Final Project Report (to be submitted by 30th September 2016)
Instructions:


Document length: maximum 10 pages, excluding this cover page and the last page on project tags.



Start with an abstract (max 1 page).



Final report text: Do not forget to mention your methodology; the people involved (who, how many, what
organization they are from – if applicable); and the expected added value for biodiversity, society and the
company. Finally, state whether the results of your project can be implemented at a later stage, and please
mention the ideal timing and estimated costs of implementation.



Annexes are allowed but will not be taken into account by the jury and must be sent separately.



Word/PDF Final Report files must be less than 10 MB.



If you choose to submit your final report in your local language, you are required to also upload your final
report in English if you wish to take part in the international competition.



To be validated, your file must be uploaded to the Quarry Life Award website before 30th September 2016
(midnight, Central European Time). To do so, please log in, click on ‘My account’/ ‘My Final report’.



In case of questions, please liaise with your national coordinator.

1. Contestant profile
 Contestant name:

Emma Svahn, Marcus Hall and Sandra Nilsson

 Contestant occupation:

Students

 University / Organisation

Linnaeus University

 E-mail:
 Phone (incl. country code):
 Number of people in your team:

3

2. Project overview
Title:

Optimizing Wetland Functions to Local Conditions In Connection
to Quarries

Contest:

Northern Europe

Quarry name:

Cementa, Degerhamn

Prize category:
(select all appropriate)

☐ Education and Raising Awareness
☒ Habitat and Species Research
☒ Biodiversity Management
☒ Student Project
☒ Beyond Quarry Borders
1/3

Abstract (max 1 page)
As areas of natural habitats decline, rehabilitation of ecosystem functions in landscapes affected by human
activities (e.g. quarries) will play an increasingly important role for maintaining biodiversity throughout the world.
Many species rely on habitats such as wetlands, unfortunately these have been overlooked and exploited in the
past.
At the limestone quarry of Cementa Degerhamn, a small constructed dam and an adjacent wetland act as a
water retainer and settling pond for the drainage water of the eastern part of the quarry. An evaluation of the
dam and wetland showed that they were not well functioning with regards to nutrient and water retention.
Biodiversity was lower than what could be expected in a dam and wetland in an alvar landscape.
To improve ecological functions, we suggest reconstruction of the dam into a multifunctional wetland, with a
design optimized to the local conditions. We predict that this new alvar wetland will increase biodiversity and
improve the quality of the drainage water that is currently pumped up from the quarry as runoff into the alvar
landscape.
In order to increase retention time of the water we suggest that the new wetland should have an increased
surface area and volume. This will improve nutrient retention in the wetland as well as increase the size of the
different habitats, resulting in an increase in biodiversity. The design of the shoreline includes a gentle slope and
an irregular perimeter that is beneficial for biodiversity. A construction of a deeper pool in an early section of the
wetland will slow down flow rate and retain the water for a longer period of time. This will decrease particle
transport out of the wetland. We suggest that the deeper pool should be followed by shallow areas with a variety
of depth profiles and a complex bottom structure in order to create suitable habitat for a wide array of different
aquatic plants and invertebrates. Vegetation coverage over a large area will increase nutrient retention (mainly
nitrogen), reduce resuspension of sediment and increase biodiversity of the aquatic fauna.
The design is adapted to the local conditions in the quarry of Degerhamn, Sweden but the principles and general
concepts can easily be adapted to other limestone quarries all over the world. By following these design
principles, quarries will reduce their environmental impact and at the same time create (or restore) unique
habitats. This will lead to an increase in biodiversity.
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Final report (max 9 pages)
Introduction
The human population is growing rapidly. It is predicted to reach 9.7 billion people in 2050, and 11.2 billion in
2100 (UN 2015). With a growing population follows a growing demand for natural resources. This will put the
remaining natural habitats and its biodiversity under pressure. As areas of available natural habitats decline,
rehabilitation of ecosystem functions in landscapes affected by human activities will play an increasingly
important role for maintaining biodiversity throughout the world.
Quarries, such as the limestone quarry in Degerhamn (southeast Sweden), can be used for improving
ecosystem functions. It is located in a unique semiarid alvar landscape, where water is scarce. The quarry
naturally act as a “sink”, lowering the local ground water levels. A large fraction of the water drained to the quarry
is pumped up to a small dam before it is allowed to flow downstream into a Natura 2000 area, where it forms a
small wetland. The objective is to restore surface and ground water levels in the watershed. The quality of the
water leaving the dam is of importance both for the protected area and for the usage as tap water in villages east
of the quarry. An area of concern is the risk of eutrophication in the area downstream the wetland and in the
Baltic Sea due to loading of nutrients. The explosives used when mining limestone is nitrogen-based, thus
expected to contribute to the loading of nitrogen.
Two processes, nitrification and denitrification, are of importance when considering the removal of nitrogen from
the water. The nitrification microbes converts ammonium to nitrite and nitrite to nitrate under aerobic conditions
(formula 1). And denitrification microbes converts nitrate to nitrogen gas under anaerobic conditions (formula 2).
The nitrogen gas then leaves the water system and enters the atmosphere.
(1) Nitrification: 2NH4+ + 3O2 → 2NO2- + 4H+ + 2H2O and 2NO2- + O2 → 2NO3(2) Denitrification: 2NO3- + 10e- + 12H+ → N2 + 6H2O
Wetlands are efficient providers of ecosystem services for removing excess nutrients, and can also be designed
to increase biodiversity. About 19% of the IUCN Red List of Threatened species in Sweden are found in
wetlands, and 11% of the species are fully dependent on them (SLU 2015).
In this report, we present a proposal of how Cementa 1) can improve the quality of the water pumped from the
quarry to the watershed (and eventually the Baltic Sea), 2) provide habitats for threatened species and 3)
increase the biodiversity through rehabilitation of ecosystem functions.

Evaluation of the current dam and wetland
In order to create a new design of a
multifunctional wetland, a number of parameters
were evaluated in the current dam and adjacent
wetland, such as the morphology/structure, water
flow, volumes, nutrient concentrations, transports,
retentions and productivity.
Water flow, structure, volume and retention
time of the dam and wetland.
To estimate nutrient load to the dam and the
wetland, one needs to know the rate of inflow and
the volume of the dam and wetland. Data of water
flow was provided by Cementa, Degerhamn.
Inflow to the dam varied during the sampling
period between 3.19 L/s and 21.95 L/s (Figure 1).
Mean flow was 9.5 L/s. The structure, area and
depth of the dam and wetland was determined
through analysis of an aerial photograph

Figure 1. Water flow rate of the drainage water pumped to the
inlet of the dam (data provided by Cementa, Staffan Johnson).
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(ortophoto) and manual depth measurements using Arc-Gis (Figure 2).
The Dam has an area of 827 m 2, a volume of 354 m 3 with an average depth of 0.43 m, and a maximum depth of
0.9 m in the middle of the dam (Figure 2). The dam has steep embankments, with a total of four different outlets,
three facing south and one facing east (visual inspection, Figure 2, 3). Some of the water is leaking through the
banks at all four sides of the dam (Figure 3). The retention time in the dam was on average 10 hours and 20
minutes. The wetland is situated on limestone bedrock, and has no embankments (Figure 3). The shoreline of
the wetland has a gentle slope. The total area of surface water in the wetland varied over the sampling period.

Figure 2. The dam (left) is surrounded by embankments resulting in an elevated water level. Water flowing out (south outlet)
of the dam forms a wetland (right) (photo, 2016-05-11).

Nutrient transport and retention
Nutrient loading from the quarry, to the dam and wetland was estimated by measuring nutrient concentrations in
the water (nine times during April-July), and flow rate. Daily nutrient concentrations was estimated by creating
trend values (linear model) for days between the sampling days. An estimation of the daily nutrient load was
given by the daily nutrient concentrations multiplied with the estimated daily flow rate. The difference in nutrient
transport between the inlets and outlets provided an estimate of the retention rate of nitrogen and phosphorus in
the dam and the wetland (calculation matrix appendix 5). The nutrient retention was compared to a Swedish
standardized wetland model (JV-model, Jordbruksverket, 2015; appendix 5).
Nitrogen
Nitrogen (Tot-N) transport varied during the sampling season (Figure 4). The highest nitrogen transport for all
sampling sites occurred at the sampling date 18/5. Assuming that the nutrient load during the sampling period is
representative for the whole year, the nitrogen load to the dam was 3368 kg N/ha year, Tot-N load to the wetland
was 1329 kg/ha year (Table 1).

Figure 3. Daily Tot-N (in grams) transport at the different sampling sites and dates.
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Table 1. Dam and wetland area, N-load and N-retention for the dam and wetland at Cementa, Degerhamn. N-retention is
compared to the JV-model (Jordbruksverket, 2015).

Dam

Area, (ha)

Tot-N (µg/L)

0.0827

724 ± 282

N-load (kg/ha year)

N-retention (kg/ha year)

Jv-model value

3368

393

458

1329

127

245

(N=9)
Wetland

0.1851

664 ± 288
(N=9)

Phosphorus
Phosphorus (Tot-P) transport in and out of the dam and wetland varied during the sampling season but never
exceeded 20.4 g/day (Figure 5). Assuming that the nutrient load during the sampling period is representative for
the whole year, Tot-P load to the dam was 28.53 kg/ha year, Tot-P load to the wetland was 12.85 kg/ha year
(Table 2; calculation matrix Appendix 5).

Figure 4. Daily Tot-N (in grams) transport at the different sampling sites and dates.
Values reported as <5 µg/L has been adjusted to show as 3 µg/L.

Table 2. Dam and wetland area, P-load and P-retention for the dam and wetland at Cementa, Degerhamn. P-retention is
compared to the JV-model (Jordbruksverket, 2015).
Area, (ha)

Dam

0.0827

Tot-P (µg/L)

6.53 ± 4.06

P-load (kg/ha year)

P-retention (kg/ha year)

28.53

-0.22

12.85

-2.33

(N=9)
Wetland

0.1851

7.90 ± 8.61
(N=9)
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Difference in Nitrogen and Phosphorus species between the sampling sites
Nitrogen occurs in several different forms. As mentioned above, conversion of ammonium (NH4+) to nitrate
(NO3-) requires different environmental conditions than conversion of nitrate (NO3-) to nitrogen gas (N2).
Measuring the different species of nitrogen allows for both an evaluation of the current processes of nitrification
and denitrification in the dam and the wetland and in what way nitrogen removal could be improved. Mean
concentrations of the inorganic nitrogen species NH 4+, NO3- in the inlet of the dam was 240 µg/L (NH4+) and 171
µg/L (NO3-), mean concentrations in the outlet of the dam was 220 µg/L (NH4+) and 148 µg/L (NO3-). Mean
concentration in the outlet of the wetland was 40 µg/L (NH4+) and 124 µg/L (NO3-). Ammonium levels were
significantly lower in the outlet of the wetland compare to both the inlet and the outlet of the dam (Figure 6).
Phosphate-phosphorus levels remained below detectable levels (< 2 µg/L) in all samples.

Figure 6. Distribution of nitrogen species in the inlet and outlet of the dam and the outlet of the wetland. There was a
significant difference in the Ammonium-Nitrogen concentrations between the different sampling sites (ANOVA; F2,3 = 28.14; P
= 0.0114). A Tukey test (α=0.05) showed that the outlet of the wetland had significantly lower Ammonium-Nitrogen
concentrations than both the inlet and outlet of the dam. There was no significant difference in the ammonium-nitrogen
concentrations between the inlet and outlet of the dam. There was no significant difference in nitrate/nitrite-N concentrations
between the three sampling sites (Appendix 4, Figure 1).

Conductivity, pH, Turbidity, and annual sedimentation rate
Standard water parameters, including temperature, pH, conductivity and turbidity were measured in field or at
the Linnaeus University in Kalmar. The measured conductivity levels in the dam and the wetland ranged from
43.0 mS/m to 51.5 mS/m, with an average conductivity of 49.5 mS/m in the inlet of the dam, 49.1 mS/m in the
outlet of the dam and 47.5 mS/m in the outlet of the wetland (table 3; appendix 3 figure 1).
Table 3. Results of turbidity and classification (Havs och Vattenmyndigheten, 2007), conductivity, and pH measurements.
Sampling site

Mean Turbidity ±
Std.

Classification

Mean Conductivity

Mean pH

± Std.
(FNU)
(mS/m)

Inlet of the dam

2.7 ± 1.7

Considerably
turbid

(N=10)
Outlet of the dam

2.1 ± 2.0

4.2+-2.9
(N=10)

7.7

(N=10)
Moderately
turbid

(N=10)
Outlet of the wetland

49.5 ± 2.7

49.1 ± 2.9

7.8

(N=10)
Considerably
turbid

47.5 ± 3.0

8.1

(N=10)
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The pH levels in the sampling sites fluctuated between 7.4 (recorded in the inlet of the dam) and 8.6 (recorded in
the outlet of the dam). The outlet of the wetland had a significantly higher pH than the inlet and outlet of the dam
(Table 3; appendix 3 figure 2).
The turbidity of the water in the dam and wetland varied over time. Mean turbidity indicated that the water in both
the inlet of the dam and the outlet of the wetland was considerably turbid and the outlet of the dam was
moderately turbid. (Table 3; appendix 3 figure 3). There was also a significant relationship between high flow
rate and high turbidity for the inlet of the dam and the outlet of the wetland but not for the outlet of the dam
(Figure 7). Yearly sedimentation rate in the dam was measured to be 6.1 mm. Areas with vegetation had a
higher yearly sedimentation rate with an average sedimentation rate of 12.1 mm/year. Areas with none/sparse
vegetation had a much lower sedimentation rate of 3.45 mm/year. In total 5 m 3 sediment had been deposited in
the dam per year.

Figure 7. There was a significant linear relationship between Flow rate and the Turbidity of the water in the inlet of the dam
(Regression; R2= 0.86; F1,7=44.24; b= 0.34; P = 0.001). There was no significant linear relationship between Flow rate and
the Turbidity of the water in the outlet of the dam (Regression; R 2= 0.42; F1,7=5.009; b= 0.29; P = 0.06, note the outliers at
the bottom right and top corner). There was a significant linear relationship between water flow levels and the Turbidity of the
water in the outlet of the wetland (Regression; R2= 0.54; F1,7= 8.307; b= 0.47; P = 0.024).

Chl-A analysis
Phytoplankton biomass in the dam was determined through an analysis of chlorophyll a (Chl-A). The Chl-A
levels in the dam at 18/5 were 1.32 (±0.01) µg/l i.e classified as an oligotrophic (low productivity) environment
(appendix 1).
Bioassay
By conducting a bioassay (cultivation of algae Selenastrum capricornutum in water from the dam with different
nutrient additives) we were able to establish which nutrient was limiting growth. The treatments consisted of
phosphorus (P), nitrogen (N), phosphorus + nitrogen (P+N), and a control (C) with no additive nutrients. Samples
treated with P or P+N had a significantly higher amount of S. capricornutum at the end of the growth period (day
12) than the control or nitrogen treatment hence P is growth limiting.
Figure 8. A box-plot showing the amount of cells (logscale) of S.
Capricornutum in the different treatments after a growth period of
12 days. Water for the bioassay was collected from the dam in
Degerhamn (18/5). Type of treatment had a significant effect on
the amount of S. Capricornutum that could be grown in the
sampled water (ANOVA; F3,16 = 163; P < 0.001). A Tukey test
(α=0.05) showed that the phosphorus treatment and
nitrogen+phosphorous had a significantly higher amount of S.
Capricornutum than the control and the nitrogen treatment. There
was no significant difference between the phosphorus treatment
and the nitrogen+phosphorus treatment or between the nitrogen
treatment and the control.
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Inventory and evaluation of biodiversity of the
dam and the wetland
Inventories of the dam and wetland were made
following a national model for evaluation of
biodiversity in wetlands (Jordbruksverket, 2011).
The biological inventory of the dam indicated low
diversity amongst vegetation (2), birds (1), and
fishes (1), and moderately high (4) for
invertebrates (Figure 9). The biological inventory
of the wetland indicated low diversity amongst
invertebrates (1), birds (2) and fishes (1), and high
biodiversity for vegetation (5) (Figure 9). The red
listed (“near threatened”) beetle, Hydrophilus
piceus was found during the inventory.
Analysis of elements (heavy metals) in the
dam
Concentrations of heavy metals in the water of the
dam was below the limits accepted for usage as
tap water in Sweden (appendix 2).

Figure 9. Classification of biodiversity in the dam and wetland at
Cementa Degerhamn shown as a cobweb diagram. Inventory
made according to” Biologisk mångfald I anlagda våtmarker”
(Jordbruksverket 2011) on the 6/7-16.

Interpretation of findings
Physical parameters
The dam and the wetland had low tot-phosphorous loading (28.53 and 12.85 kg/ha year) and below detectable
levels of phosphate-phosphorous (<2 µg/L). Total-nitrogen load to the dam and wetland was relatively high
(3368 and 1329 kg/ha year). Nitrogen loading to the dam was 118 times larger than phosphorous loading. Chl-A
analysis indicated that the dam had low productivity, i.e. oligotrophic. This is explained by the results from the
bioassay showing that algal growth in the dam was strongly phosphorus limited.
Nutrient retention of the dam and the wetland was lower than the standard retention values in constructed
wetlands (JV-Model). The low levels of ammonium in the outlet of the wetland indicates that both uptake and
nitrification of NH4+ is well functioning in the wetland. In the outlet of the dam the concentrations of both NH 4+ and
NO3- remained high when compared to the inlet of the dam, indicating low nitrification and denitrification activity
in the dam. This could be due to the waters short retention time (10 hours and 20 minutes) in the dam. Water
flowing into the dam and through the wetland was moderately to considerably turbid and an increase in the flow
rate of water led to an increase in transport of particles (turbidity). The annual sedimentation rate was 6.1 mm,
which is large compared to average values for lakes (<1 mm/ year), found in “Mäta vatten” (Bydén et. al., 2003).
Biodiversity
The dam and the wetland had relatively poor biodiversity, with the exception of the diversity of vegetation in the
wetland and the diversity of invertebrates in the dam. The gentle shoreline and the current grazing regime of the
wetland allowed for a wide variety of flora in the littoral zone of the wetland. The relatively high biodiversity score
of the invertebrate fauna of the dam was in part due to the presence of the “near threatened” beetle H. piceus,
which thrives in clear, shallow, stagnant water with dense vegetation and muddy bottoms (SLU - Artdatabanken
2015). The lack of diversity in bird fauna is most likely caused by the small size of the dam and wetland,
reducing the habitat value for most of the water fowls. The wetland with its shallow shorelines supported a
number of species of waders (Gallinago gallinago, Tringa totanus, Vanellus vanellus and Charadrius hiaticula).
The only fish present in the wetland was the nine-spined stickleback (Pungitius pungitius), the wetland is small
and during the sampling period there was no connection to other waterbodies, hence preventing migration of
other fish species.
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Design for a multifunctional wetland
Our multifunctional wetland focuses on nutrient retention and biodiversity, and not its recreational values. The
design objectives for the wetland should thus focus on nitrogen retention and early sedimentation in order to
reduce turbidity and sedimentation downstream the wetland. Further, the design has to improve nitrification
processes in the inlet water and counteract a predicted negative impact of low P levels on the denitrification
rates. The focus should also be on improving the habitats for threatened species typical for alvar wetlands, and
increase biodiversity overall.
1) Increased volume. The area of the current wetland should be increased (remove the current dam and relay all
the water to one area) in order to increase the time the water stays in the wetland (retention time). It is
suggested that the retention time for wetlands with a fluctuating water levels should be at least two days for good
nutrient removal (Jordbruksverket, 2004). This will lead to an increase in both the amount and the size of the
different habitats in the wetland resulting in an increase in both species abundance and diversity (Tonderski,
2002). Increasing the retention time of water will also increase the probability of encounters between
microorganisms and nutrients, leading to a higher conversion rate of nitrogen to nitrogen gas (Tonderski, 2002).
To reach a retention time of three days, the volume of the wetland should be 2460 m 3 (during average flow rate
of 9.5 L/s). To be able to absorb a continuous high flow of 30 L/s the maximum volume of the wetland should be
7776 m3 (volume including flooded shorelines).
2) Aeration and sedimentation. The inlet of the wetland should include a small riffle and lime stone steps (height
of approximately 40 cm) where the water gets oxygenated as well as loses water speed as it travels down into
the wetland. Substrate in this part should mainly consist of hard bottom and gravel to reduce risk of erosion. The
stream of the inlet should transition in to a wide, slow flowing area connected to a deeper pool (~1 m) in order to
lower the kinetic energy of the inflowing waters and increasing sedimentation rate. In general, water with low
kinetic energy carry less particles than water with high kinetic energy, thus reducing the speed of the inflowing
water will increase early sedimentation rate in the wetland (figure 10).

Figure 10. A schematic depth map showing the proposed design of the wetland. The
arrow indicates the flow direction of the water from the inlet (left) to the outlet (right). The
darker the area, the deeper the pool and values for depth is marked by the depth lines in
the drawing.
.

3) Establishment of vegetation filters. The depth and structure of the wetland should be designed in such a way
that a large area of the wetland is covered by vegetation. Vegetation coverage act as one of the wetlands main
structuring factors, influencing both its nutrient retention, sedimentation rate and increasing habitat variety.
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Vegetation, i.e macrophytes act as a substrate for biofilms and a source of carbon. The bacteria and archaea in
the biofilm contributes to the conversion of nitrogen by reducing NH 4+ to NO3- (nitrification). Rooted aquatic plants
create microenvironments in sediments with aerobic and anaerobic zones facilitating both nitrification and
denitrification (Verhoeven et al. 2008; Christensen and Sørensen, 1986; Fisher and Acreman 2004). A great
variation of macrophytes results in decay at different times which may be beneficial for denitrification due to a
continuous supply of organic carbon (Jordbruksverket 2004). Having a large area of the wetland covered by
vegetation will increase nitrogen retention. Vegetation will also hinder resuspension of the sediments during high
flows and windy conditions (preventing resuspension caused by wave movement).
The proposed design have a complex bottom structure with variation in depths and slopes. This allows for a
variety of different vegetation types (figure 11). Increasing both abundance and diversity of aquatic plants
together with areas of open water will increase habitat variety, and has been shown to be connected to an
increase in both abundance and diversity of aquatic insect fauna (Tonderski, 2002). Aquatic plants acts both as
a food source and as a habitat for a large number of invertebrates. To establish a well-functioning diverse
wetland flora, locating a proper seed bank and transferring it to the wetland would be a fast and cost efficient
way of establishing vegetation suitable for alvar wetlands (Jordbruksverket, 2004).

Figure 11. A schematic drawing of a suggestion of the gentle slopes leading down to the deeper
parts. This is a cut through of the figure 10 from top to bottom of the depth map and do not include
the deep pool or the very shallow parts in connection to the outlet. A variation of depth allows for
different types of vegetation which is beneficial for nutrient retention and biodiversity.

4) Gentle slopes - no embankments. In the design, it’s important that the shoreline has no or only a few steep
slopes going into the water. Steep slopes of the wetland will have negative consequences on the biodiversity of
the wetland since it reduces the area of the highly diverse littoral zone. A gentle slope of the shoreline increases
the area of the shallow littoral zone, which hosts a wide array of organisms. These shallow areas of a wetland
are also a very important foraging area for wading birds. Good transition zones with zonation patterns is more
favourable for different species of plants (Brönmark & Hansson, 2005; Brix, 2003). Increasing the physical
complexity of the wetland will also lead to an increase in biodiversity. This can be achieved by creating variation
in water depth over the wetland (figure 10), and possibly creating a few small islands.
Both terrestrial and aquatic plants are important. Wet grassland and its terrestrial plants depends on seasonal
flooding and an increased surface water level for its habitat. Most aquatic insects also have a terrestrial phase
during their lifespan, thus increased abundance and biodiversity in the aquatic habitats will also spill over to the
terrestrial habitats. Aquatic and terrestrial habitats are in fact closely connected to each other. We believe that
the outlet of the wetland should be left as a naturally free flowing outlet, allowing natural fluctuations which
favours the biodiversity of the wet grassland.
The current grazing regime creates a diverse fauna and inhibits the growth of reed beds, this is a vital part in
maintaining the high diversity of the flora that was found in the wetland. The presence of cattle is of utmost
importance and needs to be maintained in order to prevent overgrowth of the wetland.
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On Öland there are a few restored and protected wetlands. These are home to a variety of species which are
both red listed, and locally common (Länsstyrelsen Kalmar, 2008). Öland (among others) is a top priority in
restoring and creating wetlands in Sweden (Jordbruksverket 2004). An optimized wetland will increase 1)
nutrient retention 2) size and diversity of habitats 3) biodiversity. A well-designed wetland will also act as a
corridor, increasing species dispersal between, and to, other wetlands in the surrounding area. This will not only
increase biodiversity on a local level, as well as habitat diversity at a landscape level, resulting in an increase of
biodiversity overall. This is of great importance not only for quarries in Sweden but also for other quarries around
the globe.
Cost prediction for construction of a multifunctional wetland
Total cost estimation of 100 000 sek (excavator 800-1000 sek/hour, fieldwork 400-500 sek/hour).
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Project focus:
☒Biodiversity management
☐Cooperation programmes
☐Education and Raising awareness
☐Endangered and protected species
☐Invasive species
☒Landscape management - rehabilitation
☐Rehabilitation
☒Scientific research
☐Soil management
☐Urban ecology
☒Water management
Flora:
☐Conifers and cycads
☐Ferns
☒Flowering plants
☐Fungi
☐Mosses and liverworts
Fauna:
☐Amphibians
☒Birds
☒Dragonflies & Butterflies
☐Fish
☐Mammals
☐Reptiles
☐Spiders
☒Other insects
☒Other species

Habitat:
☐Cave
☐Cliffs
☐Fields - crops/culture
☐Forest
☐Grassland
☐Human settlement
☐Open areas of rocky grounds
☐Recreational areas
☐Screes
☐Shrubs & groves
☐Soil
☐Wander biotopes
☒Water bodies (flowing, standing)
☒Wetland

Stakeholders:
☒Authorities
☒Local community
☐NGOs
☐Schools
☒Universities
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APPENDIXES
Appendix 1
Table 1. Nutritional status and values (Bydén, S, Larsson, A, Olsson, M, 2003)
Chlorofyll µg/l

Klass

Nutritional status

<3

1

Oligotrophic

3-7

2

Mesotrof

7-40

3

High concentration

>40

4

Very high concentration

5

Extremely high concentration.
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Appendix 2
Table 1. Reference values (Livsmedelsverket (SLV), 2001; WHO, 2006) for drinking water and Comparison
values from naturally occurring concentrations of metals (Havs och vattenmyndigheten, 2007).
Elements

Limit for
Concentration Uncertainty in Units SLV, Limit for
consumable drinking consumable
measurement
drinking water,
water
WHO

Ca

51.7

4.8

mg/l

100 mg/l *

Fe

0.0919

0.0116

mg/l

0.1 el 0.2 mg/l *

K

7.51

0.65

mg/l

12 mg/l *

Mg

15.9

1.9

mg/l

30 mg/l *

Na

38.8

3.0

mg/l

100 mg/l *

Al

14.7

4.1

μg/l

100 μg/l *

As

0.987

0.737

μg/l

10 μg/l **

Ba

1360

263

μg/l

N/A

Cd

<0.05

μg/l

5 μg/l **

Co

0.302

μg/l

N/A

Cr

<0.9

μg/l

50 μg/l **

Cu

<1

μg/l

200 μg/l *

Mn

13.1

2.3

μg/l

50 μg/l *

Mo

1.01

0.28

μg/l

N/A

0.099

Comparison values
from naturally
occurring
concentrations of
metals.

700 μg/l

0,03 μg/l (values <2
are classified as
very low
concentrations)

70 μg/l

14/12

μg/l

20 μg/l

<0.5

μg/l

10 μg/l

Sb

<0.1

μg/l

5 μg/l **

U

0.835

μg/l

Should be less than
15 μg/l SLV
recommendation*.

V

<0.2

μg/l

N/A

0,1 μg/l

Zn

<4

μg/l

N/A

1 μg/l

Ni

0.671

Pb

0.278

0.192

* Fit for consumtion with remarks
** Unfit for consumption
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Appendix 3 – Conductivity, pH and turbidity

Figure 1: Conductivity levels (mS/m) at the different sampling sites and dates.

Figure 2: The pH levels differed significantly between the different sampling sites. (ANOVA; F2,27 = 5,887 P < 0.01). A Tukey
test (α= 0,05) showed that the outlet of the wetland had a significantly higher pH

then the inlet and outlet of the dam. There

was no significant difference in pH between the other sampling sites.
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Figure 3: Variation in turbidity levels at the different sampling sites during our sampling period.
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Appendix 4 – Nitrate and nitrite values at the different sampling sites

Figure 1. Mean values of the Nitrate-N + Nitrite-N levels of the three sampling sites in Cementa, Degerhamn.
There was no significant difference in the Nitrate-N + Nitrite-N levels between the sampling sites (ANOVA; F2,3 =
0.088 P = 0.918).
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Appendix 5 – Calculation matrix of nutrient load and retention.
Table 1. Calculation matrix for nitrogen (N) load and retention in the inlet of the dam, outlet of the dam (equals inlet of
wetland), inlet and outlet of the wetland. Calculations was carried out with the following formula:

Inlet dam
Mean nitrogen
load
to the dam
(g/day)
Dam area (Ha)
Annual
nutrient load
(kg/ha year)

Outlet dam
(Inlet
wetland)

Mean
Mean
nitrogen
nitrogen
load
load in to
out of the
the wetland
763,1201 dam (g/day) 674,1463372 (g/day)
0,0827 Ha
0,0827 Ha
Annual
Annual
nutrient
nutrient
load
load
3368,064 (kg/ha year) 2975,373798 (kg/ha year)

Retention
dam
(Kg/Ha Year)
392,6897168

Inlet wetland
Mean
nitrogen
load out of
the wetland
674,1463372 (g/day)
0,1851 Ha
Annual
nutrient
load
1329,353933 (kg/ha year)

Outlet
wetland

609,6084228
0,1851

1202,091163

Retention
wetland
(Kg/Ha Year)
127,26277
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Table 2. Calculation matrix for phosphorous (P) load and retention in the inlet of the dam, outlet of the dam
(equals inlet of wetland), inlet and outlet of the wetland. Calculations was carried out with the following formula:

Inlet
dam

Outlet
dam
(Inlet
wetland)

Mean
Mean
Mean
phosphorus
phosphorus
phosphorus
load in to
load to the
load out of
the
dam
the dam
wetland
g/day
6,46488 g/day
6,515415 g/day
Ha
0,0827 Ha
0,0827 Ha
kg/ha year 28,53302 kg/ha year 28,75606 kg/ha year

Inlet wetland
Mean
phosphorus
load out of
the
wetland
6,515415253 g/day
0,1851
12,84779345

Retention
dam
(Kg/Ha
Year)
-0,22304

Outlet wetland

7,695904935
15,17560941

Retention
wetland
(Kg/Ha Year)
-2,327815959

Table 3 & 4 Model of standard retention values
estimated from an evaluation of 15 wetlands in
Halland, Sweden (Jv-model) applied to the Dam and
wetland at Degerhamn.

Nitrogen retention (Nret 2)
Nret2 = -1405,3 + 229,41*Ln(Nbel)

Dam
Wetland

Nitrogen
load
(Nbel)
kg/ha
Nret 2 (Estimated
year
nitrogen retention)
3368
457,9850825
1329
244,6584861

Phosphorus retention(Pret 2)
Pret2 = (0,4584*Pbel) – (0,0003*Pbel2)

Dam

Phosphorus
Pret 2 (Estimated
load(Pbel)
phosphorus
kg/ha year
retention)
28,53
12,83396373
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Wetland

12,85

5,84090325
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