Science & Technology 404

Learning and Evaluation Situation

Madagascar

Name:
____________________________
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“If we could ever competitively, at a cheap rate, get fresh water from salt water, …(this) would be in the long range interests of humanity which could really dwarf any other scientific accomplishments.” - John F. Kennedy, September 22, 1961.
Where I live, I see young kids drink directly from wells, out of dirty cups and buckets, or straight from the river. The need to boil water to kill germs isn't recognized. On the other hand, the most popular drink is water boiled in the same pot that was used to cook rice. First the leftover rice is slightly burnt on the bottom of the pot, and then water is added and heated until boiling. You end up with a brownish, tea-colored water that is clean and actually tastes pretty good. The traditional drink is a perfect form of water treatment.

– Rob Roberts, St. Augustin, Madagascar

	Competency 2

	Below standard

(5.5 or less)
	Acceptable

(6-7)
	Thorough

(7.5 – 8.5)
	Advanced

(9-10)

	Appropriate use of scientific concepts, models and theories 

(Cr. 2) - p. 5 & 6
	Makes use of partially related or irrelevant concepts.
	Makes use of some concepts related to the task.
	Makes appropriate use of the main concepts related to the task.
	Makes appropriate use of and applies the required concepts related to the task.

	Mathematical Reasoning

(Cr. 2) – p. 8
	Does not meet minimal expectations.
	Uses mathematical reasoning and concepts, with major errors, as needed.
	Uses mathematical reasoning and concepts, with some minor errors, as needed.
	Accurately uses mathematical reasoning and concepts to enrich explanations.

	Relevant Explanations or Solutions (Cr. 3) – p. 13
	Provides incorrect or unrelated explanations.
	Provides limited explanations related to the task.
	Provides appropriate explanations related to the task.
	Provides clear and detailed explanations related to the task.

	Function of Technical Objects (Cr. 3) – 5 & 6
	Does not meet minimal expectations.
	Identifies some components of the technical object and/or their function.
	Identifies the main components of the technical object and their function.
	Provides a detailed description of the construction and operation of the technical object.

	Materials used in Technical Objects
(Cr. 3) – p. 7
	Does not meet minimal expectations.
	Identifies the materials used in technical object.
	Accurately describes the reasons for choice of materials used in technical object.
	Suggests improvements related to materials used in the technical object.

	Justification of Explanations, Solutions, Decisions or Opinions (Cr. 4) – p. 13
	Justifies opinion or solution based on partially relevant or irrelevant information.
	Justifies opinion or solution based on some aspects of background information.
	Justifies opinion or solution based on most aspects of background information.
	Justifies and defends opinion or solution clearly based on all necessary aspects of background information.

	Analysis of Situation (Cr. 4) – p. 13
	Identifies unrelated consequences.
	Identifies partially relevant consequences.
	Identifies realistic consequences.
	Identifies relevant positive and negative consequences.

	Competency 3

	Below standard

(5.5 or less)
	Acceptable

(6-7)
	Thorough

(7.5 – 8.5)
	Advanced

(9-10)

	Interpretation of Scientific or Technological Messages (Cr. 1) – p. 12
	Identifies and interprets little or none of the relevant information needed to complete the task.
	Selects and interprets some of the relevant information needed to complete the task.
	Selects and interprets the relevant information needed to complete the task.
	Selects and interprets all relevant information needed to complete the task, adding complementary elements.

	Appropriate production or sharing of Scientific or Technological Messages (Cr. 2) – p. 13
	Message does not meet minimal expectations.
	Presents a relatively unstructured message.
	Correctly organizes the elements of the message.
	Coherently organizes all elements of the message.

	Adaptation of Message (Cr. 2) – p. 13
	Does not adapt message to target audience.
	Partially adapts message to target audience.
	Adapts message to target audience.
	Adapts message to target audience and clearly communicates it.

	Use of Appropriate Terminology, Rules and Conventions (Cr. 3) – 

Whole document
	Uses terminology, rules and conventions incorrectly or at a very basic level.
	Uses terminology, rules and conventions for simple concepts.
	Uses appropriate terminology, rules and conventions.
	Makes judicious and rigorous use of terminology, rules and conventions.


Everyone in my community drinks the pump water unfiltered, including farming families who have lived here since long before the pump was built and the people from cities working for the park service who would otherwise drink bottled water. I do filter it, but mostly for the convenience of the faucet on the filter, and when people offer me pump water, I drink it.

In Marofandilia, Daniela both filters and boils the water from the sources there, and most of her community boils their drinking water. It’s hard to say whether there are more problems with worms and parasites, or whether contamination comes from water, food, hands, or dishes. In any case, when water is hard to come by, it seems to become less important that there’s a chance it may be contaminated.  – Clare Sandy, Andranomena, Madagascar

Recently there was an outbreak of cholera in our region of Madagascar. Many people do not believe in kabones (outhouses); they think they are fady (taboo). Once the rains come, contaminated feces wash into surface waters, which many people use as a source of drinking water. This makes it very difficult to control the cholera epidemic. Many people die from dehydration due to cholera.  Recently, as a measure to help control the cholera outbreak, the restaurants in our village have provided a bucket of water and soap outside so people can wash their hands before eating.  I add bleach to my drinking water before filtering it to kill the bacteria. Most Malagasy people drink ranopango (rice tea), which has been boiled and is served hot. Although this is a cultural tradition, not a safety measure, it is safer to drink than unboiled water. – Robin Larson Paulin, Andranofasika, Madagascar


The source of drinking water for half my village is a natural spring bordering a rice field. It is down a slope that tends to become slippery as the day goes on. Everyone who walks to the hole causes mud to slide down and cake up around the drinking source. After heavy rains the runoff makes the conditions of the spring worse, and we are often forced to go to the local river.  The people believe that water is clean if it is clear and is dirty when murky. The other side of the village collect their water from a small stream that borders one side of the village. The stream is also used for bathing, for washing clothes, and as a trail. But, it is clear, so people think that it is unpolluted.

The villagers take no precautions about the cleanliness of water. Often, the only water they drink is the burned rice water they make after the rice is cooked. Unfiltered water may contain parasites, which cause health problems, especially in children. I filter and add chlorine to my water. When people ask me for water I give them the treated water. Sometimes they refuse to drink it because of the taste and ask for untreated water. – Julie Bednarski, Tamboro, Ft. Dauphon, Madagascar
Background Information

In developing countries, having access to safe, clean drinking water is a major concern.  If a community is located a fair distance away from a freshwater source, hours of walking may be necessary to collect drinking water that isn’t even necessarily clean.  
On the island of Madagascar, whose population was a little over 20 000 000 people in 2009, less than 47% of the population has access to potable water.  Only 18% of the island‘s schools have access to drinking water and only 30% have toilet facilities.  This leads to serious problems relating to hygiene and sanitation that in turn cause frequent illnesses.
Madagascar has a total area of 587 040 km2, of which only 5500 km2 is inland freshwater.  The entire island is surrounded 4828 km of coastline.  The lack of inland freshwater and the cost of building water treatment facilities are major reasons why more than half the population doesn’t have clean water to drink.
The human population of Madagascar is divided according to geographic regions and according to their tribal background.  The vast majority of the population make a living by farming and fishing.

The central part of the island is known as the central highlands.  Between 1970 and 2000, vast tracts of forest were slashed and burned to clear space for agriculture in this region.  The tribes inhabiting the central highlands live in somewhat more urban communities and tend to have the greatest access to potable water.  They represent a little more than half of the total Malagasay population.  The capital city, Antananarivo (population: 1.4 million) is in this region.
The East coast of Madagascar is much more rural and the tribes in this area have very little access to drinking water.  For these communities, which represent less than half of the island’s population, salty sea water may be more easily accessible than freshwater lakes or rivers that may be hours away.  For them, a simpler option to obtain clean water could be to remove the salt from seawater to turn it into potable drinking water.
Technical Analysis of a Solar Still and an Electric Still
Saline sea water can be transformed into fresh water by a number of different methods.  The most commonly used methods today are distillation (using an electric still or a solar still, or by multi-flash distillation) and reverse osmosis.  Each of these methods has its own inherent advantages and disadvantages which will be examined later.  For now, we will discover how two methods of distillation work.
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1) What is the function of these objects?  Using scientific and technological principles, explain how each one works. 
2) What are the components of the object and what is their function?
	
	Solar Still
	
	Electric Still

	Component
	Function
	Component
	Function

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


3) What similarities and differences are there between these two types of stills?
4) For 3 components of each still, describe the types of materials you would select and explain why you would select them in building the real object.
	
	Electric Still
	

	Component
	Material
	Explanation

	Heating element
	
	

	Distilled water tap and drain
	
	

	Walls of vaporization and condensation chambers
	
	

	
	Solar Still
	

	Dome
	
	

	Distilled water collector
	
	

	Base
	
	


Salt Concentration
During the process of desalination, three different types of water will be involved at different times: 

· Sea water entering the desalination process (typical concentration around 35 000 ppm)

· Potable fresh water produced (typical concentration less than 500 ppm)

· Concentrated salt water, called brine, disposed of after desalination (typical concentration between 50 000 and 75 000 ppm)

For each water sample described below, identify the type of water.

1) 210 mg of salt in a 1 L sample
2) 3548.2 mg of salt in a 100 ml sample

3) 28.125 mg of salt in a 150 ml sample

4) 14 445 mg of salt in a 225 ml sample

5) 72.225 mg of salt in a 500 ml sample

6) 81 850 mg of salt in a 1.5 L sample

7) 72 000 mg of salt in a 2 L sample

8) 0.08 g of salt in a 500 ml sample

Methods of Desalinating Seawater

To help to combat the drinking water shortage, the government of Madagascar is considering installing a seawater desalination facility near the small coastal village of Andavadoaka (population: 2000).  
Task: 
You have been hired by the government of Madagascar as a consultant to advise them as to which type of facility they should build.  Read the information about fresh water needs and the environmental consequences of salt water desalination, and the descriptions of each type of desalination facility.  After reading about each one, you will have to fill out a table describing the advantages and disadvantages of each method.  Finally, you will write out your recommendation.
Basic water requirements

Human beings need between 1 and 2 litres of water a day to live. The minimum requirement for normal life in developing countries like Madagascar, which includes cooking, cleaning and washing clothes, is 20 litres per day.  In Canada, 200 to 400 litres per day is typical.  Some functions can be performed with salt water, so a typical requirement for distilled water in a situation like this is 5 litres per person per day.  In terms of taste, Health Canada, has set the taste threshold at 210 ppm for salt.
Environmental Impact

Regardless of the process used to desalinate sea water, it is important to take note of the environmental consequences of desalination.  The concentrated salt water (between 50 000 and 75 000 ppm) left over at the end of the process, called brine, has to be disposed of somewhere.  In each case described below, dumping the brine back into the ocean is the obvious and most commonly used solution.  
The difficulty is that the brine has a much higher density than seawater and therefore tends to fall to the sea floor near the brine outlet.  This creates a very salty layer which can have negative impacts on the aquatic plants and animals in this area.  One solution to this problem that is used in some places is to dilute the brine with another water source before discharging it into the ocean. 
Solar Distillation

Distillation is the simplest process that can be used for water purification, but it requires a source of energy to produce heat.  Solar radiation can be this source of energy.  
Solar water distillation is a process with a very long history and installations were built over 2000 years ago, although to produce salt rather than drinking water. Documented use of solar stills began in the sixteenth century. An early large-scale solar still was built in 1872 to supply a mining community in Chile with drinking water. Mass production occurred for the first time during the Second World War when 200,000 inflatable plastic stills were made to be kept in life-crafts for the US Navy.

In countries with ample solar radiation (Madagascar falls into this category), the average daily output of a solar still is about 2.3 litres of distilled water per square metre of basin area.  The yearly output of a solar still is often therefore referred to as approximately 1000 litres per square metre.  The water produced by a solar still contains less than 100 ppm of salt.
To service the village of Andavadoaka, a solar still measuring approximately 65 m by 65 m would be required.  The total construction cost would be around $400 000.  Additional costs would include maintenance (including regular cleaning) and repairs as needed.  Obviously, the energy source (the Sun) is free.  A solar still needs to be replaced once every ten years.

Multi-Stage Flash Distillation (MSF)
Since 2004, multi-stage flash distillation (MSF) is the leading technology used worldwide.  The process used is vacuum distillation, in which water is boiled at less than atmospheric pressure and therefore at a much lower temperature than normal.  By boiling the water at a lower temperature, considerable amounts of energy are saved.  More than half of the desalination installations in the world use this method.
To build a facility capable of meeting the needs of the population of Andavadoaka would cost around $250 000.  It would also require trained employees to oversee the production of fresh water and to perform required maintenance and cleaning.  The water produced would have a concentration of less than 100 ppm.
An energy source providing 17 kWh of electricity for every 1000 L of fresh water produced would be necessary.  A fairly large piece of land for the installation would be required.  The plant could be expected to function well, with regular maintenance, for about 20 years.
Reverse Osmosis (RO)
The most common method now being used in new desalination installations, particularly in the Middle East, reverse osmosis is a process which involves pushing sea water through a series of membranes.  This process filters larger particles, such as salt, out of the water.  Because this system only removes larger molecules, it is necessary to pre-treat the water with different chemicals to kill off bacteria and viruses.

To meet the needs of the village of Andavadoaka, a plant costing approximately $200 000 would be required.  This plant would consume about 5 kWh of electricity for every 1000 L of fresh water produced.  Compared to MSF technologies, reverse osmosis plants need less land, but the maintenance costs to keep it running properly for 20 years are considerably higher.  The water produced by this technology would normally contain 400 ppm of salt.
	Technology
	Advantages
	Disadvantages

	Solar Distillation
	
	

	Multi-Stage Flash Distillation
	
	

	Reverse Osmosis
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