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Dear Educator,

The Inspiring Science & Mathematics Education (iISME) progecblgborationbetween Southern Cross University,
the Universityof Wollongong, Charles Darwin University and the Australian Academy of Technology and Engineerin
(ATSE).

iISME will enhance teaching and learning of the science and maths curriculum in Years 7 to 10 and involves the
development of at least five authentimultidisciplinary classroom modules which use cuttidge science and
engineering contexts and the latest educational theory from the partner universities and other research institutions
to excite and engage students.

This module, Water in the 2ICerury, is designed using an inquinased, studententred approach to learning
where the teacher adopts a facilitator role and the student plans, designs, conducts and evaluates their
investigation. The module is divided into four units:

1. World Water

2. Just Ald Water

3. Water for Life

4. Water Farming.

Each unit covers a different aspect of understanding water through the associated issues in managing water
resources in the twentfirst century.

We trust you will enjoy and look forward to working with you.
Warm regards,

Prof Anja Schefferéyssoc ProGeoff Woolcott, Ms SimoneéBlomand Mrs Barbara Jensen (Southern Cross
University)in conjuction withMr Peter Pentland (Australian Academy etfnology and Engineering)
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Reseach interests / background:

During my studies of Physical Geography and by a series of accidental turns | became fascinated to investigate how coastal
environments have changed in the past. I'm particularly interested in processes that shape and mothfylaodscapes over a
variety of length and time scales and the coupling and feedback between such processes, their rates, and their relative roles
especially in the contexts of variation in climatic and tectonic influences and in light of changeshdueato impact:

1  Understanding past and modern marine physical natural hazards such as tsunamis and storms

1  The development of lonterm records of tsunamis/cyclones from geological and biological proxy evidence as well as historical
documentary records

1  Exploing linkages between Late Quaternary climate and landscape change focusing on past sea level and response of coaste, quansigstiarly coral

reefs

Quaternary geochronology based on ESR aséri¢s dating and muproxy study of corals

Palaeoclimatlogy

Geomythology (pairs geological evidence of catastrophic events and reports of such events encoded into the mytholawicaf Endtent societies)

= =4 =

Associate Professor Geoff Woolcott

Research interests / background:

Geoff is a Senior Lecturer Mathematics Education in the School of Education at Southern Cross University, Australia. He is an
experienced scientist educator with over 30 years experience in the education and research sectors. He has successakisnunder
educational and leadershiples in the primary, secondary and tertiary education sector both nationally and internationally and has
considerable experience in the development of innovative educational resources, such as competitions and assessmeAisstisei@ in

and Asia. He aintains an involvement with schools through reseabased collaborations across Science, Technology, Engineering and
Mathematics (STEM) in both primary and secondary schools. He has a strong background in funded collaborations in bathdcience
educaton, and research management roles both nationally and internationally. He has combined his research base in systems biolog
with studies in education to enable a transition to his recent research on scientific approaches to educational thegrrested. His recent publications, with

their focus on STEM education and the Learning Sciences, reflect this transition and he is expanding this researchhmasietwareas as networks and
complexity theory in order to develop studies of education that lbased in scientific empiricism.

Geoff is interested in: Connectivity in educational theory and practice, STEM education with a focus on mathematics@mdgateai reasoning, gifted
education, complex networks, studies of collaboration, impactiandvation, clientcentred integrated services and human developmental ecology

https://works.bepress.com/geoff woolcott/

Mrs Simone BlonBSc, BTeach

Research interests / background:

Simone began her career in education over fifteen years ago. With agedgialifications in science and primary and secondary
teaching, she has held a variety of teaching roles during this time, including delivering programs to students fromrkimatsr, p
secondary and tertiary levels. Simone has been employed as a teati@nvironmental education consultant in numerous states and
territories in Australia. Simone has also had experience as a Head of Science, a school Sustainability Officer andes36CA3hass
has worked in collaboration with community groups, artldes schools and government departments to create strong, awsirthing
sciencebased programs that focus on the environment and increase students' engagement and awareness in science and environegeriadgssettling in
NSW, Simone has been workinghe tertiary sector delivering science and technology education workshops isepvice teachers. Simone is currently
O2YLX SGGAy3I KSNI NBaSIkNOK (GKSaira 2y GKS AyTtdzsSyOS 27T bodkb#griomthitgpic. OKA f RNB Y

Mrs Barbara Jensen
Research interests / background:

BarlaraJensen hakada long and varied experience in enviental education. This includesiting educational resources; delivering
programs in the classroom, on the water oithe bush; and working to engage learners of all ages to take action for an environmentally
sustainable diture. Most recently her focusasbeenworking in the water industry as an education officer for sustainable water supply
and whole of water cycle nmagement. This involved programmirteveloping and runningctivities and educational resources for

water conservation, water quality and healthy catchments.
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Module Framework

This moduleadopts aninquiry-basedapproach to guide students thugh theinvestigativeprocessn small
collaborative teams. It aims to engageidentsin using maths and science skills in a critical and creative way,
developing interest and understanding about very real and current water isEae&. unit containthree Student
Scientific Challenges for students to achieve these outcomes.

-

School of Education

Ly GKA&

Y2 RdzZ S

(FaciBtatar viith tBekpGrphEezof sijapoitify students thiroudhne student

learning @mthway of preparation, implementatioand extension stepas shown belowTo support successful
implementation of the module, student work samples are provided at the end of each unit.

PREPARATION

Curriculum links

IMPLEMENTATIO

Read:Unit ummaryTable

Review BigScience Ideand Science
Background Information

Understand Scientific Questionand
Scientific Vocabulary

Choose Student Scientific Challentge
Check The Kit is completéSome equipment
may need to be purchased, prepared or
collected, see list in Unit Summery Table.

Background information
Key science knowledgmints.

Challenge support information
Answers, results and helpful
information.

Sampleof students work

TheKit ScientificcChallenge Teacher as facilitator
1 Provideghe equipment 1 Openended, studentcentred I The coach and questien
for each Scientific activities. 1 Open ended and reflective
Challenge ¢ Small collaborative wident teams questions.
1 Checkhe Unit summary work with StudentBooklet and The Kit 1 Qear expectationsnd roles
Guide axzonsumables may Student eamsare thinking, of the students
be required. communicating designingproblem- 1 Environment where
solving,questioningand reporting students feel safe to take
f  Student ams are sing inquiry-based risks and share ideas (even
investigation skills imludingidentifying they are not correct).
variables,makingpredictions,taking 1 Sudents to share and bld
measuremens, makingobservations, 2y SIOK Z2ZUKS]|
recordingdata, interpreting and use them to elicit more
analysinginformation and self- questions and
reflection. investigations.
1 Whole class discussesal world
relevance
EXTENSION

Linkswithin module
Make connections to other
unitsin this module.

CareerCase Studies

Watch and discuss video case studies to

demonstrate study pathwaythat lead to
careers in the relevant industries

External Links

Use websites and web tools to build on
aGdzRSytaQ l[dzSadArzya
curiosities.

Extension Investigations

Each unit contains optional
investigations that can extend
&2 dzNJ & leazinB.y (1 4 Q

<Water Module Teacher Booklet Page | 6
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How to use this module Practical Safety Advice
Risk Management These activities involve water and

variety of equipment, students need to:

-

Ageneralrlskassgssment qndontrolform isprovided to help you 1 Have cloths and a mop repdo clean
prepareand providesafe sciencéessons see page MUsethe form as a up spills immediately
guide to write your own risk management strategpecific for yar 1 Work on trays or sinks to contai

school requirements. water spillsand runoff.

Teaching the Module 1 Only use equipment as it is intendeq
1 Be supervised when working wit

This module contains four units. Each unith&8aA 3 { O®®lY OS " LBSikal equipment
the option ofthree W{ O A Ehalflerg@&Chbosehe Challenges that -al equipment.

: . - : 1 Wash hands after working with dirt)
suit yourclasgime availability and student learning outcomes.

water samples.

The Scientific Challengase exploratory investigationsr fair tests.These are marked with an icon on the top right
of each Challenge pagwith scales[Z for afair test anda magnifying glas§\10r anexploratory investigationThe
students are asked tandertake a Scientific Chatige, working in small team of threée design test, report and
reflectontheir 3 NB dzLJQ & ioh. YoaSsitiard Buidé students through their investigatidBgiantific Challenge
Report Planner and Challenge Checkliptawided in the Student Booklet.

As part of an authenticinquirg 8 SRX a G dzZRSy G I LIINRIF OKZ GKS G4SIFOKSNDa
facilitate discussion
supervise safety
pose reflective and timely questions
stimulateand extendstudert ideas
let students explore anthvestigate for themselves.
This allows students to:
9 take ownership of their learning,
9 collaborate inteams to design, testeport and reflect
1 develop curiosity and passion to drive their own interest in science and maths.

=A =4 -8 -8 9

Lesson Outline : Based on the outline below, e ach unit would take 3 lessons .

Lesson 1Questioning andPlanning
9 The Class explores, discusses and questienBig Science Idea.
0 Using the Student Booklet, introduce the Btjence Idea and gather questiostudentshave about this
concept. Note the Science Glossary and ask them to add vesrtisey work through the unit
0 Assess Students current level of knowledge and understandingthgtstimulus picture and 3 questions, in
the Studentbooklet
1 The Class discuss the typ#snvegigations: exploratory andhir-testing. This will enable them to decide which
approach to use.
i TheTeansread, discusand start planning their Challenge

Lesson 2Conducting Processing and Analysingaix

1 The Teams conduttieir Challenge. This incled the report writing with prediction, methods, observatgand
results.Space is provided in the Booklet for their rep@tudentscanuse the Student Challenge Report Planner
(see Student Booklet page 5) to guide them inwgta report for each Chalhge.

1 OptionalExtra Lessofs: the Teamsconductanother ScientificChallengdrom the same Unit

Lesson 3Evaluatingand Communicating

1 The Teamswork individually and as a group $hare discussandreflect on thequestionsand learninghat has
arisen for them after doing the Challenge.

1 The Class undertakesaeality Checldiscussing how this Big Science Idea is relevant to their lives.

1 The Class uses the Case Studies to explore career pathways for Seehomlogy Engineering and Maths

<Water Module Teacher Booklet P age| 7
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Risk Assessment and Control

This matrix has been written asguidefor youand your studentso write your own Risk Managementr&egy.
Please adapt to suit youtassroom school requirements and local ar@de studentare reminded tado theirown
safety cleck using the clipboard icon for each Scientific Challenge.

-

School of Education

ACTIVITY RISK LIKELIHOO ACTIONS FGBONTROL
Water spills | Students or Staff slip over | Medium Provide bucket, mop and cloths and clean up sp
and injure themselves. immediately.
5A&LX IdAI AR ya2ISG Cft 22 NE
Scissors Students or Staff are injure¢ Low All participants are instructed to use equipment
through inappropriate use appropriately.
or accident.
Lifting and Students fill containers with| Low All participants are instructed to use equipment
carrying too much waterso that they appropriately
water are too heavy or they lift The Challenge instructions direct the students to
containers them incorrectly. carry a 2 litre maximum
Using hand | Students may tripver Low All participants are instructed to use the
held blenders| cords and electrocution. equipment appropriately and switch off and
and lamps unplug when not in use.
Handling Students may become ill if | Low Students ae instructed to wash hands after use.
contaminated| contaminated water is
water sample | ingested.
Use of Students may incur injury if| Low All participants are instructed to use equipment
scientific equipment is misused, appropriately.
equipment broken or ingested.

<Water Module Teacher Booklet P age| 8
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Sciene as Human Endeavour

Science Inquiry Skills

Science Understanding

Years 910

Years 910

Year 9Biological Sciences
Ecosystems consist of communiti
of interdependent organisms and
abiotic components of the
environment matter and energy
flow through these systems.
(ACSSUL176)

Use and influence of science
People use scientific knowledge
to evaluatewhether they accept
claims, explan@ons or predictions,
and advances in science can affec
LIS2 L) SQa tA@Sasz
new careeropportunities
(ACSHE16& ACSHE194

Questioning and Predicting
Formulate questions or hypothesey
that can be investigated
scientifically.

(ACSIS164 &CSIS198)

Year 10Earth and Space Science
Global systems, including the
carbon cycle, rely on interactions
involving the biosphere,
lithosphere, hydrosphere and
atmosphere.

(ACSSU189)

Use and influence of science
Values and needs of contemporary
society can influence the focus of
scientificresearch

(ACSHE28 & ACSHXE30)

Processing and Analygl Data and
Information

Analyse patterns and trends data,
including describing relationships
between variables and identifying
inconsistencies.

(ACSIS169 &CSIS203)

Communicating

Communicate scientific ideas and
information for a particular
purpose, including constructing
evidencebased arguments and
using appropriatescientific
languageconventionsand
representations.

(ACSIS174 &CSIS208)

<Water Module Teacher Booklet Page| 9
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Unit 1: World Water z planetary water and availab ility

Unit Summary Guide

The Big Science Idea

Students will learn and understand thadgspite the
seeming abundance of water on Earth, fresh water
availability is scarce.

ScientificDiscussiorQuestions

4 We live on a blue planet but how much is availab
for us to drink?

& Where can you find fresh water on planet Earth?

4 Is all fresh water suitable for drinking?

Scientific Vocabulary

1 Hydrosphere total water on the planet as liquid,
gas orsolid It is found on the surface, undergrour,
or in the air.

1 Water scarcity only 3% of the world water is fres
and of that only 1% is available fine whole
g 2 NluseQ a

1 Groundwater¢ water stored in poros soil, rocks

and aquifers.

Potable waterc water which is safe for drinking.

Green, blue and grey watersee notes below.

= =

StudentScientific Challenge

1. Water is everywhere, how can we be scarce of
drinking water?Create a simple model to
demonstratewherewater is foundin our world.

2. Cloud to tap and back! How does fresh water
move around our planetBuild a functioning
model of a catchment including land asdrface
and undergroundvater.

3. s there water underground? What does this tell U
about the geology and human activitied®hat are
the quality, location and connection of
groundwater sources@roundwater Monitoring
Program: record GPS location, depth and water
quality.

ReallLife Relevance

Whole class idcussiomjuestions

& What are their questions and understanding
elicited by thidUnit?

& Why is developing understanding about the
content in thisUnit relevant to their lives?

4 How were science and maths integral to their
learning?

Scientific concepts

1 Water sustains our life on Eartherefore,we all
have a role to play in sustainable water use.

1 Ensuring safdhealthy water to our homes has
significant finacial,social and environmental cost:

1 As future scientists and engineey®u can design
and plannewways of using and sourcing water fo
a sustainable water future.

Challenge Equipment List

Challenge 1:

Flat tray Challenge 2:

Large bottles (< 1L capacity) Plastt box

Small bdtles (< 50mL capacity) Small pebbles/rocks
Land: Material & foam blocks _ P

Fresh water: Petri dishes Trigger spray bottle
Syringe Sponges
Bigheakeb00ml Clear plastic sheeting
Small beaker 25ml Weed mat

Salt Foil

Teaspoon :
Refractometer& pipette P|a.StIC sheets
Distilled water for cleaning Scissors
refractometer

Scales

Challenge 3:

Groundwater samplehis shouldhot include silt or dirt
so turbidity is not affecting results.
Large beakers 500ml|

pH meter:acidity and alkalinity on scale}.
Electrical conductivity (EC) metéransfer of electricity.
Calcium ion meterhardness.

<Water Module Teacher Booklet P a g e | 10
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Background Scientific Inform ation
Thisunit focuses on water as amodriver of global systems. Thae of water ... i uilasetodlc  sectel
in the biosphere¢ where all life forms on Earth exigtis evidentin the Kiometres) total
hydrosphere Here, vater circulates through thevater cyclein its different ™™ ”
states as watervapour, liquid water and ice.However, despite what weay .., ... o
see as an abundance of water on Eartlour oceansfresh water availability =
is scarce. Only 3%F (1 KS ¢ 2sNiesR Wader. Wikth 2% dfxhat locke
up in glaciers, icecaps, atmosphere auwil, this leaves only 1% available fiu
0KS ¢gK2ft S MR2NF suQfieshwateSigtored underground in = ' :
aquifers, whictD2 YLINA aSa ogy:: 2F (KS QZNJP‘“' “ = Ly

vvvvvv

2N RQa 02y adzy Llofwatefis trifecd. LINR RdzO G A ...

total

>

Water masses at the Earth’s surface

Hydros phere TR

& The 9 NI KQa KRBdRUNER RILIKE MBIEr On the SUrface « i ot s o ettt oo
underground or in e air. It can be liquid, gas or solithe water cycle ““'hps: . britannica. com/science/hvdrosph
Y20Sa 6 GSNJ KNRdJZAK GKS 9 NIKQA KEBRNRALKSNB®

& Water as a liquidis locatedon the surface in the form of oceankkes wetlandsand rivers. Itis found
underground irthe soil and aquifers and can be seénthe atmospheras clouds and fog.

& Water as a solid(ice) is inglaciers, ice caps and icebergs. The frozen part of the hydrospheralledthe
cryosphere

4 Water as a gass invisible With heat water evaporategrom a liquidinto a gafrom the ocean, surface water and
other wet surfaces like washing on the clothes line.

4 Ocean water and watdrapped in the soil make up most of the preseatay hydrosphere.

4 The water cyclés essentially a closed system, therefore the amount of water that we have today has always beer
present in the Earth system.

6 Water sustains life on Earth and the water cycle ties together the land, oceans, angpasm@ito an integratd

system. A World of Salt
Global saltwater and freshwater estimates
) . i Saltwater 97.5% ,' Freshwater storage
Water Availabilityand Scarcity I Ut
4 The fresh water in our worl found in three main places: s i k)

1 Surface water water collecting on the ground or in a creek, rive
lake, wetland or artificial water body like a dam.
1 Groundwater. water found undergrand in the cracks and spaces i:
soil, sand and rock.
1 Atmospheric water water present in the atmosphere either as a solid (snow, hail), liquid, fagnmist) or
gas {nvisible.

4 Fresh vater availability is scarceThree percen2 T (1 KS 4 2 NiledR @dter lut ainl aNfradtién of it is
I 0O0S&aaArotsS 2y GKS 91 NIKQA &Adz2NFIFOSd azald FTNBakKgl ds
planet Earth and our human body are the same! They are each composed of 70% water.

4 Water availabiity is closely linked to food securip CF NXY A Yy Ik | INK Odzf (G dzZNB  diesha 7
water.

4 World population growth is predicted to rise to more than 8 billion people
2050 (from 7.4 billion in 2016).

4 Human beings are creating pressureaur waterresour@s throughgrowing
populations, climate changegver- consumption iicreased demand for
water and embedded water driven by global consumeristic society), poo :
land management practiceslebding to contaminated water) and slow ‘-K@
developmen of alternative water sowres (recycled waste water & nen
potable water for norpotable activities). htto://www.ec.qc.caleau-water

¢ Natural disasters exacerbate water issti@s. Excessive nafall causes flooding and disruption of drinking water
supplies Areas that rely on groundwat@r rainwater arehighly vulnerable to droughts

Groundwater flow

Groundwater
<Water Module Teacher Booklet P a g e | 11
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Groundwater ismostly invisible as it is found underground A @Sy GKIF G A G Aa a2dzi 27
YAYR¢ I yeBogrdggdrRusdNalued for its importance and significance.

Groundwater makes up 98% Of th€ sources of Agricuttural water.

2N RQa T Nty iGercentofi

-

l dza G NI £ A | Q amptign| dorBeN. |
from groundwater.
Groundwater is stored in porous soilg T ma s I

and rocks and in geological reservoir
called aquifers; the study of
groundwater is known a hydrogeology seeraer | || R

It flows naturally through springs anc

seeps but can also be pumped out t -~ - [

bores. As the water infiltrates through Or-farmm dares or tanks _

soil and rock it leaches minerals into th

water. This may affect the colour, taste c e _

salt levels and therefore influencesit )

potentlal usage o 1.000.000 2,000,00?“L3,DDD,DDD 4,000,000 5,000,000

Rain that soaks into the ground drains g ;0:214 http://www.abs.gov.au/AUSSTATS/abs@.nsfimf/4618.
downwards to the water table The

water table is the level at which the unsaturated zone above, meets the saturated zone below. The water table i
usually below the ground surface but when it isthénough it comes to the surface naturally in springs, lakes and
wetlands.In other areas, groundwater may be stored for years in {ftrg aquifers before coming out again as
groundwater discharge.

Fossil water forms where aquifers have been cut off ftrousands of yearsFossil water can be extracted but
because it is not replenished, it is referred toggsundwater miningthis occurs in many arid parts of Australia
e.g. Alice Springs).

DNRdzy Rgl GSNJ A& 2SadSNYy ! dza (i NIprbvMdinghso thifds afiits nkedd.J2 NI | y
Movement of ground water is crucial for agricultural landAbout 2 billion people worldwide depend on
groundwater supplies, which include 273 transboundary aquifer systems.

The Great Artesian Basin in central Austealis the largest aquifer of its kind in the worldt contains enough
water to cover theworld in half a metre of watert covers 22% of Australia and contains water that is more than

1 million years old.

Ofthe total world energy consumption, about 8%Lised to liftpump and treatgroundwater andalso, to treat
wastewater Thisfigureisabout 40% in developed countries

Potable Water

o

&

Potable wateris water that is safe enough for drinking and food preparatiobVater canbe naturallypotableor
canbetreated in order to be saféor human use

Urban regions have water authorities that manage the water so(ueens,rivers, groundwater and seawatgr
treatment and distribution. In rural regionpeople will manage their own water supply with rainwatanks,
natural springs, groundwater bores, small dams, creeks or rivers.

Said LINY OGAOS 461 GSNJ adzLJLX & YIFylFr3aSySyid Aa aLydSaNI
asawhole;combiningplanning forall the elemensts of water services i.@rinking water, sewage, waterways,
catchmentsstormwater andgroundwater It aims b provide more sustainable economic, social and
environmental outcomes.

Different water sources provide different qualisater and these can be treated to be potableused for different
purposes e.g. groundwater for gardens, dam water for farming, rainwater for toilet fluahehgvashing ospring

water for drinking.

Scientists and engineers have developed ways to treat water from most sources, incloliagninatedor waste

water, making them suitable and safe for human consumption. Techniques include: sedimentation, clarification
coagulants andflocculation, disinfection, micro filtrationUV, ozone, biologically activated carbon and
desalination.

<Water Module Teacher Booklet P a g e | 12
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Green, Blue and Grey and other Water
4 Green water refers to precipitation that does not run off or recharge the groundwater but is stored in the soil or

temporarily lies on top of the soil or vegetation. Green water
eventually evaporates or transpires through plants.

Blue water refers to fresh surface and groundwater such as the we
in freshwater lakes, rivers and aquifers. Blue water availability is
natural runoff (through groundwater and rivershinusenvironmental
flow requirements. Blue water availability wes seasonally and alst
from year to year.

DNB& 461 GSNI Aa GKS wLRf f dzi
baths, washing machines and dish washers.

Other commonly named waters include rainwater (collected orfso
and stored in tanks); blaakater from our toiletshigh in nutrients and
containingfaeces (blackwater that has been cleaned via treatment al
OF LJAdzZNBR F2NJ NBdzaS Aa Ol t ;%
stormwater particularly in urban areas that is captured in rain eve
and washes down the drain to creeks, rivers and eventually the oce
taking any street litter, soils, oils detergents, animal faeces o
pesticideswith it.

RQ ¢

School of Education

Global average water footprint

3178 litre/kg

85% green, 8% blue, 7% grey

S LINJ

B
0000000000
‘TXXEXEEREX

The global average water footprint of whole cow milk is about 940 litre/|

About 50% of this amourg allocated to the fresh unfermented cheese

that is derived from the whole milk and the remaining 50% to whey. One
kilogram of whole milk gives about 95 gram of cheese, so that the water footprint of cheese is 5060 litre/kg
(Mekonnen and Hoekstra, 2010,12). http://waterfootprint.org/en/resources/interactivetools/product-gallery/

<Water Module Teacher Booklet P a g e | 13
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Scientific Questions - Answered

-

4 We live on a blue planet but how much is available for us to drink?

Fresh water is scarce becaudeat) the water m Earth only 3% is fresh water and of that amount 2% is locked in the
icecaps, glaciers, atmosphere and soil. That leaves only 1% available for the worldseus@ount of global water

is finite but the world population is predicted to rise to more trabillion people by 2050 (from 7.4 billion in 2016).
Humans are creating pressure on our fresh water resources thrthig growing population, ovezonsumption,
changes in evaporation andineevents due to climate changand poor land management practig that are
contaminating some of the available fresh water supply.

4 Where can you find fresh water on planet Earth?

Fresh water is found in three main places:

1. Surface watercollecs on the groundor in a creek, river, lake, wetland or artificial twabody like a dam.

2. Groundwater foundin porous soilsrocks andn geological reservoirs called aquifers.

3. Atmospheric waterpresent in the atmosphere either as a solid (snow, hail), liquid,{@jmist) or gasifivisible.
There is about 6@imes more groundwater than surface watdut as it isout of sightit is mostlyout of mind.

4 s all fresh water suitable for drinking?

Potable watelis water which issafe enough for drinking and food preparatidhcanbe naturallypotable or can be
treated in order to be saféor human use, in water treatment plantslealthy ecosystems provide healthy wateris|
naturally fltered through tree roots and sandlisinfected by UV rays anagkerated by aquatic plants, wind and
waterfalls

Different watkr sources provide different qualityater and these can be treated to be potable or used for different
purposes e.g. groundwater for gardens, dam water for farming, rainwater for toilet flushing and wastspgngy
water for drinking.Scientists and erigeers have developed ways to treat water from most souriresuding
contaminated or waste water, making them suitable and safe for human consumptast.of these techniques have
been mimicked from the water cycl@satural cleaning methods/Nater treament plantsinclude: sedimentation,
clarification,coagulants andlocculation, disinfection, micro filtration, UV, ozone, biologically activated carbon and
desalination.In urban areaghe quality of water supplid by government or water authoritiegs guided by each

O 2 dzy drNBn@ &ater guidelinesThey address both the health and aesthetic quality aspects of supplying good
guality drinking waterln rural areas families manage both their own water supply and quality. This often includes
rainwater, gpundwater, dams and rivers.

Sample Student Answers

4 We live on a blue planet but how much is available for us to drink?

OAround 1% Year 9

b20 Sy2dza3Ked 2SS OF yGHea®NAY]| GKS 20Sty a AG A4

4 Where can you find fresh water on planet Earth?
dln lakes, rivers and deposits under the groundear 9
oRain and in icecaps, glaciers, rivers, soil, atmosphere, mountains and £eais9

4 s all fresh water suitable for drinking?

oNo, some water it dirtg Year 9

oProvided it is filtered and clean, y&¥ear 9
oDepends whereabouts the water comes fréivear 9

<Water Module Teacher Booklet P a g e | 14
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Challenge Support | nformation

>

Challenge 1: Water is everywhere, how can we be scarce of drinking water?

Science Background Information

Although thereis an abundancenf water in our world97%is non-potablein its current state found asaltwater in

the oceansOnly about 392 ¥ (G KS 9 lisNkEskKwWaterhanevierdndt of thatislocked up in glaciers, icecaps,
atmosphere and soillherefore only about 1%is avalable on the surfacerad underground, for the world tase On
the surfaceijt is foundin rivers, lakes, wetlands and damsidérground it is found in the cracks argpaces of saill,
sand and rocKThe water cycle is an integrated system that ties togethentater found onland, undergroundin

the oceansand atmosphere.

Water availabilityis closely linked to food securjtgiven that farming andgriculture usesipproximately70%of the

g 2NI RQa | @atek. We adefcrBatirfy NiBsauike on our water resources througingng populations, climate
change, oveconsumption (increased demand for water and embedded water driven by a globslimerist

society), poor land management practices (leading to contaminated water) and slow development of alternative
water sources @cycled waste water & nepotable water for norpotable activities).

Natural disasters exacerbate water issues too. Excessive rainfall causes flooding and disruption of drinking wat
supplies. Areas that rely on groundwater or rainwater are highly vubier@ droughts.

Pre-investigation N
To build the modethe studentsneed a variety of different material$o represent »
the land and thedifferent water bodies egrivers, lakes, wetlands and dams
Recycled items such as small tins, cans, plasticriaterial etc can be used’ hese
may be in the Kit or neetd be either collected or purchased
A flat tray works well to represent thecean
Prepare the small bottle to represent the freshwatemeasure 30mivater into
the small bottle. This measuremertiauld remain unknown to the students.
Prepare the lage bottle to represent the ocean watemeasure 970ml into the
large bottle This amount should remain unknown to the students.

Safety have cloths and mop and bucket ready to clean up spills. Theseagilllikely occur when students are
measuring the amount of water in the ocean and the freshwater bodies.

During investigation
1. Students are asked to create a simple modeldemonstrate where water is found in

our world. ' 7 }f’!
¢ ‘

Studentscanuse the water h the small bottleto fill the freshwater areasof their model
to represent that 3% of the worlds water is freshis important they use only the water
in the small bottle to fill the freshwater areae that their calculations are accurate
Studentscanuse the water in the large bottleo fill the ocean areeof their model to
represent the 97% of the worlds water is in the ocdais important they use only the
water in the large bottle to fill the ocean area of their model so that their calculatoas
accurate.
2. Students use thavater from the large bottle in their oceanso create saltwaterwith
the same concentration as the oceans given that ocean water has a salt concentraticm=
35¢/L.Using scales or teaspoon measures, students can deteriminamount of salt needed for their ocean.
Salt weighs 6 grams per teaspoon. The whole b@it] & 2n@e8i$ jysEunder 6 teaspoons.
3. Students are then asked toalculatethe fresh/salty ratio of water available in

-/Refractometer

shadowline

our world.
4. Sudents are asked o use the refractometer to test theitheir accuracyin e
creating ocean water with 35g/L. el B
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Measuring the salinity with the refractometeonly requiresa couple ofdrops of water With a pipette put 2 or

3 drops on the prism to cover the entire surface afabse the lid. Hold under light and look for the shadow line
Anoptimal contrast is obtained by holding the instrument underneath aegpndicular to a light source.
Clean the refractometewvith distilled water to avoid contamination and wipe with drytblo

-

Postinvestigation
Wash dry and recyclehe materials then returnto the Kitfor useby the next class.
Ensurethe refractometeris carefully rinsedavith distilled waterand dried with a clotlafter use.

Sample Student Report
Scientific Challengé: Water is everywhee; how can we be scarce of drinking water?

Investigation This Challenge is axploratoryinvestigation.

Method:

1. Collect a variety ahe recyclednaterialsavailable, including small and large containers to represent the
freshwaterand saltwater areas.

Build a model of the Earth with room for water bodies and land.

Fill the containers that are on larat undergroundwith fresh water from the small bottle.

Fill the container that is the ocean with water from the large bottle.

Add 3395 grams of salt to the ocean.

Check if you measured the right amount of salt using the refractometer.

Measure the amount of water in the freshwater and saltwater and work out how much fresh water there is
compared to salt water.

NoghswN

Ihe Repart continues

Observationsand resuls:

This is a diagram of our model.

We found that the fresh water was 30mLs and the ocean was
900mLs. But we spilt some so we talked with another group
and found out that it was meant to be 30mLs and 970mLs.
That means a 3:97 ratio or 3% freshwater for S&water.

That is not very much water for us to use. Lots of this water is
also in ice like in Antarctica and the North Pole. So there is
not much for us to drink and clean with.

Evaluation

Be more careful with the water when we were measuring it!

Ourmodelwas pretty good. But it would have been better if

we could show the rivers somehow. And even have

A2YSUOKAY3 (2 0S GKS A0S YR ciie v ive e inns wee JS OF y Qi
use.

Reflection

Theseare myquestions:

4 How much water is available for us to drink?

4 Howdoes the weather help it to rain?

4 What is the best way to keep water?

L RARYQO (y2¢6 GKSNB ¢l a adzOK tAGGES FTNBaK gFiSN 2y
not waste so much.
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Challenge 2: Cloud to tap and back! How does fresh water move around our planet?

Science Background Information

9FNIKQad KERNRALIKSNBE AyOfdRRSa Fff GKS 6l G0SNJ 2y GKS &
is constantly on the move through the hydrosphere in the watetecysbout sixtitimes more fresh water than all

0KS SINIKaQ adz2NFIFOS 61 GSNJ ad2Nr 3Sa O2Y0AYSR Aa F2dzy
of sight does not mean it should ever be out of mind.

Water that soaks into the ground draidewnwards to the water table. The water table is the level at which the
unsaturated zone above, meets the saturated zone below. It is usually below the ground but also comes to the
surface naturally in springs, lakes and wetlandsther areas, groundwar may be stored for thousands of years in
aquifers before coming out again as groundwater dischargeeing pumped out by windmills and pumhe study
of groundwater is known as hydrogeology.

Water runoff depends on the grourfdsurface. In urbanraas there are more impermeable surfaces like roads and
footpaths. In rural areas more water can infiltrate, depending on the vegetation anésdd are made of particles
of different types and sizesnostlyof sand, silt, clay anabck The space beteentheseparticles is callegore space
and willdetermine the amount of wateit can hold.

Preinvestigation
To build the model you need a variety of different materiais represent
the differentlayers on or under the ground e.g. aquifers, solickicsoil,
dam, creek, roads or permeable soils. Thesg be in the Kit or needed to
be collected or purchase@heck the Kit and equipment list.

Clear soft and stiff plastibelps the students to see what is happening in
their model.

Safetyc raining and pumping will create puddlesbe prepared for cleaning
up spills.

Enough time, plastic boxes and materiai®uld allow for this exploratory
investigation to be then conducted as a fair test.

During investigation
Spray bottlescan be used for raiand also if you take the
top off and out of the bottle, it can then be used as a
groundwater pump.
Design options are endlesmnd the first attempt will most
likely lead toanew improved design.

Postinvestigation
Wash dry and recyclehe materialsand rocks then
return to the Kitfor useby the next class.

Sample Student Report
Challenge2: Cloud to tap and back! How does fresh water move around our planet?

Investigation: This Challenge is axploratory investigation.

Method:

4 Collect a varietpf materials.

4 Spray with water to see what happens i.e. runs off, absorbs or soaks in or pools.
4 Create different areas in the plastic box, for water to collect, stop or flow.

4 Rain (spray) and watch what happens with the water.
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& Use the top of the spray hite like a windmill and putting it in
the rocks, pump up water onto the surface above.

>

Observations

The black weed mat wagaterproofat first and then there was
some seepage. The water pooled amongst the rocks, the sponge
soaked it up and the foil wied well for a flowing creek. Another
group used the clear plastic as the sky and almost made it rain.

Results

The spray bottle rained into our model. We creategraundwater
aquifer in the rocks and threwith the spray bottle top as a
windmill, pumped somewater out onto the hard ground which
then ran down the foil and into the groundwater once again.

Evaluation

It was very hard to draw the 3D diagram but we were happy with

our water cycle modeWe knew we needed to gevater into the ground bugt first it was seeping through too
slowly so ve put some holes in the togroundlayer for the water to make it through to the aquif@he model

showed the below and above water movement well but the condensation and precipation part of the water cycle
was really not evident. Without a heat source we think it would be hard to replicate this.

Reflection

Our model got us thinking more about water below and above groundfzeitdconnection. Soow we have these
guestions:

4 In the real environmenthow mud is the groundwateconnected to the surface water?

& What happens to the groundwater in times of drought or floods?

6 |s there water under ourchool?

& How long does it take for water molecules to pass through the water cycle and back?

Inspiring Sciece & Mathematics Education ProjecsWater Module Teacher Booklet P a g e | 18
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Challenge 3: Is there water underground? What does this tell us about the geology and human
activities?

>

Science Background Information

Rain and river watecan soakntothe ground¥ A £ £ Ay 3 G KS 3 W& RA yR NRIFEBFANERO { BK S v
{0 If e ocks and soils that hold and transmit water are called aquifsssvater infiltrates, natural minerals or
contaminants can leach into the water. Depending on¢hchmentgeology and the humaactivities andand

uses, this will affect thevater quality e.g.colour, taste pHor salinityand therefore influence its potential usageor
example the and beds along the coast of NSW are highly permeable and easily recharged through rainfall. They are
also very vulnerable to contamination e.g. fasgrs, pesticides, leaking septic, wastewater, urban ruteftfill

sites and salt water intrusion@SW Groundwater Dependent Ecosystem Policy 2002).

Although out of sight and therefore so often out of mind, groundwater is connectedrface water a it seeps out
(discharges) as springs and into rivers and wetlands. Ecosystems can be dependent on groundpratadiiog

water to vegetationand sustaining creeks in times of drought. Groundwater can move under vast aneasafmple

the Great Artesin Basin in central Australia is the largest aquifer of its kind in trewcovering 22% of Australia,
passing under state boundariasd containing water that is more than a million years élldo in Australiaguifers

are a source of water for drinkg, irrigation farm animals, bottled wateand other useg,around30% of Aust f A | Qa
total water consumptionyvith some places having groundwater as the only available fresh water.

When a bore is sunk, it is done to meet national standards. The comtraidll sketch gprofile thatrecords the soil

and rock types, depth at which the water is found and the concrete seal and gravel pack, as the diagram shows. Aff
testing, the water quality of this groundwater in Northern NSW was fit for all uses inglaldinking. It is situated in

the upper catchment of predominantly native rainforest but also some dairy cattle and macadamia nut farming. Ar
aquifer was found, at about 14 meters, in the ancient fossil soils with weathered water bearing basalt abtve and
basalt rock lava flow below, acting as an impermeable layer.

PVC Pipe
Surface =0 m
Red Clayey Topsoil (Ferrosol/Krasnosem)
-2.5m ;
35m — Yellow Clay, very weathered rock (Saprolite)
Basalt rocks in slightly
weathered rock (Saprolite)
6.8 m
Basalt Rock (lava flow)
Concrete -9.4m o o
Seal -11.1m . . .
| Ancient Fossil Soil (Palagosol)
Gravel _ 13.5m - '13!“__:
pack SO T 42m Basalt Rock (lava flow)
Fractured Basalt (water bearing)
-18.8 m—
{ Ancient Fossil Soil
-22 m
End of geological Basalt Rock
survey =-26m -

A catchment assessment is used to guide the water quality tegtsnexl for each groundwategite. Comma
parameters tested are pH, salinity, hardness, temperature and dissolved oxydée. t&sting is mostly done on
site, and this student Challenge is being conducted in the classrtmmatter two parameters will be influenced
and changed by collection and transportatjamd are therefore not suitable for class work.
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The presence dhecalcoliform such as Eoli in groundwater may indicate receabntamination, whictcould

contain other bacteriayirusesor diseasecausing organism&.coli i9O2 y & A RS NB R ¢, angl testing WiRe O | i 2
done if there is potential contamination the catchmentand to confirm if it isa risk to human healtHEcoliis the

most common bacterium present in the intestinal tract and faedeamammals, birds and humans. firesence may

be due to wastewater and stormwater contamination, agriculturalaffi and waterbird and livestock defecation.
Sterilisation techniques and the need for incubation make this test also difficult for this student Challenge.

Groundwater management issues include eegtraction,contamination,salirity, saltwater intrusian and a lack of
understanding about the link between surface and groundwatet groundwater dependent ecosysterdg

example of groundwater management is tNational Water Initiativesigned in the early 2000s by all Australian
governmentsthat promotesaWg K2t S 2 B Qo F LBENPOO®E (12 6 GSNI Yyl 3ISYSy
isolation, acknowledging the connections of the hydrosphere.

Water Quality Tes$ - In this dhallenge the groundwater is being tested for the following parameters:
1. pH with pH meter. It showacidity and alkalinity on scalel@!. pH also controls the ability of water to transport
potentially harmful chemicals Result range for pH is:
1 Healthy:6.51t0 8.5
1 Poor: <6.50r>8.5
2. Electrical conductivity (E@jth EC meter. It showthe amount of transfer of electricity through water and is a
measure of salinity, 26 NJ y3IS YSGSNE YSIadiaNBE Ay YAONRAASYSya
measure in millisiemens per centimetre (mS/cm). Australian Drinking Water Guidelines indicate 500mg/L for
total dissolved solidsThe Australian Water Qualitguidelhesfor Fresh & Marine Watenesultrange for EC is:
9 Healthy:Less than 308S/cm (Less than 0.3 mS/gm
1 Fair¢ may affect river health300 to 800>S/cm (0.3 to 0.8 mS/cjn
1 Poorgriver health at riskGreater than 806-S/cm (Greater than 0.8 mS/gm
3. Hardness with calcium ion meter. This is not a health concern but can cause bwldseplingand therefore
createusagedifficulties. The Australian Drinking Water Guidelines indicate that 200mg/L of hardness (as CaCO3
is the aesthetic limit and the resulange for hardness is:
1 <60mg/L CaCLy soft but possibly corrosive
1 60-200mg/L CaC4g good quality
1 200500mg/L CaC{q increasing scaling problems
1 >500mg/L CaCQ severe scaling

More information
Groundwater Essentials.pdf from National Centre for Groundm@esearch and Training (Australia)
http://www.groundwater.com.au

Pre-investigation
Collect goundwater samples:
1 Students with groundwater, can be asked to bring in a sample and most likely it will coma fep at the
pump or windmill, rather than using a bailer.
Sampling metho@nd bottlesideally would be thesame for each site.
Provide students with a sample bottle label to record place, date and time.
Students need to ensure there is no local contaamion when collecting the sample.
Sampleshould not include silt or diri.e. turbidity) as this wilkaffecting results.
Sample volume needed to be collected will depend on the number of students doing this Challenge.
A photograph that shows the borée and catchment would be very helpful for the other students in
identifying aspects of the catchments and human activities or land uses.
9 Ask the students collecting the samples to bring as much information as they can about their bore e.g.
depth, age, pofile and their usage of the water.
Meter Calibrationis always needed before they are used.
Beakersg ensure enough beakers for the number of samples collected and students undertaking this Challenge

=A =4 =4 =4 =8 =9
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Maps of the local areavhere the samples are collecteebuld be useful for understanding more about the
catchment and geology.

-

During investigation
Safety¢ wash hand®r use gloves.
Rinse meters in betweesampleswith deionisedwater to avoid contamination

Postinvestigation
Clean meters well before pding away.
Safety¢ wash handst the end of the investigation.

Sample Student Report
Challenges: Is there water underground? What does this tell us about the geology and human activities?

Investigation: This Challenge is axploratory investigation.

Method: Sample| pH EC Hardness | Bore Depth Catchment

1. Usethesamplesbought 1 | 81 | 700>S/cm | 500mg/L | 1emt | —omefreesinacow
in by students. paddock. _

2. Pour 25ml into each 2 | 69 | 980>sicm| 3somgiL | 145me | OPen paddock with
beaker. cattle trough.

3. Test each sample for pH 3 7.7 | 886>S/cm | 454mg/L 15.5mt No photo.

and record, then test
for the other parameters.
4. Clean meters with deionised water before and after each test.
5. Look at photographs and map of the catchmerdg gample came from.
6. Analyse our results.

Observations
One of the samples looked dirtier than the others. The pH meter took a while to get a stable result. The labels on th
sample said they were collected on different days and at different tinvel this make a difference?

Results

Our groundwatetesting shows fairly similar results, as shown in the table. The hardness may Isealihg

problems. It is above thB00>S/cmadvised in the drinking water standards but is used by cattle to drink. The pH all
fell in the healthy range. The bore depth is very similar.

Evaluation

The three samples came from the same catchment and wseel for the same purposestock watering. Other

human activities that could influence the ground water quality may be paddock fertilsation, septic tanksrand fa
machinery. However we canneee any evidence of contamination impacts from our resultswald assume the
geologyis similar but more thoroughesearch is needed. It was fun testing the water but we are not sure how good
our technique was. It would be great to do more tests and find out more background information from the farmers.

Reflecton:

Ourinvestigation just got us started in thinking about groundwater testing, quality and use in the local aveaeN
have thesejuestions:

4 How much is the groundwater used for stock watering in this catchment?

4 |s groundwater used for other human agties and is some agency monitoring this?

4 What is the geology of the catchment and how is it influencing the groundwater?

4 s it safe for humans to drink this groundwater and what test do we need to do to find out?
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Stimulus or Extension R esources

-

Videoand form: ScientificlnvestigationFair Tesing

The video showa scientist doing avater investigation usinghe fair testingmethod. The form is also available for
download.

http://www.wate rsciencelab.com.au/teacher.html

Information: The Water Cycle
Detailedinformation onthe water cycle
http://earthobservatory.nasa.gov/Features/Water/page2.php

Information: The Waer Cycle
Detailed information on the water cycle.
http://science.nasa.gov/earttscience/oceanography/oceagarth-system/oceanwvater-cycle/

Video: The Water Cyclé1min50secs)
Simplevisualexplanation of thenaturalwater cycle (Rous WaterNorthern NSV
http://watersciencelab.com.au/videos.html

Video: The Water Journey to tap and back (3min31secs)
Simple visual explanation of the urban water cy&eus WaterNorthern NSW)
http://www.watersciencelab.com.au/videos.html

Video:How the Great Artesian Basin work¢3min35secs)
Clearvisualexplanation of the Great Artesian Basin and groundwdteustralian Department of Environment)
https://www.youtube.com/watch?v=0I3QI5SSRBFY

Web tool: Groundwater Explorer

Australian BMB | dz 2 ¥ a S S 2 gn@iid@afediticimaiioh sitd far dvdrnment, industry and the general
publicto use for decisiommaking and resa&rch,including the Australiameb toolto find your local groundwater.
http://www.bom.gov.au/water/groundwater/index.shtml

Lesons, Information &Videos: Precipitation Education
Water in the Hydrosphere, Geosphere, Biosphere, Atmosphere.
http://pmm.nasa.gov/education/lessoiplans/waterearthshydrosphere

Video: The spotaneous selfassembly of dendrimeric surfactant molecules in water. (1minésecs)
https://www.youtube.com/watch?v=IrrdAvbI330

Videa Animation of fatty acid formation. (1min24secs)

Some scientisthave proposed that hydrothermal vents may have been sites where prebiotically important
molecules, including fatty acids, were formed.

http://exploringorigins.org/fattyacids.html

Infographic: Water for food
A poster showing some examples of embedded water in food and our future needs (UN water)
http://www.unwater.org/fileadmin/user_upload/unwater newdocs/water_for_food.pdf

Information and Videos: National Groundwater Research and Training Australia
http://www.groundwater.com.au/pages/whats-groundwater
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Career and Research CaseStudy
STELR Career Profile Questionnaire

>

NameTo be completedn the local context

Job title

Who do you work for?

Where is your job based?

What does your job involve?

Why did you choose to work in this sector?

What is the most rewarding part of yoaurrent job?
What has been one of your recent achievements?
What is the most challenging part of your current job?
What do you hope to do in the future?

What are some of the benefits of your job?

What training did you have for this job?

9 Upper secondry school
9 After secondary school

Why is science (and mathematics) important in your job?

School of Education

What career advice would you give to school students interested in a similar career?
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Unit 2: Just add water z economy and equity

Unit Summary Guide

The Big Scigce Idea

Students will learrthat the real cost of water
considers everything involved in water
consumption and productiorThisis often
inequitable across the globe, particularly
betweenmajority and minority world countries.

ScientificDiscussiorQuesions

& What costs (environmental, economic and social) are th
in ensuring you have clean and safe drinking water on t{
at your home?

& How is the production of your school shirt dependent on
water?
o ¢KS g2NIRQA LRLJzZ A2y b

people in 2016 to 8 billion in 2050, how will we have
enough drinking water and will it be shared fairly across
countries?

Scientific Vocabulary

)l

Virtual (orembedded) wate;, water used
to produce and process a commodity or
service.

Water footprint¢ measurement of virtual
water along the full production and
consumption chain.

Transboundary watersurface or
groundwater that is shared across states (
countries.

Sustainable Development Goals
intergovernmental aspirational goals with
targets toend poverty, protect the planet
andensure prosperity for all.

Student Scientific Challenge
4. What isthe urban water cycle system; raw water to wast
water? Design and bild a functioning potable water
distribution system, from the water storage dam to the
houses.

What is the real cost of collecting your daily wateBet up
an experiment to pysically calculate the cost mu.

The water footprint is the clue to solve this investigation
Make paper from recycled paper measuring all the wate
used throughouthe whole of production i.e. blue and gr¢
water footprint.

RealLife Relevance
Whole class idcussiomuestions

&

Science concepts

1

What are their questions and understandit
elicited by this Unit?
Why is developing understanding about th
content in this Unit relevanto their lives?
How were science and maths integral to
their learning?

Water is critical and integrab the
productionand consumptiorof our food,
goodsand services.

International tradecreates aglobalwater
footprint.

Our water fatprint is governed by the
choices we make and the actions we take
And these choices and actions are not
equitable in all nations.

Whilst access to healthy water is consider
a human right it is not equitable in all

nations.

Challenge Equipment List

Chalenge 4:

Pipes and joiners

Plastic boxes of various sizes (with holes)
Spray bottle

Challenge 5:

Tape measure

Water bottles 2L
Activity tracking device

Challenge 6:
Scrap papee.g. used newspaper, wrapping paper and officg
paper.

Blender

Big flat tray

Paper making frame and drying boards
Kitchen strainer

Sponge

Large measuring jug 1L
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Background Scientific Information

This unit focuses on not just the economics of water but also the issues of equity surrounding access to wate
(especially for drinkingBtudents will learn and understand that water consumption and production across the globe
is often inequitable which is particularly evident comparingjority and minority world countries. The concept of
virtual water is an important understanding that derpins many social, economic and environmental issues. The
Sustainable Development Goals offer an international momentum, agreement and means of addressing many of the
issues.

Virtual Water

L)

Virtual (or embedded/embdied water) is thevater needed to poduce and process a commodity or service. It
refers to the volume of water consumed or polluted for producing the produetasured over its full production
chain. If a country imports/exports such a product, it imports/exports water in its virtual form.

4 In most minority world countries governmentsare advocating demand management, ways to reduce water
consumption and the demand on our water sources. This includes: education; enforcement (water restoictions
building regulationy engineering leak detestion); economics - financial incentives water pricing) and
encouragement (rebates for water efficient taps, toilettc.) Also governmentslook for new water sources,
seekingoptions to increasavaterd dzLJLJt @ @ | 2 6 SPSNI (1 KSe& 3 Bafddhsion & wae2 y Q
management (saving water liyporting low virtual water products).

-~ . ~

Water Footprint ( Our Water Footprint s

4  Awater footprint is a measure of the amount of wate How Much Water does it take to Produce...
consumed to produce goods and services along ! @ o )
full supply chain. Thisneasurement includeghe "™ **a™ 2% rz"" e L = om
virtual water of goods tht are produced in one .'7’ = ‘ M gl @&
locationand consumed elsewhere. oo Bas | s NS Wee e @i S

4 The water footprint is considered from tWO imsome tomsomes Wil (Gobpes i gt bt (Kbt K
perspectives: production and consumption. E g % % :; Z{?}N ﬁy

& Water footprints encompass the virtual water CoNter e muwe  fwe e 6000 00 48000 155000
of production ofgoods and seiges whichincludes  choose more often to DRINK TAP WATER, EAT WHOLE UNPROCESSED FOODS
the type of water being used (blue, green, grey)_ and reduce'yo‘ur carl?on footprint by BUYING LOCAL PRODUCTS ) C@n

4 Green water footprintc measures the amount of e o
rainwater required (evaporated or used directly) to make a product. It includes the total rainwater
evapotranspiration (from paddocks anthptations) plus the water incorporated into the harvested crop or wood.

4 Blue water footprint¢ measures the volume of groundwater and surface water required (evaporated or used
directly) to make a produclt also includes water extcéed from surface ogroundwater in a catchment and
returned to another catchment or the sea.

4 Grey water footprini; measures the amount of freshwater required to mix and dilute pollutants to meintater

quality (to a Count# @éceptable standard)saa result of making product.

Transboundary Water

&

Transboundary water refers to sources of freshwater that are shared among mul Sectorialdistibutin of 145 agreements
user groupsThis may includeiverse values and different needs associated ith ot o
water use. In this context, water crosses economic, lagdlpditical boundaries Nevgation 5 (4%) |
h@SNI dm: 2F GKS 62NI RQa cadhmawivitharotef e \ |
country. Throughout the world there are 276 transboundary lake and ri .
OFGOKYSyida GKFG O20SNJ | 62dzii p 2z aBofit wmim

cmrk>: 2F (KS ¢g2NIRQa Ff2g 2F FTNBaKgl
Transboundary water may involve trading and can be a soufr@®aperation or
conflict e.g.Cambodia, Laos, Thailand and Vietnbave cooperatal (since 1957)
through the Mekong River Commission and a framewarkthe Nile River Basin. "

(home to 160 million people and shared among 10 countries), was agreed in 199wy ww.un.org/waterforli
order to fight poverty and spur economic development in the raddy promoting fedecade/transboundary_wat
equitable use o&ind benefits from, common water resources. ers.shtml

3S NJ

Hydropower
57 (30%)
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Sourcehttp://www.un.org/waterforlifedecade/transboundary_waters.shtml
¢tKS ¢62NI RQa LRLMzZ FGA2Yy A&

>

3 e 4 i
people in 2016 to 9.7 billion in 2050. @l
Access to safe water and sanitation is recognised a pp—— 1I] —
humanright. m""" s
Freshwater is a scarce resource. Its annual availabilit
limited and demand is growing. Freshwater resources ne | 4 on 15%..., 7 .'s:*,:’a".'r; S,
to be considered in a global context as they are subject ..E s
global changes and globalisations (for instance, wa THE GLOBALGOALS
footprints as wdl as transboundary aquifers).
Water for irrigation and food production use about 70% of global freshwater (including groundwater).
Global population growth predicts-2 billion more people in the next 40 years, plus changing diets, will increase
food demand by 70% by 2050.
At the United Nations Sustainable Development Summit on 25 September 2015, world leaders adopted the 20z
Agenda for Sustainable Development, which includes a set of 17 Sustainable Development Goals (SDG). SD

Ensure availability ansustainable management of water and sanitation forHflis includes

1 6.1 By 2030 achieve universal and equitable access to safe fordadile drinking water for all,

1 6.4:By 2030 substantially increase water use efficiency across all sectors amd sastainable
withdrawals and supply of freshwater to address water scarcity and substantially reduce the number of
peopk suffering from water scarcity,

1 See also 6.2 to 6.6 and 6.a and &tb
http://www.un.org/sustainabledevelopment/sustainablievelopmenigoals/

Scientific Questions - Answered

4 What costs (environmental, economic and social) are there in ensuring you have clean and safe drinking water

on tap at you home?
The cost of water varies greatly in different regions and countries depending on lifelsojées availability and
source. As water is seen as a human right it is often overexploited and undervalued.

Collecting rain from your roof in a tank see cheap but the real cost includes ttav materials production,
delivery and installation of the tank to@Vater treatment plant costs include workforce, infrastructure, chemicals
and energy. These will involve a dollar amount but also the social anitbemental costsYarra Valley Water found

that eachcubic meterof water conserved delivers $6 through avoided damages to the environrsante:
http://www.trucost.com.

Communities without pipe distribution symns have another suite of cost for collecting their water; in wasted time
and income, ithealth, lost productivityand degraded ecosystems.

4 How is the production of your school shirt dependent on water?

[ SGQa FaadzyS (KS & OKBeprodudtismolhirtkh&refofd depfgnd® oh grandng ihe2cgtion
plant with water and then using more water in the factory that makes it for washing, dying, codtagingand
managing waste wateWith pressure on global water suppli@sd a focus on erironmental sustainability there is a
growingrecognition thatour impacts on freshwater systems can ultimately be linkeduoconsumption through the
concept of a water footprintA water footprint is a measure of the amount of water consumed to prodymeds and
services along the full supply chaWiater footprints encompass the virtual water content of productiogobds and
services whiclincludes the type of water being used e.g. blue, green and.grey

Cotton is mostly grown in drier regiongith bigplantations and usingrigation, oftenfrom large water storage dams.
Its green water footprintneasures the amount of rainwaténat is stored in the root zone of the soil and evaporated,
transpired or incorporated by the cotton plantds Hue water footprint measures the volume urface water or
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groundwater required to irrigate the cotton plantsits grey water footprintmeasures the amount of freshwater
required to mix and dilute pollutant§factory wastewater}o maintainlocal water quality & a result ofthe shirts
productonhyS addzReé adl (S aceoonthesiNdy 8hkvs thatthallofdwidevcangumption of cotton
products requires 256 Ghof water per year, out of which about 42% is blue water, 39% green water and 19% dilution
wall S Bddéwww.sciencedirect.com

-
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 ¢KS $2NIRQE LRLMzZA IIGA2Y A& LINR2SOGSR G2 3aANRG FTNRY
have enough drinking water and will it be shared fairly across all countries?

In2015at the United NationsSustainable Development Sumnitie 2030 Agenda for Sustainable Developmeals

adopted. Thisncludes asetof 17 Sustay 6t S 5S @St 2 LIYSy (i Bisurd aiailabiftysabdy ® D2

sustainable management of water and sanitation fof.&livers, guifers and catchments extend over country

boundaries and food and goods are internationally imported and exported so our water supplies are shared and

moved around the worldThese twdactorsprovide a global focus for water equity planning and managgme

In developed countriesvater managementonsiders the water cycle as a whole; combining planning for all the
elements ofgovernmentwater services i.e. drinking water, sewage, waterways, catchments, stormwater and
groundwater. This integrated approaeims to provide more sustainable economic, social and environmental
outcomes.While new water sources are considered for increasimpbuto match increasing demangipvernments
also have a focus on using existing supplies more efficiently threaggr sharing,education, financial incentives,
new technologies, pricing and regulations.

Atalocal levebkustainable water usmcludes actions for water conservation and protection. Through our individual
behaviours and choicewe can make a differencerfovater availability and qualityn our catchmenttoday and for
the future.

Sample Student Answers

4 What costs (environmental, economic and social) are there in ensuring you have clean and safe drinking water
on tap at your home?

dThe cost to ensure thate have safe clean drinking water is most certainly not cheap. Now that we are consuming

and using more water we are becoming more limited to our access to water in general. Therefore more processes &

taking place to filter no consunable water and thigosts a lot. Year 9

oGreenhouse gases, monaydworkerse Year 9

oEnvironmental: the emptying of water table and clearing land. Economic: people make largefjomofitettled

water andsewerage treatment is expensive. Social: recycled water is natlg@ticepted and peopthink that

0200t SR g4I #%ddd9A a WO SI y SN

4 How is the production of your school shirt dependent on water?

GThe production of our school shirt is water dependent because they need to be cleaned. Year 9

Cotton is grown (dependenn water). It is then shipped overseas, produced over there and shipped back (needing

more water)¢ Year 9

GThe dyes and material used to make them; all use water in their creation peo¢eas9

O ¢KS $2NI RQ& LJ2LJzt | GA2Y INoa pebiieBn2@E O SHlionir220EHRWIl wé NB Y
have enough drinking water and will it be shared fairly across all countries?

0By building more watereatmentplants€ Year 9

OWe have to lower our water consumptiérY.ear 9

A GKAY1 GnKig water Will be eéycled Nater in 208Year 9

b R2y Qi GKAY]l 6S sAtf KIFI@S Sy2daAK 6 (SN aFeghedfand NE 2

use farmore water than is necessary. The resources in this world are never used fawly arelalready struggling

to support peoples demand for watéi¥ear 9

GSaltAyriAz2ysr 02NB 6l GSNI YR 3ISHGGAYZYedPOR 2F a i KANR

GThe planet cannot handle that many people; water may become a valuable comieiiry9
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Challenge Support | nformation

>

Challenge 4: What is the urban water cycle system; raw water to waste water?

Science Background Information

In urban regions the main water source willen be a storage damwith a nearbywater treatment plantto clean the
water. Pipedlistribute the potable drinking quality watehroughout the region to town storage tanks called
reservoirs. More pipes brindpis to the homes and business. Consumption is measured with a water meter as it
enterseachproperty.

In minority world countries urbanwater managementonsiders the water cycle as a whole; combining planning for

all the elements ogovernmentwater services i.e. drinking water, sewage, waterways, catchments, stormwater and
groundwater. This integrated appachaims to provide more sustainable economic, social and environmental
outcomes.While new water sources are considered for increasing supply to match increasing demand; government:
also have a focus on using existing supplies more efficiently througdr wladring, education, financial incentives,

new technologies, pricing and regulations.

Urban waste management includes sewerage treatment plants with at least three treatment processes and then
often finishing dams with reeds and other plants to furtioégan the water before it is released back into a creek or
river or sent to sporting ovals, golf courses and tree plantation for irrigation. In some places it becomes part of the
recycled water system and is stored in dams or aquifers, undergoes motm&meband is blended with other

potable water. The final water quality will dictate how the water can be used.

Throughout the urban water cycle there are many costs including workforce, infrastructure, chemicals, energy, raw
resources and the environméad impacts ensuing from all these activities. As more raw water is needed, new
sources are planned and developed e.g. a dam or a desalingliant. Communities often beate involved in
consultation with the water authoritiebecause ofhe social, enviromental and economic costs.

Preinvestigation
This challenge starts as an exploratory investigatioat after the system
is built can be theronducted as a fair test.
Safetyc pipes may leak a littleso be prepared for spills.
Discussion may arisgom students who are not connected to the urban
water supply. The equipment provided for this Challenge would work fg
rural students with families that manage their own water supply e.qg. rai
water, tanks and dams andsmaltscale sewage disposal sysiéseptic
system). However if the School is on the urban water supply it would b o,
important for them to investigate that water system.

During investigation

Firstly, students are asketb build the system

Secondlythey can conduct a fair test3udents ould measure:

91 the angle needed for a constant flow

1 time it takes to reach the house

9 the percentage the dam needs to be full to get enough water press 0
to flow.

1 the amount that reaches the house etc

Thirdly the students are asked to:

1. Draw a map of wire the wastewater goes, eventually making it bac
to the water storage dam.

This would be a labelled diagram in their student booklet that maps wh®

they have built and then the steps involved in waste water treatment, piped into the environment andngnte

the water cycle once more e.g. sewerage treatment ptackeaned water piped to local creeklows into a
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river ¢ river flows into the seq evaporation from the creek, river and oceaicondensatior, precipitationg

filling the water storage dam.

2. Then label environmental, social or economic costs involved in this urban water supply system.

Environmental costs include '

1 Damming a natural waterway results in changed ecosystems e.g. flow and

sediment, changes to aquatic animal wement and water strification.

Mining the materials (e.g. alum and sand) used in the treatment plants.

Transportation (large trucksnoroads) of materials to and fyroducts from the

water treatment plants (sludge often used as fill).

1 Land clearing needed when installimgatment plants, pipes and other
infrastructure. i

 Altered flow and changed water quality, from treated wastewater into creekg |
and rivers. .

Social costs include

1 Loss of natural amenity, recreation or access depending on the infrastructure or in otieoptre
catchment and waterway.

1 Cost of water.

Economic costs include

The workforce involved in all aspects of the urban water supply.

Sourcing raw materials forlding and maintaininghe infrastructure.

Chemicals and otheraw materials used ithe treatment piocesses.

Energy needed to run the treatment plants.

Removal and disposable of-pyoducts from the treatment process.

>

1
1

=A =4 -8 -8 9

Postinvestigation
A reliable potable water supply for any region is seen as a community asset. Therefore discussidheab
advantages and privileges from living in a community with this urban water supply system is important. This
would include our individual responsibility for taking action and making choices for water conservation and as a
sustainable water user. Chenge 5 investigates the real costs of collecting water in countries without an urban
water supplysystem thatwill compliment Challenge 4 and help inspire and inform the whole class discussion on
global water access and equity.
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Sample Student Report
Challenged: What is the urban water cycle system; raw water to waste water?

>

Investigation: This Challenge is axploratory investigation.

Method:

1. Choose boxes to suit the different parts of the urban water cycle i.e. dam, treatnheamtt{ peserviour and
house, plus pipes.

2. Put our system together.

3. Rain in the dam and observe and monitor results.

Observations

We changed the sizes of the boxes as we went along.
One of the joiners made a good water meter for the
house. The water m@ment changed depending on
where we put the boxes, using thr@ndowsill

worked well to get gravity to move the water better
through the system. Connecting it to the tap gave us
I Wada2Ny¥Q odzi +faz2 KStLI
throughout the pipe system. We ed a folded

sponge to represent the filtering in the treatment
plant. There was a bit of water lost in leakage and
the water pooled in some boxes.

Results
Although it was not every efficient our house got some water. Drawing the map showed songenadrly impacts
just fromdrinkinga glass of water or having a shower.

Evaluation

To make a more efficient system we needed a better seal for the pipes, boxes to create more levels and holes in
different places in the different box shapes. But then leakaye pipe breakages are a real problem in real life. If we
then ran this investigation as a fair test we would discover more about some of the important elements for water
supply to homes like gravity, pressure and volume in the storage tank or dam ougebp supply.

Reflection

Creating this complex water supply system got us thinkg about these questions:

& How much energy does it take to clean raw water and clean waste water?

& Does our water supply just use gravity or are pumps needed to get the veatee tSchool?
& How much water does the treatment plant clean a day and send to the storage tanks?
& Would it be better if everyone had a rainwater tank and there was no dam?
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Challenge 5: What is the real cost of collecting your daily water?

-

Scierte Background Information

It is a human right to have access to clean drinking water. However, billions of people wonbawitEget clean
water assimplyas turning on a tapif at all Manypeoplein these countriesive in remote, rural areas and hat@
travel large distances, spending hours walking to and from the water source eadBetasrally, this is done by
women and girls who sacrifice their education and employment opportunifiesy carry the water to their homes
using buckets or jerry canSach litre they carry equates to weight, so it is a balance betwat they can
physically carnand the frequency of their water collection visits.

Often thewater collectedis contaminated, either faecally or with other wateelated diseases. Aexample of the
impact of this is through diarrhoeal diseases, which accounts for more than 2 million deaths each year, mostly
children. Unsafe water and poor hygiene practices account for approximately 90 per cent of these cases.

Clean drinking water faall is a possibility; there is enough fresh water on Eaottitis to happen. However, given
the current economy and infrastructure, this is not the current ditbathat is experienced by a large number of
people worldwide Through understanding the @guities in access tpotable water, there is opportunity to value,
appreciate and conserve this precious resource.

Preinvestigation
Local water sourcefind out the distance to the closest freshwater source to the school e.g. river, lake, pond, as
students may require assistance with this. Students could use either the GPS capability of available digital
technology or photocopies of maps cowtbobe used to calculate the distance.
Activity tracking deviceset up yourdeviceas per instructions. This also a good time to check if the batteries
need replacing.
Appropriate spacestudents will require a large open space to move around in for this task.
Variables:if this task is done as a fair test investigation, more equipment may be required etginaye of
various shapes (same capacige safety note below), contairemade from various materiafse. plastic,
metal, waterproof fabric).
Investigation type:this investigation can be carried out as either an exploratory task or-tefgimvesigation.
The exploratory task will allow students to calculate the real cost of water. Thie&ainvestigation will allow
students to observe how changing the variables impacts on the real cost of water. The type of investigation
could bedecided on ly either the teacher or by each student group.
Safety. have cloths and mop and bucket ready to clean up spills. These will most likely occur when students are
carrying the water back from their water sour@he maximum carrying capacitgr personshouldbe no
greater than 2 litres, so it is suggested that the water bottles used are no greater than 2L capacity.

During investigation
Students areasked to participate ina scenariothat requires them to collect water as if ther®mo water tap in
their hous or schoal Theyconsider the distance, time, energy and physical ability needed to go to their closest
water source (e.g. river, lake, dam etc) and bring the water back again.
If not chosen by the teachertgdents are asked to decide on the type of iastigation exploratory or fair
test.
Students are asked to ushe informationti KS& KIF ¢S I G KSNBR | yR GKSANI (S|
afterschool job wage, to calculate the real cost of collecting watee. investigation can be taken further by
cakulating the number of kilojoules or calories required to collect the water and therefore, the cost of the food
required to replenish the lost energy can be added to the calculation.

Postinvestigation
Wash dry and recyclehe materials then returnto the Kitfor useby the next class.
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Sample Student Report
Challenge 5: What is the real cost of collecting your daily water?

Investigation:

This challenge was completed by our group as a failingsstigation.
4 Independent variablethe way the wateiis carried.

4 Dependent variablethe time taken to carry it.

4 Controlled variablesamount of water, distance carried.

Method:

Collectthe water containers, tape measures and a stop watch or phone

Fill the container with litre of water

Measure & metres.

Time the water carrier carrying the water in the container with the handle.
Write down the time in a table

Repeat the walk.

Repeat the method but instead of using a bottle for the container, use a tray.
Calculate the cost of collecting water using tiaurly pay rateof $11.06per hour.

NN

Observationsand results

Trials Bottle Tray

Trial 1 75 secs 80 secs
Trial 2 69 secs 82 secs
Average 72 secs 81 secs

We found that it was 9 seconds quicker to use the bottle to carry the water than thd&egue our results

showed that the bottle took 72 seconds to travel 66 metres where the tray took 81 Beedirst trial was the

closest, but in the second trial it was clear which method worked Géw.tray requirednore concentration fous

to keep itbalanced to stop the water from spilling out. This made it awkward to carry. The bottle was easier to carry
because it had a lid so that the water did not spill.

¢2 O2fttSOG wun tAGNBA 2F gl GSNI GKF G A aoubpy, drdeAnouldt 2 NI 2
take 4 hours and 24 minutes. This would cost $48.66. This is much more expensive that what we usually pay of $3.
per 1000 litres!

Evaluation

If we did it again we would repeat the trial more times to make it more accurate. Wedveteh make the same

person carry the water because the person carrying the bottle may have been stronger than the person carrrying th
tray.

Reflection

After doing this investigation our questions are:

4 What other containers could we use to carry theteranore quickly?

4 We would like to design a container to carry water.

4 What do we pay for when we buy our water?

I did not realise how far people had to travel to get water and how heavy it is! It has made me realise how lucky we
are to have access to watso cheaply but alsbow unfair it is that people du®have the same access to water that

we do.
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Challenge 6: The water footprinti s the clue to solve this investigation!
Science Background Information

>

People use water for drinking, cooking and washiogeven more is used for growing our food and for making our
clothing, cars or computerg. KS ¢ I (i S NJ asSforiR2pylripfithedofaSvater requiredr water footprintto
make a product or provide a servicghisis called virtual or embedded wext Virtual water is the amountof water
consumed or polluted for producing the producheasured over its full produicin chain. If a country imports or
exports such a product, it imports @xports water in its virtual form.

The production of paper (atuding toilet paper, tissues, paper towel, cardboetd.) requires water, whether it is
made from wood pulp or recycled paper products. The amount of water to grow the trees to makecyahedor
virginpaper is called the green water footprint. The @mmt of water used during production is called the blue water
footprint. The water that is used and discardednasstewater is called grey water.

Paper production is a watentensive industrylt is estimated the water footprint for a single piece of g&ber is
approximately 8 litres. This amount accounts for paper being recycleditlfftas been used. If the paper doeot
getrecycled, the footprint of water would be mugdheaterthan 8 litres. About 40% of wateised in paper
productionis saved gloally through paper recyclindyloreover, recycled paper has a much lower footprint than

virgin paper. In grey water alone, recycled paper creatssut 50% less wasteources:
http://waterfootprint.org/media/downloads/Report48/NaterFootprintPaper_1.pdhttp://www.springer.com/gp/book/9783319117874
http://www.frost.com/prod/serviet/marketinsightprint.pag?docid=JEVN2HR7

The way forwardn reducing the water footprint and virtual water paper is reliant oighter government

regulations orwater use, managment decisiongndimprovements in technology that would enable a closeop
production system where all grayater is treated and reused with none beiagitted into the environmentand
increased awareness of environmentally sustainable practicesargred. The simplest changes are the behaviour
changes made by individuals. Using less paper is a great place to start, as is recycling used paper and purchasing
recycled paper.

Preinvestigation
Variables if this task is done as a fair test investiga, more equipment may be
required(e.g. various types of paper products). Use waste paper as appropriate,
safety note.
Safety. have cloths and mop and bucket ready to clean up spills. These will most B
likely occur when students atarning their pagr into pulp with the hand blender,
transferring water to the tubs antheasuring the amount aemainingwater in the :
pulp. When sourcing recycled paper ensure that it is from a hygenic source for the students to handle

During investigation |
Challenge Students nake recycled paper from used paper following the steps belc \J;’ﬁ

They then alculate the water footprint ofheir student booklet using the datidey %/lf bl )
collect. Lo ‘@ i
HOW to make the paper Holding frame tlghFIy d|p itinto the tray, pausmg atthe
1. Rip up enoughlisedpaper (postage stamp siz&) pack full a 250ibeaker. Pemovt excesaviaten 1ot on an angle o dip and

2. Putitinto a tall jug and add 500ml water abléndto a mushy consistency

3. Pourthe pulp intoabig flat tray and add 10 litresf water. Mix the pulp and
water.

4. Put the 3 parts of the frame together. Start with draining screen, put fine meshyE=
sheet over it and wooden frame on the top to hold it in place.

5. Use the frame to make the paper shegbsie per student, see the pictures (right) Wmdwmg board ready, peel the mesh off the screen

Then slowly lower the mesh down onto a drying board

or the InS'[I’UCtlons Spec|f|c to your deVlce Sponge the mesh and then peel the mesh off leaving the

paper behind to dry.
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6. Pour the remaining water and pulp through thievee. Savehe remainingpulp andestimate how many
more sheets you could have made with that amount of pOlp.not discard pulp down the drain.

-

Students measure the amount of watersed in the production of the papefblue water footprint) and the
amount of water leftver and the water used in cleaning up this acti\ijyey water footprin}. The green water
footprint is not calculated here because this would involve finding out how much water was required to grow
the tree/s that were used to make the original paper. Wése no way to accurately calculate this during this
investigation.

Postinvestigation
Wash dry and recyclehe materials then returnto the Kitfor useby the next class.
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Sample Student Report
Challenges: The water footprint is the clue to solve this investigation!

Investigation:

We are going to do this Challenge dsiatest investigation.

4 Independent variablethe amount of water used.

6 Dependent variablethe quality of the paper.

4 Controlled variablesamount of paper, amount of time we soaked and blended for, our method.

Method:

Collectrecycled paper, paper making kit, tubs, strainers, blenders

Follow the instructions given but repeat it 3 timesnce using 1Qlonce using band once usingll

Once the paper is made, give it a ranking from the best paper to the worst paper.

Calculate how much water it would take to produce our 40 page Student Booklet using the 3 different methods.
Clean up and put all the resources back.

agrwONPE

Observations

The invetigation went well, but we found it difficult to get the sieve into the container when there was less water in
it. So we had to kind of pour it over to make thaper, that was a bit tricky, especially when there was only 1 litre of
water in the tub. Thisnade the paper a bit lumpyut we spread it out as much as we coultie paper making

frame took a bit of getting used to which is maybe why the paper we made with 10 litres was not very good quality
It was toothin andtore easily

Results
Name of didge 10 litres 5 litres 1 litre
Barbara 3 2 1
Geoff 2 1 3
Simone 3 1 2
Result 3 1 2
Student Booklet (4(pgs) | 105litres 73.15litres 40 litres

Through our investigation we decided that the paper made with 5 litres of water was actually the béist. qMa
were not all in agreement though, so we just made an average.

Evaluation

If we did our investigation again, we would do it better because we know how to use the paper making frame. We
would also use some criteria to judge the quality of the gra@ther than giving it a ranking. This is so other people
could also judge the paper and in our results it is more clear what we are judging the quality of the paper on.

Reflection

This investigation has made us think abbatv much water is used inverything, all the objects we use in our

everyday lifeandnow we have thesguestions:

& How much water would it take to make our Student Booklets with-remycled paper?

4 Could we use the grey water to make more recycled paper and reduce the water foatpor student
booklet?

4 Do other things we use like pens, pencil cases and computers need water too?
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Stimulus or Extension R esources

>

Information: United Nationsg transboundary water
UN information and initiatives for addressing transboundary water
http://www.un.org/waterforlifedecade/transboundary waters.shtmi

Web tool: USA Water footprint calculator
Easy to usaveb tool for personal footprintin gallonsand USA exaple.
http://www.watercalculator.org/complete/

Web tools: Water footprints
Other footprint calculators
http://www.gracelinks.org/384/watercalculatorsaroundthe-web

Information: Water footprint
Water footprint network- facts & figures, graphs, posteso in several languages.
http://waterfootprint.org

Web tool: Consumer pduct gallery
See the blue, green and grey water footprints of coffee, chocolate and other products.
http://waterfootprint.org/en/resources/interactivetools/productgallery/

Web tool: national water footprint explorer
See and compare the footprints of different countries and their citizens.
http://p roduction.wfp.fabriquehq.nl/en/resources/interactiviols/nationalwater-footprint-explorer/

Video: UNESCWWAP (6min30sec)
Describes water footprinincluding green, blue and grey water and global equity
http://waterfootprint.org/en/water -footprint/what-iswater-footprint/

Information: United Nationsg sustainable development goals
UN SD Goal 6facts and figures, targetstoriesand links.
http://www.un.org/sustainabledevelopment/wateand-sanitation/

Video: UNICEF water pump rehabilitation project in Sud@min)
http://www.thewaterchannel.tv/mediagallery/24unicefand-echobring-cleanwater-to-sudans-villa

Information: Report WaterAid: Wateratwh &G 02 &Y (KS &vidtdr (MErch2d16)(i KS ¢ 2 NI RQa
Report and water sugly project news.
http://www.wateraid.org/au/news/news/the-high-price-of-water-for-the-poor

Information: Report on the total amount of water required to produce ommece of paper in the Netherlands
http://waterfootprint.org/media/downloads/Report46WaterFootprintPaper 1.pdf

App: A downloadable interactive Virtual Water appktion
This App for iPhone provides the virtual water in a range of common products, foods and services
http://virtualwater.eu/
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Career and Research Case Study
STELR Career Profile Questionnaire

-

Name:Nikki Shaw

Job title:Senior Water Engineer

Who do you work forArup Singapore. | also consult to Worl
Toilet Organisation (WTO), Engineering Good, World Visior
others from time to time and am a trainer with BushProof.

Where is your job based®ngapore

What dces your job involve?
On a day to day basis | carry out design work (calculations, drawings, reports), respond to queries, visit building site
meet with clients and contractors, manage a small team. It is a mix of technical and managerial work.

Why did ypu choose to work in this sector?

Really | chose engineering because | wanted to do something useful in the developing world. While | maintain that
LI daAz2ys AlG GdzNya 2dzi AdQa faz2 1jdzaiGS TFdzy sBang Ml dza S
love spreadsheets .

What is the most rewarding part of your current job?

Having a personal hand in major infrastructure works: seeing my designs forming an essential and real part of
fundamental features in the local cityscape (mostly ergtound train stations and tunnels in recent years); knowing

I have worked on infrastructure that is having a very positive impact on the places | live.

At the same time, | am still regularly participating in water and sanitation projects around the iagiearby

developing nations which has obvious satisfactions attached. These inevitably have varying levels of success/impa
but some have proven immensely rewarding (it turns Qafter years in the field the most satisfying role | can play

in devebping nations is by training people within those communities in how best to effect water and sanitation
improvements).

What has been one of your recent achievements?

| have been responsible for the drainage design for 15 stations and associated tunfiefsgra | LJ2 NS Qa a w¢
2 KAfTS GRNIAYFr3AS¢E R2SayQi az2dzyR GSNE 3t Y2NRdzAZI oKSY
with frequent torrential downpours, you need to protect your systems from plenty of groundwater, plus potential
stormwater flooding which would clearly be devastating!

{LISF1AYy3a 2F FtFY2NRdzaX LY FRRAGA2YZ L 6l a GSOKYyAOI
Cambodia and India. This is a programme in which they train local community members totagosapromoters,

and link them with specially trained and equipped sanitation suppliers who learn topnadsce affordable toilets:
effectively establishing sanitation marketplaces where there were none. It has proven very successful in Cambodia
and isexpanding in India; it is hugely satisfying to know | have been involved in improving the health and livelihood
of countless people.

What is the most challenging part of your current job?

5SHfAY3I 6AGK FdziK2NRAGASE KB IRRY St DISFRABZD2 RYBRXI &S N
competitive industry, which means seldom having the budget on projects that would give the freedom to really push
boundaries in design!

What do you hope to do in the future?

| hope to have a bigger impact in the déygng worldg perhaps spend less time in the office and more training
people in the field.
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What are some of the benefits of your job?

The biggest benefit is the people | work with. | swear, engineers are the very best of people: the perfect mix of
cleve, practical and nasnonsense whilst also being creative and passionate. And full of integrity. Nobody becomes
an engineer to become rich; say no more.

This of course contributes to the other benefit: loving what | do. Although there are tedious days vitmea things
go very wrong, etc, the overall feeling is that | want to do what¢ dam always happy to come to work.

YR GKSNBQa (GKS o0SySTAG 2F 06SAYy3 cbeindibdemaand, ig Rdihimadtdza i
everywhere. | havéravelled the world as an Engineer (I have had Hmrgh employment in England, Botswana,

Hong Kong and Singapore but in addition | have been on projectgimth with Arup and with NGOs or othegsn
Australia, Bangladesh, Cambodia, China, India, kslanMadagascar, Mongolia, PNG, Philippines, Sri Lanka,
Thailand, USA, Vietnam.)

What training did you have for this job?

I went to Pimlico Comprehensive in London, a state school with a very mixed reputation (had police on the doors at
various times dué¢o student behaviour but at the same time had some very strong departments [music and art
predominantly] and some exceptional teachers: anyone who wasrsaiivated could excel. The school has since
0SSy aKdzi R246YykRSY2f AaKBBdHlishaRAW! Q f{ S@Sta Ay al 1Ka
After high school, | studied the Engineering Tripos at Trinity College, Cambridge University (Masters degree). | also
got a further Masters degree Water and Waste Engineerifigpm WEDC, Loughborough University, through

distance ¢éarning in later years.

Why is mathematics important in your job?

| use maths on a daily basis as a fundamental part of the design work | do. Less obviously/directly, an overall

dzy RSNR G YRAY3I 2F YIGKa YIF{1Sa Al Yréathén of sitd andHdding ® mé&ké G A
quick and vital decisions.

How do you use digital technologies in your job?

I do most of my work on a computer using spreadsheets, specific software for hydraulics and hydrology, AutoCAD
and similar programmes, pdf editj software, Word, Powerpoint etc. Email is my main form of communication
although we also have internal and external digital messaging and conference tools. Everything is shared internally
on the company Intranet we are a global firm and tap into expise: all around the world almost daily. (Some

projects are done by several offices on different continents.) | avoid using paper as much as | can!

What career advice would you give to school students interested in a similar career?

Basic advice: study ntfa and physics, as they are requirements. Choose the university that best equips you for the
fieldyouwanttogointgy 2 G ySOSaal NAfe& G(KS WwWoSadQ 20SNYftf dzyAgdS
you wish to pursue. Beyond that: have @pen, global mind/perspective. Be prepared to push your own boundaries,
GFr1S Nxnalaz 0SS FtSEA6fSH fgléa 221 F2N 2L NIdzyAd
advice. Do be prepared to make mistakes, own up to them, andrketjfy them. Expect to be able to support
82dzNBSEF 6Stf 0 dzid.Bigo@ipecSdhal® &very fulflllingcaréer. NA O K
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Unit 3. Water for Life z human biology and ecosystems

Unit Summary Guide

The Big Science ldea

Students will learrmand understand the essential role
that water plays irour life, from cells, ecosystems to
the biosphere.

ScientificDiscussiorQuestions

4 Why is water in our body vital for our survival?

4 Why is water in ecosystems vital for our survival?

4 The biosphere ithe parts of earth where life exists
in the ground, on the land, in the water and air.
Why is water in the biosphere vital for our surviva

Scientific Vocabulary

I Osmosis the diffusionof water moleculesfrom a
region of higher concentratioto a lower
concentration, through @emi permeable
membrane.

1 Reverse osmosisa process that demineralises
water by pushing it under pressure through a ser
permeabé membrane. (Used in Desalinatidfater
TreatmentPlants).

1 Ecosystemsinterconnected community of living
and nonliving things

1 The biosphere all the living things on Earifn the
ground, on land, in the air and in water) therefore
where all the sphere @eospherehydrosphee and
atmosphereg interact

Student Scientific Challenge

7. Why do cells need waté&Make a simple 3D copy
of a single human cell with zip lock plastic bag as
the plasma membrane.

8. Cell communication: no mobile phone required!
Using ssemi permeable membrangdemonstrate
the diffusion of water molecules ¢mosis) in cells.

9. Is this water from a healthy ecosystemni@entify
the macroinverebrates witha magnifying glass an(
digital microscope and use the classification char
to help you make your decision

RealLife Relevance

Discussiomuestionswith student:

& What are their questions and understanding
elicited by this Unit?

& Why is develomg understanding about the
content in this Unit relevant to their lives?

& How were science and maths integral to their
learning?

Key answer points:

1 We are about 70% water and it plays several ma
functions in our body.

1 We rely on healthy ecosystems fitidr and
replenish our freshwater supplies and therefore
have a role to play in improving and maintaining
these natural systems.

1 Water cannot be seen in one place at one time fc
one purpose.

1 The water cycle links all the spheres in the
biosphere.

Challenge Equipment List

Challenge 7: Challenge 8:
Laminated picture of human Dialysis tubing

C?” Elastic bands to tie off
Zip lock bag tubing

Bits to represent cell Small funnel

components: pipe cleaners,
interlocking beads,
polystyrene balls & other

Large beakers 500ml
Snall beakers 25ml
Distilled water

beads Scissors
Ruler

Challenge 9: Salt

Bucket of water with beetles, | 9o dye

rocks & reeds from a creek or
other waterway. Usa bucket withalid and the net.
Large low flat tray

Digital Microscope (connected to Lap top)

Wide tipped pipette

Petri dishes

Black rubber rings

Magnifying glasses

Water bug detective guidelD chart

Field record sheet
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Background Sadentific Information

Thisunit focuses on the significance of water to life on Earth and all living organisms. Studelgarwidind
understand the essential role that water plays in life at different scafesm cells to ecosystems to the biosphere.

Water in Cells

&

Water in Ecosystems

)

About 7®% of our body is ater and it servesnanyessential
functions regulates internal body temperaturthrough sweating
and respirationtransports metabolised nutrientand oxygerin the
bloodstream removes bodily waste$bricatesjointsandacts as a
shock &sorber forthe brain and spinal cord

About threequarters of thewater inour body is intracellular fluid
andthe rest isextracellular fluidsuch as blood plasma, lymph and
urine and otherodily fluids.

Every cell in younody need oxygen to help it metaboksthe ‘

nutrients released from food for energy. This cellular respiration http://www.h4hinitiative.com

oxidisedood moleculego carbon dioxide and water.

All cells have a membrane that holds the cell together. They let nutrients pass intolthedevaste products

pass out.

Hydrolysids a chemical process in which a molecule of water is added to a substance, sometimes causing the
substance and water molecule to split earge carbohydrates such as starch can be split to form smaller
carbohydates such as glucose.

Osmosiss thediffusionof water moleculesfrom a region of higher concentratida a lower concentration,

through asemi permeable menbrane. A dilute solution contains a high concentration of water molecules, while
a concentrated solution contains a low concentration of water molecules.

Reverse osmosis used tocconvert seawater to drinking water in desalination plam#hen pressuresi applied

to a highly concentrated solute solution (salty water) the solvent (water) will pass through the membrane to the
lower concentrated solution, leaving a higher concentration of solute on one side, and only solvent on the other.
Water is also the mjor constituent of most foods and this influences their look, taste and struetigrd 0 to

20% in cereals, 60 to 75% in meat and animal flesh, 80 to 90% in fruits and vegsialtes.
http://www.azaquar.com/en/doc/waterin-food

BIODIVERSITY ECOSERVICES

- Living Planet and Human Well-Being

Without water there is no life. Water is the single most
abundant chemical found in living things. Some organisms N
in a dormant state for a long time but come active with watel (b
An ecosystemis an interconnecteccommunity of living and
non-living thirgs Living organismsaare interrelatedwith soil,
atmosphere heatandlight from the sun andvater.

Healthy ratural ecosystems filter and replenish freshwatar
vital proces®f the water cycle. B
All freshwater depends on the continued healthy functianof
ecosystems and is an ecosystem service. Water availability
guality for human use, are also ecosystem services.

A healthy eosystemhas the ability and resiliend® maintain

its structure andfunction. This enables ito provide quality @ @

ecosystenservices for present and futuggenerations e o e
The health of many ecosystemss becoming damaged or http://www.teebweb.org/resourcesécosysterrservices
degraded as the result of stresses associated with human

activities e.gland clearingthe diversion oflow alteration of surface waterincreasedise (oveuse)of surface or
groundwater, exotic pest&nd contaminatioror pollution.

Ecosystem stewardshiis a key task in environmental sustainabilityhagnans are an integraind interconnected
part of healthy ecosystems.
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4 In addition to being an important paof human and animatells, water is alswital for plants Plant roots absorb
water from the soil by osmosis then use tib carry and distributeminerals andnutrients; as a reactant in
photosynthesisto maintain plant rigidity; taool leaves andsan aquatichabitat.

6 Freshwater contains less than 1 gram per 1{@eD1%)of total dissolved saltsgawater is about 35 grams a litre
(3.5%) and our blood has 0.9% salt concentration.

>

Water in the biosphere

& The biosphere is all the living things onrtRaand as life
exists in the ground, on the lanpdn the air, and in the
water.The biosphereis where all the spheregyéosphere
hydrosphereand atmospherg interact.

& When it rains,water will either enter thehydrosphereby
falling into lakes or wetland or onto the ground and runnir
into creeks (surface waterVater thatinfiltrates into the
soil and rock particles (groundwatemters the lithosphere
Once this occutst is available fothe biosphere Water is
releasedbackinto the atmospherethrough evapoation,
transpiration, excretiorandrespiration and thevater cycle R&=iEd
continues

Scientific Question s - Answer ed

4 Why is water in our body vital for our survival?

About 7®% of our body is ater and it serves many essentiahctions it is in our blood, brain, muscles, bones, lungs
and cells. The wataegulates internal body temperatutdrough sweating and respiratigriransports metabolised
nutrientsand oxygernn the bloodstream; removes bodily wastéshricates jointsandacts as a shockbaorber for
brain and spinal cordVelose water through sweating, excreting and breathing; therefore it is vital we drink
regularly to remain hydrated.

4 Why is water in ecosystems vital for our survival?

Anecosysternis an interconneted community of living and neliving things. All living things need water to survive.
Water availability and quality for human use, is considered an ecosystem servibeashy natural ecosystem
replenishesand filtersfreshwater Other ecosystem sgices includesupporting(biodiversity anchutrient cycling;
provisioning(pollination, food, hardware and medicineultural(sense of place, spirituahd recreationgt and
regulating(flood, fire, climateand disease contrjl

The gquality of watem many ecosystems is becoming damaged or degraded as the result of stresses associated witt
human activities e.g. land clearing; the diversion or flow alteration of surface water; increased use (overuse) of
surface or groundwateiexoticplants and animgbestsand contamination or pollutionTherefore eosystem

stewardship is a key tasér usin environmental sustainabilityas humans are an integral and interconnected part of
healthy ecosystems.

4 The biosphere is the parts of earth where life exists:the ground, on the land, in the water and air. Why is
water in the biosphere vital for our survival?

The biospherds where all the spheregi€ospherehydrosphereand atmospherg interact. When it rains water will

either enter thehydrosphereby falling into lakes or wetland or onto the ground and running into creeks (surface

water). Water thatinfiltrates into porous soil and rockgroundwater)enters the lithosphereOnce this occurd is

available for the biospher&Vaterisreleased back into the atmosphere through evaporation, transpiration,

excretion and respation, and thewater cyclecontinues
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