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Fight Water Shortage for a Sustainable Environment

Can Water Shortages in Europe be Curbed?

Abstract

No Water? No Future! 
13% of the world’s population lives in Europe but only 8% of the world’s water is found in Europe. How is it possible to reconcile the water shortages, the need to keep water free of contamination and the need to consolidate our water resources, are among the main concerns we all face, students and teachers, politicians and professionals, researchers and policy makers. This task aims to provide students with opportunities to study, learn, and discover concepts and processes related to water and water shortage, in an attempt to answer the question: “Can Water Shortages in Europe (and elsewhere) be Curbed?” 
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Students go through a number of activities in mathematics and science, applying knowledge from the two disciplines. Building on existing understandings and working on interdisciplinary activities, students will develop a comprehensive strategy for facing Water Shortage at a personal and at an international level.  

(Photo via the http://www.abc.net.au)

	Aspect
	Description

	Mathematical content
	Functions, statistics, geometry, modelling

	Scientific content
	Water cycle, water quality

	Age of students
	12 – 15

	Number of lessons in mathematics
	4 

	Number of lessons in science
	3


1. Overview of the teaching unit

1.1 The situation

There is an increasing evidence of a growing world water shortage. The problem is also central for Europe, since while 13% of the world’s population lives in Europe, only 8% of the world’s water is found in Europe. Large parts of Southern Europe as well as Britain are suffering from severe shortages, especially during the last years after persistent hot weather followed months of low rainfall. “The problem isn't going away as climate change is likely to increase the occurrence of droughts in Europe and elsewhere," researchers reported. 

Researchers and policy makers are in search of finding better solutions for long-term water supply within Europe before our rivers turn to trickles. Among the solutions that have been proposed are increasing the number of storage reservoirs and water dams, building new desalination plants, and most importantly urge consumers to cut back on water usage and not waste water. Further, professionals and researchers underline the importance of water quality, not only for drinking purposes, but also for the survival of living beings. The amount of available freshwater is decreasing. In addition, much of the available freshwater is being contaminated with harmful elements such as sulphuric acid, fertilizer, and gasoline. This happens as freshwater circulates through the hydrologic cycle.
1.2 Guiding questions

· What are the main sources that cause severe water shortage in Europe?

· How different harmful elements (e.g., fertilizers, gasoline, sulphuric acid) pollute freshwater? 

· What methods / strategies can be used to save water?

· What methods can be used to provide people with freshwater? 

· How much freshwater can be conserved if strategies and attitudes at a personal level are adopted? 

1.3 Final product

At the end of the teaching unit students will face the problem of water shortage at a personal and at a country level. From the science perspective students will explore and gain a deeper understanding on the water cycle and water quality, while from the mathematics perspective students will investigate how mathematical concepts and processes are used in taking important decisions related to water reserves (e.g., where to build a desalination plant). At a personal level, students will explore how strategies and attitudes can be used to save freshwater (e.g., use less water in bathrooms, kitchens, washing cars, gardening). At a more general level, students will explore how different methods can be used (and already used in a number of countries) to provide more people with freshwater (e.g., desalination plants, importing water from other countries). The presentation of students’ results will take the form of PowerPoint presentations, webpage design, poster, written report, and/or a combination of the aforementioned presentation methods.

1.4 Materials for experiment 

Water Quality Survey Kit (needed in the optional water quality activity)
This is a kit that includes all necessary materials and equipment to examine the quality of water (in a lake, river, pond, etc). See e.g. for a description http://www.carolina.com/product/earth+and+environmental+science/environmental+systems/water/water+quality+survey+kit.do?sortby=priceAscend
The kit can be bought as a whole from any merchant providing lab supplies and equipment for schools. All materials are presented in detail in the activity.
1.5 Suggestions 

The case of Cyprus can be adapted to other examples, if this might better serve teacher’s and/or students’ interest.

Not only Cyprus (in Europe) but also a number of other EU countries (e.g., Spain, UK, Portugal, Greece...) face the problem of water shortage. Further, the problem is much more severe in a number of African and Asian countries. 

1.6 The task plan

	Task Number
	Mathematics
	Science 

	1
	Task 1: Introduction into the context

· How significant is the lack of freshwater for EU countries?
· Can water shortage problem be curbed? Which methods are the most appropriate?

	2
	
	Task 2: Round and round and round! The Water Cycle. 
Students investigate Water Cycle and how it is related to the Water Shortage Problem. Students also explore how harmful elements enter the water cycle and affect the quality of water. Students explore how the quality of water is linked to the water shortage problem.

	3
	
	Task 3: Home, sweet home! My beautiful lake! (*)
(This activity can be used as an extension to Task 2). Teacher can also use tasks from the Water Quality Activity that was also developed in COMPASS project).

Students further explore the water quality in a nearby lake (or river) and make observations of the living organisms. Students link their results to water quality in water dams. 

	4
	
	Task 4: Desalination World!
Students learn about potential future sources of drinking water. Students, through a hands-on activity, learn about the desalination process. 

	5
	Task 5: Building a new Desalination Plant! 
Investigate which is the optimal place to build a new desalination plant in order to serve in a fair way the needs of four cities.

Students explore different quadrilaterals and their properties (diagonals, collinear points, angles) 
	

	6
	Task 6: Get Water here! 
Investigate the best possible place to get water from. Draw routes in Google Earth, calculate water price, and think of the environment. Investigate algebraic relations, calculate averages, and use graphs.  
	

	7
	Task 7: Save Water Now! 
Investigate how much water a family can save in a year.
Students investigate proportions, ratios, and modelling.
	  

	8
	Finalisation Task 8: Water shortage can be curbed!
Summarizing all information and developments in fighting the water shortage problem in Europe.


2. Description of the tasks

2.1 Task 1 – Introduction into the overarching question

The aim of this task
· Introduction of the general context and framework. 
Scientific content

· Water shortage

· Water pollution

Outcomes

The main purpose of the introductory activity is to let students understand that freshwater shortage is one of the most important problems Europe (and the whole world) faces today. Even worse, for some countries in Southern Europe people are lacking freshwater.   

Students are introduced to the problem of water shortage as a result of climate change, water pollution, and water wasting. Students are invited to go through the provided materials but also elaborate on their ideas and knowledge in order to build a more robust and comprehensive image of the multiple views of a complex problem, like the water shortage problem.

The teacher hands out a set of articles retrieved and modified from the Web and newspapers (see worksheets 1.1) presenting and commenting on the issues mentioned above. The introduction aims to provide a background for the rest of the activities and introduce students in the related concepts and processes. 
	
[image: image1]
	Activity 1 for students
You are invited to read individually the articles presented in information sheet 1.1. Then discuss with your peers in groups of three (or four) the following questions:
· What are the mains reasons for the global water shortage? You can also elaborate on reasons that are not mentioned in the provided texts.
· What is desertification and how it is related to water shortage?
· List a number of strategies that can be used to provide people with access to freshwater. Do not narrow your answer to those appear in the provided text.  
· List a number of strategies and attitudes that can be adopted to save water.  
One person will now stay in your group position, while the other members of your group will visit other groups and discuss your answers and ideas (around 15 minutes).
Go back in your group and prepare a short poster on your core ideas (sketches and other drawings are welcome). Alternatively you can prepare 2-3 PowerPoint slides. Each group presents their results to whole class (25 minutes).


The teacher guides students’ explorations through the provided text (and possibly other related websites) to identify the various factors related to water shortage problem and how people can face this severe problem. 

Alternatively, the teacher might like to organize a debate between the student groups, assigning each group a role (Member of Parliament, farmer, businessman, member of an ecology party). Groups can run a debate on which is the best solution / approach to face the water shortage problem and water quality. 
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Worksheets for task 1

Information sheet 1.1

Are we facing a global water shortage? There is increasing evidence of a growing world water
shortage. The World Bank reports that 8o countries now have water shortages that threaten health
and economies while 40 percent of the world (more than 2 billion people) has no access to clean water
or sanitation. According to the International Water Management Institute, nearly one-third of the
world's inhabitants don't have reliable access to clean water, supplies are either unsafe, unaffordable
or just not there. Some 3 million people - most of them children - die every year from diseases spread

by contaminated water.

It should be self-evident that population growth is the prime culprit behind the growing global water
shortage. In only 60 years, the number of people on the planet has ballooned from 2.5 billion to 6.5
billion. All those mouths need food - and generating all that food requires enormous quantities of

water. Seventy per cent of all the water humans use goes to support agriculture.

And all of the economic developments that the technocrats of every country are assuming - a growing
population, longer life expectancy, an improved standard of living would, if they happened, greatly
raise the peril. As people's living standards rise - they demand more meat in their diet. The numbers
then change - in the wrong direction. Growing a ton of grain requires 1,000 tons of water; a ton of beef
takes 15,000. According to the World Bank, world-wide demand for water is doubling every 21 years,
more in some regions. Water supply cannot remotely keep pace with demand, as populations soar

and cities explode, the world water shortage will grow exponentially.

Retrieved and modified from http://www.peak-oil-technology.com/global-water-shortage.htm!
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The Mediterranean: the desert closes in

The Mediterranean, considered to be the Southern border of Europe, lacks water and suffers from
desertification. According to the former president of the European society of the earth conservation

(EECS), José Luis Rublo, ‘Europe is in transition and will greatly suffer from global rewarming’.

According to the Convention of the United Nations to combat desertification (CCD), deserts take up 36
million square kilometres of the planet and, every year, they swallow up about 24 000 million tons of
farming land. Egypt suffers most from water shortages and deserts make up 90% of the surface of the
country, towns and treeless areas take up 9.75%, water 0.25% and forests 0%, according
to Eumedstat. But the EU countries are also under threat. Spain is the most arid country in Europe:
66% of its surface is exposed to desertification. Portugal and Greece also suffer from similar problems.

In Portugal 66% of the total land will be arid before 2026.

Known causes

The causes of water shortages are well known. ‘The overexploitation of the land is one of the oldest
causes of water shortages. In Europe, man has been farming for the last 8000 years,’ states José Luis
Rubio. ‘Mass tourism, high population density and industrial concentration’ also worsen the situation.
Last absurdity of the modern world, golf courses: in January 2006, Spain had 308 golf courses. Ten
months later, the number of golf greens had reached 324, and 65% of these were situated in the arid
areas of the country. This is the Spanish paradox, they dry their lands to create an oasis of

green vegetation.

Juan José Ibafiez, expert of biology and science at the CSIC, warns that ‘replanting trees in the
Mediterranean could diminish biodiversity’ and adds that ‘paleontological and palynological
experiences demonstrate the replanting schemes have only worked in the mountains’. Maybe the
solution to curb water shortages is to reduce water consumption. One means is of course to increase
the price of water. Germany boasts the most expensive square metre of water (1.80 euros), Spain is

the cheapest (0,77 per square metre of water).

Retrieved and modified from http:/fwww.cafebabel.co.uk/farticle/18682/europe-warns-of-water-shortages.html
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Ehe New York Times

Grocestruggles with water shortage

[Water shartages have hie much af Grecce, parccuarty the Aegean islands, at the Reight of thel
umm ar taurstseasan. The prablem hasbesn exacerbated by ncreasad cansumptian of wer during
2 acord heat wavethat swept sauthern Europe ast manth and caused same of the water I rservoirs
0 evsporste. Gresce has experienced water shartages befars, but the trauble this year is

unpracedented

The EU enviranment commissianer, Stavros Dimas, & Gresk, wauld nat say what messures the
autharkies shouldtake. But hesaid that “water shortages are 3 malor problem because they have an
immediate impact an citzens and an industries that ely am water. An estimated €24 millon, or 533
[miia, far infrastructure prajects ws relessed o the islands sarkr this year but paperwark had

praventad itfram being spent.

The prablem af dwindiing water resaurces is not imitad ta the lands: Greece is ane of the driest
couries in Eurape. Watar resenves have fallan by abaut 30 percent in Athens, whers half of the
caurtry's papuistion af a0 milian lves, and are a their lawast level in five yers, the state water|
board said. “The crss on the istands s 3 very small pac o & general prablem in Grecce, sad the
directar af the Gresk afice af Greanpeace, Nikas Charalambides. He blames wasteul agrcuftual
practices bt asa an ambtious gavernment plan for increasing taurism. Icis stageaus ta plan the
creatan af golf courses and swimming poal when water tanks are unning dry, and we dorthave the

resaurces to cutivate watar-hungry raps ke crton”

e o o R e o
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The New Pork Times

‘Antsland Paradise Faces an Alarming Water Shortage.

Thera is wauble in paradise, 35 the papular taurist sland af Cyprus faces 2 severe vater shartage,
it it reservairs currenty s@nding ot around 3% Fll. The cauntry has had many years oflawlevels

atrainfal and the possibiy of moreysars s loaming

Water has abways been  valuable ommadity on the Mediarranean island, which has one of the
wrld's highest cancentratians f aservois. The cauntry s used t regularperiads f dravght due €
e lacation and climate, butthere has been asharp dacrease inran i the past 35 years. Since 1472,
minfll s decreased 20% and runaffinta raservairs hss decréased by g%, The same pariad has
seen a rise in tamperature. In the last 200 years, the temperature rose by aimast 3 degress
Fanrenhet while rainfll per year drapped by three inches. Authariies lay the blame on glabal

warming,

Costas Papastavras, head of the Cypriot natianal cimste change un, aid:Climats changs is larly
avidenced in Cyprus, Climate change s nat aly abaut a ise i temparatirs, but alsa about xtreme
westhar canditians, nd draught s an afthem, Desertificatian ialsa becaming a serausprablem. It
is . just that we do nat have water in dams for rgation but we are laaking a¢ 2 decline n the

praducsity o sail, and we have atremendous prablem.

The demand far water in Cyprus, far now, outsrps supply. Experts estimate the iland wil nsed
almast 120 millan cubicFeet af water url the newy ear. Kauris, ane of he land's largest and mast
impartant dams, currently stands less than 2% ful wieh 333 milion tans of water. The island is
increasingly relying an desaliniztion plants farwater, but they can anly provide 45% of demand, and
hei operation is eneray heavy. Offcil,further, signsd 3 contract with shipping campany ta s il
tankers far suppling Oyprus with watar from other countras. The tanker supply pregram wil

antinus until apemanent salutian tathe problem wil ba raachad.

yprus islaaking at  blsak visan for the uturs. Officils believe the sand wil havs t2 adapt ta the
changes wraught by glabal warming. They belive anly signifcant changes in farming practics, ax

wllas watar managemant, will saveths sand.

Fetnsed ard oot romb s nytmes com
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Worksheet 1.1

* What are the mains reasons for the global water shortage? You can also elaborate on reasons
that are not mentioned in the provided texts.

*  What s desertification and how it is related to water shortage?

* List a number of strategies that can be used to provide people with access to freshwater. Do
not narrow your answer to those appear in the provided text.

* Lista number of strategies and attitudes that can be adopted to save water.





2.2 Science – Task 2: Go round and round and round! The Water Cycle

The aim of this task
In this task students are expected to:

· Identify and explain the process of evaporation, condensation, and precipitation.

· Identify specific characteristics of each process.

· Explain how the water cycle functions. 

· Explain what happens during each cycle, and construct a model of the water cycle.

· Understand how freshwater is being contaminated with harmful elements, during water cycle.
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Fig. 1: The Water Cycle (Hydrologic Cycle)

(http://commons.wikimedia.org/wiki/File:Hydrologic_cycle.gif)

Contribution to the overall question

· During the investigation students will familiarise themselves with the water cycle (hydrologic cycle). Students will also identify how the water cycle is related to the quality of water, and how different processes like evaporation have an impact on water shortage problem. 
Scientific content

· Water cycle

· Water quality

· Evaporation, Condensation, Precipitation
· Modelling
Outcomes

Students will identify the continuous movement of water on, above, and below the surface of the Earth. Students will realize that since the water cycle is truly a "cycle," there is no beginning or end. Water can change states among liquid, vapour, and ice at various places in the water cycle. Students are expected to identify the various phases of the water cycle (or hydrologic cycle) and where each one of the processes of evaporation, condensation, and precipitation take place. Students will also gain an understanding on how freshwater is being contaminated with harmful elements, during water cycle.
	
[image: image8]
	Activity 1 for students
In this activity you will examine the Water Cycle in the Environment and you will gain an understanding of its steps and water phases. You will also examine how other elements enter the cycle and affect water. Please look at the worksheet 2.1 “Water Cycle” and 2.2 “Water Cycle and Harmful Elements” and try to complete the tasks.  


Students explore the water cycle first in a “qualitative” approach; trying to identify core characteristics (e.g., continuous with no beginning or end, different water phases). At a later stage students are prompted to explore the provided text and other resources to complete the hydrologic cycle and identify and document all processes take place during the cycle. 
In worksheet 2.1 students are provided at first a “blank” image of the water cycle and are prompted to discuss with their peers the meaning of the arrows presented in the model and the processes behind. Students can start their work by building on their existing knowledge. At the second stage, the teacher can provide students with more data and introduce the scientific terms and analyse in more depth the water cycle and its processes.   

In worksheet 2.2 students focus on the various processes that take place during the hydrologic cycle and identify possible ways that harmful elements enter the water cycle and contaminate water. 
Background information for the teacher:

Discuss that water cycle is continuous. It has no beginning or end. It is affected by wind, pressure relative humidity and temperature, but it never stops. It is made up of three components: evaporation, condensation, and precipitation. Evaporation is the changing of water from a liquid to a gas. Condensation is the changing of water from a gas to a liquid. Precipitation is the process by which water molecules condense to form drops heavy enough to fall to the earth’s surface. Further, the teacher can also mention: surface runoff, the flowing of water over the land from higher to lower ground, Infiltration, the process of water filling the porous spaces of soil, and Percolation, which occurs when groundwater moving in the saturated zone below the earth’s surface. 
Discuss each component and that each component enables the other two to occur. Discuss the importance and significance of each component. Point out that the rate of evaporation, condensation, and precipitation may be affected by the geographic location and by climate conditions.

	
[image: image9]
	Activity 2 for students
In this activity you will further examine the water cycle and identify during which “steps” harmful elements might enter the water cycle and contaminate water.  

In this activity you will form groups of three. At the beginning, you will be provided a “blank” water cycle diagram in which you will label the three main components (evaporation, condensation, and precipitation) and identify in each component harmful elements that enter the water cycle. You can also report on other processes, like percolation, and how elements contaminate water. 


Possible solutions

1. One category is water contaminants that enter a waterway from a single, identifiable source, such as a pipe or ditch. These contaminants enter the water cycle during surface runoff, percolation, and precipitation. Examples in this category include discharges from a sewage treatment plant or a factory.
2. Another category refers to diffuse contamination that does not originate from a single discrete source. This pollution is often the cumulative effect of small amounts of contaminants gathered from a large area. A common example is the leaching out of nitrogen compounds from fertilized agricultural lands. These enter the water cycle through precipitation and surface runoff. 
3. Inorganic water pollutants, including acidity caused by industrial discharges (sulphur dioxide), ammonia from food processing waste, and heavy metals from motor vehicles. 
4. Trash or garbage (e.g. paper, plastic, aluminium, food waste), discarded by people on the ground and that are rainfall into storm drains and eventually discharged into surface waters.
5. Oil spills
6. CO2 and SO2 enter the water cycle during evaporation and condensation. 
Teacher note: 

· Students can use the water cycle model they developed in activity 1.

· It is important that students build on their existing understandings and informal knowledge, and further extend and refine their knowledge through exploration and investigation, while working in groups.
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Worksheets for task 2

Worksheet 2.1 - Water Cycle

1. The picture below represents the water (hydrologic) cycle. Working with your peer, try to identify
the processes of the water cycle marked with arrows.

hitp flga water uisgs govieduwatercycle.him

2. Whichare the water phases during water cycle?
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3. Listall processes that take place during water cycle. Briefly explain these processes.
Preview an animation of the Water Cycle at:

http:/fearthquide.ucsd.edufearthquide/diagrams/watercyclefindex.html

http://prof.danglais.pagesperso-orange.frfanimations/watercycle/watercycle.htm

4. Draw a model for the water cycle. How this is related (similarities and differences) to the water cycle
model you completed in the first activity?
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Worksheet 2.2— Water Cycle and Harmful Elements

1. Lock carefully at the water cycle model presented below and identify the main components

evaporation, condensation, and precipitation.

Goologlo:
water usgs govieduMatercycie him

2. Listall possible harmful elements that might enter the water cycle and affect the water quality and

identify during which process { component this takes place.





2.3 Science – Task 3: Home sweet home: My beautiful lake! (optional)
The aim of this task
When we talk about water supply this is not only a question of the existence of water. The water also needs to have a sufficient quality. The main purpose of this task is to examine the water quality of a lake, or a river or a seaside near the school. 

Students are expected to:

· Understand the importance of water quality and how dangerous bad water quality is for living organisms in the lake (or river) and in the surroundings. 

· Make the necessary measurements and experiments to examine water quality. 

Contribution to the overall question
· Students will have opportunities to visit and explore on hand what might be the impact of water pollutants in freshwater. Students will further explore and study what they identified in task 2 “water cycle”, by studying a real life example.  
Scientific content
· Water quality

· Pollutants

· Design and conduct experiments

Materials
Water Quality Survey Kit (see section 1.4 Materials)
· Testing tubes

· Syringes

· Alkalinity Titration Reagent B

· Nitrate 1 & 2 tablets

· pH Meter

· Thermometers 

	Activity 1 for students

· In this activity you are invited to find similarities and differences between tap water and water collected from a nearby lake or river.
· The activity’s aim is twofold; first to provide you with opportunities to reflect on the quality of water in a lake and second how pollutants influence the quality of the water and their impact on the animals and plants they live in the lake and surroundings. 
(see worksheet 3.1)
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What students might find out:
1. There is no smell in both samples of water. 
2. Tap water is clear, while water from the lake has a light brown colour
3.  Lake water is dirty.

4. There are particles in the lake water.

5. Tap water is potable, while lake water is not.

6. Fish can live in lake water, but cannot live in tap water.

Teacher notes and background information

In the case there is no lake or river near the school, the teacher can provide students with water samples. 

Clean freshwater is one of the most valuable resources. It is essential for sustaining aquatic environments and their inhabitants, as well as a vital component for human activity. Various human activities can have profound effects on a river and a lake ecosystem. Pollution can be decried as any substance that causes harmful or undesirable changes in the physical, chemical or biological quality of the water.

	Activity 2 for students (optional)

· In this activity you will visit a lake or river near your school and make site observations, using your senses and magnifying glasses, related to the lake environment (e.g., which living organisms live there, fauna, etc). 

· This activity is related to the previous one, since its aim is to provide a link between the quality of the water in the lake or river and the diversity of living organisms live in the lake or river. 
(see worksheet 3.2)
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Teacher notes 

In the case there is no lake or river near the school, activity could be eliminated. 

The teacher can discuss with the students the link between the quality of the water in the lake or river and the number and diversity of living organisms (animals and plants) live in the lake and river.  

	Activity 3 for students 

· Visual observations are not enough to help us identify whether lake (or river) water is good enough for living organisms. We also need to know more on various elements, including the alkalinity, the pH, and the temperature of the lake water in order to decide on the water quality.
· In this activity you will run five different experiments to measure the quality of the lake water. Specifically, you will run five different experiments to measure water quality, based on five different measurements, namely: alkalinity, phosphates, pH, nitrates, and temperature.
(see worksheet 3.3)



[image: image15]
Results comparisons:
The values indicated below represent “accepted” values for the quality of the water in lakes and rivers.

1. Alkalinity

Lakes and Rivers: 2 – 10 ìg/L

2. Phosphates

Lakes: 10 – 15 ìg/L

Rivers: 20 – 25 ìg/L

3. pH

Lakes and Rivers: 6.5 – 8.0

4. Nitrates

Lakes: 350 ìg/L

Rivers: 250 - 350 ìg/L

Teacher notes 

Activity can take place near the lake or river on in the classroom. In the case that the experiments take place in the classroom, it is important to note that the experiment on measuring the temperature of the lake water should be conducted immediately after collecting the water from the lake. 
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Worksheets for task 3

Worksheet 3.1

1. Observe carefully the two bottles presented below. One bottle contains tap water and the
other one water from a nearby lake

Find similarities and differences between the two bottles of water,

¥

S

Similarities

Differences
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2. Canyou predict the reason for the differences between the two bottles?

3. How can you decide whether the lake water quality is good enough for the living organisms
they live in the lake?

10
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Worksheet 3.2

1. Which of the following living organismshave you found in the lake?

Ducks

Shrimps

Trouts

Butterflies

Cockroaches

11
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2.

Have you found other living organisms that are not listed above?

12
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Worksheet 3.3

Run the experiments listed below and answer the following question.

Alkalinity

Fill the test tube with sml of water

Add the tablet (pill) T-2311 in water

Close and shake the tube. The solution will take a blue-green colour
Fill the syringe with the solution Alkalinity Titration Reagent B
Empty the syringe into the test tube

The solution is starting to get a purple-red colour

Note the final color of the solution and find the corresponding measure of alkalinity

Phosphates

Fill the test tube with water until the indicator 2oml

Use the pipet to add phosphate Acid (Phosphate Acid Reagent)

Turn off the tube and shake for 10 seconds

Use the spoon to add 0.1 grams the substance Phosphate Reducing Reagent

Close and Shake the tube to dissolve this substance in water

Wait 5 minutes

Place the tube in the comparative table (Phosphate Comparator 3122) and note the numerical
entry corresponding colored water

PH
T Fill the test tube with sml of water

* Add 5 drops of solution you have been given

* Close and shake the tube

*  Wait 30 seconds

® Place the tube in the comparative table and record the value shown in the corresponding color
Nitrates

Fill the test tube with sml of water

Add a tablet (pill) NITRATE 1

Close and shake the tube to dissolve the pill in the water

Add a tablet (pill) NITRATE 2

Close and shake the tube to dissolve the pill

Wait 5 minutes

Place the tube in the comparative table and Note the number on the corresponding color
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Temperature

* Putthe thermometer in the water for 60 seconds

* Record the temperature

The values indicated below represent “accepted” values for the quality of the water in lakes and rivers.
1. Alkalinity

Lakes and Rivers: 2 — 10 ug/L

2. Phosphates

Lakes:10—15 ugjL

Rivers: 20 —25 ug/L

3.PH

Lakes and Rivers: 6.5-8.0

4. Nitrates

Lakes: 350 pgfL

Rivers: 250 - 350 ug/L

Is water quality good enough for the living organisms? Explain your answer.
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2.4 Science – Task 4: Desalination World! 

The aim of this task
The main purpose of this task is to examine the existing and possible future sources of drinking water, with a focus on desalination plants.  

Students are expected to:

· Learn about the potential sources of drinking water

· Build their own model desalination plant

· Explore the advantages and disadvantages of building and operating a desalination plant.

Contribution to the overall question
· Students will have opportunities to examine existing and future sources of drinking water, as a means to fight water shortage. Students will focus their activities in studying in more depth the solution of desalination, which is widely used in many countries in the EU and in the rest of the world.  
Scientific content
· Sources of drinking water

· Desalination

· Experiment design

Materials
· A3 paper, pens and crayons

· one egg
· one black and one clear 1.5 litre plastic bottles
· clear plastic tubing,  1 cm diameter or larger
· duct tape
· salt and water
· bowl

	Activity 1 for students

· In this activity you are invited to work in groups of three.
·  Each group is expected to engineer a new, alternative source of drinking water. You will work as a pioneer water engineer and think of a new source of drinking water!
· You will also analyse your idea / solution from a cost-benefit perspective and from the environment perspective. 
(see worksheet 4.1)


 SHAPE  \* MERGEFORMAT 



Possible solutions:
1. Building dams and finding new methods of collecting rain water
2. Desalination plants
3. Use renewable energy sources to operate water plants
4. Use water from rivers to produce drinking water

5. Recycling water 
Teacher notes and background information

Divide the students into groups of three or four, challenging each group to engineer a new, alternative source of drinking water. Among the possible solutions are the desalination, the water aquifer storage and recovery, storm water, use of dams, and conservation. 

Encourage students to draw how their new process or technology will look like. Encourage them to analyse their proposal and identify input and output, and process. Further, the students can analyse their solution from a cost-benefit perspective and also how their solution might harm the environment. Students can also elaborate on how much they think it will cost to turn the plan into reality and whether the benefits to the public are worth the cost.

After they complete their explorations, each group will present and defend their solutions / ideas to the class. 

The following background information can be shared with class, especially in the case students face difficulties in finding appropriate solutions / ideas.  

Desalination

Seawater desalination, a process that removes salt from water, will create an additional source of public supply water and ease some of the stress on traditional water supplies, especially the groundwater aquifers. The most common process of desalination involves using high pressure to force salty water through a semi-permeable membrane into tanks where it separates into clean water and a brine (salt) by-product. This process is called reverse osmosis. 

Two traditional drawbacks to desalination have been the high cost of the energy needed to operate the plants and the safe disposal of the plant's highly concentrated brine by-product. Researchers are finding new ways to desalinate water with greater energy efficiency and to dilute the brine and return it safely to the sea so that it doesn't harm marine life.

Aquifer Storage and Recovery 

The Aquifer Storage and Recovery (ASR) process involves taking water from a river during periods of high flow, purifying it, and then pumping it into underground aquifers. Researchers have discovered that aquifers can serve as safe and inexpensive water-holding vessels with enormous capacity. The ASR process uses the same pumps and wells that currently draw water out of the ground. Later, during dry periods, it is recovered from the ground water, treated and used for public supply.

Surface Water

Water from rivers provides in many countries million gallons of drinkable water per day. The water is treated and then used for public supply. The use of surface water must be carefully managed to protect natural resources from damage.

Reclaimed Water

Reclaimed water is defined as water having received treatment at least twice in a wastewater treatment plant. Reclaimed water is currently used to water lawns and landscapes (particularly at golf courses and cemeteries), to cool power plants, and to recharge groundwater supplies. Although it is often clean enough to drink, it is kept out of the public water supply.

Storm water

Water that flows across land as a result of rainfall is called stormwater. Once it is collected, stored and treated, it can be used much like reclaimed water. Stormwater also can be made to flow into constructed wetlands where it provides habitat and aesthetic benefits. 

In many counties, water from rain is collected and storage in dams. This method is among the core ones used for many years in a number of dry countries and islands in the Mediterranean area. 

Conservation

As useful as all of these methods are, nothing tops conservation as a means of preserving water resources. Many countries promote conservation through several programs that teach students and community members ways to save water.
	Activity 2 for students 

· In this activity you will build your own desalination plant! Follow the instructions very carefully and answer the questions that follow. 

·  You will be able to explain to a friend of yours how you can get drinking water from a salt mixture. 
(see worksheet 4.2)


 SHAPE  \* MERGEFORMAT 



Teacher notes 

This activity will cover two teaching periods. Students will construct the experiment and design in the first period and wait for a week to get the drinking water.

During the second period students will run the egg test and write their letter.   

	Activity 3 for students 

· In this activity you will learn about distillation and desalination. 

· You will gain a deep understanding of desalination, its advantages and disadvantages.

· You will explore how the method of reverse osmosis is used to desalinate water.  

(see worksheet 4.3)


 SHAPE  \* MERGEFORMAT 



Teacher notes 

The aim of the activity is to help students relate the experiment they conducted in activity 2 with the real desalination process. Students will also gain an understanding of reverse osmosis, one of the methods that widely used to desalinate water.   
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Worksheets for task 4

Worksheet 4.1 — Design your Drinking Water Solution!

You will work in groups of three or four. Your task is to engineer a new, alternative source of
drinking water. Be creative, pioneer, but also suggest a feasible idea!

5. Draw how your new process or technology will look like. You are encouraged to analyze your
proposal and identify input and output parts, and process.
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6.

It is important to analyze your solution from a cost-benefit perspective and also how your solution
might harm the environment. You also might want to think how much it will cost to turn the plan
into reality and whether the benefits to the public be worth the cost.
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Show your calculations here, if needed.

Based on your findings, you have to prepare a 6-8 minute presentation to present your solution
to the class for discussion and feedback. Remember that your aim is to convince your
classmates that your solution is the best possible!
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Desalination

Seawater desalination, a process that removes salt from water, will create an additional source of public
supply water and ease some of the stress on traditional water supplies, especially the groundwater
aquifers. The most common process of desalination involves using high pressure to force salty water
through a semi-permeable membrane into tanks where it separates into clean water and a brine (salt)
by product. This process is called reverse osmosis. Two traditional drawbacks to desalination have been
the high cost of the energy needed to operate the plants and the safe disposal of the plant's highly
concentrated brine by-product. Researchers are finding new ways to desalinate water with greater
energy efficiency and to dilute the brine and return it safely to the sea so that it doesn't harm marine
life.

Aguifer Storage and Recovery

The Aquifer Storage and Recovery (ASR) process involves taking water from a river during periods of
high flow, purifying it, and then pumping it into underground aquifers. Researchers have discovered
that aquifers can serve as safe and inexpensive water-holding vessels with enormous capacity. The ASR
process uses the same pumps and wells that currently draw water out of the ground. Later, during dry
periods, it is recovered from the ground water, treated and used for public supply.

Surface Water

Water from rivers provides in many countries million gallons of drinkable water per day. The water is
treated and then used for public supply. The use of surface water must be carefully managed to protect
natural resources from damage.

Reclaimed Water

Reclaimed water is defined as water having received treatment at least twice in a wastewater treatment
plant. Reclaimed water is currently used to water lawns and landscapes (particularly at golf courses and
cemeteries), to cool power plants, and to recharge groundwater supplies. Although it is often clean
enough to drink, it is kept out of the public water supply.

Storm water

Water that flows across land as a result of rainfall is called stormwater. Once it is collected, stored and
treated, it can be used much like reclaimed water. Stormwater also can be made to flow into
constructed wetlands where it provides habitat and aesthetic benefits. In many counties, water from
rain is collected and storaged in dams. This method is among the core ones used for many yearsin a
number of dry countries and islands in the Mediterranean area.

Conservation

Asuseful as all of these methods are, nothing tops conservation as a means of preserving water
resources. Many countries promote conservation through several programs that teach students and
community members ways to save water.
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Worksheet 4.2- Build your own desalination plant!

1. In a clear pitcher, mix 1/2 cup of salt in a quart of

7

Tubing

water [l

2. Pour the salt water into the black 1.5 liter bottl

Seal with

3. Attach the clear tubing to both a.5-liter bottles and boct Tape

secure with duct tape. See diagram on reverse.d

4. Set both bottles in a sunny window. Place the black
bottle higher than the clear bottle B

5. After several days, water will have moved from the
black bottle to the clear bottle.d

6. In order to show the change in the saltiness of the
water without tasting it, try the low-tech egg test. Ina
bowl of salt water, a raw egg will float; in fresh water,

Elevated
it will sink. Use the egg test before and after the activity to note the change in the water's salinity.

Explain to a classmate that missed today’s experiment how did you manage to get fresh water from

asalty water mixture.
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Worksheet 4.3 - Desalination in action!

Over the last 50 years in seaside population centers where drinking water is scarce, desalination
plants have been built that turn salt water into fresh water.

One way to purify salt water is through a process called distillation. Distillation means heating the
water until it boils and turns into steam. The steam is then collected in a separate container. When
the steam cools and returns to liquid form, it is pure enough to drink. The problem with this method
is that it requires a vast amount of energy to produce small amounts of purified water. The expense
of the energy has caused most places to seek alternatives other than saltwater distillation.

In desalination seawater is drawn from the sea through an inlet structure 1-3 kilometres out to sea.
The water is gravity fed to the plant. The water entering the tunnel actually flows at a lowerrate
than the surrounding currents meaning fish and marine life will not be pulled into the inlet structure.

The seawater first passes through a drum screen to remove particles larger than three millimetres.
The water is then pre-treated to remove minute suspended solids. A coagulant is added to the water
causing the solids to clump together. The water then slowly passes through settlement tanks
containing coal and sand, which filter out the solids.

The method used to desalinate water is called reverse osmosis. Though reverse osmosis may sound
difficult, the process itself is actually simple. High pressure pushes salt water through a membrane. A
membrane is made from material that allows liquid but not solids (like salt) to pass through it. After
the water has passed through the membrane, what is left is purified water and a brine by-product
(salt). Reverse osmosis is expensive - though cheaper than distillation.

Two traditional drawbacks to desalination include the high cost of the energy needed to operate the
plants and the safe disposal of the brine. These factors have made researchers find new ways to
desalinate water with greater energy efficiency and to dilute the brine and return it safely to the sea
so that it doesn't harm marine life.

omzm (:]
OSMOSIS FRESHWATER
PROCESS STORAGE

]
/"}- P
Concentaated seamater S
- disposal =

Concentrated freated
Membrane  Seawaler e » water

e
osmnm SUPPLY St water

(From http:/fwww.h2oindustries.com.au/desalination.htmly
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1. Which desalination process does your model most closely resemble, distillation or reverse

0sMosis?

2. Do you believe the benefits of desalination are worth the extra cost?
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2.5 Mathematics – Task 5: Building a New Desalination Plant!

The aim of this task
One of the methods widely used to provide more people with freshwater, especially in the area of the Mediterranean is desalination plants. In this activity students will explore different possibilities for building a new desalination plant that will serve the needs of four cities.  

[image: image32.png]


  In solving this activity students can work in a Dynamic Geometry Software (DGS) package for finding the optimal place for building the new Desalination Plant. For the purposes of this activity, Geogebra software can be used. Geogebra can be freely downloaded from www.geogebra.org.

Contribution to the overall question

Desalination plants are one method used in a number of countries to face the water shortage problem. 
Mathematical content

· Spatial reasoning

· Plane geometry

· Measurements 
Materials

Software: Geogebra software can be freely downloaded from:

www.geogebra.org
	
[image: image33]
	Activity 1 for students
Four cities have decided to build one desalination plant to serve their needs. Find the optimal location for the plant, and document your solution. 
You can use various hypotheses (e.g., cities population and landscape). 
(see worksheet 5.1)

(Picture from http://www.water-technology.net)


Possible results
1. Some students might start by using collinear points, representing the four cities. Some students might wrongly conclude that the optimal place is the one that is equidistant from the four cities.
2. Some solutions might focus on placing the four cities in the vertices of a rectangle or a square, and define the centre of the shape as the place for the desalination plant.
3. Students can also place the four cities in the circumference of a circle and define the centre of the circle as the place for the desalination plant.
Teacher note

The activity is purposefully ill defined, providing students with opportunities to explore different possibilities for the location of the four cities. If students experience difficulties, they can be prompted to start using collinear points (representing the four cities) and then move in more complex combinations. It is expected that after experimenting with different variations of the cities’ position students will result in a more general model for solving the problem. 

“The optimal” place for building the desalination plant is the point that its sum of distances from the four cities is the smallest possible.

If possible, students can further explore the problem by employing more “real world” constrains, like cities populations and landscape.
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Fig. 2: Sample solutions for the desalination plant
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Fig. 3: Sample solutions for the desalination plant
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Worksheets for task 5

Worksheet 5.1

Four cities have decided to build one desalination plant to serve in a fair way their needs.
Find the optimal location for the plant, and document your solution.

You can use various hypotheses (e.g., cities population and landscape).

You can use Geogebra software for modeling your problem. Geogebra can be freely downloaded from

http://www.geogebra.org
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1.

3.

Use the text below to document the assumptions you will use in modelling the problem.

What is your hypothesis for the optimal place for the desalination plant?

Use Geogebra to model your problem. Test your hypothesis and use your explorations to
support your solution. Try to generalize your results!
{Use the space below to take snapshots from your work in Geogebra’s environment}
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4. Write a letter, documenting your solution and trying to convince your classmates that your
solution is the best possible and can count for all possible city positions.
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2.6 Mathematics – Task 6: Get Water here!

The aim of this task
In this activity students explore environmental and engineering economics from a mathematical perspective, in an attempt to find the best possible place to buy water from. This activity provides opportunities for covering concepts from mathematics (e.g., proportionality, rates, statistics), and science and environmental education (e.g., sea pollution). 
Contribution to the overall question

Transferring water from other countries or from other regions in the same country is a method that has been used in the past in a number of countries (e.g., Spain, Cyprus, Greece ...) for fighting the water shortage problem. 
Mathematical content

· Proportionality

· Rates

· Average

· Weighting 

· Quantifying data
Materials

Software: 

1. Spreadsheet software. Open Office or Ms Office Spreadsheet can be used. 

2. Google Earth. Freely available from www.earth.google.com
Google Earth

Students can use Google Earth for finding the distance between Cyprus and the countries that are willing to supply water. In contrast to regular maps, Google Earth can help students in making accurate calculations, being more precise in drawing the tanker routes, and finally in “visiting” the different countries for exploring their major ports. 
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Fig. 4: The Google Earth Environment
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	Activity 1 for students
Cyprus, like other countries in Europe decided to buy water from a nearby country, as a means for fighting water shortage, in conjunction with building two new desalination plants. Four countries (see worksheet 6.1) expressed their interest to sell water to Cyprus. Your task is to find the best possible place to buy water from and communicate your results to officials.


Possible results
1. What is missing from the provided data is Cyprus distance from the four countries. It is expected that students will work in Google Earth to draw tanker routes from Cyprus port to the four countries, while identifying major ports in each country.

2. Students will be encouraged to compare similar results. Therefore, students are expected to work in a spreadsheet environment and make the necessary calculations in order to find the cost per water ton. 
3. An interesting dimension of the activity is how qualitative information (port facilities, see below) will be used in selecting the country to buy water from.  A possible solution would be to quantify the information or use the information after developing a model for selecting the country. 
4. Some students are expected to take into account environmental factors, like sea pollution. Towards this dimension, it is expected that students might exclude countries that are not near to Cyprus.  
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Worksheets for task 6

Worksheet 6.1

Cypriot officials decided to sign a contract with a nearby country, to import more than 12 million
cubic metres over the summer period starting at the end of June. Officials will also sign a contract
with a shipping company to use oil tankers for supplying Cyprus with water. The tanker supply
program will continue until a permanent solution to the problem will be reached. The water will be

pumped directly into the main water supply pipelines with any surplus going to the reservoirs.

Cyprus Water Board needs to decide from which country Cyprus will import water for the next
summer period. Using the information provided, assist the Board in making the best possible choice.
Lebanon, Greece, Syria and Egypt expressed their willingness to supply Cyprus with water. Water
Board have received information about the water price, how much water they can supply Cyprus
with during summer, tanker oil cost and the port facilities. Information is presented below.

Write a letter explaining the method you used to make your decision so that the Board can use your
method for selecting the best available option for now, but also for the future when the Board will

have to take similar decisions.

Available information is presented below.

Water Suppl . . Tanker iz
PPY \Water Price Tanker Capacity . Port Facilities
Country  per week : E Qil cost
N (metric ton) (metric tons) for Tankers

(metric tons) per 100 km
Egypt 3 000 000 £4.00 30 000 £20000 Average
Greece 4 000 000 £2.00 50 000 £25000 Very Good
Lebanon 2 cooooo £5.20 30 000 £20000 Average
Syria 3 000 000 £5.00 30 000 £20000 Good

1. Use Google Earth to find major ports in each country and calculate the distance between

Lemesos (Cyprus major port) and other countries’ ports.
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2. Make the necessary calculations to select the best possible place to buy water from. Show your
work in the text below, and explain your steps. If you decide to work in a spreadsheet

environment, make a screenshot of your work below.
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3. Write a letter to the Water Management Board, indicating how you solved the problem. Try to
document that your solution is the best possible and explicitly document the approach you
used to solve the problem.
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2.7 Mathematics – Task 7: Save Water Now! 

The aim of this task
· What amount of water could be saved by adopting attitudes and strategies at a personal and family level? 
Contribution to the overall question

· Water saving has been identified as one of the most important approaches in facing the water shortage problem

Mathematical content

· Mathematical modelling

· Proportionality
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	Activity 1 for students
· List your daily activities that are related to water consumption and identify ways to save water.

· List the daily activities of your family and identify ways to save water. 
· Calculate how much water your family can save in a week / month / year.
(see worksheet 7.1)


Possible result
Student daily activities

· Brushing teeth, do not let water run non stop

· Bath or shower, prefer shower

· Toilet, use a half flush  

Family daily activities

· Clothes washing machine, use full load

· Dishes washing machine, use full load

· Gardening, adjust sprinklers, water in morning or evening to minimize evaporation

· Car washing, do not use hose

We take a 4-member family. Water amounts have been retrieved from the Web, using mathematical modelling processes. 

	Activity
	Action
	Persons
	Water amount saved

	Brushing teeth 
	Turn off tap while brushing teeth
	4 persons x3
	 30 litres / day

	Shower
	 Take a five minute shower instead of a bath
	 4x2
	180 litres per person / day

	 Toilet
	 Use half flush
	4 
	 6 litres per flush

	Clothes washing machine
	Use a full load 
	--
	5o litres per load 

	 Dishes washing machine
	Use a full load 
	 --
	20 litres per load 

	Gardening
	 Use grey water, use rain sensors
	 --
	varying 

	 Car washing
	Do not use hose 
	 --
	200 litres per use 

	
	 
	 
	 


A person uses around 300 – 350 litres per day. Based on the figures above, a person can save up to 200 litres per day and around 60 tons of water per year! Consequently, a family can save more than 300 water tons per year!

[image: image46.jpg]Worksheets for task 7
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Worksheet 7.1

1. List your daily activities that are related to water consumption and identify ways to save water.

2. Listthe daily activities of your family and identify ways to save water.
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3. Usingthe lists you created in previous questions, try to complete the table below in order to

calculate how much water you and your family can save in a year.

Action Persons ‘Water amount
saved

4. How much water can you and your family save in one year, if you adopt the attitudes and actions

listed above?
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2.8 Task 8 Finalisation: Water shortage can be curbed!

The aim of this task

· Combining all information and developments achieved in previous tasks to present a comprehensive solution for facing water shortage and prevent water pollution.

Outcomes

Students can present their results in different ways: 

· A class discussion on the different strategies and actions students use in home and school to save water

· Presentations of water cycle models and how harmful elements affect water quality 

· Writing a newspaper article and/or presentation, informing students and adults on the severe problem of water shortage. 







(*)optional
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