WHERE WATERS AND LAND MEET - Section  C: Surface Waters                                                                                                  


Part 1: Water, Water Environments and Natural Processes
Section C:

RIVERS
A river is a large stream of water flowing in a natural channel into another stream, or into a lake or sea. A river starts as a tiny brook, connects with other tiny brooks into a larger stream, and these streams connect into even larger streams, and so on until this large stream of water reaches a sea. Rivers are an important part of the water cycle, and at the same time, an important part of the freshwater system. 
Surface waters

Surface waters are all the waters on the surface of the Earth. They are divided into freshwaters and seawaters. We can find freshwater surface waters as springs, streams, rivers, puddles, lakes, marshes, wide deltas and fresh to brackish water lagoons. 

River basin or watershed

The network of small streams growing to a bigger river, discharging into the sea, is called a river drainage system. The total area including the mountains that catch and drain the water to the river is called a river basin or watershed. 

[image: image1.jpg]Q0




River system
In a river basin, ground waters and surface waters are connected into one water system. The source of a river is a spring, the point where groundwater hits the impermeable layer of ground and springs out. A river can also start as a mountain torrent that collects all the runoff water. 

Several river sections have different characteristics: 

· In the upper section of a river, water current is relatively strong and fast. It erodes or excavates deep into the earth, washes away rocks and gravel, and creates narrow valleys. 

· In its middle section, the slope is decreasing and the water current slows down. Valleys are wider, because in the past, a river deposited large amounts of gravel, sand and other material to form valleys. The river starts to meander, to make turns and to form sandy-gravel islands. 

· In the lowest section, the river starts to make wider, bigger meanders in the river sandy, clayey and peaty flood plain. Water current becomes very slow. Because of constant erosion of riverbanks with taking away material from one riverbank and depositing it on other, meanders slowly move downstream. A river flows in a very complex riverbed with many parallel branches and river islands. Accumulation of sediment dominates erosion, and debouches into a lagoon and/or the sea. If a river carries large amounts of material, it slowly fills up the shallow coast and forms wide deltas. This section is one of the richest parts of a river regarding biodiversity, because it is a habitat for numerous plant and animal species.

Biodiversity
The fresh water biodiversity is one of the richest and most threatened ecosystems on Earth. More than a fifth of the world’s freshwater fish species is either endangered or extinct, during the last century. The fresh water wetlands have many functions and valuable uses: drinking and irrigation water, source of protein (fishes, bivalves, crustaceans), purification by filtering of sewage and other pollutants, and transportation medium. Due to threats like urbanization and unplanned land reclamation, the area of fresh water wetlands, absorbing peak river flows, are quickly decreasing.

Freshwater ecosystems

Each form of surface waters represents a different ecosystem. An ecosystem is a total of plant and animal communities living in a dynamic equilibrium within an area or habitat, connected with each other by means of complex (food) chain relations. Ecosystems are not coincidental communities of plants and animals in a specific environment. They developed slowly through long process of conformation to each other. They are also not fixed. They are constantly evolving and adapting to new natural and man-caused conditions. 

In a river, water plays an important connecting role for the development and maintenance of an ecosystem. Water connects in physical, biological and chemical sense the upper stream area with the lowest area of a river.

Self-purification processes

The stream has its own selfpurification capacitiy that depends on size of the stream, current flow, association of water organisms, substratum on the bottom, season and other factors. If there is a little organic pollution, the stream is able to purify itself.  
One of the most important physical factors of selfpurification is the hydrodynamic one involving dilution, solution and mixing of pollutants. Turbulent regime of rivers provides for proper mixing of pollutants in water and decrease of their concentrations.

Selfpurification capacity is based on biological processes (biological cycle). Organic pollution from homes and farms represents food for some macroinvertebrates and bacteria that use it as food and decompose it in inorganic matter, which is used by plants and algae for their growth. Water purifies itself through including organic pollution into food chains in biological cycle.
With the human input of pollutants the selfpurification capacitiy can be excessed. Besides direct input of pollutants in the stream, there are also many other interventions on the stream corridor that affect selfpurification capacitiy. These interventions could be direct (stream canalization, building of dams,...) or indirect (urbanisation and increased portion of impermeable areas caused by that; farming and consecutively erosion,...). 
It is necessary to emphasize, that higher aquatic vegetation plays a great role in all these processes, which not only accumulates pollutants, but also protects the coastline zone of rivers, lakes and reservoirs from waving and bank abrasion, improves the oxygen regime due to of photosynthesis and assists the sedimentation of suspended loads.
Lesson C1: FORMATION OF A RIVER

Main idea: Surface water through erosion, transportation of sediments and accumulation of sediments shapes the landscape and forms deep narrow valleys on one hand, and vast planes and wide deltas on the other. Every river can be divided into upper, middle and lover section. Each section has its own characteristics determined by a number of parameters, among which are the most important inclination, quantity of water, and type of sediments. In each of these zones one can find different river ecosystems. In the fast moving waters, for example, animals exhibit special adaptations for holding on the bottom of a river to avoid of being swept away.

Goal: To demonstrate how a stream of water through erosion, movement of sediments, and sedimentation shapes the landscape and creates different shapes of riverbed throughout the whole river system. 

Concepts:  stream, river, riverbed → erosion, sedimentation → torrent, meander, delta

Introduction: River 
Discuss with students what is a river and how it is formed? What are all other possible forms of surface waters?
Activity: Let us create a river 

Materials: wide wooden board, water, wet sand; 

1. Making a model: 

· Place a couple of centimeters of moist sand on a wide board.

· Place one side of the board on a brick or rock to create a slope.
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Slowly pour water on the top of the leaned board.

2. Observe the path of water current through the sand:

· What happens to the sand? (The water – river carries the sand away and makes itself a path.) 

· How do we call a process when water carries sand away? (Erosion)

· What happens when we lean the board higher? (The process of erosion is stronger. The water channel is more narrow and straight. The water current is faster.) 

· What happens if you lean the board lower? (The process of erosion is not that strong any more. The water current is slow, and the water channel makes many curves and parallel channels.)

· What happens with the curves? (Water takes away sand on the outside of the curve and deposits it on the inside curve. This is how meanders are getting larger.)

· What happens if you lean the board just a little bit in a perpendicular direction to the flow of the water? (The river creates a new path, which is the shortest according to the new conditions. The old river channel gets dry.)

Activity: River sections and the form of riverbed
Material: worksheet C1/1 “The shape of a riverbed”

1. Brainstorm with children and list all different terms that are connected to a shape of a river (torrent, meander, delta etc.).

2. Look at each of the terms and try to define its correct meaning. Then relate the term to upper, middle or lover section of a river. 

3. Take the Worksheet C1/1 “The shape of a riverbed” and have a discussion with students: 

· What are different types of a riverbed? (Narrow rocky and steep, wide silty on vast plane etc.)

· Where does a specific type usually occur? (On different sections of a river from its source to its outfall.)

· What determines a specific form of a riverbed? (The most important parameters are: inclination, the quantity of water, type of sediments etc.)

· What are the characteristics of a river landscape when the water flow is fast? (The river water digs deep into the ground, washes away rocks and other material, and creates narrow valleys.)

· What are the characteristics of a riverbed when the water flow is fast? (The riverbed is narrow, steep and rocky with many cascades.)

· What are the characteristics of river landscape when the water flow is slow? (Valleys transform into a vast plane and a river forms large meanders with islands and parallel branches. Water current constantly takes away material on the outside banks of meanders and deposit eroded material on the inner banks of meanders.)

· What are the characteristics of a riverbed when the water flow is slow? (The riverbed is wide, almost leveled, with silty sediments that form marshy islands etc.)

· Which part of a river is the richest regarding the diversity of plants and animals? (The lover section of a river with wide meanders, deltas, marshes and swamps is one of the richest parts of a river regarding biodiversity. It is a habitat for numerous plant and animal species.)   

Discussion: Our river 
Have a discussion with students about a river that flows through their town. Describe it.
Worksheet C1/1: THE SHAPE OF A RIVERBED

Directions:  Study different types of riverbed and try to determine what kind of riverbed has a river or stream that passes through your neighborhood. 
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1. Upper rising section of a river: a small steep mountain stream with shallow rocky bed and sometimes no water;

2. Lover rising section of a river: a mountain stream with rocky bed and permanent water flow;

3. Upper middle section of a river: a stream with gravel bed;

4. Lover middle section of a river: a river with gravel bed creating large meanders;

5. Upper outfall section of a river: a river with silty bed creating large meanders and parallel river channels;

6. Lover outfall section of a river: a large river with silty bed creating wide delta; 
Lesson C2: RIVER WATERSHED

Main idea: Every surface water body has its watershed, which is an area from where all runoff water drains into that surface water body. Watersheds of smaller rivers or streams form watersheds of larger rivers, lakes or lagoon. A river watershed or a river basin represents a basic geographic unity, where all surface waters and groundwater are connected into one water system. Therefore, any activities that can influence the quality or quantity of water can have an effect on a downstream section of the river (floods, accumulation of pollution…). 
Goal: To introduce and to demonstrate a river watershed concept using a simple model, and to relate watershed concept to students' local environment. At the same time, to demonstrate that activities in the upper section o a river can have an effect in the downstream section.
Concepts: river, stream → river basin or river watershed → ridgeline, runoff, tributary, dam → upstream, downstream;
Introduction: Rivers and streams 

Use the analogy of tree branches to explain the river basin or the river watershed before you actually define it within an experiment:

· Look at a tree: the trunk of a tree holds several large branches; each of them holds many smaller branches...

· The river system is similar to a tree...

· From where does a river get its water? 

Activity: A river watershed model
Materials: newspaper, large plastic bag or large sheet of plastic, paper towel, spray bottle filled with water, plastic container, waterproof marker, food coloring (add a drop or two to the water), sponge;

1. Make the model: 

· Crumple a couple of sheets of newspaper and place them in the plastic container.
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Drape the plastic sheet over the crumpled paper in such a way that a valley and hills are formed. Be sure that water generally flows towards the valley and to the front side of the container. 

· Fold up the front edge of the plastic sheet to prevent the water overflow.  In this way you have got the model of hills and valleys, which forms the watershed that drain towards the ocean.

2. Demonstration of a river watershed: Explain the students that the hills divide different watersheds. Spray the colored water onto the model and observe the movement of water. Point out how the water runs-off the land on one side or on the other side of the high ridgeline of hills, and forms streams in the valleys. 

· What is a river watershed or a river basin? (All of the land that drains into one stream or river with all its tributaries is called a river watershed.) 

· What is the high ridgeline? You can mark it on a model with a waterproof marker!

· How rapidly the water travels over the hard surface? (The water flow is very rapid.)

3. The runoff from hard stone and bare soil ground is very rapid. With vegetation covered ground absorbs much more water. The largest capacity of absorbing runoff water have wetlands. By absorbing large amounts of runoff, they slow down the rate of flow. To demonstrate a wetland, put sponge into the valley and spray again. 

· What happened to the flow of water? (The water is absorbed into the sponge and runoff slowed, until the sponge is saturated.)

4. To demonstrate a dam, bunch up the plastic sheet at the end of the valley to form a stream barrier and spray until water collects behind the barrier. 

· What happened to the flow of water? (The water is accumulated behind a dam.)

Activity: A river watershed game

Materials: no material needed;

1. Different parts of a body are associated with a specific term: river watershed = the whole body, spring = head, river = belly, lagoon = knee; 

2. The children should listen to the words of the teacher and touch their body that is related to the word. The teacher, in the meantime, does something different with his hands, but the children should only listen to his/her words.

Activity: Mapping the river watershed area
Materials: map of the province, translucent trace paper, color pencils;
1. Have a discussion about all possible surface waters in the vicinity of your neighborhood:

· Do you know from where streams, rivers, lakes, ponds, lagoon in your town get the water? (from streams …. watershed)

· How large is the watershed of your river?

2. Making the map of watershed:

· Take a map of the province. Cover the map with translucent trace paper. 

· Chaise a stream, river or lake in your vicinity, and trace it down on translucent paper.

· Try to define the borders of the watershed by defining the high ridgeline. Draw the borders of the watershed on translucent paper. 

· Are there any dams or reservoirs? If yes, draw them on the paper.

· Are there any wetlands? If yes, draw them on the paper.

3. Have a discussion and try to describe how the water system in a chosen watershed functions.

· From where the river, stream or lake receives its water?

· Has the river canalized or natural? How does this affect the flow of the river or stream?

· Is there a large flood plane along the river or stream that gets flooded every year? What can happen if we build a new town on the floodplain? 

4. Take a pencil and drop it on the map. The end-point of the pencil shows the location of water contamination with a poison that was accidentally spilled because of a car accident. 

· Which streams and rivers in the river watershed will be contaminated?

Discussion: Upstream, downstream
Start a discussion with clarifying the concepts upstream and downstream. Then refer to the experiments and point out the activities that can influence the river downstream.

1. What kind of activities can have an influence downstream? (pollution from upstream can accumulates downstream and cause bloom of algae; urbanization upstream can speed up runoff and cause floods downstream etc.)

2. How do we slow down runoff water? (The runoff water can be slowed down by building a dam, by foresting land, by letting water to infiltrate into the ground, by saving marshy and swampy lands in their natural condition to accumulate water, by letting streams and rivers to meander slowly through the landscape and to store water in flooding planes.) 

3. Why is it good to slow down the flow of runoff water? (During the raining period water stays longer in the upper part of the river watershed, which can diminish the chance of catastrophic floods in the lover part of the river watershed. During the dry period the accumulated water reduces the consequences of droughts.)

4. Is sometimes good to increase the flow of runoff water? (Sometimes, to prevent flooding of urbanized areas, the flow of runoff water have to be increased. However, by increasing the flow of runoff water in the upper location, we increase the chance of catastrophic floods in the lover locations of a river watershed. Therefore, we need to be conscious of what we do.)

5. How do we increase the flow of runoff water? (By leading runoff water from urbanized areas straight into the river, by regulating the river to get more straight and deep river channel, by drying marshes and swamps etc.)

Lesson C3:  LIFE IN A RIVER
Major idea: Living conditions in rivers change due to speed of water movement, type of sediment etc. Living conditions reflect in the structure of plant and animal communities, as well as in the body form of water creatures that are adapted to these living conditions. Living conditions and plant and animal communities are connected through food chains into biological cycle.   
Goal: To explain the students what are the most important changes of living conditions in rivers, and consequently, what are the adaptations of living creatures to these conditions are. 

Concepts:  living conditions (upper, middle, lover section of a river) (  communities of water animals and water plants (  macroinvertebrates  (minibeasts) (  food chains (  biological cycle  (  water purification processes 
Introduction: What lives in a river?
Together with students, try to find out what kind of living creatures live in and along a river? 
Activity: Speed of a river game       

Materials: a ball;

1. Ask a group of students to makes a line, which represents a river.

2. Give them a ball. The students have to pass the ball to each other. The children at the start of the line represent the upper part of the river, where the water is fast, while the children at the other end of the line represent the lowest part of the river. With the movement of the ball passing from each other, the students have to demonstrate the movement (speed) of the river.
3. Discuss with students: 

· Which part of a river is the fastest? (The upper part.)

· What kind of water can dissolve more oxygen? (Fast flowing water.)

· What other characteristics are affected by speed of water current? (Erosion, water turbidity, morphology of a riverbed, types of plants and animals living in streams etc.)

Activity: Adaptations of life to the living conditions in a river
Materials: Worksheet C1/1 “The shape of a riverbed“, Worksheet C3/1 “Life in a river”

1. Take the worksheet C1/1 “The shape of a riverbed” and have a discussion with students about the living conditions in a river:

· What form of riverbed is characteristic for each of the river sections?

· What are the characteristics of habitats in each section of a river?

2. Use the worksheet C3/1 “Life in a river” and look at the pictures. Explain students what are the most important living conditions in a certain section of a river. Ask students to make notes. 
· In the upper section of a river, the life is mainly connected to the bottom of a riverbed, where the water current is the slowest. Animals have specific adaptations of their body parts to be able to hold on a bottom (some nymphs develop hooks at the tip of their legs…), or they adapt certain type of behavior (some larvas cover their body with small stones, some fish always stays behind the large stones and jump into the water current only for food.    
· In the middle section, where the speed of water current is lover, the stones are covered by algae that creates good living environment for various animals.
· In the lover section, where the speed of water current is very slow, plants and animals inhibit the whole water space (floating and hovering creatures).
3. Go with students to the nearest stream and determine what is the life in that stream.
Activity: Sampling and identifying small animals (macroinvertebrates)
Materials and equipment: 
· map of the area,
· a book for identifying the macroinvertebrates in the area, 

· white tray (any white plastic container),

· items for handling the catch (plastic spoon, small brush, pipette made from wide plastic tube), 

· white sorting dish (to make sorting and observation of different creatures easier, try to find moulded plastic containers with a number of sections - some food packaging may be suitable, or plastic egg cartons or ice cube trays from fridges,

· net,
· passive sampler (Fill a net bag with clean pebbles, sew up the top with string and attach to a length of string). 
· mud scoop (Use thick plastic bottle, mark out diagonal across the bottle the area to be cut away from the plastic bottle that includes all of the base. Carefully cut along the line. Leave the top screwed on tightly. The whole scoop represents a standard sample). 
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1. Make a field trip to the nearest river or stream and take with you all the necessary materials and equipment already prepared for use:
2. Take a sample with one of the sampling techniques:

A. SAMPLING WITH A NET: Take a net and hold it in water. Ransack with your leg on a bottom of the stream in front of the net, to catch animals. With a brush scrape animals from stones into the net. With some swinging motions of the net through water plants capture animals hiding among plants. 
B. SAMPLING WITH MUD SCOPE: Take a mud scope and take a full scope of mud. Place the mud on a white try together with some water and sort out the animals, and place them into the sorting dish. 
C. PASSIVE SAMPLER: Carefully lower the passive sampler into the water. This is especially useful where the water is deep and difficult to sample with a net. Secure to the bank and leave for at least two weeks so that animals can enter and colonize. Then remove the sampler and brush the animals from the crevices on the stones to reveal the catch. 

3. Animals can now be taken from the main white tray and separated. Sort the animals in a sorting dish. Try to identify them. You can help yourself with the Worksheet C4/1 »Pollution detectives in rivers« or with the worksheet that was especially prepared for your site. Count the animals of the same type and make a record. You will need the list of animals with their count in the lesson C4 “Quality of surface water”.
4. Take more samples on different locations. It is important to use exactly the same technique of sampling on each site to be able to compare the results. Remember to compare 'like with like', which means lover section with lover section of  river….
Activity: Biological cycle
Materials: Worksheet C3/2 “Biological Cycle”

1. Explain students that all living creatures are connected to each other through complex food chains

· What do water animals eat? (Some animals eat plants, some eat other animals, and some feed on dead animal and plant bodies, and their excrements. Animals that eat plants and other animals are called “Consumers” because they only consume organic matter and use it to get energy and to build their body. Animals and bacteria that feed on dead organic matter and decompose it into inorganic matter are called “Decomposers”.)
· What do water plants eat? (Plants and algae nourish with inorganic matter from the ground or dissolved in water. Because they themselves produce organic matter from inorganic matter and integrate it into their body, therefore, they are called “Producers”.)
4. Take the worksheet C3/2 “Biological cycle” and ask students to fill it out.

Discussion: Purification of water
Discuss with students how water organisms purify water from organic pollution? (Organic pollution from homes and farms represents food for some macroinvertebrates and bacteria that use it as food and decompose it in inorganic matter, which is used by plants and algae for their growth. Water purifies itself through including organic pollution into food chains in biological cycle.)

Worksheet C3/1: LIFE IN A RIVER
Directions:  Help yourself with the picture below and describe mayor characteristics of life in the upper, middle and lover sections of a river, as well as mayor adaptations of plant and animal communities to these living conditions.
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Worksheet C3/2: BIOLOGICAL CYCLE
Directions:  Help yourself with the picture and describe what are the groups of living creatures that we describe as Producers, Consumers and Decompositors. Describe what is their role in the biological cycle. 
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Lesson C4: QUALITY OF SURFACE WATERS
Main idea: The enrichment of rivers and streams by nutrients or organic pollution leads to changes in the minibeast community. The diversity of these macroinvertebrates can be used to monitor pollution. The presence or absence (or better, the relative abundance) of minibeasts in rivers, lakes and other water bodies can be recorded. The diversity and composition of the community sampled allows the monitoring of pollution levels in water and a comparison between the different sites and seasons. 

Goal: To make students aware that certain type of living creatures cannot survive in polluted waters, and to introduce a simple system of monitoring organic pollution through the presence of some macroinvertebrates that children can observe with their naked eye.

Concepts: living conditions, pollution ( macroinvertebrates (minibeasts) ( pollution detection 
Introduction: Pollution
Have a discussion with students about pollution. Explain them that the same way as the speed of water current, or the type of sediments define living conditions for water creatures, pollution also define living conditions for animal and plant communities.
Activity: Water pollution detectives
Materials: list of macroinvertebrates from activity “Sampling of small animals (macroinvertebrates)” in Lesson C3“Life in a river”, Worksheet C4/1: Pollution detectives in rivers, Worksheet C4/2: Water quality analysis

1. It is important to have some idea of the freshwater minibeasts (macroinvertebrates) likely to be present in good, clear water in your area. As a generalization a list (like Worksheet E2 »Pollution detectives in rivers«) can be made with the animals most susceptible to organic pollution at the top and those most tolerant to pollution at the bottom. 

2. Take lists of animals found in each sample (from Lesson C3: Life in a river). Sort animals and record the presence or absence of each animal or type of animal from the Worksheet C4/1 (»Pollution detectives in rivers«) or from the worksheet that was especially prepared for your site. 
3. Take the Worksheet C4/2 (»Water quality analysis«) and fill in the counting results. The greater the diversity, the better the water quality. Also the higher the score (the more of the type towards the top of the list) the better. 
4. To make the assessment more realistic, take into account the relative abundance of each animal or group scoring each into a broad category (such as: 1 = one animal only;  2 = between 2 and 10 animals; 3 = between 11 and 50 animals; 4 = between 51 and 100 animals; 5 = over 100 animals found in the sample). Help yourself with Worksheet E2 to get final (or total) score. 

5. Go to other locations and take new samples. It is important to use exactly the same technique of sampling on each site. Remember to compare 'like with like' so that fast stony sections can be fairly compared with another fast stony, and a slow muddy section with another slow muddy section since the animals will differ. 

Discussion: How to reduce pollution?
1. Rivers and streams with low total score are polluted with organic pollution. What are the sources of pollution? (The levels of nitrate will be high where there is intensive agriculture or sewage pollution.)

2. What can be done to reduce pollution?

Worksheet C4/1: Pollution detectives in rivers(
Directions:  Macroinvertebrates with higher score can be found in cleaner waters, macroinvertebtates with lower score can be found in polluted waters. Count the number of individual of each sort you find and write the results in Worksheet C4/2 “Water quality analysis”.


Worksheet C4/2:  Water quality analysis(
Directions:  Fill out the list for each new sample. Higher the total score, cleaner the water….
	Sample location:
	
	Sample number:
	

	Sampling method:
	

	Description of the location:
	


	Detective minibeast:
	Exact count:

Number of minibeasts in the sample
	Group count:

1 = one animal only 

2 = 2 to 10 animals 

3 = 11 to 50 animals 

4 = 51 to 100 animals 

5 = over 100 animals 
	Biotic index =

( (group) x (group count)

	Group 5 - CLEAN
	
	
	

	Damsel fly nymph
	
	
	   5 x ___ = ______

	Stone fly nymph
	
	
	

	Mayfly nymph
	
	
	

	Group 4
	
	
	

	Diving beetle
	
	
	   4 x ___ = ______

	Caddis fly larva
	
	
	

	Water boatman
	
	
	

	Group 3
	
	
	

	Amphipod Crustacean
	
	
	   3 x ___ = ______

	Group 2
	
	
	

	Isopod Crustacean
	
	
	   2 x ___ = ______

	Mollusc (pond snail)
	
	
	

	Group 1 - POLLUTED
	
	
	

	Leech
	
	
	   1 x ___ = ______

	Bloodworms
	
	
	

	
	
	TOTAL  SCORE
	(


Other observations:__________________________________________________

Lesson C5: RIVER CLEANS ITSELF
Major idea: Flowing water has the ability to clean itself through natural biological processes and through the physical filtration of the riverbed. To be able to sustain the natural level of selfpurification ability of a river system, the riverbeds should have their natural morphology with wide riparian zones with vegetation and gravel islands. 

Goal: To make sure that the students get understanding, that selfpurification ability of a river system depends mainly on biological processes through complex food chains and physical filtration of the riverbed. At the same time, the goal is to demonstrate the effect of filtering dirty water in a simulation in which a filter-bed is constructed and a sample of murky water monitored. 

Concepts:  water purification ( biological processes (biological cycle), physical processes (filtration…), chemical processes (oxidation, reduction)
Introduction: Can river clean itself?
Let students to find out through conversation by themselves that there are different self purification processes in nature. However, if there is to much pollution or the pollution is man-made, eater in nature can not always purify itself. We need to purify it in water treatment plants.  
Activity: Water cleans itself by filtering through a riverbed

Materials: plastic bottle, scissors and marker pen, collection of small washed stones, gravel, sand, twoglassess, muddy water, tall plastic bottle or measuring cylinder, white paper, ruler, black pencil, artificial light source;  

1. Explain students that they will do a simulation of the natural cleaning effect of a river, since the riverbed of a river is a sort of a filter that can filter river-water.
2. Show some samples of murky water from a river to the students and have a discussion:
· Why can be water from a river so murky? (Cloudiness of water depends on quantity of insoluble inorganic and organic particles. Among organic particles there are present also some microorganisms and plankton.)

· How can we reduce the cloudiness of water in a sample? (With filtering it.)

· How can we know that filtering really works? (Cloudiness of the water can be measured. Light is absorbed with increasing depth in water and will disappear even more quickly if there is a suspended load of sediment. To see if the filtering really works, we should measure cloudiness before and after filtering the samples, and then compare the results.)

3. Measuring cloudiness of murky water:

· Make the mark on the paper like on the picture below. 

· Stick the marked white paper on the bottom of the measuring cylinder or tall bottle. 

· Prepare the lighting for the bottom part of the measuring cylinder (to make sure that the light conditions are always the same).

· On the measuring cylinder (plastic bottle) mark centimeter scale.

· Pour the water slowly into the measuring cylinder and observe the picture on the bottom through the water column. 
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· Write down the height of the water column for each sample of water. You should still be able to see the picture with the cross and circles at the bottom of the measuring cylinder.  

4. Preparing a filtering experiment:
· Mark a bottle about three quarters of the way down and cut it in two. Remove the cap and reverse the top which should now fit neatly into the smaller bottom section. 

· Put the small stones into the bottom of the reversed top of the bottle so that the hole is covered, but not completely blocked. Add gravel on top of the stones and then a layer of sand. Put a small stone right at the top. 
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· Pour murky water onto the stone so that it can trickle down through the bottle. The water will collect in the removable bottom section. 

5. Observe the effect of filtering:

· What effect has the filter (composed of stones, gravel and sand) had on the water? 

· Can stones or gravel do this on their own? To answer this question perform the activity with each separate material and measure the cloudiness of the sample water before and after filtering.
6. Have a discussion with students: Is physical filtration the most important selfpurification activity of a riverbed? (No, there are biological processes that are very important. The most intensive biological processes are going on with microorganisms in the bottom of a riverbed.)

Activity: Water’s ability to clean itself (selfpurification capacity)

Materials: Worksheets C5/1 »Selfpurification capacity of a river«;  

1) Explain students that they will talk about water’s ability to clean itself: 

· What is selfpurification capacity of a river? (river’s ability to clean itself)

· How can water in a river clean itself? (There are various natural processes related to selfpurification capacity: biological processes through food chains, physical processes such as filtration, and chemical processes such as oxidation.)

· What kind of natural biological processes are related to selfpurification capacity of a river? (Organic pollution, such as sewage, represents nutrients for microorganisms, which transform dead organic matter into inorganic matter that represents nutrients for plants. Therefore, the growth of plants and algae is intensified, which intensifies also reproduction of various animal species, since they have plenty of food. Off course, this is possible only, if the water is not too polluted.)

· How can one see that a river has a high selfpurification capacity? (The most important measures to define high degree of river’s ability to clean itself are: (1) well aired water with high level of oxygen that microorganisms in the river need for breathing, and (2) wide riparian zone with plants and active connection to other wetlands.) 

2) Take a field trip to the nearest rivers and streams. Observe the river, its banks and its riverbed. Have a discussion about the river’s ability to clean itself. Then fill out the Worksheet E4 »Selfpurification capacity of a river«

Discussion: Too much pollution
When the level of pollution is high, there are two things that they should be considered: to decrease the pollution intake, and to increase the selfpurification capacity of a water system.

· How to increase selfpurification capacity? (The riparian zone could be restored and enlarged. Wetlands could be restored. ...)

 Worksheet C5/1: SELFPURIFICATION CAPACITY OF A WATER BODY
Directions: Fill out the questioner. Circle (+ = good), (o = not good, not bad) or (- = bad) characteristic of a riverbed that can tell us about the selfpurification capacity of a river:

Name of the water body (river, stream, lake etc.): __________________________________________________________________
Location (name of town, village etc.): __________________________________________________________________

	GOOD
	SELFPURIFICATION CAPACITY
	BAD

	fast flowing, well aired water with a lot of oxygen
	+
	o
	-
	stagnant water with almost no oxygen

	presence of riffle and waterfalls
	+
	o
	-
	no riffle and waterfalls

	natural riverbed
	+
	o
	-
	regulated riverbed

	natural riparian zone
	+
	o
	-
	man made riverbank

	wide natural riparian zone
	+
	o
	-
	very narrow riparian zone

	gently sloping riverbank
	+
	o
	-
	very steep riverbank

	very rich vegetation
	+
	o
	-
	no vegetation 

	active connection with marshes and other wetlands
	+
	o
	-
	no active connection to any other wetland
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( Experiment adopted from Environmental Education Activities for Primary Schools, Unesco – UNEP.


( Experiment adopted from Environmental Education Activities for Primary Schools, Unesco – UNEP.
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