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Abstract 
 
The rising mercury levels found in many Scandinavian rivers and lakes and its effect on the aquatic 
biota and their food chains is still not fully explored and likely underestimated. Since the 
Industrialisation in the 20th century, mercury (Hg) is a indispensable metal for today’s economy 
resulting in great atmospheric inputs and Hg distribution over the whole planet. If Hg reaches an 
aquatic ecosystem, a certain fraction methylates into methylmercury (MeHg). MeHg is a very toxic 
substance and might bioaccumulate and biomagnify in aquatic food chains, meaning increasing 
Hg concentrations in biomass at higher trophic levels. The amount of Hg that is uptaken and 
stored by fish can be influenced by different water-temperatures and dissolved organic carbon 
(DOC) input. In order to understand the effects of both factors regarding the Hg uptake in fish, 
this study investigates the Hg concentration in fish that were raised in different treated water 
pools. The experimental set-up consisted of pools that were either cold and without additional 
DOC, cold with additional DOC, warm without additional DOC and warm with additional DOC. I 
found that Hg uptake in fish increased in pools with colder temperature and additional DOC input. 
However, changes in water-temperature might enhance as well as diminish Hg bioaccumulation, 
depending on the environmental circumstances like aquatic biota or water chemistry. 
Furthermore the experiment showed a varying Hg uptake in fish over the sampling time from July, 
September and Octobre 2013. This outcome demonstrates that increasing Hg levels in fish depend 
on the time that is given to store and bioaccumulate this substance.  
Hence, the results confirm the hypotheses of increasing Hg uptake in fish due to additional DOC 
input and colder water-temperature. This study also highlights the importance of further and 
more extensive research on the aquatic mercury cycle and especially the different environmental 
factors affecting the Hg uptake in fish.        
 
Key words: mercury, aquatic mercury cycle, methylmercury, temperature, dissolved 

organic carbon (DOC), bioaccumulation, biomagnification 



 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Table of content 

 
1. Introduction ........................................................................................................... 1 

1.1 Mercury as an environmental problem....................................................................................... 1 

1.2 Global mercury cycle .................................................................................................................. 1 

1.3 Global aquatic cycle ....................................................................................................................2 

1.4 Trends in biota and future predictions.......................................................................................3 

1.5 Aim and hypotheses of the study ............................................................................................... 4 

2. Material and Methods ............................................................................................ 4 

2.1 Study Side .................................................................................................................................. 4 

2.2 Experimental Design .................................................................................................................. 5 

2.3 Methods ...................................................................................................................................... 5 

3. Results ................................................................................................................... 6 

3.1 Fresh (whole) and freeze-dried (fillet) fish samples ................................................................. 6 

3.2 Lab-Replicates ........................................................................................................................... 6 

3.3 Sampling occasion ...................................................................................................................... 7 

3.4 Treatments ................................................................................................................................ 8 

3.4.1 Temperature ................................................................................................................... 8 

3.4.2 DOC ................................................................................................................................ 9 

3.4.3 Temperature and DOC ................................................................................................... 9 

4. Discussion ............................................................................................................. 11 

4.1 Whole and fillet fish samples .................................................................................................... 11 

4.2 Replicates ................................................................................................................................. 11 

4.3 Changing mercury concentrations over time ........................................................................... 11 

4.4 The effects of temperature and DOC input .............................................................................. 12 

4.4.1 Temperature .................................................................................................................. 12 

4.4.2 DOC ............................................................................................................................... 12 

4.4.3 Conclusion .................................................................................................................... 13 

 

 
Acknowledgement .................................................................................................... 13 

 
References ............................................................................................................... 14 

 

 

 

 
 
 



 

 

 
 
 
 
 
 
 
 
 



1 

 

1. Introduction 

 

1.1 Mercury as an environmental problem 

Mercury (Hg), commonly known as quicksilver, is one of the most different, individual but also 
essential metals around the globe and very useful in today’s economy, for instance in the 
metallurgy or the manufacturing. Since the mid-20th century, it is also an issue of considerable 
concern (Åkerblom et al., 2014). Several studies have shown elevated Hg levels in a large number 
of Swedish lakes and rivers, including elevated Hg concentrations in biota. But not only 
Scandinavia or parts of Europe are affected, also North America and developing countries are 
strongly influenced by Hg contamination (Pacyna et al., 2006).  Regarding its physical and 
chemical properties, Hg is a very unique metal. Its most important characteristic is the conversion 
from inorganic forms (Hg²+) into highly toxic methyl mercury (MeHg), by naturally occurring 
biological processes. Once Hg is released to the environment and enters the food chain, it will 
accumulate and transfer within the food webs, affect higher biota and might bio-concentrate more 

than a million-fold in fish (Schroeder and Munthe, 1998). Due to biomagnification, Hg 
concentrations increase with increasing trophic level (Chasar et al., 2009) and can exert serious 
neurotoxic effects, particularly in humans and wildlife (Chan et al., 2003).    

 

1.2 Global mercury cycle    

For thousands of years, natural sources determined the global mercury cycle. This includes 
primarily the degassing or wind entrainment of dust particle from mercuriferous areas, volcanic 
eruptions, forest fires as well as re-emissions from sediments, especially peatlands and water 
surfaces (Morel et al., 1998). Since the time of the industrialisation, the atmospheric input of Hg is 
dominated by anthropogenic sources that account for two-thirds of the total Hg concentration in 
today’s atmosphere. This shift from natural to anthropogenic input is mostly caused by metal 
production or mining as well as in medicine and dentistry (Åkerblom et al., 2012).       

Mercury in the atmosphere exists predominantly as elemental mercury (Hg°) in vapour and 
oxidizes relatively slowly to the mercuric state Hg(II), resulting in a residence time of a year  or 
more. This long process leads to a Hg distribution over the whole planet before deposition on the 
earth’s surface occurs and affects previously uncontaminated locations, regardless of local point 
sources (Morel et al., 1998) (Figure 1). Once it reaches soil, water or vegetation surfaces Hg stays 
stable unless chemical, photolytical or biological reduction occurs and furthers the Hg-circulation 
in the environment (Schroeder and Munthe, 1998). Generally, it is difficult to predict the 
behaviour of mercuric pollutants in the environment due to different dynamics of different 
ecosystems. Glacial areas for instance store Hg in ice whereas sediments can act as both, sinks and 
potential sources of Hg (Ullrich et al., 2001). 
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            Figure 1: Illustration of the Global Mercury Cycle (Mr. Lisek’s Social Studies Class, 2006) 

 

Caused by natural and anthropogenic sources, the Hg concentration in the earth’s atmosphere is 
estimated to have increased 3-5 times since preindustrial time (Åkerblom et al., 2012). Although a 
declining Hg concentration trend has been observed during the past decades due to the 
implementation of emission controls and restricted Hg pollution in western industrialised 
countries, the Hg concentration will probably increase in future terms. Developing countries, their 
upcoming industrialisation and increasing demand of energy, mostly based on coal combustion, 
will lead to a revealing shift in this trend resulting in an increase of mercuric pollutants (Pacyna et 
al., 2006; Grigal, 2003). But not only direct anthropogenic Hg sources are going to intensify Hg 
contamination, also the re-release of stored Hg from aquatic and terrestrial ecosystems, due to 
changes in climate, have to be considered (Pacyna et al., 2006).  

 

1.3 Aquatic mercury cycle  

Focusing on different pathways for Hg to enter an aquatic ecosystem, atmospheric deposition is 
the main source. Minor contributors for the external Hg loading can be bogs, upland runoff or 
sediment porewater (Hines and Brezonik, 2007). 

Once Hg reaches lakes or rivers, it can be absorbed by aquatic biota, lost to the atmosphere or 
transported with sediment particulate matter. Depending on the depth of the water column, the 
season and region mercuric pollutants can occur in dissolved, colloidal or particulate phases. 
Subsequently a fraction of the Hg may be methylated (MeHg) by sulfate-reducing bacteria or 
enters the aquatic food chain via phytoplankton or bacteria. In order to get stored in fish, Hg has 
to be accumulated and biomagnified which means an increasing Hg concentrations in biomass at 
higher trophic levels (Morel et al., 1998). Methylmercury can be obtained by fish from food and 
from water, but according to Hall et al. (1996), Hg uptake via food is relatively high compared to 
the uptake via gills. Their study confirms that fish feeding on zooplankton with high 
concentrations of MeHg have significantly higher Hg concentrations in their bodies than fish 
feeding on zooplankton with lower amounts. But even if food is the dominant pathway and 
contributing nearly 85% of the MeHg to fish, Hg uptake via gills from water shouldn’t be neglected 
(Hall et al., 1996). 
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1.4 Trends in biota and future predictions  

The global mercury cycle and its effect on aquatic ecosystems, in particular the role of fish 
regarding bioaccumulation and biomagnification, is still not fully understood. Future trends, 
changes or developments are difficult to predict. Several studies indicate increasing levels of 
mercury entering our environment caused by different natural and anthropogenic processes.     

One of the key drivers in these processes that may release Hg is the ongoing climate change on 
earth. Cortizas et al. (2007) examined the relation between climate and peat decomposition 
resulting in an enhanced release of Hg. This shows the direct effect on the current mercury cycle in 
peatlands that act as a natural sink for Hg. Further studies show that higher rates of Hg are 
released from arctic peatlands due to the melting of permafrost in response to a warming climate 
(Rydberg et al., 2010). 

Another important factor affecting the Hg concentration in aquatic food webs is carbon. The 
analysis of DOC trends across northern Europe, North America and United Kingdom shows a 
significant increase over last three to five decades (Evans et al., 2005). Dissolved organic carbon 
influences the complexation, microbial and photochemical processes within the Hg-cycle but its 
effect on bioaccumulation is still enigmatic and complicated. French et al. (2014) demonstrated the 
connection between Hg uptake in lakes and its binding thresholds on DOC, using the Mercury 
Bioaccumulation Response Curve (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

     

This curve illustrates the Hg bioaccumulation depending on the DOC concentration in the lake 
water. Low DOC (DOC<Tc) promotes the bioaccumulation of Hg while high DOC (DOC>Tc) leads 
to the opposite reaction. A potential reason for this behaviour is the complexation of DOC and 
MeHg that limits bioavailability and bioaccumulation. Further, the additional inputs of other 
metals, such as aluminium (Al), compete with MeHg and decrease its binding to organic ligands 
resulting in an increasing bioavailability. Therefore, bioavailability appears to be regulated by 
different complexation dependent on different organic bindings (Driscoll et al., 1995).  

 

 

 

Figure 2: Expected threshold for Mercury 
Bioaccumulation due to Hg-DOC binding in 
aquatic environments (French et al., 2014) 
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1.5 Aim and hypotheses of the study 

To improve the understanding of mercury cycling in aquatic systems and their food webs, it is 
important to study the mercury uptake in fish. The aim is to study two environmental factors that 
may enhance or diminish the mercury uptake in fish; e.g. temperature (warming) and DOC 
concentrations. In order to test the hypotheses: 1) increased mercury uptake in fish due to 
additional DOC input, and 2) higher water-temperatures change the mercury uptake in fish, my 
study investigated these effects of both environmental factors by measuring the mercury 
concentration stored in fish bodies in mesocosm experiments with different amendments of DOC 
and temperature exposures.    

  

 

2. Material and Methods 

2.1 Study Side 

The experiment took place at the Experimental Ecosystem Facility (EXEF) at Umeå University, 
located in Röbäck, Umeå. EXEF is a large-scale experimental pond system containing 20 pools, 
each with a size of 123 m³ (11.5 m long, 6.7 m wide and 1.6 m deep) (Figure 3a and 3b). The pools 
are open in order to guarantee natural exchange processes with the environment. The facility was 
set up for studying whole-ecosystem responses to climate change, focusing on increasing 
temperature and dissolved organic carbon (DOC) input. 
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Figure 3a and 3b: Experimental Area in Röbäck; 20 ponds with different treatments (temperature and DOC)  

 

All 20 sections are filled with similar water volumes in which eight ponds receive water from a 
mid-size stream close to Umeå and the other eight ponds get their water from a groundwater 
source. The four sections located in the middle of the experimental area, numbers 9-12, are filled 
with tap water. Each section has separate filling and evacuation systems, pumping 3-4 L/min 
freshwater 24 hours per day during the ice-free season, from May till October. The facility aims for 
ensuring a functional ecosystem for each pond that is as natural as possible and without further 
anthropogenic influences.  

DOC 
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All sections consist of a naturally occurring food web, including zooplankton, macro invertebrates 
and a fish top-consumer population of three-spined sticklebacks that can reproduce yearly. These 
food webs with a top consumer intended as fish indicators are designed to study the effect of 
climate change, especially increasing temperature and raising dissolved organic carbon (DOC) 
concentrations on aquatic ecosystems (Jonsson et al., 2015).  

 

2.2 Experimental Design 

Eight ponds, numbers 1-8, are warmed with heat exchangers to 3°C above ambient temperature. 
Pond numbers 14-20 are not heated (at ambient temperature) and represent the so-called “cold” 
sections. The tap water filled ponds (9-12) are functional buffers to assure that neither the cold 
sections nor the warm sections influence each other. Furthermore, four cold ponds (13,14,17,18) 
and four warm ponds (3,4,7,8) receive additional dissolved organic carbon (DOC) from a nearby 
river. The cold and brown water pools contain about 11.4 +/- 0.2 mg/L DOC, which is 
approximately 7 mg/L DOC more than the ambient-clear water pools (4.4 +/- 0.6 mg/L DOC). The 
same treatment is used in the heated sections, where the warm and brown water pools contain 9.4 
+/- 0.3 mg/L DOC in comparison to the warm and clear water pools with 3.6 +/- 0.2 mg/L DOC. 
The DOC enclosure is situated next to the pond system and adds DOC water equally into the 
chosen sections. The result is an experimental setup consisting of four pools with warm water and 
no extra DOC input (ponds 1,2,5,6), four pools with warm water and additional DOC (ponds 
3,4,7,8), four pools with cold water and no additional DOC input (ponds 15,16,19,20) and four 
pools with cold water and extra DOC input (ponds 13,14,17,18). 

 

2.3 Methods   

The sampling of the fish took place during July, September and October 2013. Three-spined 
sticklebacks were collected from each pond and either stored in plastic bags or freeze-dried into 
powder. For the freeze-drying process, the head and the gut of the fish were cut off and only the 
“fillet” of the fish were used for measurements. To make sure to be able to compare the data of the 
fillets to the whole fish the original wet-weight of the fillets was measured beforehand. The freeze-
drying process is usually performed in vacuum and allows the conservation of inherent physical 
and chemical substances (e.g. methylmercury) (Mellor, 1967). In order to measure the amount of 
Hg stored in the fish bodies, I used a Milestone DMA80. This method is based on thermal 
decomposition, amalgamation and atomic absorption spectrometry (TDAAS) and analyzes the Hg 
concentration directly in the samples without any preparation (Leiva et al., 2013). Before putting 
the fish samples into the mercury analyzer, each sample was weighed and the number of fish was 
listed. Each sample consisted of 1-7 fish. For the calibration of the Hg concentration I used a solid 
standard reference material (SRM) with a known concentration of mercury and an Apple sample 
(NAST 15801) which confirms whether the Hg concentration is variable or not. Each fish sample, 
the wet-weight samples and the freeze-dried samples, consist of 4 fish on average. The fish for the 
wet-weight samples grew in one and the same experimental water pond whereas the fish for the 
freeze-drying process came from different ponds but with similar treatment. Due to the removed 
head and gut of the fish for the dried samples, the values of the analysed mercury concentration 
have to be re-calculated to their original wet-weight.  

Furthermore, some samples consisted of enough fish or powder to do lab-replicates, meaning to 
analyse just half of the original sample and using the other half as lab-replicate. These replicates 
were also measured with the Milestone DMA80 and were used to confirmed the accuracy of the 
original sample. In total I could use 13 samples to run lab-replicates, 11 whole fish samples and 2 
fillet samples. 

Thus, each measurement for this study is a composite of several fish and the results are therefore 
representative for each pond and its treatment.    



6 

 

3. Results  

All my results are based on the data I got from running the samples with the Milestone DMA80 
and no statistical tests were used. 

3.1 Fresh (whole) and freeze-dried (fillet) fish samples  

The results reveal a much higher Hg concentration in samples from wet weight fish, but both show 
the same pattern for the different pools and treatments (Figure 4). The percentage of Hg from 
freeze-dried fillets in reference to the Hg concentration of the wet samples vary between 24% in 
warm and clear pools, 41% in warm and brown pools, 45% in cold and brown pools and 72% in 
cold and clear pools. The comparison also suggests that Hg uptake might be greatest in cold and 
brown water and least in warm and clear waters. 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Lab-replicates 

Lab-replicate samples (Figure 5) for this study were not taken from each sample of each pool due 
to varying sample material. Most lab-replicates correspond well with their original sample and 
deviate only within 4 µg/kg Hg from each other. But the samples from pool 4, 16b, 17a and 17b 
exhibit different results. Their values differ from 7 µg/kg Hg in pond number 16b, 8 µg/kg Hg in 
pond number 4, 11 µg/kg in pond number 17b up to 13 µg/kg Hg in pool 17a. Meaning a percentage 
deviation of 26% for sample 17b, 34% for sample 17a, 37% for sample 16b and 59% for sample 4 
between the measured Hg concentration from fish and their lab-replicates. The lab-replicates from 
the fillets also correspond with each other, although they represent two pools with the same 
treatment. The deviation in the fillet sample 4;7 is 21% whereas the fillet sample 2;5 varies only 6% 
regarding the original mercury concentration in fish.   

 

 

 

  

Figure 4: Mercury concentration of all whole and fillet fish samples. The 
fillet samples are calculated to their original fresh weight. The 
percentage value represents the different Hg concentration of the fillets 
compared to the whole fish.    
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3.3 Sampling occasion 

The fish samples were taken during July, September and October 2013. Their analysis highlights a 
varying Hg concentration related to the sampling period (Figure 6). In warm and clear water pools, 
the concentration in July (Hg=8.6 +/- 2.6 µg/kg, n=4) increased linearly until October (Hg=24.0 
+/- 8.3 µg/kg, n=1). The same trend is presented in pools with warm water and high DOC 
concentration. Starting with a Hg concentration about 17.0 +/- 5.8 µg/kg (n=4) in July, 28.6 +/- 
3.3 µg/kg (n=4) in September and finally 44.1 +/- 13.4 µg/kg (n=1) in October. The samples from 
cold water with either high or low amount of DOC do not follow the same linear pattern. In cold 
and brown water pools, the lowest Hg concentration was also measured in July (Hg=17.2 +/- 7.4 
µg/kg, n=4). Subsequently the Hg concentration increased excessively to 34.4 +/- 4.7 µg/kg Hg 
(n=4) and stays stable until a minimal decrease down to 32.9 +/- 3.9 µg/kg (n=3) in October. 
Unlike the other treatments, the fish samples from pools with cold water and low DOC 
concentration show a hill shaped pattern. The Hg concentration in July (Hg=15.3 +/- 5.3 µg/kg, 
n=4) and October (Hg=18.0 +/- 1.8 µg/kg, n=3) differ only within 3 µg/kg Hg. A peak emerged in 
September almost twice the amount of mercury (Hg=29.5 +/- 2.5 µg/kg, n=3) compared to the 
results from July and October.  

 

 

 

 

 

 

Figure 5: Comparison of mercury concentrations from fish samples and their lab-replicates, with 
1-7 fish per composite sample. Pool 16 and 17 have two lab-replicates due to two original samples 
with enough sampling material. The fillet samples are taken from pool 4 and 7 as well as pool 2 
and 5.  

 

    fillet 
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3.4 Treatments  

Two main treatments were applied, DOC input and variation in temperature.  

3.4.1 Temperature 

Focusing on temperature, the comparison of the average Hg concentration [µg/kg] from the cold 
and the warm pools showed higher results in the colder environment (Figure 7). Even if the 
difference between the cold pools (Hg=22.0 +/- 4.5 µg/kg, n=21) and the warm pools (Hg=18.7 +/- 
4.3 µg/kg, n=17) is not significantly high, it still shows an increased Hg concentration in fish that 
are living in cold water. This trend continues when analysing the data from the dried fish samples. 
In this case the fillets from cold pools have almost the double amount of mercury (Hg=12 +/- 2.2 
µg/kg, n=4) compared to fillets from warm water pools (Hg=7 +/- 1 µg/kg, n=4). The calculations 
for this trend are only based on the different temperature of the pools, regardless of their DOC 
concentration. 

 

 

 

 

 

 

 

 

 

Figure 6: Average mercury concentration from each sampling date 
(July, September and October) and treatment in comparison.   

 

Figure 7: Comparison of Hg concentrations in warm and cold-
water pools from all whole and fillet fish samples. Standard 
deviation is included.   
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3.4.2 DOC 

The analysis of the different DOC concentrations and its effect on mercury cycling  within the 
aquatic food chain reveals that brown water lakes are more successful in terms of mercury 
bioaccumulation and biomagnification. The average amount of Hg from both fish samples, whole 
fish and fillet fish, result in higher Hg concentrations for fish raised in water with an additional 
DOC input (Figure 8). In contrast to the variation in temperature, the effect on the Hg uptake 
caused by different DOC levels seems to be significantly stronger. The fillets from the brown water 
pools absorbed around 1/3 more Hg than the fillets from clear water pools and an even stronger 
absorption, almost the double amount of Hg concentration, had been found in the wet weight fish 
samples.    

 

 

 

 

 

 

 

 

 

 

 

 

3.4.3 Temperature and DOC 

Whe investigating the role of temperature and DOC regulating the mercury uptake in fish, the four 
different treatments, warm and clear, warm and brown, cold and clear and cold and brown, are 
shown side by side (Figure 9).  

In pools with higher temperatures in terms of their DOC inputs (Figure 9A), higher Hg 
concentrations are found in samples from pools with added DOC. The average Hg concentration in 
warm pools with added DOC is 25.2 µg/kg (n=9) while pools with lower amount of DOC have an 
average Hg concentration of 12.3 µg/kg (n=8). The standard deviation of 5.5 µg/kg for warm and 
brown pools (additional DOC) and 3.0 µg/kg for warm and clear pools confirms the strong impact 
of dissolved organic carbon on the mercury cycle in aquatic food chains.  

The analysis of cold water pools (Figure 9B) verify the hypotheses about the strong relationship 
between higher Hg concentrations and greater DOC inputs. In the mean values, the curve of the 
cold and brown water fish samples is always higher than the curve of the cold and clear water 
samples. Even if the lowest Hg concentrations in both treatments (cold/clear Hg=8.7 µg/kg and 
cold/brown Hg=14.5 µg/kg) diverge considerably from the highest measured Hg concentrations 
(cold/clear Hg=29.3 µg/kg and cold/brown Hg=43.2 µg/kg), the standard deviation of 3.4 µg/kg 
Hg for cold and clear water pools and 5.5 µg/kg Hg for cold and brown water pools indicates a 
clear pattern.   

 

Figure 8: Mercury concentration of whole and fillet samples depending 
on the amount of dissolved organic carbon; “brown” indicates additional 
DOC input. Standard deviation is included.  
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Comparing the calculated results from the pools with warm water and no added DOC and pools 
with cold water and also no added DOC input (Figure 9C) reveals no distinct tendency for one 
treatment. The average Hg concentration of the samples from clear and warm water pools is 12.3 
µg/kg +/- 3.0 µg/kg whereas the Hg concentration in clear and cold water pools amounts to 16.3 
+/- 3.4 µg/kg Hg. The lowest concentration is found in a sample from a clear and warm water pool 
(Hg=4.1 µg/kg) while the highest Hg concentration is measured in a sample from a clear and cold 
pool (Hg=29.3 µg/kg). Briefly, the patterns of the graph suggest a weak but discernible trend for 
higher Hg bioaccumulation and biomagnification in pools with clear and cold water related to 
pools with clear and warm water. 

The investigation of fish samples from pools with high DOC concentrations and varying 
temperatures (Figure 9D) showed no significant distinction except of two high peaks in each 
treatment. Sample number 5 from a pool with high DOC and warm water contained 44.1 µg/kg Hg 
and sample number 7 contained 43.2 µg/kg mercury. Putting the average Hg concentration from 
both treatments in contrast, 27.7 +/- 5.5 µg/kg Hg for brown and cold pools and 25.2 +/- 5.5 µg/kg 
Hg for brown and warm pools, the discrepancy is about 2 µg/kg Hg. Both curves show an increase 
in mercury concentration from the first sample until the last one but this pattern can be neglected 
due to the random sequence of samples.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B 

C

 

D 

Figure 9: Mercury concentration from heated pools with different DOC input (A); mercury concentration from 
pools at ambient temperature and different DOC input (B); mercury concentration of heated and ambient 
temperate pools without additional DOC input (C); mercury concentration of ambient and heated pools with 
additional DOC input (D). 
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4. Discussion 

 

4.1 Whole and fillet fish samples 

The analysis of the two different types of samples, the “whole” wet-weight fish and the “fillet” 
freeze-dried fish, demonstrate much higher levels of Hg concentrations in the whole fish samples 
than in the fillet samples. One possible explanation for these results is based on the different 
treatment of the samples. The Hg concentration of the fillets was back calculated from the dried 
samples, without head and gut, to the original wet-weight of the fish. However, it is important to 
consider that the accumulation of Hg in organs and other tissues of fish can vary greatly (Boalt et 
al., 2014). In 1983, Honda et al. published a study on the concentration and distribution of heavy 
metals in certain fish tissues and organs. He focused on muscle, liver, ovary, testis and skin and 
discovered high mercury concentrations in liver and testis and lower concentrations in muscles 
and ovaries. Several following studies agreed with the hypothesis that Hg bioaccumulation differs 
between fish muscles and organs – but these studies are partly based on different results. 
According to Has-Schön et al. (2008), the highest Hg concentration in most fish types are 
accumulated in muscles and gills and lower concentration were found in the liver and gonads. 
Furthermore, if Hg enters a fish body it can bind easily to proteins (Mason et al., 2000) and 
influences the accumulation process. Due to the incomplete knowledge of the varying protein 
concentrations in different body regions, it is quite difficult to determine and calculate the Hg 
accumulation of certain organs or fish tissues, for instance head and gut. Therefore and based on 
my results, I assume that the lower Hg concentration in the fillets are caused by the missing head 
and gut. These parts of the fish might contain higher amounts of Hg compared to the rest of the 
body and thus, removing them might cause the lower calculated Hg concentration in the fillets.                  

 

4.2 Replicates 

In general, most of the lab-replicates accord with their original fish sample and deviations are not 
uncommon. The differences that occurred in the measurements of pool 4, 16b, 17a and 17b could 
be explained by different fish numbers (1-7 fish) within the samples, as well as varying fish sizes 
(Reist et al., 2006). Various explanations might be plausible but in my opinion, the results are 
representable despite their deviations.    

 

4.3 Changing mercury concentrations over time 

Each pond, regardless of its treatment, showed a significant change in Hg concentration from July 
until October. Generally, the amount of Hg in fish increases over the summer period due to 
different biotic and abiotic factors. It is important to be aware of the fact, that fresh inputs of Hg to 
aquatic ecosystems have the highest availability for Hg bioaccumulation and methylation (Jonsson 
et al., 2014). One interesting component affecting the Hg bioaccumulation over time is climate, 
particularly the precipitation rates and changes in temperature. Atmospheric deposition and 
consequently precipitation is known as the main input of Hg to aquatic ecosystems (Hines and 
Brezonik, 2007). In my experimental study area close to Umeå, the highest temperatures and 
precipitation rates are measured in July and August (climate-data.org). However, these abiotic 
effects are not sufficient to cause the varying Hg concentration in the fish samples. It is more likely 
that increasing Hg levels depend on the time that is given to store and bioaccumulate this 
substance. Heidi et al. (2010) and Muir et al. (2005) examined the correlation between Hg 
bioaccumulation and biomagnification. They concluded that fish with advancing age will have 
stored more Hg in their body than younger species. Due to my study results, I can only support 
this hypothesis but would also suggest that further research has to be done regarding long-term 
Hg bioaccumulation in fish.     
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4.4 The effects of temperature and DOC input  

4.4.1 Temperature 

According to my results, 18.7 +/- 4.3 µg/kg Hg in warm pools and 26.5 +/- 5.5 µg/kg Hg in brown 
pools, higher temperature and additional DOC input support and intensify the bioaccumulation 
and biomagnification of Hg in aquatic ecosystems and their food webs. Higher water temperatures 
seems to have a less significant effect on the Hg concentration in fish than the additional DOC 
input. My study shows that the difference between cold and warm pools vary within 5 µg/kg Hg 
and between clear and brown pools within 12 µg/kg Hg. This might be the result of different and 
opposed chemical, thermal and biological processes due to the higher water temperatures. 
However, the following hypothesis are all based on the assumption that the two different water 
sources that are used for filling the ponds, do not differ in their water chemistry (i.e. Hg content) 
and therefore impact our results.     

In general, the Hg uptake in fish is primarily regulated by the accumulation of MeHg in phyto- and 
bacterioplankton at the base of the food chain (Mason et al, 1996). Temperature stimulates the 
production rates of microorganisms and invertebrates and enhances therefore the production of 
MeHg in the lowest levels of the food chain (Shuter and Ing, 1997). This change in production 
might impact the whole food web, starting from the bottom up to the top consumer. Due to this 
bottom-up effect, increased Hg levels at the base of the food chain will result in enhanced Hg 
bioaccumulation and biomagnification in fish.  

My results are based on data from small water ponds but if you focus on a whole lake system, more 
significant effects will be caused by warmer temperatures. For instance, climate warming will 
increase the density difference between surface and bottom waters. This usually affects the thermal 
stratification and can promote plankton succession by reducing the mixing depth of phytoplankton 
and improving their light environment (Korhola et al., 2002). This effect on the water stratification 
may lead to an increased production of MeHg and accordingly to an increased Hg uptake in fish. In 
addition to altered Hg concentration in food sources, food web structure and food chain length 
play an equally important part regarding Hg bioaccumulation. Fish and other individuals have 
different thermal preferenda (preferred optimal temperatures) that control fish growth rates. By 
changing the water temperature, the availability of water with certain temperatures is limited and 
might ensue competition, affecting the food web structure. Depending on their thermal optima, 
the growth rates of fish regulates their Hg concentration (Reist et al., 2006). The larger the fish 
body the less Hg will be stored per milligram weight. Meaning higher temperatures could promote 
higher growth rates leading to decreasing Hg levels in fish and a reduced bioaccumulation 
(Simoneau et al., 2005). This scenario is an example for the impacts of higher temperatures on a 
natural aquatic ecosystem, showing a cascade of events which length and extent depend on the size 
of the experimental area. The larger and more complex the impacted area, the bigger the effects 
will be.   

 In conclusion, higher water temperature may enhance but also diminish bioaccumulation, which 
might be an explanation for my study results in Figure 7.  

 

4.4.2 DOC 

Focusing on the clear-water pools (14.3 +/- 3.2 µg/kg Hg) and the brown-water pools (26.5 +/- 5.5 
µg/kg Hg), my results show a significantly high Hg concentration in pools with additional DOC 
input. This outcome agrees with several studies and hypotheses about the promoting effect of DOC 
on the mercury cycle in aquatic ecosystems. In 1995, Discroll et al. published a study about the role 
of dissolved organic carbon regarding the chemistry and bioavailability of Hg that showed a 
relationship between DOC input and increasing Hg concentrations in fish. As explained above (Fig. 
2) DOC may promote as well as inhibit Hg bioavailability and its accumulation.  
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The Hg concentration in fish will rise with increasing DOC input up to some value above 8 mg C/L, 
the DOC threshold concentration (Tc). If the DOC concentration in the water exceeds the Tc, the 
Hg bioaccumulation in fish will decrease (French et al., 2014). This process is driven by a shift in 
Hg binding from fulvic acids to humic acids, either caused by the complexity of the Hg-DOC 
photoredox chemistry (Garcia et al., 2005) or the greater Hg bioavailability due to the low 
molecular weight (fulvic) organic acids (Golding et al., 2002). Besides supporting the hypothesis 
that DOC enhances Hg bioaccumulation, there are still several studies reporting a negative 
correlation between DOC and Hg bioaccumulation. Choi et al. (1998) determined a decline in 
MeHg uptake across the gills due to additional DOC input. This hypothesis is based on the 
assumption that the MeHg binding to DOC in water will reduce the ability to pass across gill 
membranes and therefore decrease the amount of Hg attaining the fish bodies (Kerndorff and 
Schnitzer, 1980). However, recent studies mostly support the hypothesis of a positive correlation 
between DOC and Hg bioaccumulation. Most studies suggesting the opposite were conducted prior 
to 2000 and might show deficits due to their more restricted and less developed research methods. 
Therefore, and based on my results, I agree with French et al. (2014) and his idea about the Hg 
bioaccumulation defined by a threshold response to Hg-DOC binding.    

 

4.4.3 Conclusion 

In conclusion, the outcome of my study confirmes both hypotheses concerning the effects of DOC 
input and water-temperature on the Hg uptake in fish. Additional DOC input leads to significant 
increases in Hg concentration in fish whereas higher water-temperature decreases the Hg uptake. 
However, more extensive research and studies have to be conducted in order to come to reliable 
conclusions for future predictions especially regarding the ongoing climate change and its effect on 
the aquatic mercury cycle. 
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