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Learning objective:Learning objective:

To learn about the roles of water reuse and sanitation

Contents:

 General background
Water scarcity
 Alternatives for overcoming water scarcity
Water sanitation and hygiene problems
 Proper sanitation
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General Background: General Background: 
WaterWater –– a basic human needa basic human needWater Water a basic human needa basic human need

Vital needs: Food, waterVital needs: Food, water
–– ~75% of human body~75% of human body
–– Water is elementary for lifeWater is elementary for life

NonNon vital needs:vital needs:NonNon--vital needs:vital needs:
–– Spiritual and culturalSpiritual and cultural
–– RecreationalRecreationalRecreationalRecreational
–– Transport Transport 
–– EnergyEnergy

Water is abundant Water is abundant  water is scarcewater is scarce
OIL E f d f tOIL = Energy for our cars and comfort
(we can live without it, but we may find substitutes).

WATER = Oil for our bodies and for lives 
(without it we die, and it cannot be substituted) 33



Global Water Shortage: Water ScarcityGlobal Water Shortage: Water Scarcity
1 billion people don’t have access to water1 billion people don’t have access to water1 billion people don’t have access to water1 billion people don’t have access to water

What is Water Scarcity?What is Water Scarcity? waterwater scarcityscarcity isis eithereither thethe lacklack ofof enoughenough
waterwater (quantity)(quantity) oror lacklack ofof accessaccess toto safesafewaterwater (quantity)(quantity) oror lacklack ofof accessaccess toto safesafe
waterwater (quality)(quality)..
economiceconomic scarcityscarcity:: WaterWater cancan bebe foundfound......itit
simplysimply requiresrequires moremore resourcesresources toto dodo ititsimplysimply requiresrequires moremore resourcesresources toto dodo itit..
–– FindingFinding aa reliablereliable sourcesource ofof safesafe waterwater

isis oftenoften timetime consumingconsuming andand
expensiveexpensiveexpensiveexpensive..

physicalphysical scarcityscarcity.. TheThe lacklack ofof waterwater isis aa
moremore profoundprofound problemproblem.. NotNot enoughenough
waterwater isis availableavailablewaterwater isis availableavailable..

TheThe problemproblem ofof waterwater scarcityscarcity isis aa growinggrowing
AA ll i ii i

©IWMI, 2001

oneone.. AsAs moremore peoplepeople putput everever increasingincreasing
demandsdemands onon limitedlimited supplies,supplies, thethe costcost andand
efforteffort toto buildbuild oror eveneven maintainmaintain accessaccess toto

tt illill ii A dA d t 't '

TheThe thresholdthreshold forfor ‘water‘water stress’stress’ isis aa perper capitacapita
availabilityavailability ofof 17001700mm33 ofof waterwater forfor annualannual
consumptionconsumption

ForFor ‘water‘water scarcity’scarcity’ thethe thresholdthreshold perper capitacapita isis waterwater willwill increaseincrease.. AndAnd water'swater's
importanceimportance toto politicalpolitical andand socialsocial stabilitystability
willwill onlyonly growgrow withwith thethe crisiscrisis.. 44

ForFor ‘water‘water scarcity’scarcity’ thethe thresholdthreshold perper capitacapita isis
10001000mm33 ofof waterwater forfor annualannual consumptionconsumption



General Background: Local water Issues
physical scarcity

Low rainfall (100-
1000mm/yr)
Unequal rainfall distribution 
(space, time)( p , )
Cyclic droughts
Water resources: surfaceWater resources: surface 
water, groundwater, 
reclaimed wastewaterreclaimed wastewater
Drawdown of aquifers, sea 
i t iintrusion

55aquifer = 帯水層 (taisuisoo)Drought = 干ばつ (Kanbatsu)



Local water issues
Taiwan:Taiwan:

Unequal distribution of rainfall (floodwaters form typhoons)
water pollution from industrial emissions, raw sewage; 

Indonesia:

contamination of drinking water supplies

Indonesia: 
Management problems (Deforestation  inundation)
Poor quality (including heavy metals)q y ( g y )

> 100 M lack access to safe water 
> 70 % reliant on water obtained from potentially contaminated 
sources. 

Poor sewerage coverage: 2%
No access to toilets in slum areasNo access to toilets in slum areas

Japan: 
Quality issues: Minamata disease, Ouch-ouch (itai itai), Osaka-Kyoto 
water supply, Pharmaceuticals 66



Indicators/Examples of water scarcity worldwide
AralAral SeaSea (Central(Central Asia)Asia) hashas almostalmost disappeareddisappeared ((6060%% lessless waterwater thanthan inin
19891989))
WaterWater resourcesresources inin ArabArab countriescountries::WaterWater resourcesresources inin ArabArab countriescountries::
–– GreatGreat manman--mademade riverriver inin LibyaLibya
–– DesalinationDesalination plantsplants (Arab(Arab Gulf)Gulf) && ReuseReuse projectsprojects (TN,(TN, Jordan)Jordan)pp (( )) p jp j (( ))

FactsFacts aboutabout thethe OgallalaOgallala aquiferaquifer (severe(severe drawdown)drawdown)
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DiscussionDiscussionDiscussionDiscussion

F f 4 t 5 t d tF f 4 t 5 t d tForm groups of 4 to 5 students.Form groups of 4 to 5 students.
55 minutesminutes allocatedallocated forfor discussion,discussion, thenthen oneone volunteervolunteer fromfrom
eacheach universityuniversity willwill presentpresent youryour thoughtsthoughts..

FACTORS INFLUENCING WATER SCARCITYFACTORS INFLUENCING WATER SCARCITY

yy yy gg

FACTORS INFLUENCING WATER SCARCITYFACTORS INFLUENCING WATER SCARCITY
–– What are the causes of water scarcity?What are the causes of water scarcity?
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Factors Influencing Water Scarcity Factors Influencing Water Scarcity 

 HydrologicHydrologic CycleCycle (Climate(Climate Change)Change)
 ChangesChanges inin thethe fluxflux ChangesChanges inin thethe fluxflux

 PopulationPopulation GrowthGrowth andand riserise
inin livingliving standardsstandardsinin livingliving standardsstandards

 ContaminationContamination

 PovertyPoverty
99

PovertyPoverty



Current available freshwater and consumption
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Will available freshwater resources beWill available freshwater resources beWill available freshwater resources be Will available freshwater resources be 
sufficient to meet the future demand if sufficient to meet the future demand if 
current water consumption trendscurrent water consumption trendscurrent water consumption trends current water consumption trends 
remain unchanged?remain unchanged?
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The good news:The good news:
1000 km3 of rain falls on the earth everyday, and 
water is basically a renewable resource (see the 
water cycle)

Th b dThe bad news:

• Presently, 1 Bill. of the Earths 6.5 Bill. people 
produce their food from non-renewable 
groundwater

• >1 Billion people lack safe drinking water

NOT ENOUGHNOT ENOUGH

1212



DiscussionDiscussionDiscussionDiscussion
Form groups of 4 to 5 students.Form groups of 4 to 5 students.
55 minutesminutes isis allocatedallocated forfor discussion,discussion, thenthen oneone volunteervolunteer fromfrom
eacheach universityuniversity willwill presentspresents youryour thoughtsthoughts..

STEPS NECESSARY TO GUARANTEE STEPS NECESSARY TO GUARANTEE 
WATER SECURITY FOR ALLWATER SECURITY FOR ALLWATER SECURITY FOR ALLWATER SECURITY FOR ALL

13131313



Steps to guarantee water for allS eps o gu ee w e o

Water TransferWater Transfer

Wi f t R dWise use of water: Reduce use

New water resources: 

Desalination
(brackish, sea water)

Rain water harvesting Water reuse

1414



Why water recycling?Why water recycling?Why water recycling?Why water recycling?

To have sufficient water resourcesTo have sufficient water resources
Desalination is still expensiveDesalination is still expensive
To prevent pollutionTo prevent pollutionTo prevent pollutionTo prevent pollution
Stringent regulationsStringent regulations

A tifi i l W t li

Conclusion:
We need new water sources 
to guarantee the future for all

1515

Artificial Water recyclingto guarantee the future for all



What is Water Reuse?What is Water Reuse?

The reclamation and The reclamation and 
treatment of treatment of impaired impaired 

water water for the purpose of for the purpose of 
b fi i lb fi i lbeneficial reusebeneficial reuse. . 

1616



Impaired WaterImpaired Waterp ed W ep ed W e

Municipal and industrial Municipal and industrial 
wastewater effluentwastewater effluent
Brackish waterBrackish waterBrackish waterBrackish water
Poor quality groundwaterPoor quality groundwater
Agriculture return flowsAgriculture return flows
Storm waterStorm waterStorm waterStorm water

1717



Uses of Reclaimed Water Uses of Reclaimed Water 

AgriculturalAgricultural EnvironmentalEnvironmentalAgricultural Agricultural 
irrigationirrigation

Environmental Environmental 
usesuses

Landscape Landscape 
irrigationirrigation

Groundwater Groundwater 
rechargerechargeirrigationirrigation

NonNon--potable* potable* 
bb

rechargerecharge
Indirect potable Indirect potable 

urban usesurban uses
Industrial usesIndustrial uses

reusereuse

Water reuse 
(Metcalf & Eddy)

1818* Potable = drinkable



Advantages of water reuseAdvantages of water reuseAdvantages of water reuseAdvantages of water reuse
A iA iAugmenting water resourcesAugmenting water resources
A water source that is climate independentA water source that is climate independent
A locallyA locally--controlled water resourcescontrolled water resourcesA locallyA locally controlled water resources controlled water resources 
Benefits to the environmentBenefits to the environment
Less dependency on conventional water resources (groundwater Less dependency on conventional water resources (groundwater 
and surface water) and surface water) 
Reduced diversion of water from sensitive ecosystems Reduced diversion of water from sensitive ecosystems 
Reduction and prevention of pollution by reducing nutrient loads ofReduction and prevention of pollution by reducing nutrient loads ofReduction and prevention of pollution by reducing nutrient loads of Reduction and prevention of pollution by reducing nutrient loads of 
wastewater discharges into waterways wastewater discharges into waterways 
Replenishment of overdrawn water sources and reestablishment of Replenishment of overdrawn water sources and reestablishment of 
those previously destroyed those previously destroyed 
Preventing pollution & improving sanitationPreventing pollution & improving sanitation

1919



Examples of reuse practices around the world

Tunisia: 
Reuse in agriculture Japan: Australia: western corridor recycled Reuse in agriculture
And on golf courses

p
Faucets (cascade reuse)

y
water project (Potable reuse)

No treatment
Biological treatment
Microfiltration 0.1um, 0>2 um
Reverse osmosisBiological treatment

2020

Advanced oxidation UV
Chlorine disinfection



SanitationSanitationSanitationSanitation

If not disposed of properly, used water can If not disposed of properly, used water can 
cause major problemscause major problemsj pj p
Special care must be taken when reusing Special care must be taken when reusing 
reclaimed wastewaterreclaimed wastewaterreclaimed wastewaterreclaimed wastewater
~10 million people die each year from ~10 million people die each year from 
waterwater--related diseasesrelated diseases

2121



Sanitation issues and Impacts on Global HealthSanitation issues and Impacts on Global Health

 Increasing scarcity and quality degradation of fresh watersIncreasing scarcity and quality degradation of fresh waters
 1,1 billion do not have access to potable water1,1 billion do not have access to potable water
 2 4 billion do not have access to proper sanitary system2 4 billion do not have access to proper sanitary system 2,4 billion do not have access to proper sanitary system2,4 billion do not have access to proper sanitary system
 Population is expected to increase about 2 billions in the coming 25 years most of Population is expected to increase about 2 billions in the coming 25 years most of 

them located in poor urban areas them located in poor urban areas 
 90 % f th t t ffl t ith ll t t d t t d t ll90 % f th t t ffl t ith ll t t d t t d t ll 90 % of the wastewater effluents are either non well treated or non treated at all.90 % of the wastewater effluents are either non well treated or non treated at all.
 80 % of diseases and 25 % of deaths in developing countries are attributed to 80 % of diseases and 25 % of deaths in developing countries are attributed to 

polluted water(WHO)polluted water(WHO)
 Approximately 2M tons of human waste is released annually into rivers and streams Approximately 2M tons of human waste is released annually into rivers and streams 

around the globearound the globe

Sanitation coverage in developingSanitation coverage in developing 
countries (49%) is half that of the 
developed world (98%).

2222



Main causes of Infants’ Mortality Main causes of Infants’ Mortality 
(< 5years)(< 5years)

Perinatal
18% Other

32%32%

Malaria
5%

Malnutrition

Measles
7%

5% 54%
Mainly due to incovinient 

sanitary conditions, 
H i d7% Hygiene and 

worm intestinal infections

ARI
19%

Diarrhea
19%

2323 Source: WHO 1995



Poverty cyclePoverty cycley yy y

Less FoodLess Food

Malnutrition

Unsanitary
Environment
Poor HygienePoor Hygiene

2424
Low ProductionLow Production



ChinaChina

Malaria causes more than 300M Malaria causes more than 300M 
cases of acute illness and over 1M cases of acute illness and over 1M 
deaths annuallydeaths annually

2525OugadougouOugadougou--Burkina FasoBurkina Faso



LackLack ofof waterwater inducesinduces malnourishmentmalnourishment..
M l i h dM l i h d hildhild l bll bl tt didi–– MalnourishedMalnourished childrenchildren areare moremore vulnerablevulnerable toto diseasedisease

–– AboutAbout 11..88MM people,people, mostlymostly children,children, diedie annuallyannually fromfrom diarrheadiarrhea andand otherother
preventablepreventable diseasesdiseases relatedrelated toto contaminatedcontaminated waterwater..
FF didi di hdi h ii ll dd l il i ll–– FourFour diseasesdiseases:: diarrhea,diarrhea, pneumonia,pneumonia, measlesmeasles andand malaria,malaria, plusplus
malnutrition,malnutrition, accountaccount forfor sevenseven outout ofof tenten childhoodchildhood deathsdeaths inin
developingdeveloping countriescountries.. ForFor exampleexample inin Zambia,Zambia, oneone inin fivefive childrenchildren diesdies
beforebefore theirtheir fifthfifth birthday)birthday)..beforebefore theirtheir fifthfifth birthday)birthday)..

LackLack ofof waterwater inducesinduces diseasesdiseases..
P lP l tt hh ftft hh dd ffff ff didi ltlt–– PeoplePeople cannotcannot washwash oftenoften enoughenough andand suffersuffer fromfrom diseasesdiseases asas aa resultresult..

–– SkinSkin diseasesdiseases likelike scabiesscabies andand eyeeye infectionsinfections suchsuch asas trachoma,trachoma, thethe
largestlargest causecause ofof preventablepreventable blindnessblindness inin thethe developingdeveloping worldworld byby
regularlyregularly washingwashing thethe faceface handshands andand eyeseyesregularlyregularly washingwashing thethe face,face, hands,hands, andand eyeseyes..

TyphoidTyphoid feverfever isis contractedcontracted whenwhen peoplepeople drinkdrink waterwater oror eateat foodfood
contaminatedcontaminated byby thethe SalmonellaSalmonella typhityphi bacteriabacteria foundfound inin humanhuman wastewaste.. ItItcontaminatedcontaminated byby thethe SalmonellaSalmonella typhityphi bacteriabacteria foundfound inin humanhuman wastewaste.. ItIt
affectsaffects 1717MM peoplepeople worldwideworldwide annually,annually, withwith approximatelyapproximately 600600KK deathsdeaths..
(it(it hashas beenbeen eliminatedeliminated inin developeddeveloped countries)countries)..

2626



Millenium Development Goals Millenium Development Goals 
(MDGs)(MDGs)

7th goal: To reduce by half the proportion 7th goal: To reduce by half the proportion 
of people without sustainable access to of people without sustainable access to p pp p
safe drinking water and proper sanitation safe drinking water and proper sanitation 
by 2015by 2015by 2015.by 2015.

Under the current economic conditions it is almostUnder the current economic conditions it is almost 
impossible to achieve the goal

U  t  U  t  5 5 billi  5 5 billi  ill h    ill h    Up to Up to 5.5 billions 5.5 billions will have no access will have no access 
to sanitation in 2035, if we continue to sanitation in 2035, if we continue 
installing the sanitary facilities installing the sanitary facilities 

2727

installing the sanitary facilities installing the sanitary facilities 
based on the based on the current standards.current standards.



How can sanitation be improved?How can sanitation be improved?

Appropriate sanitation can be provided to small pp p p
communities:
– Cheap and affordable local materialsp
– Decentralized sanitary systems (No pipelines)
– Reuse: closing the water and material cycles, by  g y , y

reusing solid and liquid wastes as much as possible 
after adequate treatment and careful control

2828



DiscussionDiscussionDiscussionDiscussion
Form groups of 4 to 5 students.Form groups of 4 to 5 students.g pg p
55 minutesminutes willwill bebe allocatedallocated forfor discussion,discussion, thenthen oneone volunteervolunteer
fromfrom eacheach universityuniversity willwill presentspresents youryour thoughtsthoughts....

HOW CAN WATER REUSE IMPROVE HOW CAN WATER REUSE IMPROVE 
SANITATION?SANITATION?SANITATION?SANITATION?

29292929



Drivers of local reuseDrivers of local reuse

 Economic aspects (peter Wildere 2002)Economic aspects (peter Wildere 2002)
 Capacity of monetary insufficient to cover total expenses Capacity of monetary insufficient to cover total expenses  Capacity of monetary insufficient to cover total expenses Capacity of monetary insufficient to cover total expenses 

for centralized sanitary systemfor centralized sanitary system
 Rehabilitation costs of pipelines is about Rehabilitation costs of pipelines is about 100 billion euros100 billion euros

in Germanyin Germanyin Germanyin Germany
 Consumers water bills can not cover these expensesConsumers water bills can not cover these expenses

 Water managementWater management
 Taking water from one discrete location and discharging Taking water from one discrete location and discharging 

it in a far location will negatively affect the water cycleit in a far location will negatively affect the water cycle
 Pipeline can leak and cause unsanitary conditionsPipeline can leak and cause unsanitary conditionsp yp y

 Water resourcesWater resources
 An important amount of potable water is used to An important amount of potable water is used to 

transport pollutantstransport pollutantstransport pollutantstransport pollutants
 Reuse of wastewater will help to keep water near the Reuse of wastewater will help to keep water near the 

original locationoriginal location



HomeworkHomeworkHomeworkHomework

Identify and write a short report (less than one Identify and write a short report (less than one 
page) on a local regional or national waterpage) on a local regional or national waterpage) on a local, regional or national water page) on a local, regional or national water 
reuse and/or sanitation issue.reuse and/or sanitation issue.
Send it to:Send it to: guizaniguizani m@census hokudai ac jpm@census hokudai ac jpSend it to: Send it to: guizaniguizani--m@census.hokudai.ac.jpm@census.hokudai.ac.jp
Subject: undergraduateSubject: undergraduate--report report 
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