends to increase our understanding about important Hg sources to the 
lake. I intended to answer these main research questions: i) what is the general long-term 
(millennia scale) trend of mercury in mercury concentrations in the sediment of Lake Ekoln? 
ii) Has the lake received an increased input of mercury during the last century in line with 
atmospheric trends? iii) Is there any indication that there are important local sources of Hg 
that enters the lake via effluent? 

 

2. Material and methods 

2.1 Site Description 
The study was carried out in Lake Ekoln (59°46'37.9"N, 17°38'3.9"E) situated downstream 
the City of Uppsala, southern Sweden. Uppsala is one of the biggest cities in Sweden with 
approximately 200.000 habitants in it. Lake Ekoln and its basin is part of the Lake Mälaren 
(the third biggest lake in Sweden with a surface area of 1120 km2), although it is recognized 
an individual lake (Willén 1987). These two lakes are situated in one of the most active 
farming areas in Sweden. Ekoln is a eutrophic lake with large amounts of total phosphorus 
and total-N in it. The highest depth is around 50 m and the average depth is 16 m. Lake 
Ekoln has a surface area of 29.8 km2 and a volume of 0.458 km3 so it is fairly large 
(Goedkoop et al. 2011). The main inflow to Lake Ekoln proceeds from the rivers Fyrisån and 
Örsundaån, two lakes situated north-east of the lake. Fyrisån River provides Lake Ekoln 60% 
of the total inflow (SMHI 2015).  
 

The catchment is predominated by residential areas from Uppsala and land uses such as 
agriculture or forestry. The predominant soil in the catchment is postglacial clay, moraine 
soils and sedimentary deposits rich in lime (Goedkoop et al. 2011, Wiederholm & Eriksson 
1979). The town Uppsala occupies the 3% of the catchment (SMHI 2015). There are some 
studies about the contamination and pollution of Lake Ekoln which come from Uppsala, 
including the use of agricultural activities, the waste from the city and the treatment of 
sewage (Goedkoop et al. 2011).  
 

2.2 Sediment coring  
Sampling was done on the 17th of June 2014 in basin of Lake Ekoln (59°46'37.9"N, 
17°38'3.9"E). A 6 m long sediment core was taken at a depth of about 30 meters. The corer 
was a piston corer with a diameter of 90 mm. A crust freeze sampler was used for sampling 
the upper 50 cm of sediment to retrieve intact surface sediment.  In the laboratory, the 
sediment core was sectioned in different intervals depending the depth of the sediment with a 
band-saw. In the upper 50 cm of sediment core the samples were taken and sliced into 1 cm 
intervals and later in 5, 10 or 20 cm intervals in the deeper areas. Before the analysis was 
carried out, all the samples were freeze-dried and were kept it in a room at 5º C. 
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2.3 Analysis in the laboratory 
Two analyses were carried out to do this study. The first one was an analysis of X-ray 
fluorescence to measure organic matter content (detected as CO2) and common atmospheric 
metal contaminants (Cu and Pb). This was done for assessing historic trends of elements with 
a strong atmospheric origin. The second analysis focused on measurements of Hg 
concentration in the sediment of Lake Ekoln.  
 
The concentrations of Hg were really high in some points in the sediment trend. Due to these 
high concentrations, they could not come from natural sources of Hg. It could be produced by 
different anthropogenic factors such as industries or discharges of waste water, etc. In this 
regard some correlations were done to study the diverse causes that could produce the 
increase of Hg in the Lake Ekoln. For that, Hg was correlated Pb or carbon dioxide (CO2). 
 
The X-ray fluorescence spectroscopy (XRF) analysis was carried out  using a Bruker S8-Tiger 
WD-XRF analyzer for all the samples according to methods describe in detail elsewhere 
(Rydberg 2014). XRF technique is a non-destructive analysis that allows doing other 
measurements and reusing all the samples after the treatment of the sediment. There was no 
pre-treatment before analysis and these was carried out directly in the powder samples with a 
168 mbar of pressure. Around 0.5 g of homogenized powder was dried at 105º and analyzed 
in a plastic container with a spectrograde mylar film bottom (Avenius 2015). All the detail 
about the calibration and the limits of the method are written in (Rydberg 2014). The major 
and minor elements that were analyzed with this technique are P, Pb, CO2, Fe, Al, Cu, Mn, 
Zn, V and Zr. All sustaining and the calibration of this analysis is manage utilizing the 
SpectraPlus and Method Wizard software (Rydberg 2014).  
 
Hg measurements were determined with a Milestone DMA-80, a direct mercury analyzer 
(thermal decomposition atomic absorption spectrometry instrument). Before the 
measurement of Hg started, we added the analysis of SRMs and repeated each 10 samples for 
the quality control (QC) (Bindler et al. 2003). For this we selected around 0,100 g of NCS soil 
73002 (60, 1347 µg/kg of Hg). The standard reference material was included in the analysis 
before the Hg concentrations were measured in the sediments using a low range standard 
(<20 ng), LKSD-4 (0, 04 g). Approximately 0.04 g of sediments were introduced in dry and 
clean containers and it was measured with a digital scale (Mettler Toledo). After that all the 
samples were imported to the instrument and the concentrations (µg/kg) of Hg was 
measured.  
 
2.4 Statistical analysis 
To determinate the relationship between Hg concentrations along the time with other 
variables such as organic matter (using CO2 as a proxy), atmospheric derived metals (Pb), or 
effluent water derived nutrients (P) a common linear regression was applied. The rationale 
for testing a relationship between Hg and organic matter is that organic matter is a 
parameter that affects the Hg in the soils and water (Chen et al. 2015). Therefore, Hg has a 
normally a strong linkage with the organic matter in the sediments (Huerta 2010).  
 

Radiocarbon dating was used to study the correlation between age and depth. To study this 
relationship, the program CLAM 2.2 by Blaauw (2010) was used. All the samples were dated 
with 14C (Avenius 2015). The model that use the different distribution of 14C changed and 
interpreted radiocarbon dates such a year's. 
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3. Results 
 

3.1 General trends of Hg 
In the sediment, Hg concentrations increased rapidly from nearly constant values between 
600 cm to 160 cm depth to about 700 ng Hg/g sediment around 100 cm (Figure 1 a). After 
this depth concentrations decreased to about 200 ng Hg/g up to at 50 cm depth after which 
the concentration rose again towards the surface. Here the highest concentrations was found 
at the surface. 
 
(Table 1) shows the inferred 14C- age at different depths of the sediment. The sample that was 
closest to the top of the sediment for the 14C analysis was 182 cm. Around this depth the 
range age of the sediment was between 1645 and 1680 AD. The calibrated ages were 
estimated as an age range because there were uncertainties in the dating. Approximately at 
390 cm depth the corresponding calendar year range was 1295 to 1410 AD. The bottom 
sample that was chosen was 580-590 which was correlated with the years between 825 and 
790 BC. The 14C dates indicate a fairly constant accumulation rate of about 0.X/cm per year.  
 

Table 1.  Sediment samples from Lake Ekoln with their sampling depth, reference name, 14C-age and calibrated 
age. 

Depth (cm) Reference name 14C-age (year) ± (year) Calibrated age 

182 182-Ekoln 180 ± 30 AD 1645-1680 

389 389-Ekoln 680 ± 30 AD 1295-1410 

580-590 B80-Ekoln 1690 ± 30 BC 825-790 

 

 

As can be seen in (Figure 2), where the depth of the sediment has been converted into an age 
assuming the estimated accumulation rates, the measured Hg concentration covers the 
period 2013 - 1372 AD (6 m depth). In sediments older than about ca 450 years Hg 
concentration was almost constant. The increasing of Hg concentrations were seen around 
160 cm that corresponds to sediment deposited in the early 1800s until Hg concentration of 
709 µg/kg. During the early 1800’s, Hg started to increase to a remarkable peak around the 
middle of the 1800s, (one of the highest concentrations of the Hg trend). Hg after this peak 
concentrations decreased a reached a minimum in sediment deposited around 1965, reaching 
the concentration of 171 µg/kg. The general trend after this section of the sediment was that 
Hg concentration tended to increase until the highest value in the trends of the surface of the 
sediment in 2011. There, the Hg concentrations reached until an amount of 1020, 7 µg/kg. 
 

In the case of Lake Ekoln, the vertical depth trend of Pb (Figure 1 b) did not mimic that of the 
Hg record. In fact, a Pb concentration followed the opposite trend than Hg, has and increased 
in the bottom part and decreased after that and therefore was negatively correlated (0.2). A 
depth of 44 cm in the bottom part of the sediment where the concentrations of Pb increased 
107 ppm in less than 4 cm. After that, the concentrations decreased until the top of the 
sediment trend had a concentration of 36 ppm. Pb showed no correlation with Hg at all 
(R2=0.2694) (Figure 3 a). In similar, effluent derive nutrients such as P showed no 
correlation with the Hg record (R2= 0, 1337). Other metals (Mn, Mg, V, Fe, Cu, Zn, Ti, Zr and 
Al) elements were not correlated to Hg to. All the elements followed the opposite or different 
trend then Hg concentration so they were not considered for the study.  
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Figure 1. Vertical depth trends of (a) mercury (Hg) concentrations (µg/kg), (b) and lead (Pb) concentrations 
(ppm) and organic matter (CO2) concentrations (%) along the studied sediment profile. 
 

 
The absorption and distribution of Hg in the soils and sediments depends on environmental 
factors such as content of organic matter, competitive inorganic ions and soil colloids (Jing et 
al. 2007). Generally, organic soil tends to have higher concentrations of Hg than the mineral 
soil. This can be because of the ability of humus to bind with Hg, creating huge changes in 
organic matter produced by the influence of mercury concentration (Bindler et al. 2012). Hg 
in the sediments is associated to organic matter and iron oxides, having an impact in the 
organic matter to the Hg linked to them (Krabbenhoft et al. 2006). The organic content of the 
sediment showed slightly similar trends as the Hg concentration (Figure 1 c) and was 
positively correlated to Hg concentrations (R2=0.2613) (Figure 3 b). Hence, it can be 
concluded that the presence and the increase of Hg in the Lake Ekoln was not caused by 
atmospheric deposition that was produced by industries.   
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Figure 2. General trend of mercury (Hg) concentrations (µg/kg) in Lake Ekoln along the sediment profile between 
the years 1372 to 2011. 

  

Figure 3 Correlation between (a) organic matter and mercury (Hg) concentration (µg/kg) and b) lead (Pb) 
concentrations and mercury concentrations (ppm). 
 
 

4. Discussion 
 
High Hg concentrations found in the sediments of Lake Ekoln could be caused by diverse 
factors. There are toxic metals such as Hg or lead (Pb), which concentrations have increased 
with the presence of anthropogenic activities which produced emissions (Durkalec et al. 
2015). The principal emissions produced in the anthropogenic activities that have 
contribution to the expansion of these toxic metals are the mining, waste incineration and the 
combustions of fossil fuels (Norgate et al. 2007, Pacyna et al. 2007). These activities caused 
the accumulation of toxic metals as Hg or Pb in the sediments and in the water (Durkalec et 
al. 2015). However, the temporal trends reconstructed in this study provide some indications 
about the most important sources to the lake. 

 
In the sediment trend of Lake Ekoln, the insignificant correlation between Pb and Hg 
indicate that the high concentrations of Hg were not generated by atmospheric inputs as the 
atmospheric fallout of theses metals has largely co-varied since the Industrial Revolution 
around the year of 1850. If the atmospheric deposition was the mean source of Hg in Lake 
Ekoln in the sediment, Pb should have been correlated with Hg trend, following the same 
trend. Nevertheless, it followed the opposite trend and increased when the Hg decreased. 
Other reasons for why atmospheric deposition could not be the source that caused the 
increasing of Hg in the lake was because the Hg inputs in (Figure 1 and Figure 2) had to be 
different, with a decreasing of the concentrations in the recent years, instead an increase. In 
this case, Lake Ekoln increased almost 44 times more than the normal concentrations of Hg. 
If the Hg was caused by atmospheric deposition, the concentrations should have been 3 or 4 
times higher. In this study the atmospheric signal was masked by local sources of mercury, 
which were considered (Beldowski et al. 2015). That the reconstructed Hg trends are not 
following the atmospheric trends is interesting as most Swedish lakes have a strong 
relationship with atmospheric deposition.  
 
The correlation between organic matter and Hg is represented in (Figure 1c and Figure 3). 
The correlation that is shown in the figure is important because organic matter (humus or 
algae) could be a factor that caused the highest concentrations in Lake Ekoln. However the R2 
value showed that the correlation between Hg and organic matter is only 26% (R2=0, 2613). 
If the single point in (Figure 3.) is consider as an outlier, the regression between Hg and 
organic matter, (R2 = 0, 3983). This means that the concentrations of Hg came from another 
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source because of these high concentrations that existed along the trend. In conclusion, the 
principal cause of the high levels of Hg in Lake Ekoln was not the organic matter.  

If the atmospheric deposition and organic matter did not cause the huge increase of Hg in 
Lake Ekoln, this means that the increasing was produced by another local source. This local 
source started to generate the high sediment concentrations of Hg around 1850. There are 
three possible local sources; 1) The use of Hg in the local health sector (hospital and dental 
clinics; 2) Leakage from local mining activities; and 3) Release from local industries a. These 
possible sources are discussed in detail below. 
 
The first possible source of Hg is the Hospital in the city of Uppsala, next to the lake. Uppsala 
Hospital (Akademiska Sjukhuset) which is the oldest university hospital of Sweden, 
introducing the first department in 1708 and currently one of Sweden’s biggest university 
hospitals. However, the hospital was opened before the general hospital was moved to the 
city center of Uppsala in 1850. At this time, it is most likely that effluent from the hospital 
entered River Fyris having Lake Ekoln as a recipient. Thus, the university hospital was 
growing within the years adding new areas with new treatment buildings (Uppsala hospital 
2013) and mercury was used to treat syphilis at that period making high emission from the 
hospital during the middle of the 19th century very likely. The hospital or some local dental 
clinics can also have served as important modern sources of Hg and explain the increasing 
levels seen in the sediment deposited after the 1960s.  
 
These health sector has an important role in the Hg contamination in the environment, 
producing emissions that may exceed permissible limits as they their use of mercury-
containing products that can enter aquatic systems vie effluent waters (Peshin et al. 2015) 
that were discarded improperly (Pastore et al. 2007). In the hospitals, the usual form of Hg 
that is used is elemental Hg. The most common services from health-care that generated 
more Hg are dental amalgams, preservatives, fixatives, medical batteries, thermostats and 
thermometers etcetera (Shaner 1997, Clarkson et al. 2003).  

The dental sector serves as important sources of Hg (Peshin et al. 2015) and dental clinics can 
have contributed with mercury during the last ca five decades and thus explain increasing Hg 
levels in the sediment since the 1960s (Figure 2).  In 2011, a study estimated that the 
concentrations of Hg from dental sector were approximately 65 tons, in several countries as 
USA (Agrawal and Sinha 2012). In general dental amalgam is used around 31% in the dental 
clinics, producing bigger Hg concentrations. Another study in India estimated that dental 
sectors in the hospitals produced more than 3 kg of Hg per year and were transported to the 
environment (Agrawal and Sinha 2012). However, even though effluent from dental clinics 
can explain rising levels in the sediment since the 1960s, dental clinics cannot explain the 
early rise in the 1850. 

Mining activities cause important environmental problems in terrestrial and aquatic 
ecosystem (Luoma et al. 2010, Solá et al. 2004). Therefore, another possible source of 
mercury to Lake Ekoln is leakage from some local sulfide mines. There are some mining 
companies in Uppsala that do explorations in the catchment next to Lake Ekoln. One of them 
(Copperstone resources) was created in 2006 (Copperstone Resources 2011) so it could not 
be the main source of Hg concentrations because the pollution started around 1850. 
However, there are also the Dannemora mine iron mine that occurs close to River Fyris 
draining into Lake Ekoln and has been active since the 17th century. However, iron ores rarely 
contain Hg as Hg is found in sulfide minerals (Wikipedia 2015). Nevertheless, processing of 
iron demands the use of coal and local emission from coal burning could be one possible 
source of the Hg found at elevated levels in sediment deposited in the early 19th century. 

The last alternative source of Hg to the Ekoln sediment around the middle of the 19th century 

is the presence of one industry of hat making next to Uppsala city and Lake Ekoln. In the 

past, these types of industries were really famous for having problems with the employers 

because of the high concentrations of Hg in them (Neal et al.1941). The hats were made with 
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the skin of the rabbits or other rodents. This skin was treated with a solution of mercury in 

nitric acid. Thus, the felt was tenacious and it could be deposited on a cone shaped and create 

the hat. In this process there were emissions of Hg in the industries. These Hg vapor affected 

the employees who were diagnosed with chronic mercurialism with several symptoms such as 

psychic troubles, irascibility, tremor, headaches, insomnia and etcetera (Neal et al. 1941). 

However, the hypothesis that the hat making industry was the prime source of Hg to Lake 

Ekoln is considered less likely than the hospital and mining hypothesis, because this former 

industry was active in the past but currently is no longer active. This means the huge peaks in 

the last years (Figure 1.) is caused by other factors that are not the hat-making industries. 

Nevertheless, the hospital and the mining in the catchment and next to the lake is still active 

so they are more likely to be the main cause of the high concentrations of Hg, at least in 

sediments deposited during the last 100 years.  

The flow and sedimentation of Hg in the lakes are influenced by the river plume 
sedimentation of the River Fyrisån. For this reason the Hg concentrations could not be the 
same in all the parts of the Lake Ekoln. The plume of the river is influenced by the rotation of 
the earth what changes the direction of the flow. The spread of the river plume is affected by 
morphological characteristics, depending on the season of the year and the different densities 
between the lake and the river. The relationship between the river plume sedimentation, the 
bio-production of the lake and its stratification allow a better interpretation of the structures 
of the bottom sediments deposited in the lake (Hakanson and Jansson 1983).   
 
Normally, the concentration of Hg and its deposition decrease exponentially when there is 
more distance from the river action (Hakanson and Jansson 1983). In the case of the Lake 
Ekoln, the higher concentrations of pollutants as Hg are found next to the  mouth of river 
Fyrisån and in the western side of the lake basin, while decreasing in the more remote parts 
of the river mouth. As it can be seen in (Appendix 1.), Hg concentrations were more than 3 
times higher in the Lake Ekoln next to the Fyrisån mouth, reaching concentrations of 1600 
ng g-1 ds (Perry and Taylor 2007) showing that the Hg pollution came from the river and the 
city of Uppsala. The book of Hakansona and Jansson 1983 divided Lake Ekoln in several 
areas. They concluded that there is a huge variability of concentrations in the first area (next 
to the mouth river). The R-values increased with the distance from the mouth of the river 
until around 3 km. Probably if the sediment sampling was carried out not only in the middle 
part of the lake and it was carried out in different areas of the lake, the results would be 
similar than the results found by Hakansona and Jansson 1983. The different patterns of the 
Lake Ekoln sediments were useful to evaluate the transport of the Hg and identified the 
polluting site (Perry and Taylor 2007). 
 
River Fyrisån and also Lake Ekoln were affected by a sewage treatment plant situated 
approximately 10 km upstream to Lake Ekoln (Sundelin 2015). This sewage treatment plant 
was established around 1969 in order to decrease of nutrients in Lake Ekoln and obtain 
positive effects in it. One of the aims to implement the sewage treatment plant was to reduce 
the inputs of P due to the agriculture and the air-borne-fall-out; two of the most important 
causes of the eutrophication in the lake (Wiederholm and Erikson 1979). Interestingly, the 
concentration of Hg in the sediment increased after the 1960s, suggesting that the 
development of the waste water treatment plant had limited capacity to reduce Hg entering 
Lake Ekoln. A weak correlation between Hg and sediment P, the latter showed to follow 
historical changes in nutrient inputs to Lake Ekoln (Avenius, 2015), also indicate that waste 
water treatment has not been able to affect Hg inputs to Lake Ekoln. 
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5. Conclusion 

The answers to my research questions are listed below: 

What is the general long-term (millennia scale) trend of mercury in mercury 
concentrations in the sediment of Lake Ekoln? 

This study shows that the concentrations of Hg started to increase approximately in 1850 
reaching very high and unexpected Hg levels. After that, the concentrations decreased until 
1965 after which the Hg concentrations started to increase again reaching the highest values 
in the Hg sediments trend of Lake Ekoln.  

Has the lake received an increased input of mercury during the last century in 
line with atmospheric trends? 

The Hg concentrations found in the sediment are much higher than the concentrations that 
were expected if the Hg concentration were caused by atmospheric deposition induced by the 
Industrial Revolution around 1850. Correlations with atmospheric derived metals such as Pb 
indicate that the high concentrations of Hg did not come from atmospheric deposition or 
variable organic matter loadings.  

Is there any indications that there are important local sources of Hg that enters 
the lake via effluent? 

 There were three possible local source hypotheses: 1) mining activities; 2) Health sector 
activities (hospital and dental clinics) upstream of Lake Ekoln; or 3) the hat making industry. 
Uppsala university hospital (health instruments with Hg content and silver-mercury 
amalgams used in the dental sector) and the mining activities are the two most relevant 
options and with more possibilities to be the main causes of the high concentrations of Hg. 
However, it is still uncertain to what extent these are the main source of Hg in Lake Ekoln. 
Referring to effluent water as an important source of in Lake Ekoln, we can conclude that it 
was the cause of eutrophication in the lake during several years but it could not be one of the 
main reasons for the increased Hg concentration. It is because the effluent water peaked in 
approximately 1969. If it was one of the principal sources instead the peak of effluent water, 
it should have been an increase after 1970.  
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8. Appendix  

 

Appendix 1. Sediments and Hg content in Lake Ekoln between 1850 and 1970. (Perry and 

Taylor 2007)  
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