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Abstract 
Environmental contamination with heavy metals, especially of soils, has been a continuous 
problem worldwide since the beginning of the industrial revolution. Heavy metal emissions 
have increased continuously since 1900  and the metals accumulate in the environment. Pulp 
and paper mill factories, and factories which  produce sulphuric acid emit heavy metals, 
among others lead (Pb), copper (Cu) and zinc (Zn). Results from previous studies showed 
that the soils near factories had higher concentrations of these pollutants than the control 
place. In this study I want to determine the effects of industrial heavy metal emissions of one 
historic and one present industry on nearby soil heavy metal concentrations.  
Samples were taken near one historically heavily contaminated site, the old sulphite factory 
in Rydöbruk (1897-1944) and near the present Stora Enso paper mill in Hyltebruk. As a 
control site, I compared these with Rocknen nature reserve area.  
At each site I took 6 soil samples, representing the top 15-20 cm of soil and organic material. 
Samples were analysed with an Atomic Absorption Spectrometer and the concentrations of 
lead, copper and zinc were determined per ashed dry material. 
I analyzed the samples at the laboratory using the guideline from the Swedish Standard 
Institute for water analysis. 
The concentrations of the soil samples showed no significant difference between the nature 
reserve area and the industrial sites (One-way ANOVA). This was due to very variable 
organic content within and between the sites. 
Organic content of the samples has a significantly effect on the metal concentrations for Pb 
and Cu (Linear Regression test). In conclusion, metals can accumulate in the vegetation, and 
in case of Pb and Cu there is a correlation between their concentration and the amount of 
organic matter. Therefore in future studies it is best if soil with very high organic content or 
vegetation is used to determine if forest soil near industries are affected by past or present 
industrial emissions of heavy metals. 
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Summary 
 Heavy metal contamination tend to be a challenge across the world because of their effect to 
the plants, animals, humans and ecosystem. Heavy metals are deteriorate the quality of 
atmosphere, water, soil and the human health. They can accumulate in vegetables/fruits 
grown in kitchen gardens near industries and they can accumulate in wild animals as well 
who are grazing in the forest, thus people who are living near industries have several ways to 
take up heavy metals via their food, which can affect their health. These pollutants can also 
deposit in the water bodies and affect wells. Soil pollution by heavy metals increases and the 
pollutants are accumulating and biomagnifying in the environment and in the organisms. 
Heavy metal contamination of food is a worldwide phenomenon and have a human health 
hazards, they are carcinogenic and may cause diseases related kidney, blood, cardiovascular 
and bone disease. The aim of this study to evaluate the contribution of industries to the 
environment with heavy metal pollution by comparing two areas near industries with a nature 
reserve area. The question is that are the heavy metal concentrations higher in the soil 
samples taken near the industrial area compared with the samples taken in the nature reserve 
area? To answer it i investigated three places in Halland and Kronoberg county in south 
Sweden. One of the industrial area is a pulp/paper mill in Hyltebruk, an other is a previous 
sulphite factory in Rydöbruk and the reference site is a nature reserve area called Rocknen. I 
took six samples from the three sampling places and prepared them for the analysis by drying 
first, and after placed them to the furnace to get rid of the organic matter in the soil. After the 
furnace i added nitric acid to each, placed them to the autoclave and filtered the liquid 
samples in to a volumetric flasks. When the samples were filtered I added deionized water to 
each so every samples were 100 ml. I analyzed the heavy metal concentrations by an Atomic 
Absorption Spectroscopy and performed a Statistical analysis for the results to find out it 
there are any significant difference between the places near the industries and the nature 
reserve area. To answer my questions I used One-Way ANOVA statistical test to analyze the 
results of the concentrations calculated for dry samples in each. The results have not shown 
significance for any of the metal concentrations in the different sampling sites. According the 
Linear Regression statistical test the concentrations of the metals are significantly correlate 
with the amount of organic mass for Pb and Cu, which suggests that heavy metals accumulate 
in the vegetation. It depends of the purpose of the land use to evaluate the target values for 
different exposure pathways, so to make sure about the target values and that the actual area 
meets with the desired conditions, need consider the target values for different kind of 
activities and exposure routes by taking contact with the authorities, local municipal agencies 
and the government who has their already existing data, different target values and the 
calculations for it, environmental laws and assessments to determine the suitabilities of land 
areas. 
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1.Introduction 

1.1 Background 

Soil pollution with heavy metals caused by different industries is a continuous issue since the 
industrial revolution worldwide (Liu et al., 2017). The consequence of these activities is the 
deposition of heavy metals on top soils and water bodies (Agoumo et al., 2017). 
Heavy metal contamination of the biosphere has increased since 1900 because metal leftovers 
accumulate in the environment. Pulp and paper mill factories contribute to the heavy metal 
emissions such as zinc (Zn), copper (Cu), chrome (Cr), cadmium (Cd), iron (Fe) and lead ( 
Pb). Samples taken near a paper factory tend to show higher concentrations than the samples 
from a reference site (Adoli et al., 2010). Factories producing sulphuric acid may emit 
elements with potential for adverse environmental impacts. The extraction of sulphur 
produces a hematite-rich waste which calls roasted pyrite ash and the procedure emits a 
number of potentially polluting elements such as Cu, Pb and Zn (Oliveira et al., 2012). 
Therefore are the industries seems to be contribute heavily to soil pollution. 
  
The soil serves as a reservoir of contaminations because it receives huge amount of pollutants 
from different sources and the soil is considered to be the main recipient for heavy metal 
pollution because these pollutants are depositing there (Agoumo et al., 2017), and the main 
recipient of the atmospheric metal pollutants is the topsoil (Adoli et al., 2011). Soils can be 
used as a diagnostic tool to evaluate the environmental conditions of an area because of its 
capacity to receive the pollutants (Navarrete et al., 2017). Zn and Cu are essential metals for 
organisms but in too high concentrations can have deleterious effects. Pb is toxic even in low 
concentrations to all life forms (Schneider et al., 2018). For that reason the conditions of the 
soils can affect several factors such as health and ecosystem. 
  
All heavy metals are dangerous to the human health in the form of their cations and if they 
are bonded to short chain of carbon atoms (Baird et al., 2008). As Singh et al., (2017) says, 
these metals have negative effects on neurological system, arterial system of the human 
kidneys, adverse changes on the gastrointestinal system and it can disrupt the transport 
activities of the phosphate bio-compounds. Pb and and Zn have a potential to affect the 
neurological system, kidney function, ossification process and other organs (Singh et 
al.,2017). Lead exposure is associated even with the damages in the human central nervous 
system and kidneys, having impact on psychological and neurobehavioral functions ; causes 
oxidative stress and several chronic diseases and copper exposure causes damages in proteins 
and lipids (Dong et al., 2017). Thus it is important to understand how and where humans are 
exposed to these metals, so we can minimize human exposure. 
  
  



Heavy metals are transported from one place to another via the air, either as a gas or as 
species absorbed on or in, suspended particulate matter (Baird et al., 2008).  Heavy metals in 
soil can be transferred in to the human body by dermal contact, soil ingestion and inhalation 
of soil dust, and it degrades the quality of atmosphere, surface - and groundwater, soil and 
food crops (Diami et al,. 2016). Many heavy metals biomagnify, which means that their 
concentrations increase in the food chain. Plants, such as vegetables, fruits and forest 
vegetation take up heavy metal contamination from the air, soil and water and transfer them 
into the food chain (Agomuo et al., 2017) to animals and finally humans. Therefore, it is 
important to monitor the soil conditions depending on the desired land use or activities within 
an area. 
  
Leaching and transport of contaminants from the soil into groundwater and surface water is 
also an issue in connection with soil pollution by heavy metals. For example, the results from 
the remediation  in Rydöbruk`s previous sulphite factory in a channel within the industry area 
showed higher levels of Zn, on several occasions it exceeded the proposed limit value for 
surface water (for soft water 3 μg /l). 
 
 

1.2  Hypothesis 
Based on the scientific literature (Agoumo et al., 2017, Adoli et al., 2010, Adoli et al., 2010, 
Oliveira et al., 2012, Mazurek et al., 2016) my  hypothesis is that the concentrations of the 
metals -  or some of them - will be higher in the previous and a present industrial area than 
the referencereference site. Because heavy metals tend to be persistent and they are not 
biodegradable or not completely leached out (Mazurek et al., 2016), I assume that they are 
still present in the soil around the previous sulphite factory in Rydöbruk. 
 
 
 
 1.3 Aim 
The aim with this work is to evaluate the contribution of the pulp/paper mill and a previous 
sulphite industry to heavy metal pollution of the nearby forest soils by measuring the 
concentrations of lead, zinc and copper of forest soil samples so I can answer the questions 
below. 
  
 
 
 
 
 
 
 



1.4 Questions 
1. Are the three studied heavy metal concentrations in soil samples higher in the in forests 
near the industrial areas than the reference site further away from industries? 
  
2. Do these heavy metal concentrations increase in soil samples with increasing proportions 
of organic matter? Meaning do heavy metals bioaccumulate in the organic matter? 
  
 

1.5 Delimitation 

In this study I investigated only the concentrations of the metals in the soil samples. I didn`t 
measure pH value of the soils, I did not investigate other soil characteristic and I have not 
determined the exactly soil type. The accurate definition of the vegetation has not been made. 
Some soil characteristic and the behaviour of some metals in them are mentioned in the 
discussion. The soil samples I used for the study I took randomly around the industrial areas 
and in the nature reserve.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

2. Methodology 
The work is largely based on qualitative information searching, field work, laboratory and 
statistical analyses. In the beginning, I performed literature search to get a basic 
understanding of the heavy metal accumulation and contamination in the soil and its adverse 
effects on human health and ecosystem. Then I mapped the three area where I took the soil 
samples. After sample collection, I conducted the laboratory analyses. Results were finally 
analysed statistically to test for differences in heavy metal concentrations between sites, as 
well as a relationship between organic matter content and contamination. 
  

2.1 Literature research 

First of all I used One search in the Halmstad University`s database to find relevant articles. I 
chose English as language and articles which were published after 2010. The keywords used 
in the database were: “heavy metal”, “accumulation”, “soil”, “source”, “human health”, 
“emission”, “paper mill”, “vegetation”. I chose the relevant articles through reading the 
abstract and after reading the article to see how suitable the content to the work is. I found 
some articles in the Sweden`s Geological Survey`s (Sveriges Geologiska Undersökning) web 
page and in the official web pages of the municipalities. I got a scientific article and several 
appendix about environmental remediation of the area around Rydöbruk from my supervisor. 
The map of the nature reserve area is from the Kronoberg County Government`s 
(Länsstyrelsen Kronoberg) web page and I used a Comprehensive plan from Ljungby 
municipality`s web page for my third sampling place, the nature reserve area. I used the 
Swedish Environmental Protection Agency`s (Naturvårdsverket) webpage to find reports 
about general informations and target values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Table 1. Database and keywords used in literature search for scientific articles. 

Database Keywords Number of hits Articles used 

One Search heavy metal, accumulation, toxic* 85852 1 

One Search heavy metal, human health, association 18648 1 

One Search heavy metal, human health, soil 35661 1 

One Search heavy metal, sources, soil 76309 1 

One Search heavy metal, emission, paper mill 2188 1 

One Search heavy metal, essential, bioaccumulation 12379 1 

One Search heavy metal, accumulation, vegetation 16032 1 

One Search heavy metal, traffic, contribut* 15034 1 

One Search heavy metal, concentration, vegetation 22888 1 

One Search forest soil, heavy metal, accumulation 7821 1 

One Search geochemical, heavy metals, anthropogenic 12085 1 

One Search heavy metal*, mobility, soil* 31978 1 

 

2.2 Study site and study design 

I compared three sampling sites, two forest areas near industries which had a large amount of 
heavy metal emissions and a nature reserve area (reference site) far away from industries. I 
took six replicate soil samples from each site to compare metal contamination. 
Since the three metals I studied, Zn, Pb and Cu, also can originate from roads and vehicles - 
Zn is associated originate from tire and brake wear, Pb from the previous usage of leaded 
gasoline and Cu from brake lining material (Dong et al., 2017), all three sampling sites were 
equally closely located to roads so that they differ only with respect to industrial emissions. 
  
2.3 Sampling sites 
All three sampling sites are located in Halland and Kronoberg county, ca. 40 to 50 km east 
and north-east of Halmstad. The two industrial sites are located near the Hyltebruk paper mill 
and near the historic Rydöbruk sulphite factory. The reference site is located in the nature 
reserve Rocknen near Lidhult. The dominant soil type was brown soil profile (Andréasson et 
al., 2015) with a clay layer below in some places - it varied between the sampling sites. The 
vegetation  was a mixture of deciduous forest with coniferous forest.  
 



  
Stora Enso paper mill, Hyltebruk – The factory is located approximately 50 km east of 
Halmstad. According the Stora Enso`s official website the paper mill is one of the largest 
paper mill factory for journal paper in the world and it has an annual capacity of 480 000 
tonnes (newsprint) and 290 000 tonnes with pulp and is in production since 1907.   
 
Previous sulphite factory, Rydöbruk –The Rydöbruk site is located 40 km east of Halmstad, 
near a previous sulphite factory called Rydö Bruks AB. The factory was in production 
between 1897 and 1944 and has led to a high degree of contamination in the nearby areas in 
the soil – mostly with heavy metals (Sveriges Geologiska Undersökning, 2013). A 
remediation in Rydöbruk had been implemented through excavation, sorting and removal of 
the contaminated soil and backfilling with clean soil. The work took place between 
September 2013 and March 2014 (Kemakta, 2014). The samples were taken from the nearby 
forest, which was clearly not excavated (old forest). 
  
Reference site, Rocknen nature reserve area  – As reference site I used a nature reserve area 
away from industries, called Rocknenområdet (County Halland), approximately 7 km from 
Lidhult, near the lake Torseryd. 
  

2.4 Field sampling 

I gathered the samples from the topsoil because the ultimate sinks for heavy metals are the 
soil and sediment (Baird et al., 2008). I took ix soil samples of each areas, from a nearby 
forest soils which are located next to the previously mentioned industries, and in the nature 
reserve area. I took the soil samples from the upper layer of soil (approximately 15-20 cm 
deep) because heavy metals usually accumulate in the topsoil (Agoumo et al., 2017). I used a 
shovel and a wooden ruler to measure the depth of the soil when i took the samples. The 
topsoil in some places contained more organic material and moss (Appendix 3.). I collected 
the samples in a plastic jar and took in six randomly selected locations in every sampling 
areas (Appendix 2). 
I used google maps in my phone to determine the sampling locations and noted them by 
screenshots in each sampling sites and i put them together in one picture to get the 
approximate points there i was taking the samples (Appendix 2). 
  

2.5 Sample preparation and laboratory analyses 

The sample preparation and laboratory analyses were performed according to the Swedish 
standard SS 02 81 50, SIS (Swedish Standards Institute) Water analysis – Determination of 
metals by atomic absorption spectrometry, atomization in flame – General principles and 
guidelines and SS 02 81 52 and SIS (Swedish Standard Institute) Water analysis – Atomic 
absorption spectrometry, atomization in flame – Special guidelines for aluminium, lead, iron, 



cadmium, cobalt, copper, chromium, manganese, nickel and zinc (Swedish Standards 
Institute, 1993). 
  
I analysed the samples for concentrations of Zn, Pb and Cu. 
First, I prepared the samples for the analysis by measuring their wet weight - approximately 
5-6 grams/sample and dried them in the oven at 105⁰C. After drying, I weighed the samples, 
then they were placed in the furnace at 550 ⁰C during approximately 30 minutes. If, after this 
time organic matter was still visible in the samples.  I placed them again in the furnace for 
15-20 minutes. It was necessary to combust the organic material (ash-dry) to concentrate the 
metal concentration in the samples because a preliminary analysis showed that the metal 
levels were close to or below the detection level in the AAS (Atomic Absorption 
Spectrometer).  
 
I re-weight each sample (the leftover ash) in order to be able to calculate the organic content 
(= dry weight - dry weight after the furnace (ash)). Then I weighed 1 g of ash-dried samples 
into a pyrex container. I added 20 ml nitric acid to extract the metals. After that, I placed the 
samples in the autoclave for some hours to get the metal into solution by the heat together 
with the nitric acid.  
After digestion  some samples contained insoluble matter . These samples I left until the 
insoluble matter settled at the bottom. Several samples were still turbid because of the 
organic matter or sand, so I filtered each with a membrane filter (0.34µm) with a help of a 
plastic tube and a syringe. I took approximately 10 ml liquid from each samples and filtered 
in to the volumetric flasks through a membrane filter. I rinsed the tools with deionized water 
and i changed the filter between the filtration of each samples. When I was done with the 
filtration, I filled the samples with deionized water until each of them were 100 ml in the 
volumetric flasks, and the samples were analysed as described below.  
 
After this sample preparation, I analysed all samples by Atomic Absorption Spectrometer 
simultaneously for Cu, Pb and Zn. To determine the quantifications we used calibration 
standards and I started all analyse by measuring the prepared calibration standards (Swedish 
Standards Institute, 1993). 

2.6 Calculations 

After analyzing the metal concentrations in the Atomic Absorption Spectrometer in mg/l, the 
organic mass in the samples was calculated by subtracting the weight after the furnace (ash) 
from the dry weight (the weight before placing them to the furnace) so we get the weight of 
the organic content for each samples and after evaluated the organic content in percent by 
dividing the dry weight with 100 and after divide the organic content with this number, to get 
a percentage of the organic mass of each samples. 

-          Dry weight  (g) - ash (g) 
-          Organic content (g)  / (Dry weight (g) / 100) 



  
To evaluate the metal concentrations in the volumetric flasks we multiplied the results for 
metal content (mg/l) with 0,1 because the volumetric flasks were filled up to 100 ml totally, 
and after we multiplied this number with the result of the division 20 with filtered values 
(ml). The 20 is the number for the ml added nitric acid to the weighed (approximately 1 
gram) samples after furnace in to the pyrex container. To get the number for the 
concentrations in each volumetric flasks which were 100 ml and to get the concentrations by 
considering the weight of filtered samples in to the volumetric flasks. 

-          Metal content (mg/l) × 0,1 
-          Metal content (mg/l) × (20 ml / filtered sample) 

  
To get the metal concentrations in the dried samples we divided the metal concentrations 
(mg/100 ml) of the filtered samples (in the volumetric flasks (ml)) with the measured dried 
samples (after the furnace,approximately 1 g in each) what was weighed into the pyrex 
containers. 

-          Metal content of filtered samples in vol. flasks (mg/l) / measured ash (g) 
  

2.7 Statistical analyses 

A one-way ANOVA with post hoc test with sampling site as fixed factor was conducted. 
Response variables were the heavy metal (Zn, Pb, Cu) concentrations/dry weight. 
To assess if there as a relationship between metal concentration and the amount of organic 
material in the samples I conducted a linear regression with the metal concentrations/dry 
weight as dependent variable and the organic content (%) as an independent.  
 

  
 
 
 
 
 
 
 
 
 
 
 



3. Results  

3.1 Heavy metal concentration in dry samples at the different  sampling sites 

 
 Zn and Cu concentrations were highest in Rydöbruk (Figure 1. and Figure 3.). Pb 
concentrations were highest in Hyltebruk and lowest in Rydöbruk (Figure 2.).  

  
 Figure 1. Concentrations of Zn in the measured dry weight 
 
  
 



 
Figure 2. Concentrations of Pb in the measured dry weight 
 
  
 

  
  Figure 3. Concentrations of Cu in the measured dry weight 
  
 
 
 
 



The One-Way ANOVA statistical test have not shown significant difference (p > 0,05) 
between the three sampling places for any of the metal concentrations measured in the dry 
samples (Table 2.).  
 
Table 2. The F-values and p-values of the One-Way ANOVA test for the three sampling sites for the 
concentrations of metal/gram measured in the dry samples  

Metal conc. (mg/g) F-value P-value 

Zn content in dry sample 1.163 0.339 

Pb content in dry sample 0.154 0.859 

Cu content in dry sample 2.734 0.097 

 
 
 
 
 
 

3.2 Metal concentrations in dry weight in relation to the organic content of the samples 

The Linear Regression statistical test for the concentrations of the three metals compared 
with the organic content of the samples have shown a significant difference for Pb 
(>p:0.0005), and for Cu (p:0.049) (Table 3). Concentrations of Zn and Cu in the dry soil 
samples in relation to the soil organic content (%) vary more than for Pb. (Figure 4, Figure 6). 
 
 
 
Table 3. The R-square and p-values of the Regression statistical test  for the three heavy metals 
compared with their organic content 

Metal R-square p-value 

Zn 0.054 0.353 

Pb 0.660 >0.0005 

Cu 0.470 0.049 

 
  
 



  
 Figure 4. The results of Zn content in dry weight compared with the organic matter  
 
 
 
 
 

 
Figure 5. The results of Pb content in dry weight compared with the organic matter  
  
  
  



  
 
 

 

 
 Figure 6. The results of Cu content in ash compared with the organic matter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4. Discussion 
The results of this study did not show a significant difference between the concentrations of 
the analyzed heavy metals Cu, Pb and Zn between the industrial sites and the nature reserve 
area (question 1). 
  
There is a positive correlation between the amount of organic material in the samples and the 
metal concentrations for Pb and Cu but not for Zn, which show that metal concentrations can 
depend also of the mass of organic matter (question 2). The results show higher 
concentrations in several samples with high amount of organic material but it vary between 
the samples and the sampling sites. By looking at the graphs for the metal concentrations in 
dry weight in relation to the organic content of the samples it mostly turns out for Pb in 
several samples that the concentrations raise with higher organic content (Figure 5). To sum 
it up, heavy metals can accumulate in the vegetation thus their concentration correlates with 
the proportion of organic material in soil. According to Navarrete at al., (2017) the strong 
complexation of organic matter, the limited mobility of these metals and the available 
phosphorus (P) indicates the bioaccumulation in the humus-rich surface soils. The high 
variability in organic contents in my samples explains the non-significant difference between 
the three sampling places. That the metals accumulate in organic content in the soil strongly 
affects the overall concentrations of metals in soil. 
 
 
Pb has low mobility and high affinity to organic matter, Zn has high mobility and it can 
create stable compounds with organic material and Cu has low mobility and will strongly 
bind to organic matter[SW[1] . Total Organic Carbon (TOC) and Nitrogen (N) has a huge 
influence on the accumulation of Zn and Pb. If the pH value is low in the soil than more 
heavy metals accumulate in the organic mass. Sandy soils have a lower buffer capacity and 
heavy metals in sandy soils leaching more easily into deeper parts of the soil, so soil acidic 
reactions have an influence to the mobility of heavy metals. According Mazurek et al., (2016) 
heavy metals accumulate in the needles of pine trees and it can also contribute to the heavy 
metal accumulation in the topsoil because the needles end up in the forest floor (Mazurek et 
al., 2016).  
 
The plant uptake factor depends on the environmental and soil conditions such as pH, 
redoxpotential, content of organic matter and clay content (Naturvårdsverket, 2009). Organic 
matter in soil provides additional binding sites to heavy metals and improves their long term 
persistence (Navarrete et al., 2017) in soil. In consequence it can accumulate in the vegetation 
as the results show in this work for Cu and Pb. As Navarrete et al., (2017) argues, the limited 
mobility of heavy metals, the organic mass and the available P suggest bioaccumulation of 
these metals in humus-rich surface soils. The physical and chemical characteristics of the soil 



have large influence of their bioavailability and it should be considered before planning a 
remediation of an actual area (Navarrete et al,. 2017). 
The main reason I chose the pulp factory in Hyltebruk as one of my sampling sites is that 
previous studies indicated elevated levels of heavy metals in soil samples taken in close 
proximity to the factory. Furthermore, according the report from Adoli et al., (2010), the 
mean concentrations of Zn, Pb and Cu were significantly higher (p < 0,05) near a paper 
factory they were studied than the reference site. 
 
And the other sampling site, Rydöbruk, the previous sulphite factory i chose because the 
history of it`s soil contamination and after the sanitation process. Approximately 23200 m2 
contaminated soil was excavated in the previous industrial area  (Environmental remediation 
Rydöbruk., 2013).  
 
 

4.2 Uncertainties 

The large variation in metal concentration in the different sampling points within a site is 
most likely due to a variation of soil characteristics within a site. Therefore, some soil 
samples had an extremely high organic content while some samples consisted more or mostly 
of clay or sand. The vegetation was different as well. For example in some places it consisted 
mostly of moss, some had grass as the dominant vegetation while other sampling points 
consists mostly of decomposed plant residues (Appendix 3). Season variations can also have 
an importance for the metal concentrations (Adoli et al., 2017, Bergil et al., 1995), and the 
moisture in the soil as well. As Adoli et al., (2017) says, the concentrations of heavy metals 
were higher in dry season which confirms that they are absorbed by the mosses. It would give 
a better mean value if the soil samples would be analyzed both in dry and wet season. For 
sampling method would be the best if the samples are taken between August and September 
because the activities in the soil are stabilized. Samples would be more representative if I 
would collect them within a decided area - for example 30 x 30 meter and taking samples 
along a diagonal every 3rd meter and note the coordinates of the diagonal. The samples could 
also have been taken within 40 cm radius around the intended sampling point (Bergil et al., 
1995). In this way I could have taken for example 10 - 15 samples, mixed them together in a 
big bowl and take one sample out and so on as long i have all the six samples from each 
sampling sites. The pH value vary and depends of the distance to the nearest tree so for that 
reason the displacement of the sampling points from the tree trunk can cause a systematic 
error (Bergil et al., 1995). 
 
 
 



4.1 Environmental goals 

The presence of heavy metals affect 2 of the 16 Swedish Environmental Goals : poison free 
environment and groundwater of good quality. According to a report from the Swedish 
Environmental Protection Agency (2019), contaminated areas are not remedied quickly 
enough in Sweden and new areas are discovered. In order to increase the pace it requires an 
effective supervision work, a stable government grant, as well as technology development 
and innovative steps. 
There are three strategic development areas for reaching the poison free environment: 

1. Better knowledge and information to prevent the damages - Knowledge and 
information about the characteristics and use will be available for everyone who need 
it. 

2. Poison free from the beginning - research and innovation are needed to develop 
chemicals, material and goods which may be included to the non-toxic cycle. The use 
of especially dangerous substances should cease and need a globally binding 
agreement for phasing out. 

3. Effective legislation and supervision - legislation should be applied and developed 
more rapidly and supervision need to be strengthened within the EU. 

In terms of groundwater, there are probably many areas where groundwater is contaminated 
that are not yet known. Efforts are ongoing to improve the quality of groundwater, but there 
are also areas where sanitation is not possible or not yet performed. Investments in 
knowledge dissemination on groundwater quality, pollution sources, well construction and 
purification methods are needed to reduce quality problems and health effects within it 
individual water supply. 
Both increased application and judicial review are needed to increase the environmental 
quality standards practical importance in water management. Within overview and detailed 
(comprehensive) planning work groundwater and natural gravel deposits need to be included 
more. It is important that the basis of groundwater can be handled easily in the planning 
process. Water protection areas for groundwater resources should be selected that are 
valuable as well are also being developed reserve water supplies today or in the future. 
  
Heavy metals in the environment are in connection with 3 of 17 Sustainable Development 
Goals according the United Nations website: 

1.  Clean water and sanitation: many people in many areas/countries has no access to 
water sanitation which can cause sickness. The goal is to improve the water quality by 
increasing the pollutants by 2030 and strengthen the local municipalities’ sanitation 
management. 

2.  Responsible consumption and production: mankind is polluting the water faster than 
nature can recycle and purify it. Marine environment degradation by including heavy 
metals worsen the food supply. The goals by 2020 are the management of the 



chemicals and wastes through their life cycle according the international frameworks 
and reduce their release to air , water and soil in order to reduce their negative effects 
on human health and environment. 

3. Life below water: approximately 3 billion people depend on marine and coastal 
biodiversity for their livelihoods and the oceans/sea serves as the world`s largest 
source of protein. Heavy metals biomagnify and so transfer these pollutants in to the 
humans (Agomuo et al., 2017), so the contamination of the water with heavy metals 
deteriorate the quality of seafood. The goal is by 2025 to reduce marine pollution of 
all kinds, land-based activities including marine debris. Increasing knowledge and 
develop research to improve ocean health  (United Nations). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

5. Conclusion 
According the results heavy metals can accumulate in vegetation and the accumulation can be 
measured in plant derived organic material in soil. Thus, it is expected that a soil sample from 
the same area has a higher level of metal if it contains a high level of organic material.  
 
 
 

Proposals for further research 
The results of the study open new questions about the relationship between metal 
concentration, soil properties and the bioaccumulation of them in different vegetation. 
It would also be interesting to repeat the study using a different sampling technique . 
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Appendix 1 

  
Table 1. The measured weights of the samples and their organic content 

Sampling site Wet weight (g) Dry weight (g) Ash (g) Organic 
content (g) 

Organic 
content (%) 

Rydö 26,826 18,935 17,066 1,869 9,87061 

Rydö 31,848 22,197 19,955 2,242 10,10046 

Rydö 31,884 19,731 17,73 2,001 10,1414 

Rydö 100,279 11,248 4,09 7,158 63,63798 

Rydö 105 25,879 15,98 9,899 38,25109 

Rydö 30,198 18,636 16,077 2,559 13,73149 

Hylte 32,406 28,441 26,03 2,411 8,477198 

Hylte 30,495 18,03 14,685 3,345 18,55241 

Hylte 100,881 15,565 3,83 11,735 75,39351 

Hylte 33,348 23,83 22,88 0,95 3,986572 

Hylte 29,919 14,853 12,696 2,157 14,52232 

Hylte 32,424 27,66 26,33 1,33 4,808388 

Rocknen 101,865 18,958 5,25 13,708 72,30721 

Rocknen 115,327 28,916 8,158 20,758 71,78725 

Rocknen 106,457 36,9 13,17 23,73 64,30894 

Rocknen 34,372 31,185 29,554 1,631 5,230079 

Rocknen 107,331 91,487 87,05 4,437 4,849869 

Rocknen 104,464 85,633 81,3 4,333 5,059965 

 
 
  
  
  
  
 
 
 



Table 2. The measured dry weight in to the pyrex container and the filtered samples in the volumetric 
flasks 

Sampling site Dry weight in pyrex (g) Filtered sample (ml) 

Rydö 1,122 9 

Rydö 1,13 8 

Rydö 1,13 10 

Rydö 1,05 2 

Rydö 1,048 10 

Rydö 1,07 10 

Hylte 1,07 10 

Hylte 1,06 10 

Hylte 1,085 2 

Hylte 1,2 10 

Hylte 1,055 10 

Hylte 1,33 9 

Rocknen 1,004 5 

Rocknen 1,018 7 

Rocknen 0,966 8 

Rocknen 1,093 10 

Rocknen 1,016 10 

Rocknen 1,067 10 

 
  
  
  
  
  
  
 
 
 
 
 
  



Table 3. Concentrations for Zn in mg/l, mg/100 ml (volumetric flasks) and mg/g in dry sample 

Sampling site Zn/sample (mg/l) Zn in vol. flask 
(mg/ 100 ml) 

Zn/filtered sample 
(mg/100 ml) 

Zn in dry weight 
(mg/g) 

Rydö 0,04 0,004 0,008889 0,007922 

Rydö 0,046 0,0046 0,0115 0,010177 

Rydö 0,1031 0,01031 0,02062 0,018248 

Rydö 0,1731 0,01731 0,1731 0,164857 

Rydö 5 0,5 1 0,954198 

Rydö 0,2788 0,02788 0,05576 0,052112 

Hylte 0,1956 0,01956 0,03912 0,036561 

Hylte 0,0327 0,00327 0,00654 0,00617 

Hylte 0,1078 0,01078 0,1078 0,099355 

Hylte 0,0704 0,00704 0,01408 0,011733 

Hylte 0,132 0,0132 0,0264 0,025024 

Hylte 0,1242 0,01242 0,0276 0,020752 

Rocknen 0,0229 0,00229 0,00916 0,009124 

Rocknen 0,3649 0,03649 0,104257 0,102414 

Rocknen 0,2671 0,02671 0,066775 0,069125 

Rocknen 0,0525 0,00525 0,0105 0,009607 

Rocknen 0,0727 0,00727 0,01454 0,014311 

Rocknen 0,1009 0,01009 0,02018 0,018913 

  
  
  
  
  
  
  
 
 
 
 
 
 



Table 4. Concentrations for Pb in mg/l, mg/100 ml (volumetric flasks) and mg/g in dry sample   

Sampling 
site 

Pb/sample (mg/l) Pb in vol. flask 
(mg/100 ml) 

Pb/filtered sample 
(mg/100 ml) 

Pb in dry weight 
(mg/g) 

Rydö 0,19 0,019 0,042222 0,037631 

Rydö 0,13 0,013 0,0325 0,028761 

Rydö 0,19 0,019 0,038 0,033628 

Rydö 0,36 0,036 0,36 0,342857 

Rydö 1,09 0,109 0,218 0,208015 

Rydö 0,22 0,022 0,044 0,041121 

Hylte 0,15 0,015 0,03 0,028037 

Hylte 0,38 0,038 0,076 0,071698 

Hylte 1,06 0,106 1,06 0,976959 

Hylte 0 0 0 0 

Hylte 0,03 0,003 0,006 0,005687 

Hylte 0,56 0,056 0,124444 0,093567 

Rocknen 0,69 0,069 0,276 0,2749 

Rocknen 1,34 0,134 0,382857 0,376088 

Rocknen 0,89 0,089 0,2225 0,230331 

Rocknen 0 0 0 0 

Rocknen 0,02 0,002 0,004 0,003937 

Rocknen 0 0 0 0 

 
 
 
 
  
 
 
 
 
 
 
 
 
 



Table 5 . Concentrations for Cu in mg/l, mg/100 ml (volumetric flasks) and mg/g in dry sample 

Sampling site Cu/sample (mg/l) Cu in vol. flask 
(mg/100 ml) 

Cu in filtered 
sample (mg/100 ml) 

Cu in dry 
weight (mg/g) 

Rydö 0,113 0,0113 0,025111 0,022381 

Rydö 0,067 0,0067 0,01675 0,014823 

Rydö 0,113 0,0113 0,0226 0,02 

Rydö 0,17 0,017 0,17 0,161905 

Rydö 0,6455 0,06455 0,1291 0,123187 

Rydö 0,1375 0,01375 0,0275 0,025701 

Hylte 0,0975 0,00975 0,0195 0,018224 

Hylte 0,0745 0,00745 0,0149 0,014057 

Hylte 0,089 0,0089 0,089 0,082028 

Hylte 0,0895 0,00895 0,0179 0,014917 

Hylte 0,054 0,0054 0,0108 0,010237 

Hylte 0,0685 0,00685 0,015222 0,011445 

Rocknen 0 0 0 0 

Rocknen 0,063 0,0063 0,018 0,017682 

Rocknen 0,0835 0,00835 0,020875 0,02161 

Rocknen 0,0225 0,00225 0,0045 0,004117 

Rocknen 0 0 0 0 

Rocknen 0 0 0 0 

 
 
 
 
 
 
 
 
 
 
 
 



Appendix 2 
 

  
Fig. 1. Sampling places in Rydöbruk (source: Google Maps, own picture) 
 
 

  
Fig. 2. Sampling places in Hyltebruk (source: Google Maps, own picture)  
 
 
  



  
  
  
  

 
Fig.3.  Sampling places in Rocknenområdet (source: Google maps, own picture) 
 
 
 
 
 

  
Fig. 4. A map of the nature reserve area (source: Länsstyrelsen /The Swedish Provincial Office/) 
 



Appendix 3 
 

 
Pic. 1. Taking the soil samples (own picture) 
 
 

 
Pic. 2. Stora Enso (Hylte Mill) pulp factory in Hyltebruk. (own picture) 
 



 
Pic. 3. Stora Enso (Hylte Mill) pulp factory in Hyltebruk (own picture) 
 
 

 
Pic. 4. The previous sulphite factory in Rydöbruk (own picture) 
 



 
Pic. 5. The Rocknen nature reserve area (own picture) 
 
 

 
 Pic. 6. Soil samples from each sampling sites (own picture) 
 



 
Pic. 7. Taking the soil samples (own picture) 
 
 
 



 
Pic.8. Taking the soil samples (own picture) 
 
 



 
Pic. 9. Taking the soil samples (own picture) 
 
 



 
Pic. 10. Taking the soil samples (own picture) 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pic. 11. Soil samples with high organic content, after the drying (own picture) 
 
 
 



 
Pic. 12. Samples after the preparation for the analysis (own picture) 
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