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Abstract
The objective of my project was to determine variability and representability of mercury in
the urban environment of Umeå in northern Sweden, based on applying the methods of
forest moss biomonitoring (Swedish Environmental Protection Agency, ICP Manual).
Mercury (Hg) is a commune pollutant in urban environments release to the atmosphere by
anthropogenic activities. Industrial, traffic and incineration activities are the main sources of
this element. Mercury is easily transported through the atmosphere and cycle through
terrestrial and aquatic ecosystems, trending to bioaccumulate in organisms. The aims of the
study are: (1) determine the representability and variability of the method in a specific urban
environment, based on more intensive analyses of a green area within the city boundaries of
Umeå, northern Sweden. (2) influence of site-specific conditions on the concentration of
mercury in mosses. (3) City-scale variability in relation to national forest moss
biomonitoring data (IVL.se). Results of urban environment measurements do not differ
much respect the values of mercury concentration obtained sampling mosses far from the
city, but it is subject to many factors that can alter results of the study. Most of these are
meteorological factors and the difficulty of find green zones close to cities with the suitable
conditions to find mosses and perform a property sampling process avoiding throughfall and
litterfall. The conclusion is that the use of mosses is a representative and valuable method to
obtaining information in an urban environment but is limited by mentioned factors.
Key Words: Mercury, biomonitoring, moss, urban environment.
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1. Introduction
Mercury (Hg) is a pollutant that can appear in the environment from human activities and
natural sources from the earth. It can be found in elemental form (metallic mercury),
inorganic (Hg2+) or organic (e.g., methyl-Hg), and all of them have different toxic effects
(Cheng et al. 2013). Mercury emissions to the atmosphere by human activities are mainly
related to mercury-containing impurities in fossil fuels, in mineral extraction and
metallurgical processes (Lefticariu et al. 2011). The main source of this pollutant is the
combustion of coal to produce electricity and heating. The mercury contained in the coal is
emitted during combustion and almost half of the atmospheric emissions of mercury come
from coal-fired power plants, industrial boilers and domestic use for heating and cooking
(Rodríguez and Nanos, 2016). Other anthropogenic sources of mercury are hazardous waste
incineration (hospital, electronics or metals) or breakage of products containing mercury
inside of them (thermometers, switches, lamps, etc.) (Lindberg et al., 2007). This means that
many urban processes release mercury to the atmosphere. Cities and industrial areas are
susceptible to have elevated concentrations of this element around them. Another pernicious
source of mercury to the atmosphere is wildfires. They release into the atmosphere mercury
that was stored in soils (Homann et al., 2015; Turetsky et al., 2006; Woodruff and Cannon,
2010).
Mercury and mercury compounds constitute one of the chemical groups with the greatest
impact on public health (Clarkson and Magos, 2006). Humans are exposed to this element
from inhalation of toxic vapours with mercury and mostly by the diet, especially fish, is
generally the main source of both inorganic and organic mercury. This pollutant arrives at
aquatic ecosystems by atmospheric depositions to the surface of lakes and water bodies,
then, it tends to bioaccumulate in the species that are at the top of the trophic chain
(Johansson et al. 1991). Mercury is well known as an environmental pollutant that can cause
significant damage to the central nervous system and organs like the kidney especially for
pregnant women, infants and children (Clarkson and Magos, 2006).
Atmospheric deposition of this element is considered the most important load of mercury in
ecosystems (Fitzgerald et al., 1998). The term atmospheric deposition encompasses the
processes of wet, rain and snow, and dry deposition, the sedimentation of particles and the
deposition of gasses. The fact that mercury deposition is more abundant closer to the main
sources make the inhabitants and the ecosystems close to an urban area more exposed to this
pollutant (Ross, 1990). Mercury can be easily transported through the atmosphere and cycle
through terrestrial and aquatic ecosystems and during this process it trends to
bioaccumulate in organisms (Wiener et al., 2003).
Mercury and other metals have been well studied in the natural environment, such as
through forest moss biomonitoring (Swedish Environmental Protection Agency). It has been
shown in some previous studies that mosses have the demonstrated ability to absorb and
accumulate atmospheric pollutants, however, these studies have focused on more remote
forested areas far from cities and major point sources (Berg and Steinnes, 1997; Ross, 1990).
On the other hand, urban geochemistry papers have focused on identifying health risks due
to the amount of contaminants in urban environments analyzing samples collected in areas
near or inside the city (Johnson and Ander, 2008; Ljung et al., 2006). In my study I
consider both types of research to make a successful biomonitoring process collecting mosses
in areas close to an urban environment.
Biomonitoring consists in the use of an organism to acquire information of the environment.
The organism used is called a bioindicator or biological monitor. There are differences
between the term bioindicator or biological monitor. A Bioindicator refers to all organisms
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that provide information of the quality of the environment, and biomonitors are the
organisms that provide quantitative information about some factors of the environment
(Markert et al., 2003). Biomonitoring investigations have some advantages in comparison
with other methods used to study metal elements in the atmosphere. For example, pollution
studies in India used particulate matter filters to collect atmospheric aerosols. This expensive
and long-time method needs sophisticated technical equipment to obtain results
(Chakrabortty and Paratkar, 2006). Biomonitoring research using moss is one of the most
effective with fewer cost solutions and it has been used in Europe since the pioneering work
of Rühiling and Tyler (1968). In Sweden, the use of mosses as biomonitors of metal
deposition has been routinely studied by moss surveys since 1968 (Rühiling and Tyler, 1995).
These surveys are now performed every 5 years and provide valuable information on the
relative spatial and temporal changes of trace metal deposition, long-distance spread of
emissions and local emissions sources.
The fact that mosses do not have roots and cuticles requires them to find nutritive elements
only in wet and dry atmospheric deposition (Chakrabortty and Paratkar, 2006). This means
that mosses only obtain mercury from atmospheric depositions and not from the soils,
insulating this type of pollution for the study and discarding soils like a source of mercury for
mosses. Nutrients and pollutants elements from the atmosphere are deposited in the moss
cuticle as an aqueous solution, gaseous form or attached to small particles. Ion exchange is
the physiological-chemical process that moss use to uptake the atmospheric elements. In the
ion exchange process, cations and anions become attached to the functional organic groups
in the cell wall primarily through chelation (Chakrabortty and Paratkar, 2006). The
efficiency of this process is affected by the competition for number and type of free cation
exchange sites. Other factors that have influence in this uptake method are the age of the
cells, their reaction to desiccation, the growing condition of the moss, temperature,
precipitation, pH and composition of the pollutants (Tyler, 1990). Mosses have been
recognized as practicable biomonitors in the evaluation of temporal trends in heavy metal
accumulation (Harmens et al., 2008), and also in spatial variations (Schroder et al., 2008).
The overall objective of this study was to determine the variability of mercury in the urban
environment based on applying the methods of forest moss biomonitoring (Swedish
Environmental Protection Agency, ICP Manual).

1.1 Small-scale temporal and spatial variability
The first aim of the study was to determine the representability and variability of the method
in a specific urban environment, based on more intensive analyses of a forested area within
the city boundaries of Umeå, northern Sweden. To analyze representability, I collected and
analyzed moss samples Hylocomium splendens and Pleurozium schreberi from 10 plots
within the same forested site, which were repeatedly sampled in 3 different weeks in order to
determine if there are variances in the concentration of this element in distinct, but close in
time, measurements. I analyze if there is variance between the 3 values of concentration
obtained at the same sites but in different weeks and I compare the concentrations of
mercury obtained in each week between them.
I also assess the small-scale spatial variability within the 10 plots I sampled in the intensive
study site. The standard protocol for sampling of forest mosses for biomonitoring targets
non-urban areas, and furthermore with a minimum 300 m away from roads, industries and
villages and a minimum of 100 m from smaller roads and houses. In an urban environment
these will likely be much closer to the sampling locations, which might have an influence
even at a smaller spatial scale.
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1.2 Plot-scale factors influencing moss mercury concentrations
To assess the influence of site-specific conditions on the concentration of mercury in mosses,
I sampled moss collected in different places in order to determine if the growth surface and
environmental conditions affect pollutant absorption. The sites are: under a young spruce,
under an old spruce, under a young pine, under an old pine, close to a pathway and under a
dead tree. The protocols require a distance of at least 3 m from the nearest projecting canopy
and a forest opening of at least 10 m diameter; however, in an urban environment with a
limited extent of forested areas and thus a limited availability of suitable open areas, it may
be difficult to select optimal sampling locations. Within this part of the study, I also divided
the moss into two sections (green-new section and brown-old section) in order to determine
if there are differences in concentrations of mercury depending on the section of the moss.

1.3 City-scale variability in moss mercury concentrations and regional
comparison
Finally, using my results and additional data collected within the course ‘Field methods in
geoecology’, I assess the mercury concentration levels in relation to national forest moss
biomonitoring data (IVL.se), and more specifically I compare 12 urban environments
sampled and analyzed within Umeå (with 10 sampled plots per site) in order to determine if
there are differences between sites. The data on mercury concentrations in Umeå are then
compared with supplementary forest moss monitoring data of 17 samples collected in close
proximity to Umeå from 1995 to 2015 (IVL.se).

2. Materials and Method
2.1 Field work for Small-scale temporal and spatial variability and Plotscale factors
For my small-scale study, It was conducted an observational survey of a total cohort of 48
samples of moss focused only in a specific coniferous wooded area close to the city of Umeå,
Sweden. This sampling site was a ~800 by 400 m continuous forested area in the northwest
part of the city of Umeå, about 5 kilometers from the central town. This green area is
surrounded by an important road (E12) and a really populated residential area (Umedalen). I
performed the sampling process in 3 different weeks during October and November of 2016.
I divided the wooden area in 10 plots where moss samples were collected (Fig. 1). In the citywide study described further below, this intensive site is site number 8 (Fig. 2). In each plot I
covered a radius of 50 m taking 6-10 moss sub-samples combined as one sample. In two of
those plots duplicates samples were taken per week. The division principle was conceived to
fully cover all the wooden area close to the city and the possibility to find both types of moss
in all plots, Hylocomium splendens and Pleurozium schreberi. The first week 10 samples
(Table 1) and 2 replicates were collected in the area. The second week samples were collected
in the same 10 plots and 12 samples for the variability study were collected in plot 6 (Table
2). The last week, again 10 samples and 2 replicates were collected in the same location of the
plots and a total of 6 samples more were collected for the green-brown section variability
study in the plots number 1, 5 and 7, (Table 3).
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Fig. 1: Location and coordinates of sampling plots in a green area in the northwest part of Umeå. Black square
represents the location of the different sites. Moss samples of species Hylocomium splendens and Pleurozium
schreberi were collected covering a radius of 50 m in each site. Figure for (1) small-scale temporal and spatial
variability study.

2.2 Field work City-scale variability in moss mercury concentrations and
regional comparison
The city-scale variability study was conducted collecting samples of moss in 12 periphery
wooded areas close to the city of Umeå, Sweden. 12 students performed the sampling process
in October of 2016. Each student collected 10 samples (one of them duplicate) in each study
area, finally obtaining 132 mosses samples for the study of the spatial variety (Table 4). Study
areas were chosen following the same criteria of possibility to find both types of moss and
criteria of proximity to the city in order to fully cover a representative area of Umeå (Fig. 2).
The site 8 in this study corresponds with the same green area used in the previous smallscale study. To conduct sampling process, students divided each of these areas in 10 different
plots, which covered a radius of 50 m taking 6-10 moss sub-samples combined as one
sample. In one of these plots, a duplicate sample was taken. I analyzed a supplementary 20
years data of concentrations of mercury monitoring in different forested sites further away
from Umeå (IVL.se) (Table 5). During sampling process, I was careful to collect mosses in
forest clearings to avoid throughfall from the forest canopy and cleaned the sample from soil
and forest litter before being put into plastic bags (Ross, 1990).
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Fig. 2: Location of 12 green areas close or inside Umeå. In each area, 10 samples of moss of species Hylocomium
splendens and Pleurozium schreberi were collected. Site 8 correspond with the green area used in the small-scale
study. Figure for (3) City-scale variability in moss mercury concentrations and regional comparison study

Acording to Chakrabortty and Paratkar (2006), an organism has to meet specific
requirements in order to be an appropriate biomonitor. The organism should be common in
the study area and it should have low concentrations of trace elements naturally inside. The
principal source of element uptake should be the atmosphere and the physiological
mechanisms for uptake of depositional elements should be known for the researcher.
Mosses are cryptogams that grow in a humid environment and have been widely used as
depositional trace-element biomonitors because they meet the above requirements as stated
by Chakrabortty and Paratkar (2006). Species of moss selected for use in this study were
Hylocomium splendens and Pleurozium schreberi. The criteria for choosing these mosses
were their abundance in the urban environment coniferous forest where the study took place
and the fact that they are the same species of moss used in studies conducted far from urban
environments (Ross, 1990; Berg and Steinnes, 1997). These species have others advantages,
like that in Hylocomium splendens mosses a new segment grows every year making it easy
to date. Dating is less exact for Pleurozium schreberi because it is a non-segmented moss,
but also corresponds approximately to the same period. Only the green segment was used in
the representability study (Ross, 1990). Another advantage of mosses in biomonitoring
studies is their slow growth rate, which let them accumulate the mercury over a larger
period. This is a useful property in order to know concentrations of this element on an
integrated time period (Chakrabortty and Paratkar, 2006).

2.3 Laboratory work

Moss samples were further cleaned and cut. I took care to remove remains of soil, needles
and leaves of trees that are mixed with the mosses in the bag. Once this process was done,
the samples were first ground and homogenized using a mixer and then dried at 35 °C all
night long. The dry sample was pulverized using a coffee grinder and finally with a Retsch
swing mill. This is the correct size status to be analyzed. The samples were weighed and
analyzed for total Hg using a thermal desorption atomic absorption spectrometry (Milestom
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DMA-80) at 254nm, using a calibration curved developed from 3 standard reference
materials. Standard reference material, internal reference material and replicate analyses
were included approximately every 16 samples. Standards used for this analysis were LKSD4, mess and apple material.

2.4 Statistical analysis

In statistical analysis, for the small-scale study, I used the non-parametric test of Friedman
for related samples in order to compare the 3 values of mercury concentration collected in
the same plot but in different weeks. To compare if there are variation in the concentration of
mercury between the 3 weeks I will use again the non-parametric test of Friedman for related
samples. For the city-scale variability study was used the test of analysis of variance
(ANOVA) for comparison of means and standard deviations after objectify the sample of 12
sites followed a normal distribution (through Kolmogorov-Smirnov and Shapiro-Wilk Test).
Processing and analysis of data were performed using SPSS v.15.0 statistical package.

3. Results
3.1 Small-scale temporal and spatial variability

Results obtained for representability and temporal trend analysis in the small-scale study
reveal that no significant differences were detected in the mercury level analyzed in 2016 at
the 10 plots (p=0.256) (Fig. 3). The highest plot concentration average was 32.0 ng/g and the
lowest average was 21.8 ng/g (Table 1). I analyzed in a more observational way the plots that
are near the highway located on the north side of the green area (plot 4, average: 23.2 ng/g;
plot 6, average: 24.1 ng/g; plot 8, average: 32.1 ng/g) and the plots near the urban zone (plot
1, average: 23.4 ng/g; plot 3, average: 26.5 ng/g; plot 5, average: 28.0 ng/g) in all weeks. The
result is that the concentrations of mercury didn't show to be greater close to the road or the
urban zone. In spite of this, the statistical comparison of the concentration of mercury
between samples collected at 10 different plots but in same weeks (week 1, average: 23.1
ng/g; week 2, average: 27.3 ng/g; week 3, average: 26.0 ng/g) result that significant
differences have been detected in the mercury levels of 2016 as a function of the
measurement week (p= 0.014). Mercury concentrations obtained in 2016 close to Umeå have
small difference with the data of 2015 obtained in forests far from the city (Fig. 3)
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Fig. 3: 10 plots mercury concentration in a green area close Umeå. Each black circle corresponds to the value of
concentration in the same site but in a different week (3 values per site). Data of the week 1: dot color blue; week
2: dot color green; week 3: dot color orange.The black line corresponds to the average value of concentration in
each plot. Red circles and red line correspond with the data of mercury concentration in Umeå at 2015 (IVL.se).
Figure for (1) small-scale temporal and spatial variability study.

6

3.2 Plot-scale factors influencing moss mercury concentrations
For the variability study, results suggest that the brown section of mosses (old section)
usually have a concentration of mercury higher than the green one (new section). It is easy to
notice that in mosses collected in the plot 5 (green: 15.0 ng/g; brown: 42.9 ng/g) and plot 7
(green: 38.6 ng/g; brown: 53.8 ng/g) exists a huge difference of concentration between both
parts of the moss, but in plot 1 (green: 28.1 ng/g; brown: 27.1 ng/g) there is little difference
(Table 3). For the variability study of mercury concentration depending on the growth
environment condition, results suggest that values collected under trees (young and old
spruce/pines) usually are higher than the values of mosses collected close to a pathway or
under a dead tree, being the average of these not superior to 36.0 ng/g of mercury and under
trees species always higher and sometimes reaching 55.0 ng/g (Table 2).

Table 1
Data of mercury concentration obtained in a green area close to Umeå in three different weeks of October 2016
for (1) small-scale temporal and spatial variability study.
Plot 1
Plot 2
Plot 3
Plot 4
Plot 5
Plot 6
Plot 7
Plot 8
Plot 9
Plot 10
Week 1
37.3
15.4
21.8
19.4
18.9
21.1
22.0
28.1
25.4
21.7
(ng/g)
Week 2
10.6
26.6
30.4
21.8
39.5
26.8
24.5
33.4
27.3
32.0
(ng/g)
Week 3
22.4
23.5
27.3
28.3
25.6
24.4
21.2
34.7
25.7
26.6
(ng/g)

Table 2
Data of mercury concentration obtained in different growth surfaces and environmental conditions for (2) Plotscale factors influencing moss mercury concentrations study.
Dead tree

Hg (ng/g)

Y. spruce

Hg (ng/g)

O. spruce

Hg (ng/g)

1

31.7

1

40.4

1

33.0

2

40.6

2

45.2

2

59.4

Pathway

Hg (ng/g)

Y. pine

Hg (ng/g)

O. pine

Hg (ng/g)

1

34.0

1

52.9

1

46.3

2

36.7

2

58.3

2

33.0

Table 3
Data of mercury concentration obtained in a different section (green-new; brawn-old) of the mosses for (2)
Plot-scale factors influencing moss mercury concentrations study.
Plot 1

Hg (ng/g)

Plot 5

Hg (ng/g)

Plot 7

Hg (ng/g)

Green 1

28.1

Green 5

15.0

Green 7

38.6

Brown 1

27.4

Brown 5

42.9

Brown 7

53.8

7

3.3 City-scale variability in moss mercury concentrations and regional
comparison
For the city-scale study, the highest values were in site 8 (average: 30,68 ng/g) and 12
(average: 30,4 ng/g) and the lowest in site 2 (average: 10,7 ng/g) (Table 4). Comparison of
the concentrations medians of mercury around the 12 wooden sites results in a different
spatial variation between sites (p ≤ 0,01)(Fig. 4). The analysis of the supplementary data
(IVL.se) of last 20 years (1995, 2000, 2005, 2010 and 2015) results in significant differences
between years (p= 0,032). It is necessary to emphasize that the highest value appears in
1995 (average = 64.5 ng/g), the oldest year of the study (Table 5).
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Fig. 4: Box plot diagram that represents the average and standard deviation of mercury concentrations
measurements taken in the 12 green areas of Umeå (2016). Each area was divided in 10 plots where 1 sample of
moss was collected (n=10). Figure for (3) City-scale variability in moss mercury concentrations and regional
comparison study.

Table 4
Data of mercury concentration obtained in 12 green areas of Umeå for (4) City-scale variability in
moss mercury concentrations and regional comparison study.
Site

1
2
3
4
5
6
7
8
9
10
11
12

Hg (ng/g)
19.1
7.9
15.1
19.1
15.4
24.7
23.6
27.1
24.0
28.9
20.7
18.7

25.2
11.0
12.8
34.9
21.8
35.8
20.6
27.2
22.0
21.5
19.0
18.9

13.8
8.7
13.9
14.8
19.4
37.5
27.3
33.9
37.2
19.5
37.1
18.1

11.6
9.2
14.9
12.4
18.9
31.1
16.8
44.9
26.9
26.9
42.1
17.7

11.0
13.2
17.0
14.3
21.1
28.4
23.1
40.6
36.1
21.3
39.7
32.6

12.1
8.5
19.3
23.4
27.1
20.6
18.9
23.2
34.9
29.4
21.8
19.6

8.6
10.4
21.3
17.9
22.0
13.6
26.9
31.6
31.0
29.0
28.9
39.5
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15
11.9
13.5
27.1
28.1
35.0
21.2
27.5
32.1
14.5
20.5
62.3

Average
13,4
8.6
17.2
14.1
29.1
32.3
25.7
23.1
23.2
14.4
15.4
42.1

8.1
11.4
13.7
21.0
21.7
31.6
19.2
31.6
24.4
16.1
24.1
35.9

7.8
12.5
20.9
24.4
21.5
31.7
20.7
28.8
22.4
14.1
21.4
32.0

11.2
15.5
19.5
20.9
37.3
24.4
18.4
28.7
29.6
18.8
27.2
-

16.2
15.9
25.4
17.8
24.5
26.1
23.8
-

13.1
10.7
16.6
20.0
23.8
28.0
23.1
30.7
28.5
21.4
26.5

-

30.4

Table 5
20 years data of mercury concentration obtained in forest moss close to Umeå (4) City-scale variability
in moss mercury concentrations and regional comparison study (IVL.se).
Year
2015
2010
2005
2000
1995

Hg (ng/g)
36.0
30.0
8.0
38.0
79.0

26.0
28.0
14.0
18.0
50.0

27.0
31.0
13.0
-

Average
22.0
32.0
-

44.0
-

27.0
-

30.3
30.3
11.6
28.0
64.5

4. Discussion
4.1 Small-scale temporal and spatial variability
According to the results obtained in my representability study, I can indicate that there are
no differences in the concentration of mercury in 2016 at the 10 plot at my forested site
where samples were collected in three different weeks and also that the concentrations of
mercury do not show to be higher closer to the road or the urban zone. This means that the
measurements do not differ from each other and that none of the samples actually have an
anomalous concentration. With this result, I can conclude that the process of collection of
samples and analysis in the laboratory has been carried out correctly and that none of the
results are out of the expected value range. I can also infer that atmospheric deposition of
mercury spread throughout the area in a largely uniform manner and that there is not a
precise local source of contamination. That is the reason why I can discard the road (E12)
and the vehicles which run through it near the forest as an important and abundant source of
emissions of mercury. We know from a number of studies (Anicic, 2009, Cheng, 2013; Keith,
2008) that the urban atmosphere is subjected to large inputs of anthropogenic contaminants
produced by power plants, industries and residential heating and mobile sources related to
traffic. All these processes emit mercury into the atmosphere, but based on these results I
suggest that these emissions cannot be considered especially pernicious for the environment
and cannot be considered a real source of contamination in Umeå, because moss samples
that are located directly close to these potential emitters (road: plots 4, 6 and 8; urban area:
plots 1, 3 and 5) are not particularly affected and do not show elevated values of mercury.
My results indicate that there are small differences in the concentration of mercury
depending on the sampling week (week 1, average: 23.1 ng/g; week 2, average: 27.3 ng/g;
week 3, average: 26.0 ng/g). Therefore, the time has some influence on the variability of the
study, causing that concentration of mercury shows higher or lower, despite having been
collected at the same plot. This may be due to a large number of factors that may influence
the conclusions of the study. One of these factors that have a strong influence in temporal
trends is always the changing weather during the different sampling weeks. Precipitation,
temperature, snowmelt, fluctuations in wind currents are factors that can show really
different parameters in a short period and may have an important effect on the absorption
efficiency of moss and the concentration of mercury present in the atmosphere
(Chakrabortty and Paratkar, 2006). Interaction of precipitation with the forest canopy can
greatly alter the chemical composition of the water (usually termed throughfall or crown
drop) which falls on to the mosses (Ross, 1990). There are studies about mercury
concentrations across different forest sites that show the highest concentrations in litter
layers, and some of them show that deposition was greater in the coniferous stand due to
larger throughfall mercury (Blackwell et al., 2014; Orbist et al., 2011). In my study as
recommended in Swedish and ICP protocols, I tried to avoid throughfall and litterfall by
collecting samples in forest clearings where there are fewer trees to influence my results, but
this factor can contribute to the difference in spatial variability. It is demonstrated that forest
cover clearly influences Hg deposition processes, but also there has been some research on
9

variability of atmospheric Hg deposition across different forested landscapes. Evidence
suggests that the structure of hardwood or conifer forest stands impacts Hg deposition
processes (Demers et al. 2007; Sheehan et al. 2006; Obrist et al. 2012; Witt et al. 2009)
being the coniferous forest again the most susceptible to mercury deposition. The problem in
monitoring process using moss in urban environments is the added difficulty of finding
green areas in the city where it is possible to collect the right species and avoid the previously
mentioned risks related to throughfall and litterfall. Green areas in cities tend to have few
clearings between trees due to the lack of space and fewer mosses populations. This is a
factor that greatly limits the achievement of specifically comparable biomonitoring results in
urban environments.
To compare my results of mercury concentration in 2016 with the data of 2015 (IVL.se) first I
have to take into account that samples that I collected in 2016 have not been caught in the
same place where samples in 2015. These samples were collected in forests distant to Umeå
that do not have urban environmental conditions. Despite this, there is a small difference of
concentration between years. In Blackwell's et al., (2014) study is said that annual variability
in meteorological conditions was substantial between 2009 and 2010, and changes in Hg
deposition over this period appear to be related to variation in temperature and precipitation
quantity. In my study, the differences in mercury concentrations between years also can be
related to meteorology factors, throughfall and in a small scale by the influence of
anthropogenic pollutants.

4.2 Plot-scale factors influencing moss mercury concentrations
As is said in Chakrabortty and Paratkar (2006) study, the concentration of metals in mosses
is affected by many "natural" factors associated with the site where the mosses are growing
and their immediate environment. In my variability study depending on the growth
environment condition, results suggest that values are higher as expected when mosses are
collected under young and old spruce/pines trees (in some cases reaching 60.0 ng/g) than
the values of mosses collected close to a pathway (average of 35.4 ng/g) or under a dead tree
(average: 36.2 ng/g) (Table 2). Again, throughfall and litterfall seem to be responsible for
this result. Coniferous forest includes plants like junipers, pines, redwoods, spruces, and
yews. As I said before, coniferous forests are the most susceptible for mercury depositions.
Again, as Obrist et al (2012), Witt et al (2009) and Demers (2007) indicated in their studies,
evidence suggests that the structure like conifer forest stands impacts mercury deposition
processes and facilitate the throughfall. The concentration of mercury is noticeably lower in
mosses near to the pathway (average of 35.4 ng/g), because there are fewer trees nearby. The
same situation occurs with the mercury values of the moss collected under the dead tree
(average: 36.2 ng/g). It covers and protects the moss from mercury deposition of throughfall
and litterfall.
Results of mercury concentration depending on moss growth section show that the brown
section, as expected, associated with the oldest part of mosses have a concentration of this
element much greater in two of the three cases that I have studied. Mosses collected in the
plot 5 (green: 15.0 ng/g; brown: 42.9 ng/g) and plot 7 (green: 38.6 ng/g; brown: 53.8 ng/g)
there is a huge difference of concentration between both parts of the moss, but in plot 1
(green: 28.1 ng/g; brown: 27.1 ng/g) there is not difference (Table 3). The green section of
mosses is the new section that has grown recently and is useful for us to know the amount of
mercury and other elements absorbed by the moss in the last year. This is the section that
researchers should use when employing mosses as biomonitors (Ross, 1990). The amount of
mercury present in the brown section is because the trend of this element to bioaccumulate
in the organism. The loss of mass in this section due to cellular deterioration and the age of
the moss are factors that reduce the accumulation and therefore the concentration of
mercury and make this part useless. The conclusion is that the most representative part of
the moss in order to determine mercury concentration is the green section, and it is the
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section used and recommended in most of the research related to the use of moss as
biomonitor.

4.3 City-scale variability in moss mercury concentrations and regional
comparison
For the next part I leave behind the study focused in only one forested area and I increase the
scale that I cover in my study, obtaining a more general vision of the city comparing 12 green
areas with urban environment (Fig. 4). Results obtained indicate that the concentrations of
mercury of these 12 green areas close to the city of Umeå are different with average values
ranging from 30,68 ng/g in site 8 and 30,38 ng/g in site 12 to 10,73 ng/g in site 2 (Table 5).
These differences between sites can be related to the variation in the collecting process done
by the students and changes in local deposition rates depending on air currents and weather.
Another hypothesis to explain these results can be the existence of sources of mercury that
operating only in specific areas, enabling a spatial variation of mercury. The first factor that I
take into account is the facts that all the green areas of my study are located close or inside
the city, but some finding sources of pollution are more developed. The urban atmosphere is
subjected to large inputs of anthropogenic contaminants produced by both stationary
sources (power plants, industries and residential heating) and mobile sources related to
traffic (Anicic, 2009). But if I come back in my study focus only on the site 8 for small-scale
variability, moss directly close to the road or urban area have not especially high
concentrations of this element. The answer to this unknown can be that urban sources
release mercury to the atmosphere in a moderate way, preventing them from being
considered as real pernicious sources of mercury but allowing them to emit evenly this
element. This should be the case of the sites 8 (30,68ng/g) and 12 (30,38 ng/g), where I find
the highest concentrations of mercury. Site 8 is a coniferous forest that I described in the
first part of the study. It is closely surrounded in the north by an important and transited
road (E12) and in other directions for urban roads and housing areas. Site 12 is situated in
the northern part of the city, where there are some industries and roads. In site 2 I found the
lowest concentration of mercury in mosses. This site is located in the middle of the city, in a
green area called Stadsliden. Despite being completely surrounding by residential areas there
are no any important roads close to this site. This can be a proof of how traffic and other
anthropogenic contaminants can possibly affect the results of biomonitoring research using
mosses in urban environments and how different levels of urban development affect the
absorption of pollutants in green areas.
The last result in my study was that there are differences in mercury concentrations from the
Umeå region in the last two decades (IVL.se). It is important to clarify that the
concentrations measured in my study for the 12 green areas in Umeå are not significantly
different from the IVL data obtained in sites in the commune located outside of the city of
Umeå, in the vicinity of other major communes in the region. This is a proof of the small
differences that a study focused in an urban environment obtains with respect to a
biomonitoring study conducted far from a city. Probably 1995 (the last year of the data) show
the highest levels of mercury because in this year there are fewer restrictions with pollutions
emission than in recent years and the fact that in this year the methodology of sampling and
analyzing was different.

5. Conclusion
Before concluding I recognize that my study has the usual limitations of the chosen design,
highlighting the small sample size. The conclusion is that the use of mosses is a
representative and valuable method of obtaining information in an urban environment.
Results do not differ much respect the results obtained sampling mosses far from the city,
but it is subject to many factors that can alter the quality of the study. Most of these factors
are the anthropogenic emissions, commons in an urban environment, and the difficulty of
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finding green zones close to cities with the suitable conditions to find mosses and perform a
property sampling process avoiding throughfall and litterfall. In any case, the relative facility
of sampling, the absence of any need for complicated and expensive equipment, the
accumulative and time-integrative behavior of the moss biomonitor give biomonitoring of
atmospheric trace elements methods advantages for their continued practice in the future,
especially in larger-scaled surveys.
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