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Final report
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Abstract: Wetlands are known for their unique conversion process of nutritions and chemical substances in
order to provide cleaner water. Our project aims to use this feature, by establishing an artificial wetland in the
region of Quarry Ribnica and experimentally trying to influence the local water ecosystem. Alongside with the
wetland construction, we have also planted different types of water purification species, like: common reed
(Phragmites sp), sedge (Carex sp), horsetail (Equisetum sp) and lesser bulrush (Typha augustifolia). Methods in
the project consisted of examination of the terrain, where we have studied the topographic position of the area in
order to proceed with the excavation of the same and in the end to be able to redirect the water from a nearby
well into the pool. All these steps were followed by the mentioned introduction of the plants. Final results of the
microbiological analyses of the wetland water showed, that the number of coliform bacteria since the introduction
decreased 36 times. With this result, it is definitely proven that wetlands are truly remarkable purification
machines, even if they are located in a degrated area like Quarry Ribnica. Considering the fact, that our wetland
operates for a very short period of time, in the future we could expect even better improvement, referring to the
increase of biodiversity of plant and animal species and further lowering of coliform bacteria.
Key words: artififcial wetland, biodiversity, environment, degradation, restauration.
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1. Introduction
According to the Ramsar Convention (Chapter 1.1) wetlands are: „For the purpose of this Convention wetlands
are areas of marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that
is static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not
exceed six metres.“ Today, wetlands are the most vunerable ecosystem in Bosnia and Herzegovina (Redžić et
al. /ed./,2008). Because wetlands are representing warehouses of biological and genetic diversity in the system
of sustainable conservation, they have a full potential for developing. In order to reconcile the development of
human activity with the environmental protection, the past few decades have recognized a major increase in the
human awareness about the significance and values of biological and hydrological wetlands function (Mašić et
al. 2013).
Wetlands are necessary for the human health and development, with features that are giving great economic
and social values. Construction of a wetland has a major global ecological impact, because it represents one of
the most important links in biodiversity (Mašić i sur. 2013). With our project, we are aiming to promote the
importance of environmental protection and preservation of biological diversity on a degraded ground.

2. Origin and the purpose of the project
The whole idea for the construction of an artificial wetland arose after Mr. Bajratarević’s presentation. During the
presentation, we have realized the true essence and the goal of what really Quarry Life Award stands for and
what it is expecting from all the applicants and that is the determination and a strong will to create and implement
an idea for a sustainable ecosystem of the Quarry Ribnica. The original idea was to construct the wetland near
the river Ribnica, but due to financial deficiency we have decided us for a smaller experimental artificial wetland,
that is showing the benefits of its existence in the quarry, as for the environment and the company itself.
Because of the fact that water is an inexhaustible resource, it is essential that its quality is on a consummation
satisfying level. Construction of the wetland in Quarry Ribnica promotes the wetlands potentials as an ecosystem
for the purpose of water purification, that afterwards goes into the river Ribnica, and later into the river Bosna as
well. The wetland wouldn't threaten the natural habitat of animals. Purified water would flow into the drainage
canal, which was mostly in a dry state before there was a wetland, so that the animals could have constantly
drinkable water. Commissioning the artificial wetland and providing a constant flow of purified waste water into
the drainage canal, we are directly influencing the enrichment of the local flora and fauna. Besides this goal, we
also wanted to inform the locals about the importance of the wetland itself and its sustainability.
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3. Methods
3.1. Examination of the terrain
The first stage of the project was the examination of the terrain or rather choosing the most convenient spot for
the construction of the artificial wetland in the Quarry Ribnica.
3.1.1. Topographic position of the studied area
Quarry Ribnica is located on the southern slopes of the mountain Ravan. The bearing of the quarry takes a
northwest position from Kakanj, on the line between Ribnica-Subotinje. The location is on the west (right) side of
the river Ribnica. Three terrain visits were done inside the quarry: one in April and two in May. On the basis of
available data about the topography of the area, climate, geology and hydrology, we made our decision about
the wetland's position. Working together with the staff of the quarry, the decision was to build up a wetland on
the most convenient and accessible location. We have chosen the place where the water is naturally gathering,
but in which vicinity is a well. Besides that, we have also kept in mind that the best way for the water plants to
grow is if we plant them on a sunny and half-shadow place, taking care that the existing flora fits the wetland and
its function. This phase also consists of taking ground and water samples and doing biochemical analyses.

Picture 1. Examination of the terrain for the wetland construction
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3.2. The excavation of the pool
After the examination of the terrain and choosing the most convenient spot, the second phase of the project was
on the run and that was the excavation of the pool in July. The artificial wetland consists from relatively shallow
pool, through which wastewater flows in the outlet direction and the water surface is directly exposed to the
atmosphere influence. Before the actual excavation, we have labeled the desired shape of the pool on the
ground, which dimensions are 3:2:1. Thanks to the working staff and their facilities (excavators and physical
involvement with specific tools in order for the pool to get oval) this phase was accomplished.The last step of the
process was putting layers of waterproof material in order to hold the onflow of water outside the pool. On the
top of these layers, we have poured out an amount of earth, so that we could plant our water purification plants
and establish the rooting of wetland vegetation.

3.3. Redirecting the water from the well and loading the pool with it
The third phase was all about redirecting the water from a nearby well and loading the pool with it. In doing so,
we have used one large pipe, which dimensions are 1 col. On the side of the pipe, where the water was entering
into the pool system, we have incorporated a filter, in order not to let leafs or other impurities to get to the
wetland and by that decrease or block the water level in our pool. To avoid the appearance of dead zones, which
do not participate in the purification process, we have managed to ensure equal wastewater flow into the
wetland, which in the end gives a satisfying result and that is purification of the water.

Picture 2. a) part in which the filter is incorporated; b) pipe that redirects the water; c) loading of the pool.

3.4. Introduction of plants
After we build up the wetland and redirected the water from a nearby well in it, we have decided to make an
introduction of few plant species and seaweeds. Before we have done that, we have carefully decided which
plant species we are going to plant in the wetland, and the selection of the plants were adjusted according to the
wetland's size. Water plants must have enough space for growth in order for the leaves to open and absorb the
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maximum amount of light and oxygen. The introduction started by transplantation of scions from the nursery
garden and grown plants from the environment.The first specie that was introduced in the wetland was
Phragmites communis Trin, then: Typha latifolia L. ,Carex pendula Huds., Equisetum arvense L., Chara vulgaris
L., Myosotis palustris L. These are only few from many other plants that we have introduced into our ecosystem
and all of them are localised in the area of the quarry and relocated into the wetland. The mentioned plants
represent a great natural material with profound isolation features, which gives it the ability to maintain ultraviolet
radiation and protection from insects and rodents. The main function is purification of the water and from
harmful microorganisms. Seaweeds are the main link in the biological processes of substance circulation and
energy flow. They are the leading producer of organic material in water, which is the main feature in all
ecosystems.

Picture 3. Introduction of plants

4. Results
4.1. Microbiological analyses of water
After the introduction of seaweeds and macrophytes into the wetland, it was time for the first water analyses.
Firstly, we have collected waste water samples, that we have redirected into our wetland and then we have
analysed the water from the wetland, after the plant introduction. The results of the waste water gave some
interesting information. Number of coliform bacteria was 384000 with the presence of the Pseudomonas
aeruginosa.
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In order to record the data easier, for the names of the samples we have used the terms „unclean“ (waste water)
and „clean“ or wetland water. First analyses were done on 21th July, 2016 and the results are shown on the
graph:
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Graph 1: Number of coliform bacteria from the „unclean“ sample.
The second part of these analyses was taking samples since the plant introduction happened and it has shown
very good results in such a short time interval. Number of coliform bacteria have decreased seven times and
was 57600 and there was no sign from Pseudomonas aeruginosa. With these facts it was proven that the plants
adapted quickly and managed to purify the water in a very short time. The results are shown in the graph:
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Graph 2: Number of coliform bacteria in „clean“ water was seven times decreased.
It is proven that the seaweeds and macrophytes have managed to adapt to the environmental requirements and
with that also succeeded to purify the water in a very short time. Because of that we have waited for the next
analyses after a month, so that the wetland could even better adapt to its new habitat. A third and final sampling
was done on 26th August 2016 and the given results have been excellent and unexpected. Namely, the number
of coliform bacteria after the last analyses was 10800. Results are shown in the third graph:
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Graph 3: The last water analysis showed drastical drop of coliform bacteria in the wetland water.
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According to these analyses, the plant introduction is definitely proven and their water purification features. The
wetland works for a very short period of time. However, it gives very good results and in the future we are
expecting even better improvement. The coliform drop in the water is shown in the next graph.
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Graph 4: Drastical drop of coliform bacteria in wetland water.

4.2. Biodiversity monitoring
Besides the water purification feature, artificial wetlands have also a fundamental role in providing habitat for
many aquatic and land organisms. Creating an artificial wetland in quarries represents a good solution for
increasing the biodiversity on these degraded surfaces. For the purpose of the wetland's rapid colonisation in the
Quarry Ribnica, a few species were planted from the local flora: Salix alba L., Phramites australis (Cav.) Trin ex
Steud., Typha angustifolia L., Veronica beccabunga L. and Chara vulgaris L. Also, there was an introduction of
one cultivar, besides the autochthonous plants and that was: Gunnera manicata Linden.
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d)

Picture 4. a): Typha angustifolia L.; b) Veronica beccabunga L. c) Chara vulgaris L. d) Salix alba L
Measuring some physical parameters of water (on 24th August 2016), there were shown differences between
„unclean“ and „clean“ water from the newly formed wetland. The comparisons of the results are shown in the
table (Table 1).
Table 1. Values of some physical parameters from the „unclean“ (upper row) and wetland water (lower row)
Indikator
Conductivity
Water temperature
The total quantity of
dissolved
substances
„Unclean“ water
516 µScm-1
18,10 °C
348 ppm
Wetland water
319 µScm-1
20,50 °C
212 ppm
11/12

Besides taking measurments of the physical parameters, sampling of phytobentos was also done. Analysing
these samples the presence of following representatives from the class were detected: Cyanophyceae,
Bacillariophyceae and Euglenophyceae.
The mentioned representatives of phytobentos seaweeds are typical species that colonise newly formed aquatic
surfaces, and that are: Achnanthidium minutissimum (Kützing) Czarnecki, Encyonopsis microcephala (Grunow)
Krammer, Encyonema minutum (Hilse in Rabh.) D.G. Mann, Placoneis placentula (Ehr.) Heinzerling, Ulnaria
ulna (Nitzsc.) Compère, Gomphonema truncatum Ehr., Cymbella affinis Kützing, Cymbella cistula (Ehrenberg)
Kirchner, Nitzschia recta Hantzsch in Rabenhorst, Surirella robusta Ehrenberg,Hantzschia ampioxys (Ehr.)
Grunow in Cleve et Grunow and Euglena viridis (O.F.Müller) Ehrenberg.

a)

b)

c)

d)

e)

f)

g)

h)

j)

k)

i)
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Picture 5. a) Achnanthidium minutissimum (Kützing) Czarnecki; b) Achnanthidium minutissimum (Kützing)
Czarnecki; c) Surirella robusta Ehrenberg; d) Ulnaria ulna (Nitzsc.) Compère; e) Placoneis placentula (Ehr.)
Heinzerling; f) Gomphonema truncatum Ehr.; g) Cymbella cistula (Ehrenberg) Kirchner; h) Hantzschia ampioxys
(Ehr.) Grunow in Cleve et Grunow; i) Encyonema minutum (Hilse in Rabh.) D.G. Mann; j) Cymbella affinis
Kützing (middle) i Encyonopsis microcephala (Grunow) Krammer; k) Euglena viridis (O.F.Müller) Ehrenberg
The samples also showed the presence of lower invertebrates: Amoeba, Helliozoa and Vorticela. We have
detected a few organisms from the group of insects (Odonata, Coleoptera, Hymenoptera), snails (Gastropoda),
amphibians (Amphibia). Some of them are: Rana arvalis N., Calopteryx virgo L., Radix labiata R.

Picture 6. Rana arvalis N. Found a new place for living.
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Picture 7. Coleoptera

Picture 8. Radix labiata R.
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Giving that our wetland operates for a small period of time, in the future we could expect an increase number of
autotrophic (seaweeds of phytobentos) and heterotrophic (species from the kingdom Animalia) organisms.

5. Finance
Giving the current circumstances of the wetland located closely to the river Ribnica itself, we have decided to
make a business plan that is acceptable for the company, so that the project could be fully implemented.

5.1. Financial construction of the project
Besides the fact that the possible implementation of the project would have direct impact on the local flora and
fauna, it surely would influence the development of the community as well. And because of that we are expecting
active involvement of the government authorities, local community, non-governmental organisations, schools etc.
In the following table are shown costs of the project implementation. Projection of the costs is made on the basis
of the following dimensions of the wetland 20x25x5.
Table 2: Costs of the project implementation
No
Costs description

Amount in KM

1.

Building permits and other documents

500,00

2.

Laborytory analyses

500,00

3.

Construction work

2.000,00

4.

Labor costs

1.500,00

5.

Plant costs

1.500,00

6.

Field research

1.000,00

7.

Other costs

2.000,00
TOTAL

9.000,00

For the construction, we would use natural materials, that would considerably decrease the costs of
implementation. Besides that, professional staff would consist of students and professors, and the technical
advices and recommendations would be marked as own participation. Based on giving assumptions, we
conclude that during the implementation of the project and costs of realisation of the same, participants'
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involvement would be 20% of the total project value. Below is the review of the proposed structure of the
financing.
Table 3: Sources of project financing
Source of financing
No

Amount

Percent

KM

1.

Applicants own participation

1.800,00

20%

2.

Project's funders

7.200,00

80%

9.000,00 KM

100%

TOTAL

5.2. Economic validity of the project
Considering the specifity of the project, its benefits can be derived into two categories:
 Benefits shown in financial indicators,
 Benefits shown in qualitative indicators.
5.2.1. Financial validity of the project
While preparing the information and documentations for the project, we have come across the knowledge that
the business companies in the near region are giving near 15.000,00 KM for the protection of the environment.
With the implementation of the project, where the former costs are 9.000,000 KM, we already see the validity of
the project. Ones when the wetland is built up, annual costs would be only for the maintenance of the wetland. A
copy of the Economic and financial analysis of the project during three years is shown in the next table.
Table 4: Economic validity of the project through years
Year
Total costs
(KM)

Without wetland

With wetland

I

15.000,00

9.000,00

II

15.000,00

2.000,00
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III
TOTAL

15.000,00
45.000,00

2.000,00
13.000,00

From the following table, we see that the costs of the business companies in the period of 3 years would be
decreased for about 71% and the implementation for them also pays off.
5.2.2. Qualitative indicators of project's verification
By introducing new plant species, we are aiming to increase the diversity and development degree of the local
flora and fauna. The construction of the artificial wetland would stimulate the growth of the vegetation together
with purification of the river Ribnica and the revitalization of freshwater organism's habitat. This would be the
essence for further research for biology students and professors. The social benefit of the project would
represent itself by giving educational and general information to the local community and reconstructing existing
natural area. It is important to mention, that with this project we would contribute to the promotion of the
ecological awareness of the company and its current reputation with the same.

6. Conclusion
As water is an inexhaustible resource, it is necessary that its quality remains at a certain level for free
consumation. Methods for waste water purification can be conventional (high financial investments needed) and
unconventional (artificial wetlands).
Artificial wetlands are an acceptable example for the protection of the water, because they are using processes
that are happening on a regular basis in the nature and are also economically justified. In addition to that, they
purify the water, easily adapt to the environment and give place for many animals to live.
Thus, benefits of the construction of an artificial wetland, as for the environment and the company, are multiple:
acts as a natural addition, are home for many animals, can be built from local material and for that the building
costs are very favorable.
Microbiological analyses have shown, that the idea of the construction of a renewable and ecologically
sustainable system, which would purify waste water, has definitely succeeded. Number of coliform bacteria have
decreased from 384000 cfu/ml to 10600 cfu/ml and it has proven that the plants and seaweeds have adapted in
the wetland, giving quality performance of their function. Considering the fact, that our wetland operates for a
very short period of time, in the future we could expect even better improvement, referring to the increase of
biodiversity of plant and animal species and further lowering of coliform bacteria.
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