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TheworIdpopulationcontinuestogrowatarateof80millionayear・ItwiIl

exceed6billionin2000,thatis,in2yearS,blcakthe8biIlionbanPierin2025,andis

likelytolCachlObillionin2050.Tbdaywhenwedealwithalltheproblemsinvolving

thephysicalexistenceofhumanbeings,wehavetotakethesupportcapabilityand
endowmentsoftheearthintoaccount、InorderfOrmankindtobeabletocontinueto

pursueitsafHuentlifeinpeace,wehavetolookatthingsfromaglobalviewpointof

mankindvis-A-vistheearth,transcendingthebarriersofnationalinterests

Theissueofwaterasonesuchglobalphenomenonhascometothepointwhere

itconstitutesachallengetotheexistenceofmankindinthe21stcentury・Water，

freelygiventomankindasagrace,istodaybecomingacommodityincruciallyshort

supply,aproblemwhichmenacesourexistenccFromamedicalviewpoint,mankind

issaidtobeabletosurvivefbr40daysorlongertakingnothingbutwater、However，
mankindcannotsurvivewithneitherfOodnorwater・

Waterisusedasdomestic-consumptionwater,agriculturalwaterandindustrial

water・Theutilizationofwatershowedadrasticincreaseespeciallyinthel950s,that

is,iｎｔｈｅｐostWorldWarIIperiod、Needlesstosay,itwasattributabletodramatic

inclCasesinpopulationandstandardsofliving:theabnormalmultiplicationofhuman

beingswiththeirabsoluteneedofwaterandimprovementofthequalityofIifebenefited

fromacceIerateddevelopmentinscienceandtechnology

WatershortageisaseriousprobIemtodayin80countriesandabout4096of

theworIdpopulationissufferingfromwatershortages・ThissimationwillbefUrther

aggravatedinthe21stcentulyconstitutinganimportantissueatthetrunka１℃aofthe

life-supportsystem

ltissaidthatthel巳areover２００IPiversthatflowacrosstwoormorecountriesin

theworldlnthosecountriesdisputescenteredonwaterareseriousintemational

ploblems・Initsdownstleamreaches,theGangesRiverinlndiaflowsintoBangladesh

anleadingagriculmralnation,ａｎｄthe妃havebeendisputesbetweenthesetwocountries

concerningwaterfOrmanyyearsltisonIyrecentlythattheyhavecometoan

agreementonwaterutilizationDomestically,too,manycitiesandfarmingvillages
coexistalongthesameriversandtheirinterestsinwateroftenconHict・

Fromaglobalpointofview,thereare3majorareasofwater-utilizationand

arrangementofdemandfbrandsuppIyofwateramongthemisanimportantissue

Thisdocumentpresentsanalysesmadebyspecialistsconcemingtheseglobalwater
problemswithaparticularfbcusonAsiaThatcontinent,whichaccountsfOr60％of

worldpopulation,isalsotheregiouBwhoseindustrialcoreistheagriculturalarea



whichconsumes50％ofwateravailableWaterdemandinAsiaisincreasing

dramaticallyinstepwithmodemization・Iwouldbehappyifthisdocumentwhich

presentsvisionsofAsiainthe21stcenturyfromthestandpointof“water,，makesa

certaincontributiontoyourstudyandunderstandingofAsia、

Ｉｎｃonclusion，IwouIdliketoexpressmydeepestgratitudeTotheNippon

Foundation(MsAyakoSono,chairman)ａｎｄtheUnitedNationsPopulationFimd

(Dr・NafisSadhikExecutiveDilcctor)fOrtheirgreatsupportinthepreparationofthis
document．

Ｍａｍｈｌ９９８

FukuuBaburoMaeda

Chamnan

TheAsianPopulationand

DeveIopmentAssociation
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１.Double-edgedSWord

ScientificandtechnologicalplogIesshasmadeext1℃ｍｅｌｙｇ1℃atcontributions

tothewellbemgofmankind・meleisnoendtoplogresssuchasspacedevelopment

andlifecreationtechnology・However,prog唾ssisnotoneway;someopposite

reactionisinevitablygeneratedatthesametime・Theprocessesofproglcss

themselvessometimesactagamstprogrcss,posingdangertotheexistenceof

mankinditselfScienceandtechnologyiswhatisknownasadoUble七dgedswold

Thel960smarkedthebeginningofanexplosiveincreaseofpopulation，

unprecedentedinthehistoryofmankind・However,remarkableprogressin

scienceandtechnologyincludingmedicalsciencehasachievedarapid

increaseoffOodproductｉｏｎｏｎｏｎｅｈａｎｄ,andprogressinfertilitycontrol

technologyhasachievedbrilliantsuccessinsuppressingdemographic

increaseontheother,perhapsbeginningtothrowlightofhopeonsolving

populationexplosion，

Manisalivingbeingandcannotlivewithoutfbodandwatcr・However，

theerainwhichpeoplecouldhavewaterfreelywheneverandwhereverthey

wantedandincreasefOodproductiontosuchadegrcethatfarmershadto

woITyaboutadeclineinplicesseｅｍｓｔｏｂｅｃｏｍｉｎｇｔｏａｎｅｎｄＭａｎｋｉ､｡,who

achievedhighlyluxurionslifestyle,isnowhavingtoconfronttheshortageof

basicelementsfOrlifesuchasfbodandwater・Theeconomicgrowththat

contributedtoahighstandardoflivinghasdischargedindustrialpollutants，

whileadrasticallygrowingurbanpopulationhasproducedhugevolumeof

domesticgarbagesandwastecontaminatingdrinkingwaterandover‐

consumingundergroundwatertotheextentthatpeopleworryabouttheir

depletionMoreimportantly，ｔｈｅwaternecessaryfOrfoodproductio､，

agricultureinparticular,isnowhavingtobereducedunderthepressureof

demandfiPomexpandingindustIializationandincreasedpopulationintheurban

areas・Famnanditselfisnotablyonthedeclinemtheprocessofmodennzation
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2.UnbalancedSupplyandDemand

Resourcesontheeartharelimited・Watercanberecycledand

tecmologicalprogressmayincreasetheefficiencyofwaterutilization,butit

isobviousthatwatersupplyisnotlimitless、Ontheotherhand,thewater-

usingpopulationisincreasingabnormally，theso-calleddemographic

explosioｎＮｏtonlythenumericalgrowthi、population,butalsoimprovement

inthestandardoflivinghasincreasedtheconsumptionofwaterpercapita，

andfUrthennore,continuousworldwideeconomicgrowthisincreasingthe

amountofwaterneededfbrindustrialuse・

Theuseofwaterresoulcesworldwidｅｈａｓｂｅｅngrowingsteeplysince

thel950s・Adrasticincreasetookplaceintheagriculturalfieldfirst,fbllowed

bytheindustrialfieldinthel970s,andiscurrentlytransfelTingtothedomestic

field,especiallyurbandomesticlifbDomesticwaterconsumptionwoddwide

grewbyapproximately5096betweeｎｌ９５０ａｎｄｌ９９０、Thedemandfbrwater

fOragriculturalproductionisoutstandingamongthevariousareasthatuse

fi℃shwaterresources,becauseirrigationonthepaddyfieldsplaysaglcatrole

inelevationofproductivity・Thecharacteristicchangesintheincreaseofuse

ofwater正sourcesasseenabovea１℃afaithfUlreflectionoftheepoch-making

developmentofagriculturalproductioncorrespondingtotheabnormal

populationincrease'〕startingfromthel950s,worldwideecononcgrowth

afterthel970sanddrasticincreaseofurbanpopulationsincel980s､2）

Ｔａｂｌｅｌｓｈｏｗｓｔｈｅａｎｎｕａｌｕｓｅｏｆｗａterbysectorinaroundl990

AccordmgtoastatementfromtheUnitedNations,waterisrunningshortin

80countriesaroundthewoddandapproximatelｙ４０％ofworldpopulationis

sufferingwatershortages､3）Itisestimatedthatthistrendwillbecomefar

moreseriousinthe21stcentury．
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3.Increaseof１．６billionin20years,ａｔ８０ｍｉｌｌｉｏｎａｙｅａｒ

Ｎｏｗlet，stouchonthetendencyofworldpopulationthatconstimtesthe

basicfactoroftheissueofwaterresources・Accordingtothelatestrevision

(1996)oftheUnitedNationsWorldPopulationprospects,theworldpopulation

willgrowfrom５．７billioninl995to73billionin2015,Z0yearson,marking

anincreaseof1.6billionover20yearsThisisanaverageincreaseof80

millionayear・Inthemeantime,itseemsalmostcertainthattheproductive

activitiesoftheworldpopulationwillincreasetogetherwiththerisingstandard

ofliving、Thismeansthatthedemandfbrwaterwillinclcaseexponentially、

TheAsianpopulationaccountsfOr6096oftheworldpopulationwhich

isincreasingsodramatically・However,itsareaofarablelandisonly27.4％

ofthatoftheworldWhatisworse,avastaridregionextendsintheAsian

continentalinterior,theestimatedannualaverageprecipitationofwhich

amountsto742nⅡnThisissecondonlytoAustraliaandAfricaintennsof

scarcity・Rapiddevelopmentbymodemizationhasdrasticallydecreasedthe

areaofarablelandChinaisagiganticcountlywithapopulationofl,ZbUlion

Sinceitsliberationinl949,tｈｅａｌ℃aofarablelandfOrgrampercapitahas

decreasedbyhalffromO､１７hectarestoOO8hectaresin40yearsduetothis

populationinclCase4),whichhasconvertedChinafromafOodexpomngcountry

toafOodimportingcountrytoday

Asiahasapopulatio、ｏｆ３．４４billioninl995andisestimatedtoriseto5

billionin2030and54billionin2050・EconomicdevelopmentinAsiais

outstandinganditsdynanUsmismghlyevaluatedasapulhngpowerofthewodd

economy・However,theleisanmseculcfactorofdecreasingfOodproduction

duetowatershortage・AnAmericanexpertreportedonthefOodshortagein

ChinainfUtureasfbllows、FoodproductioninChinawiUamountto263mnUon

tonsm2030,butconsumptionwmamountto479milliontons,thatis,theshortage

willamountto216milliontons・TheamountofgrainimportcdbyChinａｗｉｌｌ

－１１－



exceedbyfarthecapacityofwolldexportsatthattime4）

However,itshouldbelemindedthatsuchlong-rangeesnmatesa1℃subject

tomanyuncertainfactors、Buttheyarealsosignificantinprovidingwaming

topolicymakers．

4.ThreeUrgentMeasures

Aslongaswaterresoumes,whichhaveadilcctorindilcctimpactonthe

existenceofmankind,ａ1℃limited,andespeciallyattheplCsenttimewhenthe

worldisconcemedaboutthedepletionofwaterresoumes,itisanurgenttask

toestablishnationalandinternationalmeasulCs・Whatisimportantistokeep

inmindthatthereisseve1℃competitionorcontentioncentereｄｏｎｔｈｅｕｓｅｏｆ

ｗａｔｅｒａｍｏｎｇｖａｎｏｕｓｓｅｃtorsandregionstousewater・Itisnecessarytoset

prioritiesintheallocationofwaterlcsources・Thisallocationplaninvolves

theproblemconcemingallocationofwaterbyindusUy,balancingagricultulc

andnon-agricultureespeciallytheindustrialfield,allocationbylegion,fOr

examplebetweenruralandurbanareas,ordistributionbydemandamong

diffelCntfarmingalcaslocatedalongthesameriver、

ThesecondproblemisthatoffOrmulatingaintemationalplanfOr

distributionofwaterbyuse・CurTmtlytheleareatleast214riverswhichspan

twoormo1℃countriesintheworld

Therearecomplexandseriousinternationaldisputescenteredonthe

useofwater・Iftheupst1℃ａｍ,midst1℃amanddownstreamofthesamenver

belongtodiffbrentcountries,thereareveryralecaseswhereaneffectiveand

reasonableagreementontheirrightofutilizationisestablished・

Today,whenwatershortageisbecomingmoにandmoresenous,itisan

urgenttasktopromoteeffectiveandreasonableagreementstoprevent

internationaldisputes・

The3rdurgentmeasureisthepromotionofeffectiveuseandrecycling

ofwater・Scientificandtechnologicalprogress,theconcernsofindustrial

－１２－



colporations,andcalcfUlconsiderationofuseofwaterinindividuallifecanbe

saidtobethebasisofmeasuresfOrwaterresources．

5.Populationcontrolasbasicmeasures

Ｔｈｅmostdrasticgrowthofpopulationm1℃cordedhistoryisreachinga

scalethreateningtheearth,scapacitytosupportit・Therateofpopulation

increase,andhumanactivities,arethreateningthewaterresouIceswhichfOrm

theoriginoflife・Sincethisisthecase,themostfimdamentalmeasulesthatcan

betakenconcernthecontrolofworldpopulationitself

Ontheotherhand,however,thewoddpopulation,andpopulationgrowth

rateanditsscaleinAsiaarealmostdeterminedfＯｒｔｈｅｎｅｘｔ２０ｏｒ３０ｙｅａｒｓ・

Assumingthattmsisso,itisindispensabletorecognize,conculTentlywiththe

basicmeasulesfOrpopulationcontroLthatplanningandimplementationof

urgentmeasuresforwaterresourcesaretheimmmentseriousissue、Itis

inevitablethatacquisitionofwaterresourcesandimprovementofutilization

efficiencywillemergeasissuesinseparablefromfbodproblemsinthe21st

century．
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TablelPresentworldwateruse

i三！
Evaporationloss96

６６

１２

２７

１００

３３

2800（41.8）

1000（41.9）

300（４５）

260（3.9）

6700（100.0）

Source： Sandraeta1.,1996．ZenbeUchizima：``GlovalEnvironmentandWater

Resources，，,ReportontheI3thAsianParliamentariansMeetingon

Populationanddevelopment(Kove,Marchl7thandl8th,1997),Asian

PopulationanddevelopmentAssociation,Ｐ５3．
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Prologue

ＯｎＪｕｌｙｌ４ｔｈｉｓｙｅａｒ,ｏｎｔｈｅｏｔｈｅｒｓｉｄｅｏｆＡｓｉａ,atemporarywooden

blidgesnapped,ThreeAustralianathletes,malchingintotheMaccabeanGames

insuburbanTelAviv,diedaftertheyfbllintotheYarkonRiver,notofthefall

ordrowning,butfromunidentifiedchemicalsinthewater.’Prosperouslsrael，

renownedfOrthehigh-techefficiencyofitswateruse,isnotcoincidentally

oneofthetenAsiancountriescurrentlyidentifiedas“waterstressed,，,with

supplywithinitsbordersfallingbeneaththecommonlyadoptedthresholdof

lOOOcum/Capita(Tableｌ)Israel，sappropriationofwaterfromoutsideits

pre-1967borderstosupplementthisshortageunderliesmuchofthe

intractabilityoftheconflictwithitsneighborslsIsraelthevisionofthewater

fUturefOrtherestofAsia:prosperous,butwithdeadlywatersandpoisoned

neighborlyrelations?Z

1．AsianCharacteristics

TherearefOurtopicsthatthischapterisaskedtoaddressandlClateto

eachother：population,water,theenvironment,andthedifferencethatisAsia、

Iwillbeginattheendofthelist・Itishardtogeneralizeaboutanaleaasvast

andvariedasAsia,butthreefeaturesstandoutaboutitswater・

ＦｉｒｍiｓthatbyfarmostofAsia，swateruse-85percentofwithdrawals

andanevenhighershareofconsumptiveuse-isfOrirrigation(Table２).３

０nlyinAfrica,withamuchsmallerlevelofoverallwateruse,istheagricultulal

sharelarger、Namrally,thisalsomeansthatmostoftheworl｡,sirrigatingis
doneinAsia

Seco"disthat,eventhoughhalfoftheworld，smegalopolisesover5

miUionpopulationaleinAsia,twooutofeveryth1℃ｅｐｅｏｐｌｅｈerestilllivein

－］９－



theruralaleas､Migrationfromruraltourbanal巳as,aheadynearanendinthe

AmericasandEurope,maybeexpectedtoswellAsia，scitiestounprecedented

dimensionsandplaceenonnousburdensontheirinfrastructurerequi配ments，

inparticularintheareasofwatersupply,wastedisposal,andsanitation4

T1hjMisthat,basedonthedataavailabletotheGlobalEnvironment

MonitoringSystem(GEMS),thewaterqualityofAsia，sriversisalrcadyworse

thanthatinotherpartsoftheworld(Table３)．Muchofthisis"traditional,，，

organicpollution：suspendedsolidsa1℃fOurtimestheworldaverageandrising

rapidly,biologicaloxygendemand(ＢＯＤ)is40percenthigher,andfecal

colifOnncountsarethreetimeshigher(mediancount50timestheWHO

guidelines)Ironically,mtratelevels,affectedbyrunoffcontaininghuman

anda､imalwasteorchemicalfertilizers,arelowerthantheworldaverage・

Urbanareasconcentratethesepollutionloads,ａｎｄａｄｄ``modern，,pollutants

suchasheavymetalsfromindustrialwastewater､Addgrowthinpopulations

andeconomiestothismixtureandthereareunderstandablegroundsfbrconcern

aboutthefUmreofwateruseandrelatedpartsoftheenvironmentinAsia．

2．PopulationandtheEnvironInent

Itseemsselfevidentthatpopulationandenvironmentaldamageare

relate｡､Doomsayers(nowknownas"catastrophists，，)fromThomasMalthus，

totheC1ubofRome,toentropytheoristssuchasGeorgescu-Roegen,toPaul

EhdichandLesterBrownhaveallwarnedthatdisasterawaitsusifwedonot

stabilizeorreducethepopulationoftheworld．“Cornucopians”suchasJulian

Simon,HennanKahn,andmanyeconomistsnotethatsofaratleastthereis

littleevidenceofadircctnnkagebetweenpopulationsizeandgrowthandthe

stateoftheenvironment,S1nstead,theypointtoimperfectpropertyrights，

ｍｉsguidedsubsidies，andpovertyasthecriticalvariablesdetermining

environmentaldegradation6

Thereisagrowingbodyofevidencethatsomeenvironmentalproblems，
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inparticularmanyofthoserelatedtowater,tendtolessenwitheconomic

growth,fOrratherobviousreasons：investmentsinwatersupply,sewerage

andeffluentcontrolsbecomeeasiertobearasaneconomybecomeswealthier7

ThisdoesnotmeanthatpoorcountriescanorshouldrelaxtheireffOrtsto

cleanup,however,nordoesitimplythatprospentycuresallenvironmental

ills：municipalwastesandcarbondioxideemissionsseemtoacceleratewith

prosperity・Nonetheless,ａｔｐ1℃senttheIeappeartobefewdemonstrablelinkages

betweenpopulationsizeperseandenvironmentaldegradationToillustrate

thispoint,Ｉｗｉｌｌｔｕｍｔｏａｄｉｓｃｕｓｓｉｏｎｏｆｏｎｅｏｆｔｈemorecommonlyused

indicatorsoftheeffectofpopulationsizeonwaterrcsources．

3．PopulationandWater

BaseｄｏｎｔｈｅｒｅｓｅａｒｃｈｏｆｔｈｅｅｍｉｎｅｎｔＳｗｅｄishhydrologistMalin

Falkenmark,various``waterstlcssindices,，，mostconⅡnonlyl,OOOcu.、./cap.／

annofinternalrenewablefieshwater(seeTablel),havebeenusedtoindicate

thelevel“belowwhichmostcountriesarelikelytoexperiencechronicwater

scarcityonascalesufficienttoimpededevelopmentandhannhumanhealth・''８

Likemanyrulesofthumbthata1℃necessalyfbrbenchmarkingandcompanng，

suchawaterstressindexcanbequitemisleadingasaguidetopolicymaking・

Itdoesnotcountimportedwaters．Ｉtignoresthestructureofwateruse，

especiallytheweightofirrigatedagriculturcMostimportantly,atleastasof

theplesent,itdoesnotseemtohaveaglcatdealofempiricalevidencetoback

itup,atleastinAsia、

ＡｓＴａｂｌｅｌｓｈｏｗｓ,thosecountriesinAsiacurrentlyfallingbelowthe

l,OOOcum./cap./ann.benchmarka１℃,withfewexceptions(YemenandJordan)，

prosperous,withhighlifeexpectancies,andexceptfbrSingapore,intheMiddle

East・Eventheに,inwestemAsia,onlythreeothercountriesareprQjectedto

dropbelowLOOOcu.、./Capbytheyear2050(Afghanistan,Iran,andOman）

InPacificAsia,onlytheRepublicofKorCaisexpectedtofalltothisleveLIt
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ishighlyimprobablethatwatershortageswillputabrakeonthesouthKorean

economy

Actually,iftheFalkenmarkcriterionwerevalid,itwouldseemthatAsia

eastofAfghanistanhaslittletoworryaboutEvenMongolia,Kazakhstanand

Uzbekistana1℃relativelynushwithwater,intheaggregate、Becauseofthe

sizeofsomecountriesintｈｅ1℃gion,however,weneedtolookatthesubnational

levelaswelLTherewecertainlydofindanumberofimportantlocalalCas

facingseriousshortages、Forexample,estimatesofpotentialindustrialand

agliculturalproductionlostduetochronicwatershortagealehighandgrowing

inpartsofChina,ｓｕｃｈａｓｍｕｃｈｏｆＳｈａｎｘｉ,Shandong,andHebeiprovinces

andinsomeoftherapidlygrowingeconomicareasinthesmallbasinsalong

thesoutheasterncoast・Nonetheless,theeconomiestherecontinuetogroｗ，

andexceptfOrShanxiareamongthemostprosperousareasofchina・

AnaltemativewayofthinkingaboutwaterstressthatIfindattractive，

althoughitlackstheelegantplCcisionoftheFalkenmarkcriterion,istheconcept

ofthematuringwatereconomy,firstpresentedbyAlanRandallinl981to

arguefOrestablishingexchangeablepropertyrightsinwateri、Australia.，As

indicatedinTable4,ｉｎａｎ``expansionphase,，，awatereconomyoperatesunder

diffelmtconditionsanddiffelcntrulesthanwhenitentel5intoa``matulephase.，，

Inanexpansionphase,unclaimedwatersourcesareavailable,meaningthatin

economictermstheir“opportunitycost，，iszero,eventhoughcapitaland

delivelycostsmaysometimesbequitehigh・Still,thosecostsarereasonable

enoughthatoftentheyareheavilysubsidizedbythegovemment,whichis

itselfofteninanexpansionphaseAlargeportionofthecostissunkintothe

originalfacilities,oftenabsorbedintothenationalconstructionbudget,making

iteasiertooverlooktheimplicitsubsidy-untilthetimecomestodorepair，

Iehabilitation,orleplacementEachusesector(agricultu1℃,industly,domestic）

tendstodevelopitsownsupplysystemfromdifferentwatersources,usually

underawaterrightssystemthatgrandfathersexistinｇｕｓｅｓｂｕｔｄｏｅｓｎｏｔａｌｌｏｗ

ｔｈｅｓａｌｅｏｆｒightstoothers,especiallyinothersectors,onthegroundsthat

waterultimatelybelongstothepublic．
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Amaturephasecanbebroughtonbyanyofanumberoffactors,including

anoverallinc”aseinwaterdemands,atightemngofthestatebudgetinlesponse

tolisingsubsidies,deteriomtionofprQjectsduetoageandmsufficientmaintenance，

therccogmtionofnewwaterusessuchastheenvnonment,fishenes,orreclcanon，

ordegradationofexistingsoulCesthmughoveldraftofaquifersorpoUutionThe

opportunitycostofwaterbeginstorise,sometimesquiterapidly､Whatmakes

theideaofthematuringwatereconomyattractiverelativetotheFalkenmark

criterionisthatithelpstoexplainhowacrisismghtoccureveninplaceswith

abundantwater,andtherefbreitismo1℃applicabletoAsia・

Italsopointstoawayout、Awatereconomymaymovefromamature

phasetooneofexpansion,eitherthroughbuildinganewprQ]ecttotapanew

source,increasinglybymeansoftechnically,environmentallyandpolitically

complicatedinterbasintransfers,ortotlcatotherwiseunusablewater，Because

oftherismgexpenseofnewprqjectsandthegrowinglductanceofgovemments

andinternationallenderstosubsidizethem,however,otheraltemativesbegin

tolookeconomicaLProminentamongthesea1℃theuseofeconomicinstruments

andthetransferofwaterfiomlower-valueusestohigher-valueuses・

OneofthchighestvalueusesishumanhealthOften,therelationship

betweenpopulationandwaterisphrasedintennsofaccesstosafedrinking

waterandsanitationfacilitiesTheneedtoprovideeveryonepossiblewith

relativecleanwaterfOrpersonalandhouseholdusesisselfLevident・Although

itisextremelydifficulttotracetheexactpathways,ａｈｉｇｈｐｅ1℃entageofdisease

mAsia,especiallyamongthepoor,isrelatedtowaberandsanitation(seeChapter

4).Butthisisaproblemofwaterqualityandinsituavailability,ofpovertyand

equity,notofthetotalamoumofwateravailable．

4．WaterandtheEnvironment

lnal996pollfOrtheAsianDevelopmentBankJ6of67Asian

environmentalpolicymakersidentifiedwaterpollutionandfreshwaterdepletion
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asthemostimportantenvironmentalprobleminthelcgion・10“Depletion，,isa

populartermusedbythosedescribingwatercrisesltmaybeusefUltonote

thatwithwater,depletionisarelativeandephemeralcondition,ａｎｄisvery

muchrelatedtoeconomics、Inmostcases,thehydrologicalcycle(including

precipitation,evapotranspiration,seepageandrunoff)replenishestheresource

regularly・Depletedaquifersanddrainedreservoirs,leftalone,willrefilL

sometimesquitequickly、TheBaiyangdian,alargebutshallowlakeinChina，s

HebeiProvince,randryduringastringofdroughtyyearsinthel980s，Ｉｎｏｎｅ

ｒａｍｙｙｅａｒ,itwasresto１℃dtoitsfUUsizeLondonwasonceworTiedaboutthe

overuseofitsaquifer;nowitsprincipalconcemisthefloodingofunderground

facilities・Evensaltwaterintrusioncanbepushedbacktoseabyarestoration

ofanadequatefreshwaterflowJnthisway,ｗａterisamarvelousresource：it

almostalwaysgivesusasecondchance，Theproblemisusuallynothowmuch

waterthe定isbutwhousesit,howtheyuseit,wheretheyuseit,andwhowinds

uppayingthecosts、

MarkRosegrantnotesthattruewaterlossesinariverbasinarethose

goingintooneoffOur"sinks"：(1)theatmosphere,duetoevapotranspiration，

especiallyfromagriculture(someofthisretumsinthefOnnofprecipitation，

butnotnecessarilyinthesamebasi､);(2)saltsinks,suchastheoceans;(3)

pollutionsinks薊whelesaltsortoxinsrenderthewaterunusable;and(4)econonnc

sinks,especiallythedeepgroundwater,whereitisnotprofitabletorecover・m

Actually,almostalloftheseareeconomicsinks-flowsofwaterintothese

smkscanbestemmedbyflowsofmoney,orchangesinthewaywaterisused、

Thisisnottosaythattheconcemsofenvironmentalpolicymakersare

misplacedPeople，shealthisatrisk;ecosystemsareatriskThecomplexityof

thehydrologicalcycleandpollutionmakesitdifficulttodefinepropertyrights

towater,ａｎｄplaces理eatdemandsonintersectoralplanning・Weneedtofind

effective,ofteninnovativewaystoaddresstheseproblems、Wefindourselves

facedwiththelegacyofsectorallyoriented,heavilysubsidizedlargecapital

prqjectsfromthe"expansionphase，,ofourwatereconomiesthatcomplicate

necessaryadjustments,includingｅｃｏｎｏｍｉｃｏｎｅＭｏｐｕｔｕｓｏｎａｔｒａｃｋｏｆ
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sustainabledevclopment．

5．cities,Water,andtheEnvironment

CitiesareoftenblamedfOrenvironmentaldegradation,anditistruethat

theirecologicalshadowspreadsfar,whilebyconcemratinghumanactivitiesin

arelativelysmallspacetheyalsotendtogeneratehugeamountsofwasteand

utterlytransfOnnlocalecologies、1,1982,wateroftheYamunaRiverentering

DelhihadafecalcolifOnncountof7,500perlOOmilliliters;whenitleftthe

city,itborewithit24millioncolifOnnsperlOOmilliliter､'2Historically,cities

wereveryunhealthyplacestolivei､,andoftenremainso,especiallyfbrthe

marginalizedpoor,manyofthemnewmigrantsorsquatters・

Catastrophiststendtoviewcitiesastheembodimentofthenightmareof

overpopulation,especiaUywhenmigrationiscombinedwitheconomicgrowth

Forexample,LesterBrown，svisionofChinaintheyearZO30isonewhere

"industrialization，，(inthefOnnoffactories,houses,roads,andmolCprofitable

crops)hasgobbledupnearlyhalfofthegrainharvestedareaandappropriated

aheavyshareofthewaterresoulcesnowbeingusedtofeedmillionsofpeople､I3

WhileBrown，sscenarioisexcessivelydalk,itdoesillustrateacentralfactof

life,thatwheretheycanbeusedfbreitherurbanoragriculturaluses,landand

water,likepeople,almostalwayscreatemo１℃economicvalueinthecity、ThelC

isnothingwrongwiththis・Richcountriestendtobemoreurban,andtousea

lowerpercentageofwaterinagriculture、

IshallretumtoBrown,SsPecterofacomingfOodcrisis，Forｎｏｗ,letme

notethatwhilethelCaretensionsoverwatersupplybetweenthirstycitiessuch

asBeijingorMadrasandtheirirrigatedperipheries,theydonotalwaysaffect

agriculturalproductionadversely・Themostpressingproblemsinvolvi､gurban

waterarenotinthenextcenmryorthereachtothesuburbsfOrnewsupplies，

butｎｏｗ,withintheurbanenvironmemitself,andwiththeexistingsupply・

Take,fOrexample,ｔｈｅＵＮ，sIntemationalDecadefOrDrinkingWater
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SupplyandSanitation,intendedtoprovidesafewatertoallurbanrcsidents

duringthel980s、Itsucceededinextendingwatersupplytol85millionpeople

inthecitiesofAsiaandthePacific,farmorethanthel48millionunserved(by

publicsupply)inl980Yetbecauseofurbangrowth,thenumberunserｖｅｄｉｎ

ｌ９９０ｈａｄｇｒｏｗｎｔｏｌ７５ｍｉｌｌｉｏn1

TheprOblcmisnotusuallyoneofavailability・Domesticwater,especially

fbrthepoor,almostneverconsumesaveryhighpercentageoftotalwater,and

peoplewhoalc“unserved，，stillusesomekindofwater・Theproblemisnot

evenamatterofthewillingnessofpeoplewithlimitedincomestopayfbrclean

water：thepoorinManilapayupto20percentoftheirincometopurchase

potablewaterfromvendors・Ingeneral,the"marketprice"ofwaterfmmvendors

inpoorareasofAsiaisdozensoftimeshigherthantheofficialratechargedto

thosefbrtunatetobehookeduptotaps・I4

EventhoughSeoulisthecapitalofthemostwater-stressedcountryin

EastAsia,itdoesnotfaceaconflictwithirrigatedagriculture,becausetheleis

stillpotentialfOrbuildingstoragedamsontheHanRiVer、Themostserious

problemfacingSeoul，swatersupplyisdeterioratingqualitybecauseof

wastewaterinflowsfromresidences,industries,andlivestockfarmsinthe

watershedofthePaldangReservoir・Thecityhasanumberofoptionstoface

thesechallenges-topurifythewater,buildnewintakefacilities,orpurchase

morewaterfromareawidewaterworks-butanyofthesewillraisethecosts

ofsupply・l5Seoulisfarfromalone，Manycitiesarehavingtospendmore

moneyeithcrtoincreaseorevensecmetheirpresentwatersupply-asurvey

oflOwatelとshortcities,seveninAsia,byRameshBhatiaandMalmFalkenmark，

indicatedthatthecostofthe"next"prqjectwouldbemorethantwicethatof

the"current,，prqject・'６

6．Industry,Water,andtheEnvironment

LesterBrown，sindictmentofindustrializationhasaringoftruthtoit．
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Industryisoneoftheculpritsinthewaterconflictdrama,bothmtermsof

quantityandquality,althoughnotnecessarilythemamoneFactolies,including

thermalpowerplants,tendtobelocatedincities,ａｎｄtoplacesizabledemands

onthewatersupplyanddisposalcapabilities(seeChapter3)．InmostofAsia，

mdustrialwithdrawalsexccedthosefbrdomesticpulposesinurbanareas・Plants

oftenrelyontheirownpumpwells,aggravatingproblemsofexcessgroundwater

withdrawalandlandsubsidenceNonethelcss,theexperienceofcitiesas

disparateasBangkok,Beijing,andOsakaindicatesthatitispossibleto1℃gulate

lalgeindustrialusers,especiallywhenaltematesurfacesuppliescanbeprovided

Also,becausemostindustrialwaterhaslowerqualitystandardsthandrinking

water,anditisrelativelyeasyfOrmostproductionprocessestorecyclewater

severaltimes,industrialwaterdemandisperhapstheeasiesttocutwithout

reducingproductionTotalindustrialconsumptivewaterdemandshavefallen

andstayedlowdespite,indeedtosomeextentbecauseofcontinuedgrowthin

outputinbothJapanandtheUnitedStatesaftertheimpositionofstrictemission

standardsinthel970s、Newcapitalinvestmentshavebeenabletoemploy

greaterwatersavingfeatures,lendingmorefOrcetothealgumentthat,atleast

insomeways,economicgrowthcanleadtoanimprovedwaterenvironment・

Largeurbanenterprisesreducedtheirwaterconsumptionratesandtheir

wastewaterdischargesinChinatooduringthel980s，Ofg配atestconcernnow，

andnotjustinChina,arethesmallerentelpriseswhosetotalwaterusemaynot

beashighastheirlargercousinsbutwhosedischargesaremoredifficultto

monitor(andtherefOreareconsidered“nonpointsources，，)andwhichoften

operateunderseverefinanciaLequipment,andmanagerialconstraints・

UnfOrtunately,manyofthemosttoxicindustriesaredominatedbysmall

operations,fOrexamplepapermaking,electroplating,textiledyeing,andleather
process1ng・

WhatdistmguishesChinaisits“townshipandvnlageindustries，，(TVEs)，

includingsomeratherlargescaleones,thatareprovidmgmuchoftheimpetus

fbreconomicgrowth,butａ１℃alsoafOcusofgreatconcernintennsoftheir

oftenunrestraineddischargeofheavymetalsandothertoxicｓｉｎｔｏｔｈｅ
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envlronmenL1ZAreasofparticularconcemareLakeTai,asourceofdrinking

waterfbraheavnypopulatedalcabetweenNanjingandShanghai,andthefiPagile

Huairiverbasin,whereastormflushedpollutantsintothcmainstemofthe

nveronl4July1994,causingextensivefishkillsanddisruptingdrinkingand

industrialwatersupplies，Inretrospect,thismayturnouttohavebeenoneof

thosedramaticevents,likethebumingoftheCuyahogaRivernearCleveland

intheUnitedStatesinthel960sorthekillersmoginLondoninthel950s,that

willimpelagreaterpoliticalandeconomiccommitmenttocleanup・Onlytime

willtelL

7．AgricultureandWater

Sinceanextensivechapteronagriculturaldevelopmentandwater

resourceswithcontributionsbythl巳eeminentexpertsfOllowsthisone,Iwill

notdwellonagliculturcatlengthhere,despiteitscentralimportance・clearly，

whenthetopicofintersectoraltransferscomesup,alleyestumtothefarmlands

thatusesuchalargeportionofthewaterinAsia、Manyurbanwatersupply

agenciesintheregionhaveeitheralreadytransfelredsomewaterfromnearby

agricultureoraremakingcontingencyplanstodoso､BeijingandShenyang

have1℃routedwaterfTomreservoirs,Madrashasdevelopeditsownwell-fields

inruralareas,ａｎｄｓｏｍｅｃｉｔｉｅｓｏｎｔｈｅｎｏｒｔｈＣｈｉｎａｐｌainsuchasHandanand

Cangzhouhaveapparentlytakenwatermoreindirectlybydrawingdownthe

aquifer・AgriculturalwateruseisconsideredacompetitorfOrwatersupplies

withcitiesasfarflungasBangkok,Delhi,Dhaka,JakartaandKarachi・I8

Suchcompetitiondoesnotalwayshavetoleadtozero-sumresults

Growingurbaneconomiesprovidenearbyfannerswithexpandingmarketsfbr

high-valueagricultulalcommoditiessuchasfruits,vegetables,ａｎｄfish,aswell

asemploymentopportunitiesthatprovidethemwiththewhercwithaltoadopt

moreexpensivewater-savingirrigatingtechnologies．Ⅱtheyproducelessgrain，

itisprobablybecauseitdoesnotpaｙｔｏｄｏｓｏ,notbecauseofalackofwater．
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Atamoremacmscale,beyondthesuburbs,eventhosewhoaleldatively

optimisticaboutthefUtureoftheworld,sgrainandfbodsupply,likeMark

RosegrantandRuthMeinzen-DickoftheIntemationalFoodPolicyResea[℃h

lnstitute(IFPRI),expressconcemabouttheslowdowninthenetgrowthof

irrigatedareainPacificAsiaoverthepasttwodecades・Theyattributethisto

ariseintherealcapitalcostsofbringingnewlandunderirrigationcoupled

withasignificantdechneinpublicexpenditulcsfOrnewprqjectsinthel980s・I９

Ｔｈｅｒｅａｒｅanumberofreasonsnottobetooalannedbythisnews・First，

measuresofirrigatedareadonotreallytellusverymuchaboutthequalityof

inigationImprovementsinwatersupplyconditionsandotherinputsonexisting

irrigated(andunirrigated)landmayhaveamuchgreaterimpactoncrop

productioni、theaggregatethanincreasesonthemargininirrigatedland

Certainly,grainoutputhascontinuedtogrowrespectablyinChinasincethe

latel970sdespiteverylittlechangeintheoverallirrigatedalcafigure,zo

Furtherbyandlarge,theincreasesincapitalcostscitedbytheIFPRI

analysts(ｉｎａ20-25yearperiod,overlOOpercentinlndonesia,S0percentin

thePhihppines,and40pelcentinThailand）ａ1℃quitemodestcompaledtothe

growthｉｎｐｅｒｃａｐｉｔａｍｃｏｍｅｓｉｎｔｈｅｓａｍｅｔｉｍｅframe、Theproblemisnot

affOrdability,butanumberofotherfactors、

Oneofthoseisagovemmentunwillingnesstocontinuepublicsubsidies

inthefaceofincreasinglyoverconmittedbudgets,andagrowinginsistence

byfinancialdonorsthatthebeneficiariesofａｐｒｑ)ectpayfOriLGiventhatthe

priceofpmjectwatertoagriculmreisalmostuniversallykeptlow,ofteneven

belowoperatingandmaintenancecosts,newprqjectsbasedonmorecomplete

costrecoverylcquirechargesthatareseveralordersofmagmtudehigherthan

thosethefamlersareaccustomedtopaying、Hencetheytendtobepolitically

unfeasible、

Anotherproblemisthatincreasingportionsofshrinkingpublicworks

budgetshavehadtobeusedtopatchupundermaintainedoldprQjects・In

China,farmorclandgoesoutofilTigationeachyearfromplQjectobsolescence

thanfromurban-industrialencroachment．
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Thefinalandpelhapsmostfnndamentallimitingfactoristhecontinuing

long-termdeclinein1℃algrainpricesinwoddmarkets､２１Continuedrapid

expansionofirrigationtoincreasegralnproductionandthe１℃byfUrtherdepress

priceshaslittlepayofftoeitherstatcorfarmeLAswithpetroleum,therehas

beensomerecentshrinkageinwoddstrategicreserves，butthisislittlecause

fOralarm

8．IsaWaterCrisisLooming？

ThisbringsustotheqUestionofwhetherawatercrisisisonthehorizon，

perhapsinterwovenwithafbodcrisis、Sincetheenergycrisesofthel970s,a

significantproportionofbooksanalyzingtheworld,swatersimation,someof

themquitescholarly,usethetenn"crisis,，intheirtitles(otherssettlefOramere

"scarcity,，)．Iwillnotburdenanalreadyoverworkedfbotnotesectionwitha

listingoftitles・Byandlarge,mostoftheseworksarguethatacrisisisnot

inevitable・

CertainlywealCunlikelytoseeawoddwatercrisisliketheenergycnses

ofthel970s・Waterisnotaworldconmodity,andthereisnointernational

watercarteLNonetheless,ｓｏｍｅ,agalnnotablyLesterBrown,seegeneralized

localwaterconflictsaffectingtheproductionofgrainwithinafewdecades，

bringingwithitrisesinintemationalfOodpricesandpoliticalinstabnity，

BrowndoesnotgiveaprOjectionastotheprobableincreaseinprices

underhisworst-casescenarioSuchanestimatewasprovidedinthesepages

byProfessorHiroshiTsUjii,thatinternationalgrainpriceswouldrisebyas

muchas５０％betweenl993and202022Inotherwords,theywouldreturn

roughlytotheirl9801evels・Anotherwayofconsideringthisfigurcisthatit

worksouttoabouta1.5％perannumpricerise,wellbelowtherateatwhich

worldpercapitaincomeislikelytorise・Ｔｈｕｓｅｖｅｎｉｎｔｈｅ``worst-case，,

conditions，grainwillcontinuetobecomeevermoreaffOrdable，aswill

improvementsinirrigationfacilities．
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Ｉｎｍｙｏｗｎｖｉｅｗ,thebiggestcrisesfacingtheuseofwaterinAsiainthe

comingyearswillbelocaLandwillcenteraroundurbanizationcontinuingto

outgrowtheabilityofinfrastructuretoprovidewaterofadequatequalityto

largeshaIesofthepopulationOtherproblemsthatmayproveverydifficultto

solvelieinmaintainingtheecologicalusesofwaterwhilesatisfyinghuman

demands・ThematuringwatereconomiesofAsiawiUdemandrefOnnsina

numberofareas,beginningwiththercmovalofexplicitorimplicitsubsidies

thatkeepthepriceofirrigationandtapwaterbelowitsvaluefOrusebyrelatively

advantagedpopulations・Thelong-tennsolutionisnotassimpleasgettingthe

pricesandpropertyrightsright,butthatmaybeagoodplacetostart・The

complexityofthehydrologicalcycle,andthegrowingintelconnectednessof

itsusers,willplacemcreasingdemandsontheingenuityofhumaninstitutions．

Epilogue

lsthericketybridgeoverthetroubledwatersoftheYarkontheharbinger

ofthefUturefbrAsia?Probablynot,notevenfOrlsraeLbutitisawaming,and

evenasadcommentaryonthestateofmanywaterstoday、Restoringorderin

thewatersectorwillrequiremanyadjustments・Onthat,catastrophistsand

comucopiansagree、Whatthoseadjustmentsshouldbeiswheretheydiffem

CertainlyausefUlplacetostartistoregardwaterseriouslyasaneconomic
good
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Repo〃I9g2andlatercodifiedasanupside-downU,ｏｒ“environmental

Kuznetscurve,,,ｂｙＧｅｎｅＭＧｒｏｓｓｍａｎａｎｄＡｌａｎＢ・Krueger,``Economic

GrowthandtheEnvironment,”QmarterJyJD"ｍａｊｑ/ＥＣＯ"omjcs,1995：

353-377,ａｎｄＥ)PTelgmgAsm,1997:２１４．

Ｗｂr/dResoz"℃“１９％-Ｗ・NewYork:OxfOrdUniversityPress，1996：

２

３

４

５

６

７
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AlanRandall,“PropertyEntiUementsandPricingPoliciesfOraMaturing

WaterEconoｍｙ,"Ａ"srmljα"ＪｏｍｍａｌがAgrjc皿""ｍﾉＥＣＯ"omjcs25(3)：

195-220.

Ｅ"zelgj"ｇＡｓｊａ:209．Nextrankedas“mostimportantissue,，wereair

pollutionanddefbrestatiｏｎ(９each)andsolidwaste(8)．

ＭａｒｋＷ,Rosegrant,“WaterResourcesmtheTwenty-FirstCentury：

ChallengesandlmplicationsfOrAction,，'Food,Agriculture,andthe

EnvironmentDiscussionPaper2qlnternationalFoodPolicyResearch

Institute,WashingtonD.Ｃ,Marchl997：１４．

EuisoonShin,MaynardHufSchmidt,Yok-shiuLee,』amesENickum，

andChiekoUmetsu,withReginaGregory・WJzJarj"ｇ肋eEcoPzomjc

肋qPacなq/Ｕ７ｂｃｍＥ>WjmlmTe"ZZJlPm6化､s:Asm"α"e３.UNDP/UNCHS

(Habitat)/WorldBankWOrkingPaperNo､１３.WashingtonDCJunel997：

44-45．Forreference,thefecalcolifbrmstandardsfOrdrinkingwaterin

developedcountrieｓｔｅｎｄｔｏｂｅａｔｏｒｎｅａｒｚｅｒｏｐｅｒｌＯＯｍｉｌliliters・

LesterR・Brown,ＭｏＷＩｌＪＦとｅｄｄ１ｊ"α?WtzAcL`ＰＣＭ/braS)Ｍ/Ｐ伽ef

NewYorkNorton,1995.

ＭｔJ"ａ８ｍｇＷｍｅｒＲ“o"rcesroMeeZMegqcityﾉVee伽．Manila:Asian

DevelopmentBank,1994:342．

NickumandEaster,Ｃｈｓｌａｎｄ７(thelatterbyEuisoonShin)．

“WaterResourcesPoliciesandtheUrbanPoor:InnovativeAppmachand

Policylmperatives,”Ｗmerα"。Ｓα"jmrjo〃α７７℃"jF,UNDP-WorldBank

WaterandSanitationProgram,1993．TheAsiancities(inincreasing

orderofthecostofthenextscheme)areShenyang,Yingkuo,Bangalor巳，

Surabaya,Dhaka,Hyderabad,ａｎｄＡｍｍａｎ・

See,fOrexample,NationalEnvilonmentalProtectionBu1℃auandtheChina

SocietyofEnvimnmentalSciences,Eds.,Ｘ､"gZhe"qjyeh"α可ｍｇｗｕＪｍ〃

/tz"gzhj伽Ｃｅ(EnvironmentalpollutionpreventionpolicyfOrTVEs)．

Beijing:ChinaEnvironmentSciencePrcss,1991．

MmzagjPzgWmFrReso皿加esmMCerAfegacjZyﾉVeeds:391
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1９ ＭａｒｋＷ､RosegrantandRuthS､Meinzen-Dick,“WaterResou1℃esinthe

ASia-PacificRegion:ManagingScarcity,,,Ａｓｉａかｍｃ杭CECC"ｏｍｊｃ

Ｌｊだ、、JRC,１０，Novemberl996:３５．

JamesENickum,ＤａｍＬｊｅｓα"ｄｏ伽rSmZMCs:ｎＪｋｊ"g伽ＭＣａｓ"'℃q／

〃rjgarjo〃ｊ〃Ｃｈｊ"α，1931-91．East-WestCenterOccasionalPapers

EnvironmentSeriesNo,18,Januaryl99a

InChina,thepricetothefarmerhasrisenoverthisperiod,butfroma

levelmuchlowerthantheworldmarkeL

HiroshiTsUjii,“FoodSupplyandDemandmtheYear202oandthe

NecessaryRefOnninJapan，sAgricultural,ForestryandFisherySystem,”

POpmm"o"αMFoodSrmjB8y/br21srCelzZz"ｙ－Ａｓｍα"ｄＷＤ〃－．

2０

2１

2２

"PopulationandDevelopment,，SeriesNo.21,MalChl997：１４７．
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Tableｌ“WaterStreSSed，，AsianCOuntries,1990-2050

（units:cubicmeterspercapita,USdollars）

country 1９９０ ２０５０

(prqjected）

Ｌｉｆｅｌ９９２ＧＮＰ/capita

Expectancy （PPP）

1990-95

Kuwait

Qatar

Bahrain

SingapolC

SaudiaArabia

U.Ａ､Ｒ・

Jordan

Yemen

lsrael

５
３
４
２
４
３
８
０
１

７
０
８
２
８
９
０
６
６

１
１
２
２
２
３
４
４

９
８
４
９
７
０
８
０
２

５
６
０
５
６
２
６
９
９

１
１

１
１

74.9

Ｎ/Ａ

Ｎ/Ａ

74.8

69.7

73.8

67.9

50.2

76.5

８，５６１

Ｎ/Ａ

Ｎ/Ａ

ｌ6,736

9,390

15,784

4,039

2,769

12,783

ＲｅｐｏｆＫｏ1℃ａ 964 71.1 9,565

Note： Figuresfbr2050uselowUnitedNationspopulationgrowthprqjections・Higher
populationgrowthestimatescreatemorestI℃ss．

Ｗb胆ＲＢＳＣⅡ”Ｃｓノg96-9Z1996:302-303,basedonRobertEngclmanandPamela

LeRoy,Szdsmj"ｍｇＷｍｅ（Ａ〃UPdb花(populationActionlntemational,Washington，

ＤＣ.,1995)fbrwaterstlBss;Ibid.,166-167fbrGDPpercapita,193fbrlifbexpectancy
atbirth．

Soume：
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Table2World，sFreslnwaterResOurcesbyRegionａｎｄＵｓｅ

SectoralWithdrawals(perCent）

1987(Ismelll89）

AmnuaI

Withdmwals

lntcmalRenewable

WaterResources

ＣＤＰｐｅｒ

ｃａｐｉｔａ
Domestic lndustly Agricultu”l995per

Capita
(cum.）

Percentof

Resource

Per

Capita
(cum.）

lw2PuTchasing

PowerParity

OntemationaI$）

Total

(ｃｕｋｍ./an､）

6９645 ８ 2３８7１７６41022ＷＯＲＬＤ

８
１
９
９
４

８
３
４
５
３

７
叫
叫
岨
“

５
５
２
３
２

５
４
２

５４８８

8576

15369

29788

56543

４
７
９
１
１

199

626

626

332

586

3996

6235

6444

9526

1614

AFRICA

EUROPE

NORTWCEImRALAMERIＣＡ

ＳＯＵＴＨＡＭＥＲＩＣＡ

ＯＣＥＡＭＡ

， 8５６3８１９ 1２ 54213208ＡＳＩＡ

Bangladeshl908２３５７１９５７１１２２０３１ｇ６
Ｃｈｉｍ２ １８３８２８００２２９２１６４６１６７８７

１nｄｉａ ｌ６３３２０８３２２２８１８６１２３４g3

1ndonesia ２６０１２５３０12804１９６１３m76

1srHclI2783２３８２８６４０８１６５７９
－－－----－－-－---－－－--－－－－￣￣￣￣－－－－---－－－-－－－----－－--－－－－－－--－－－－－－---－－－－－

Japal1 19920５４７４３７３１７７３５１７３３Ｓ０

Ｊｏｒｄａｎ４０３９２３１４３２１７３２９６６５

Kolea(DcmRep.）３０６７６７２８０１２１６８７１１１６７３
ＫorCa(Rep.）９５６５６６１４６９４２６３２１９３５４６
Pakistan l793４６８３３３１３３２０５３１１９８
－－－－－－－--－－-－－－-－－－－－－－－－－－－－￣￣－－－－－－--－－－－－－－－－－－－－－-－－－-－--－－-－-－-－－－

Philippines ２１７２３２３４７７９９６８６１８２１６１

SingapolC l6736１２１１３２８４４５５１４

Thailand５０１８１７１３０４５１８６０２４６９０

Vietnmm 665３７６５０４４８４１４１３１９３

］
⑦

Note：YearsvalyfbrannualwithdrawalsParticularlyoutofdatearcIndia,Jordan,Pakistan,Singapore(1975)andChina(1980).Others
aresinceI987・

Soulce：WorldResourcesll96-97．



Table3SeverityofWaterPmblemsinＡｓｉａ

Pollutant EastAsiaSoutheastSouthAsiaChina India

Asia

Wnre7poJmrjo〃

Suspendedsolids

FecalcolifOrms

BOD

Nitrates

Lead

Pboraccess

tosafewater

tosanitation

Ｘ
ｍ
ｍ
Ｘ

唾
Ｘ
Ｘ
Ｘ

ｎ
ｍ
ｍ
趣
Ｘ

“
趣

Ｘ
ｍ
ｍ
Ⅲ
ｘ

Ｘ
Ｘ
Ｘ
Ｘｍ
江

ｍ
Ｘ

ＸＸＸ

ＸＸ

ＸＸＸＸ

ＸＸＸＸＸＸ

ＸＸＸ

ＸＸＸ

Note：ＢＯＤ＝biologicaloxygendemand;ｘｘｘ＝ｖｅｒｙｓｅｖｅｒｑｘｘ＝severe;ｘ＝moderatebut

ns1ng

Source：Ｅ"Ｕ２曙j"ｇＡｓｉａ，1997:２０３．

Table4PhasesofaMaturingWaterEconomy

ExpansionPhase MaturePhase

Supplyofwater

SocialcostofsubsidyfOr
increasedwateruse

Elastic

Low

Inelastic

High

Physicalconditionofwater
facilities

Ｎｅｗ Manyoldfacilities

competitionbetweendiffbrentLow
uses

Ｈｉｇｈ

Typesofexternalities Drainage Aquiferdepletion；
waterpollution

Source：AdaptedfiFomNickumandEaster,1994：７．
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１.Introduction

Almosttwomillionyearshavepassedsincetheemergenceofmankind，

andfOrmostofthistime,manhassurvivedbyhuntingandgatheringfOod

Then,abouttenthousandyearsago,webegantousetheearth,senvironment

(weather,soil)fOrfOodproductiontomaintainouractivities,andtoproduce

carbohydratesbyharnessingsolarenergyinawaysuitedtoeachregionIn

additiontothisdilectintakeofcarbohydrates,weleamedhowtoacquirefOod

byusingcarbohydratestoraiselivestock・Consequently,mankindmadea

successfUlconversionfrombeinghunterstofarmers・Ｔｈｉｓａｌｓｏｅｎａｂｌｅｄｕｓｔｏ

ｆｂｃｄａnenormouspopulationandtodevelopintoanafnuentcivilization、This

affluencemighthavebeensupportedbyamereseveralsco1℃centimetersof

fertiletopsoil,thatexistslikeacuticlearoundtheearth，Thefimdamental

conditionfOrthedevelopmentofcivilizationwasthatagriculmralproduction，

whichinitiallywasonlytofbedanagrananpopulation,begantoproducesurplus

fOodandthuscontributedtothedevelopmentofotherindustrieslnother

words,fertilcsoilisindeedthefOundationthatsupportsmankind，sactivities

andcivilizationtoday・However,today，smassproductiontechnologiesand

consumptionaledisintegratingthisrichsoil,inaprocesscalleddeseltification．

Moreover,humanwasteiscausingmoreenvironmentaldamage、

Ancientcivilizations，fOrwhichagriculturewastheonlyessential

industly,oliginatedaroundfertilelandsinsemi-aridrcgions,andmostofthem

cametoanendwithin2,000years・However,theMesopotamiancivilization，

centeredontheTigrisandEuphratesRivers,andtheEgyptiancivilization

alongtheNile,existedatfertilealluvialareasalongrivervalleysandlasted

morethan2,OOOyears,longerthananyotherancientcivilizations・TheEgyptian

civilizationactuallythrivedlongerthantheMesopotanmanone，Whydideach

ancientcivilizationflourishfOradifferentlengthoftimealthoughtheywere

allestablishedonthebasisoffertilesoilsandsimilarweatherconditions？
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CivilizationsareestablishedonsurplusfOod，andsupportedbyculture，

technologyandeconomies・ThedeclineofacivihzationlCpresentsthedecline

ofsurplusagriculturalfOodproductionThefactorswhichallowedthe

MesopotamianandEgyptiancivilizationstolastlongerthanothercivilizations

werethatfertilesoilwasbroughtdownfromtheupperreachesbyannual

noodinganddepositedontheflatlandsoftheaUuvialplainswhereboth

civilizationsthrivedasweUaswaterfOragriculturalusewassupplicdby

irrigationfromthchugerivers、Ontheotherhand,althoughthesonsupplied

bythefloodshadapositiveeffectonagriculturalproductionasmentioned

above,italsohadsomenegativeeffects,suchasburyingirrigationditchesand

raisingthelandsurface,andcausedvariouskindsofsoildegradationthrough
salinationorerosion

Asmentionedpreviously,themainfactorinthedeclineofallancient

civilizationswasthedeterioratingqualityofthesoil,anditisevidentthatthe

mismanagementofthesoilbyignoringthepennanenceofagricultureprevents

themaintenanceanddevelopmentofcivUizations・Soilmismanagementlesults

indcsertification,ａｎｄｔｈｅｅｎｄｒesultofsoildegradationthroughdesertification

islanderosionandsalineaccumulation、Inthispaper,Iwouldliketodiscuss

thceffectsoftheprcscntwaterresoumeandfbodproductionsimation,andthe

useofwaterresourcesfOrirrigationonthedegradationofthesoilinAsia，

fromtheviewpointofsalineaccumulation,aswellasthemechamsmofits

occurrence,thepresentsituationandthefUtureoutlook．

2.TheNaturalEnvironmentofAsia

1） TheAsianClimate

Oneofthefactorsdeterminingagriculturalproductionisthe

climatc・ThereareseveralclimaticclassificationssuchasKoeppen

climaticclassification,whichIakesvegetationintoaccounｔａｓａｎｍｄｅｘ

ｔｏｓｈｏｗｔｈｅｃｌｉｍａｔｅｏｆｅａｃhregion，andtheArisowclimatic
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classificationthatputsweightonafOrmationmechanismfbrthe

climaticenvironmenLFigurelshowstheArisowclimatic

classificationThｅｒｅｉｓａｎ‘equatorialairmasszone’aroundthe

equator,inwhichatremendousamountofrainfallsthroughoutthe

yearwithlittleornoseasonalchangesOnthenexthigherlatitudinal

range,thereisthe`equatolialmonsoonzone，whichexperiencesralny

anddlyseasonsduetotheeffectsofthetradewinds,andnexttothat

isthe‘tropicalairmasszone，withalmostnorainthroughoutthe

year・Then,wecometothe`subtmpicalzone，,whichisdlyinsunⅡner，

butisinfluencedbytheftigidzoneairmassinwinter､IntheSoutheast

Asianregion,theJavalegionoflndonesiaiswithinthe`equatorial

airmasszone，,whilemostotherpartsareclassifiedasthe`equatorial

monsoonzone，、Then,alargelegionfromIndiatosouthemChina

fallswithinthe`subtropicalzone，、Itisimportanttonotethatwithin

SoutheastAsia,thereisno`tropicalairmasszone，,whichisadesert

climate,asonlyapartofwestemIndiainSouthAsiacomesintothat

category、

Inadditiontotheabove，KyumaetaLsuggestsaclimatic

classificationbasedonricegrowth,thefUndamentalcropofAsia,by

addingstatisticalmeteorologicaldatatotheThomthwaiteclimatic

classification,whichisweightedmolctowardsasoilwaterresumez)．

Thereareninedivisions(ItolX)inthisclimateclassification,as

showninFigure2・ItpointsoutthatindivisionsLII,Ⅱ1,1V,VIand

Vm,ricecropsarepossibleonceayearevenatmeteoricpaddies,but

inV,VIIandXLitisimpossibletogrowricewithoutirrigation
facilities．

2） GeographicandGcologicalFeamres,andtheSoilofAsia

Thedistributionofsoilにsoulces,anmportantfactoringrowing

crops,ｃａｎbeunderstoodthroughtherelationshipbetweenclimate

andparentmaterialsfmmgeographicalfactors・Theclimaticfactors
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includethetropicalrainfOrestclimatewithitshigh-humidityallyear

round,thetmpicalmonsoonclimatewithalongandstrongdlyseason，

andthedamptropicalclimatethatisfOundinregionsoverLOOOm

altimdeTheparentmaterialfactorsarevolcanicrocksandashfrom

volcanoes，limestone，evaporite，deltasediment，littoraldamp

sediment,terracesediment,ａｎｄsoon

ThevolcanicsoilswhichrangefromthePhilippinesto

lndonesia,arevolcanicashsoilssuchasthosefOundinJapanat

altitudesofLOOOmandabovewhereweatheringismild,butare

changedtoreddish-brownlatosolsinlowlandsbystrongweathering

lnlCgionswherelimestoneisaparentmaterial,fTomtherelationof

montmorilloniteclayandcalcicdensityreflectingsoilwater

conditions,itbecomesaredTerraRossainthehighcalcicleaching

lcgions,andablackRendzinainthelowcalcicleachmgregion・Asa

result,ｂlackandredsoilsaredistributedlikeamosaic、Thereare

largedeltaalCaswithintheesmarieswherefTeshsoilissuppliedfrom

uplandaleas・Thecentralalcaofthedeltassank,andthesurrounding

areasdevelopedintotelracesbytheupliftingofthemountainsThere

alcthickadvancedlateritesfbrmedbyweathelmgoftheuppertelTaces，

andthinnerlateritesfOrmedinthemiddleterracesInthelower

telTaces,thesoilshaveironandmanganeseconcretions・A1soatthe

apexofthedeltas,thereisabrackishsedimentandanunusualacid

sulfatesoiLIntheKhoratPlateau,thercaleevaporativerocksfbnned

dumgtheJurassicandCretaceousperiods,andclasticrockscovera

thickrock-saltlayercalledtheMahasalacumlayeratthehigheststrata・

Becauseofthegeographicalcharacteristics,thesaltfromtheseclastic

rocksisdepositedonthesurfaceinthedryseason

Offshore，ｔｈｅｓｈａＵｏｗＳｅｌａｔＳｕｎｄａｉｓｎｏｔａｄｅｌｔａ，ｂｕｔｉｓ

ｓｕｒｒｏｕｎｄｅｄｂｙｌｏｗａｎｄｄｕｍｐｅｄｌand,andthepeatsoilsthatare

distributedarebasedonthoseinthetropicalrainfbrestsproducedby

thetropicalrainfOrestclimate．Ｄarkredlatosolsandferralsolsare
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distributedinthe唾gionwhe1℃vertheparentmaterialisabasalticbase

rock

Asshownabove，avarietyofsoilsareusedfOragriculture

LookingatFAO/UNESCOSoilMapoftheWorld(1985)whichshows

soildistributiononasｃａｌｅｏｆｌ:smillionbasedoneachsoil

characteristic,thesesoilsareusedasarablelandinSouthandSoutheast

Asiaalthoughtheyarenotperfbctlysuitedtogrowcrops,ａｎｄwhose

wideruseiscxpectedshowsthCdistributionratioof5296outofthe

totalarablelandAndAcrisols(acidicsoilwithaweatheredclay

accumulationlayer)is,particularly,makingupthehighestproportｉｏｎ

ａｔ３８％、Ａｌｓｏ，ｓｉｎｃｅｍｏｓｔｏｆｔｈｅｕｎｓｕｉｔａｂｌｅｓｏｉｌｓｈaveaclay

accumulationlayer,theratiobyaIcawithaphysicalobstructionfactor

isals024.5％,andpoordrainagesoilsaccountfOrａｈｉｇｈｏｆ１２．９％3〕．

3.PaddyFieldIrrigationinAsia

PaddyfieldssymbolizelanduseinAsia,wherericeisthestaplefOodlt

iswidelyacknowledgedthat画owingriceinpaddiesisbetterfromaproductivity

anddurabilitypointofviewcomparedtouplandfieldThelcasoningfbrthisis

that,sincemostpaddyfieldsexistinalluvialplainMhesedimentationprocess

isalwaysworkingtomaintainandimprovefertility・Ontheotherhand,upland

fieldexacerbatessoilerosionandleachingofnourishments,whicharealso

acceleratedbycultivationlnuplandfield,soilerosioncanbecontrolled,but，

otherthanusingfertilizers,theleisnowaytomaintainandimprovesoUfertility・

Inpaddyfields,landisleveledandenclosedbyaridgetopreventerosion

Moreover，sincethesoilsbecomediminishedbyirrigation，partofthe

nourishmentischangedtoasuppliablestate,andalsoanourishmentsupply

canbeexpectedfromtheirrigationTherefOre,generallyitisnotnecessaryto

fallowthelandinpaddyfields,butthemostimportantrestrictionissecuring

ilTigatedwater．

－４５－



ThepaddyfieldsofAsiausedtohaveｏｎｅｃｒｏｐａｙｅａｒ,plantmgatthestart

oftherainyseasonandharvestinginthedlyseason,sincetheydependedonthe

monsoo、rains・Thedependenceofthesepaddyfieldsonrainwatergreatly

effectedthetimingfbrplanting,asdiddroughts,andtherefOre,fannershave

putmuchoftheireffOrtsintobuildingsmallscalcirrigationfacilities・

Thetotalareaunderirrigationincreasedrapidlywiththeinstallationof

modernirrigationsystemsinAsiasincetheSecondWorldWar,anditis

estimatedtoincludeabout５０％ofthetotalacreageofpaddyfields，Securing

sufficientwaterfOrirrigationisanabsoluteconditionfOrstabilityand

productivityinpaddyfields・Inparticular,the`GreenRevolution，broughtabout

bythepopularizationsincel966ofahigh-yieldricereleasedbythelRRL

resultedintherapidgrowthinricecrops,andtheimportanceofilrigationalso

increasedSincelocalrarietywerelightsensitive,thecultivationperiodhad

onlybeenwhenmonsoonramscouldbeusedduringtherainyseasons・However，

sincethehigh-yieldriceisnon-sensitiveandasholt-tennvariety,itscultivation

tennwasnotlimite｡,butirrigationwasanessentialconditionfOrmtensive

cultivationlea〔hngtohighyield,AsalCsult,thepKeparationofirrigationsystems

haslednotonlytothespreadofmgh-yieldrice,butalsotothestabilizationof

plantingtimesandcropsoflocalvariety,aswellastotheagriculmralstructu1C

ofdoublecropping・Ａｓmentionedabove,itcanbesaidthatthepleparationof

modemirrigationsystemshasledtothestabilizationofagriculturalproduction

undertheclimaticenvironmentofSoutheastAsia，However,theseirrigation

p１℃parationsareonlyofmaincanals,andtherearemanyplacesthatstmlclyon

traditionalirrigationsystems,andtherefble,howtoconductwatermanagement

isthemainissue・ThepaddyilTigationsystcmsinAsiatodayaleclassifiedmto

４categories:ａ)`SimplelrTigationSystems，‐themostsimplesystemswithout

watermetersordiversionfacilities,oftenseeninintermediatehinterlands,ｂ）

`Semi-techmcalIrrigationSystems,－withsluicinganddiversionfacilitiesat

headworks,c)TechnicallrrigationSystems，‐withallnecessaryfacilitiesfOr

watermeasuremcnt,diversionandintakeatthecanallevelalso,and｡)`Advanced

TechnicallrrigationSystems,－ｗｈｉｃｈｃａｎｃｏｎｄｕｃｔｃｏｍｐｌｅｔｅｗａｔｅｒ
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measurements,diversionandsluicingevenatthefieldleveL4）InSoutheast

Asia,theirrigationsystemsaregenerallyofa)ａｎｄｂ)categories,categoryc）

canbefOundinpartsofThailandandMalaysia,butcategoryd)whichcan

completelycontrolthewholeca、befOundonlyinJapanSincesystemd）

rcquiresalargeamountofinvestmentandmaintenancecosts,systemｂ)andc）

areexpectedtobecomethemainilrigationsystemsinSoutheastAsia、Further，

waterresourcesfromriversarethekeytoensuringthestabilityofirrigated

water・However,thesituationofwaterIcsoumesusedfbrimgationhaschanged

drasticallywiththerecenteconomicdevelopmentofSoutheastAsia・The

modermzationofSoutheastAsiahasbroughtecononcdevclopmentthrough

`economicmeasures，whichplacemolCweightonrevenuesfromunitarea,but

itisstartingtoaffectagriculturalproductionwhichhascriteriaotherthan

`econonucmeasures，、Here,IwouldliketointroduceacasefromBandung，

JavaBaratwhichhasacomparativelylargeacreageofirrigatedpaddyfields

fbrlndonesia,acountrycharacterizedbyatmpicalrainyclimate,asanexaInple

oftheinUuenceofrapidindustrializationandurbanizationonagricultureby

ilTigation．

4.IndustrializationandAgriculturebyIrrigationinAsia

TheRepublicoflndonesiaiscomposedofaboutl7,s001argeandsmall

islandswiththetotalacreagereachingtoabout2millionkm2、Thetotal

populationroseabove200millioninFebruary,1997,ａｎｄitisanislandcountry

withthewodd，sfbrthlargestpopulationThecharacteristicofthiscountryis

thatpopulation,fbodproduction,andurbanizationandindustrialization,ａ１℃ａｌｌ

concentratedintheIslandofJava,andhenceastrikingdisproportionhasbeen

broughtaboutinemploymentandeconomicactivities、Ontheaspectof

populationdistribution，aboutlOOmillionpeople，two-thirdsofthetotal

population,areconcentratedinJava,whichconstitutesonly7兜ofthetotal

landincomparisonwithoverdepopulatedareasreferredtoasouterislands‐
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Kalimantan,Sulawcsi,Sumatra,IrianJaya,ｅｔｃ・InfOodproduction,thetotal

acreageofpaddyfieldsisabout82millionhectares,９％ofthetotalland,and

329n6ofthisislocatedinJava、Additionally,thehighproductivityofthepaddy

fieldsinJaVacanbejudgedfromthefactthatabout7096ofitspaddyfields

haveilrigationsystems5)．

Startingfromlndependenceinl949,PresidentSukamobuiltupthcstate，

andundcrtheGovemmentofSuharto,whoiscalledthe`fatherofdevelopment,，

economicdevelopmentisunderwaythroughthelong-tenn25-yearplan(Replita

l-V).WithrespecttoagriculturalalcaMheselfsufficiencyinrice,whichhas

beenthemostimportantissuesincetheIndependence,wasachievcdinl984

Therearevanousagriculturalproductsotherthanrice,andtheseyieldshave

incleasedsubstantiallysinceselfLsufficiencyinrice,Whereasinindustrialareas，

rawmaterialproductionfOrdomesticindustriesandproductionofexportgoods

andhalffinishedgoodsisalsodevelopingsteadilybytheintroductionofthe

industrialpromotionpolicy、Asaresultoftheseeconomicdevelopments，

Indonesiansocietyhaschangeddrastically,notonlyinurbanareasbutalsoin

thefarmingareasofJavawherethefOodproductionofthiscountryhasbeen

supportedTheirwayoflife,farmingstyleandtechnologyhavelargelybeen

transfOnned6)．

Thesoilofthisregioncanshowhighproductivityifwaterissecured

Thissuperiorfarmlandisbeingconvertedintootherusesbecauseofthe

populationandurban-arca-increaseofBandungCity,ｏｒsoldfbrindustrialuse

Asaresult,decreaseoffarmlandacreageownedbyfalmers,andtheinclCaseof

corneringoflandinanticipationofitsvalueasrealestate,alcoccurringatthe

sametime・ThistlendisaremectionoftheprcsentagriculturalsituationinJava

BaraL

TheCitarumRiverflowingthroughtheBandungPlainhasbeenpollutednot

onlybecauseitisutilizedasindustrialwater,butalsobecauseofindustrial

wastewaterfroml45industrialcomplexes,andthuswasoneofthemostpolluted

nversinJavaBaratinl99031factoriesaroundtheCiwarenkCanallocatedm

theupperreachesoftheCitarumRiverutilizethiscanalwaterat0.8t/Sｃｃ・ａｓ
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mdustrialwater､Ontheotherhand,thewatersupplyabilityoftheWangisaguran

DamwhichsupplieswatertothiscanalisZt/sec､indryseasonsand4t/secin

rainyseasons,andirrigatedwaternecessaryfOranirrigatedacreageofabout

600hectaresis2t/sｃｃ．Ｔbus,irrigatedwatershortagesoccurindryseasons

Asaresult,althoughsemi-annualricecropsandintemroppingindryseasons

werepossibleinthisinigatedal巴abytheCiwarenkCanal,intercroppingbecome

impossiblebecauseofthiswatershortageindlyseasons,ａｎｄａ1℃aswhereeven

ricecroppingonceayearhasbecomebarelypossible,areincreasingThis

tlCndismoreconspicuousinthelowestareaoftheirrigationcanaLMolCover，

intheareastakingirrigatcdwatcrdirectlyfromthetributariesoftheCitarum

River,therearefearsnotonlyofgrowthdifficultiesfOrcropsbutalsoofthe

possibilityofthccontaminationofagriculturalland．

5.IrrigationintheAridRegionsofＡｓｉａ

Regionsinwhichannualtranspirationismorethanannualprecipitation

aregenerallyknownasaridregions・SoilfOrmationsintheseregionsonly

sufferchemicalweatheringthroughwater,butreceivestrongphysicalattacks

fromdailytemperaturedifferentials・Asaresult,soilsthatincludeplentyof

water-solublesaltsarefbrmed・Figure3showsthedistributionofthesearid

regionsoils、ＩｎＡｓｉａ,theyarefbundfromnorthemlndiatoPakistan,andthe

Huang-HuaiHePlainsinChinalnaridlegionsoils,thesoilwaterhasatendency

tomovefiomthelowerlayerstotheupperlayers,AdditionaUy,theyalesuhject

tostrongweatheringrightdowntothelowerlayers,andeventhoughthesub-

surfacemaybesandy,ａｎimperviousstrataofclayaccumulatedwaterexistsin

thelowerlayers・Asaresult,water-solublesaltsaredistributedthmughoutthe
soiL

Modernagriculturalirrigationhasalsointroducedmuchilrigatedwater

tothearidAsianregions,andincreasedagriculmralproductionintheseareas

However,theproblemofthearidregionsoilsfO11owingthcintroductionofa
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largequantityofirrigatedwaterissalinationDuringirrigation,themovement

ofwaterwitmnthesoilisfromtheuppertothelowerlayers,Icsultinginlarge

quantitiesofsaltdissolvingintheirrigatedwaterandbemgsto１℃dasgroundwater

fOrthetimebeing，Then,whentheirrigationishalted,thesaltaccumulatesin

thesub-surfacebycapillaryactionTheaccumulationofsaltoccursinashort

rangewhentheimperviouslayerisshallowFurthelmore,afactorthatquickcns

thesalmationofaridregionsonsisthewaterqualityofirrigatedwaters、Asa

matterofcourse,theliversandgroundwaterusedfbrirrigationhavehighsalme

levelsduetothesoilcondition,、

Asaresult,saltintroducedthroughirrigationisaddedFromaplant

cultivationpointofview,therealcnoneedtoleachallofthesaltfromwithin

thesoiltoimprovesaltysoil,butoneonlyneedstolowerthesalinityaroundthe

plantrootzone・Thatisbyimprovingtheproportionofsaltremovedbyseeing

howmuchsaltisremovedfromtheirrigatedwateL

AnexamplefromPakistanwhereagriculturalproductionisgreatly

influencedbysalinityisshownbelow．

SonDeteriorationandAgriculturalProductioninPakistan

Thepopulationhasincreasedmorethanth1℃efOldinthehalfa

centurysincetherevolutionofl947・Becauseofanagricultural

productionincにasetofeedthispopulation,soilenvironmentalprOblems

becametangible・

Themostcliticalproblemisthat,sincemostofthiscountlyfalls

insemi-aridoraridregions，watcristhebiggestrestrictionon

agriculturalproductionToove1℃omethis,anirrigationsystemhas

beendevelopedtoadeglceunprecedentedintherestoftheworld

However,this,togetherwiththeconcentrationofsaltintheplowed

layer,theaccumulationofsaltinthesoilsurfaceandpondingsby

leakagefromirrigationditches,createdanagriculturalproductioncrisis

assalinesoilsandsodicsoUsbecometangiblemthelatel950,s,mainly

inthelndusP1ain．

1）
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A1sqbecauseofgeographicalfactorsinthiscountly,soilerosion

bywindandrainisaseriousprobleminhillsandmountainsaround

theIndusPlainSoilerosioncausesthelossoftopsoilthatisimportant

fOragriculturalproduction,andisafactorindesertification．

2） MorphologyofSoilDegradation

Generally,regionswhosegroundwaterlevelprｅｖｅｎｔｓｎｏｒｍａｌ

ｇｒｏｗｔｈｏｆｍｏｓｔｐｌａｍｓａredefinedaswaterloggingregions・

Groundwaterlevelsdefinedaswaterloggingdependonplants,except

fruittreessuchasmangos，ａｌｏｓｓｏｆｐｒｏｄｕｃｔｉｏｎｉｓｓｃｅｎａｔｔｈｅ

ｕｎdergroundlevelｏｆ1.5ｍ,andabouta2596decreaseiscausedaｔ

0.75～1ｍ・

Thereductionandlackofoxygenattheplantrootzone,thesoil

salinationbybasesemittedthroughsoilweathering,thecollapseof

plantsandtheincreaseinhannfUlinsectsareeffectsonthesoiland

plantscausedbywaterlogging、

Thebestwaytoimprovewaterloggingregionsistolowerthe

groundwaterleveLThedrainagethathasbeenconductedsofaｒｂｙ

ＳＣＲＡＰｈａｓｂｅｅｎｅｆｆｅｃｔｉｖｅｉｎｓｏｍｅ1℃gions,butseculityfOrdrainage

canalsandfacilitiessuchasover-drains,under-drainsandmotedrains

adoptedtotheregion，scharacteristicsseemtoberequircdTheyale

veryimportantnotonlytolowerthegroundwaterlevelbutalsoto

reducesalinedamage

Ontheotherhand,preventionofleakagefromthedrainage

canalsisalsoveryimportantandliningthecanalsisaneffectiveway
todothis，

Salinationdamagetosoilisoneofthemostimportantissues

fOrthiscountryandisarestrictiononfarmproductionBasedontrial

calculations,morethanL2millionhectaresoflandoutofthetotal

cultivablelandhaｖｅｂｅｅｎｄａｍａｇｅｄｉｎｓｏｍｅｗａｙｂｙｓａｌｉｎａtionAlso，

itisestimatedthatitcostthePakistanieconomy$４７miUionindamage
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ayear7)．Salinedamagetocropsotherthanpaddyfieldscauseda2096

dropinproductioninpartiallydamagedareasanda60％dropin

stronglydamageda１℃as・

Thesetypesofproblemsoilsaredevelopedunderbaddrainage

conditionsinaridandsemi-alidregions、TheparentmaterialsfOrsoils

inthiscountry,iｎｐarticular,containNa+,Ｃａ2+,Ｍ9軒,Ｋ十,Ｃｌ~,ＳＯ４２~，

HCO3-andCO32-astheirprincipalions,sincetheyarealluvialsoils
whichalemainlymadeupofundevelopedmarinedeposits・Therefble，

stlongweatheringbythearidclimateinclCasethesolublesaltsinthe

soilsolutionUsingthisgroundwater,whichincludesthesevanous

solublｅｓａｌts,fOrirrigationalsocausesanincreaseinsolublesalinity・

Theseenrichmentandaccumulationofsolublesaltsbecomealestriction

fbrplantgrowth・

The唾alethreetypesofproblemsoil;Salinesoil,Sodicsoiland

Salme-sodicsoil,whichisacombinationofthefirsttwo8)．Salinesoil

issoilofwhichtheelectricconductivity(EC)ofwatersaturation

extractedliquidismorethan4mS/cｍ(25°Ｃ)．ThisECvalueislO‐

l00timeslargerthannormalsoiLSodicsoilissoilofwhichmore

thanl596ofexchangeablecationsconsistsofsodiumion，andis

evaluatedbyESP(exchangeablesodiumpercentage)．Also,because

ofthequalityofirrigatedwaterfOragriculture,theaccumulationof

saltisacceleratedinthearidregions・Electricconductivity(EC)and

sodiumabsorptionratio(SAR)alecombinedtoevaluatetheirrigated

water、ＳＡＲｓｈｏｗｓｅａｃｈｉｏｎｉｎｍｇｅｑｕｉｖａｌｅｎｔ/Lasaunitandis

calculatedbyMＷＴでZi〒iVI官厄
Insalinesoil,mostsaltsarechlorides,sulfatesandnitrates・The

maincationsarecalcium,magnesiumandsodium,butthepercentage

ofsodiumionsisnevermorethan509hByclassification,ＥＣ>4.s/m

andESP＜１５．ThepHvalueofthesesoilsislessthａｎ8.5,andthereis

awhitecrustonthesoilsulfaceoranaccumulationofsaltinthesoil

duringthedryseasonlnthesesoils,waterabsorptionbyplantsis
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impededbytheincreaseinneutralsalinitysuchassodiumcmoride，

sodiumnitrateandsodiumions,andtheriseintheosmoticp1℃ssulcof

thesoilsolutionusedbyplantrootstoahigherlevelthanthatofthe

plantrootsAdditionally,becauseoftheaccumulationofsalts,the

witheringcoefficientofthesoilsincreasesandthewaterquantity

decreases・Also,nourishmentabsorptionbyplantsisthroughtheir

roothairsandiscontrolledbythedensityandcharacteristicsofother

coexistentions・TherefOre,eveninweaklysalinesoilsthatdonot

influencethewaterabsorptionofplants,the1℃issomcinfluenceonthe

absorptionofneedednourishmentfromthesoiL

ThecharacteristicofsodicsoilisthatitisamoreaIka1inesoil

thansalinesoilwithapHvalueofbetweeｎ８５ｔｏｌＯ，andthe

classificationindicesareＥＣ<4.S/mandESP＞l591bbecauseitisalmost

entirelycomposedofsodiumions，ｗｉthonlyafewcalciumand

magnesiumionsinthesoilsolutionThesoilclaysarehigmydispersed

sinceitissamratedwithsodiumions,andsoilhumusiSinsolutiondue

totｈｅａｌkalinesoilsolutionAdditionally,evenorganicmatteris

dispersedbythesurplussodiumanddistributedonthesurfaceofthe

sodiumparticlesHence,thesoilsurfaceisblack，

Plantgrowthisimpededinsodicsoilaspertheabovesaline

soil,andtheaccumulationofhighlydispersedclaysinthesoilsurface

makeitdifficultfOrsoiltobecomecultivableandlowersitswater

permeability，Additionally,sincethedispersedclaysmovetoand

accumulateinthelowerlayer,aclosehorizonisfOrmedwiththe

remainingtopsoilincoarsesoiltextureThus,thesoiliscompletely

distractedinitsphysicalaspectandthepermeabilityis１℃ducedwhich

preventsdrainagefromthesoiLTheplantrootsareunabletoenter

becauseoftheincreasinghardnessofthesoil,andharmfUlreductive

compoundsareformedinlocalizedreductionbythelossof

breathability・

Saline-sodicsoilhasthecharacteristicofhighsalimtyofsoluble
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salts(EC>4.s/､)justthesameassalinesoils,buttheexchangeable

sodiumpercentage(ESP>15％)ishighcomparedtosalincsoiLThis

isaproblemsoilwiththepropertiesofbothsalineandsodicsoils、In

thissoiLaslongasthereisanabundanceofsolublesoilsothcrthan

sodium,theｒｅａｌ巴nodifficultiescausedbyhighdispersion,asisthe

caseinsodicsoiLIfsolublesaltsleachdownwards,thepHvaluewill

showmorethan85,andtheprOblemsbecomethesameassodicsoiL

Ifthesolublesaltsmoveupwards,thensodiumadsolbedonthecolloid

willbeexchangedtocalcium,andthepHvaluewiUfalltolesｓthan

8.5,causmgthesameproblemsasinsodicsoil．

3）TheDistributionandtheReclamationofSalt-affbctedsoils

Thedistributionofsalt-affectedsoilsinPakistanhasbeen

surveyedbyvanousresearchfacilities・Theacreagediffersgreatly

becauseofdifferencesinthesurvey，stimingandmethods，and

classificationstandards・Inthiscase,Ｃhartlshowstheestimation

basedonTheSoilSurveyPakistanReport，、

AboutlO5millionhecta１℃soutofthetotalsurveyedacreageof

６．３４millionhectareshadsoilwithsomekindofsalinationdamage・

Ofthesedamagedsoils,550,0OOhectaresaresaline-sodicsoils,ａｎｄ

２５０，OOOhectaresarecausedbyirrigationusinghighlysaline

groundwater，

RemarkablesalmationdamagecanbefbundinthelndusP1ain、

Thishasnotonlybeencausedbytopographiccharacteristicsoftms

region,butisaman-madedisastercausedbyagriculmralirrigation

overthousandsofyears

ThemostcriticalissuefOrreclamationofsoildamagedby

salinationistheeliminationofsaltsfromtherootzonebytheeluviation

ofsalts・Acommonreclamationmethodistolowerthegroundwater

levelandsecu1℃thedrainagecourseWithoutloweringthegroundwater

level,salinedamagcwillrecurwithanyrclamationmethod

-５４－



Moreover，sincetherearethreetypesofproblemsoilwith

differentcharacteristics，areclamationmethodsuitedfOrthe

characteristicsofeachsoilshouldbeusedThenecessaryquantityof

watershouldbecalculatedcorrectlyfOrtheeliminationofsalts、

Physicalにclamationthrougheluviationusingwateristheonlymethod

fOrsalinesoil,butfbrsodicandsaline-sodicsoi1s,reclamationshould

becarriedoutmcombinationwithchemicalmethods，

Whileeluviationbyirrigationisthemosteffectivewayto

eliminatesaltsfiomtherootzonein1℃clamationofsalinesoil,itlequi1℃ｓ

ａｈｕｇｅａmountofwater・The唾fOre,thedownwardpenneationof

irrigationwatershouldbecarriedoutimmediately・However,since

the１℃aresomesoilswithaclayaccumulationlayercalledanArgillic

layerofEntisolandAridisolwhichcompnsemostofthelndusP1ain，

fracturingtheclaylayerandunder-andover-drainagefacilitiesare

required・Withoutthesedrainagefacilities,theadditionoflarge

quantitiesofwaterraisesthegroundwaterlevelsandendsupwiththe

accummationofsaltsinthesub-surfacesoils・

Inreclamationofsodicandsaline-sodicsoils，ｔｈｅdrainage

facilitiesandtheuseoflargequantitiesofwateralethesameasfOrthe

salinesoilmentionedabove,butasignificantimprovementcanbe

expectedbyusmgchemicalssuchassulfUricacid,hydrochloricacid，

gypsum,orsulfUratthesametime・Thebasisofthischemicaltreatment

is:－firstly,exchangetheexchangeablesodiumabsorbedtocolloidsof

soilbycalcium,andconvertalltheexchangedsodiumandcarbonates

tosodiumsulfates,fOUowedbyeluviation(seeChart4).Also,thereis

amethodofaddingsulfUricorhydrochloricacidtodissociatethe

carbonatesandextricatethecalciumfromCaCO3inthesoil,andthen
exchangingittothesodium・AddingsulfUr,whichfbnnssulfUricacid

byoxidationwithinthesoil,hasthesameeffectasaddingsulfUric

acidAsaresult,thecongelationofcolloidsoccursbyreducingthe

soilpH、Then,penneabilityisincreasedbythedevelopmentoflarge
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pores,wmchinturnphysicallyimprovesthesoils・

Also,fOrmodestreclamationofsalinedamagedsoil,althoughit

takeslonger,theremoveofsaltbyplantsiSefficient・Inparticular，

deeprootedplantssuchasmaize,millet,ｏｒsorghumareexpectedto

haveabeneficialeffectnotonlyinremovingtｈｅsalt,butalsotolCclaim

thephysicalaspectsofthesoiLItisoftenthoughtthatininorganic

excessivesoilssuchasthosewithsalinedamage,thereislittlebiological

participatio､,ｂｕｔａｌｇａｅｇｒｏｗｓｗｅｌＬＡ"ａ６ａｅ"αＳＳＰ.,especially,can

alwaysbefOundinsoilswithsalinedamage・Thecharacteriｓｔｉｃｏｆ

Ａ"αbaeJzasqp､isitshighnitrogenfixingability,andthatiseffective

fbrsupplyingnitrogentoanti-salineplants・

Theuseoforganicmatterisalsoeffectiveinthelcclamationof

salinedamagcdsoiLThedecompositionofcarbonatesbyolganicacids

fOrmedbythedecompositionoforganicmatterandtheexchange

reactiontosodiumionsthroughthedissolutionofcalciumions,and

thesupplyoforganicmatterandmanuretothesoilisexpectedthrough

theuseofagriculturalwastetothesoiLAdditionally,themulchingof

topsoilsbyvegetablewasteisaneffbctivemethodfOrpreventingsoil

erosion,aswellashavingseconda【ybenefitssuchassupplyingolgamc

mattertothesoilandpreventingtranspirationofwaterfromthesoiL

Currently,eluviationusingalargequantityofirrigatedwateris

themainmethodfOrreclamationofsalinedamagedsoiLHowever，

accordingtoareportbythelnternationalDevelopmentCenteronthe

deteriorationoffarmlandbysalinationorsoilerosion,ilTigatedwater

inthelndusP1ainisestimatedtoaverageabout800nⅡｎａｙｅａｒ、Ifyou

addthetotalfOrtherainfall,itisstilllessthanlOOOmm,whichis

insufficientfOrtheeluviationofsalts・Furthennore,thercseemtobe

manylcgionsthathaveevenlessthanthis,andsecuringgoodquality

waterisacriticalissue・TheuseoftheplentifUlwaterにsoulCesthat

existasgroundwaterisonewaytoresolvethisThegroundwateris

notofaunifbrmquality,anddiffersg1℃atlyaccordingtothedistributioｎ
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ofclaylayersinthesoiLTherefOIaoneofthemethodsistomakea

detailedsurveyonthequalityofthegroundwaterperirrigationlegion，

andpositivelyuseonlysuchgroundwaterthatmeetstherequired

conditions，Thismethodofusinggroundwaterwithlowsalinityand

irrigationwaterｗｉｔｈｎｏｓａｌｔｓalternativelyallowtheeluviationeffect

toincrease・

VariousimprovementprOjects,suchascontlolofthegroundwater

levelthroughtheSalinityControlandReclamationPrQject(SCARP)，

theLeftBankOutfallDrain(LBOD)drainagecanalsadjustmentprqject

andimprovementprq]ectsconcerningleakageanddrainageoflow

levelcanalsbytheOn-FarmWaterManagementPrqjecthavebeen

carriedoutagainstsuchsalinedamageaswasevidentinthel950／

６０，s,ａｎｄｔｏｓｏｍｅｄｅｇ1℃e,havebeensuccessfilL

Chart2showsthedistributionofsalinedamageonsub-surface

soils、Thedistributionratiosofthelanddamagedbysalinationineach

statehavesteadilydec1℃asedfromthel950,ｓｔｏｔｈｅ1970,s・However，

theIndusPlainasawholestillhasmorethanamillionhectaresof

salinedamagedareas、Thisshowstheneedtopayattentiontothe

incにasemsodicsoilsinthefUture,becauseitcanbeestimatedthat

althoughthereclamationofsalinesoilwascarriedoutbyeluviation

usingirrigatedwater,sodicsoilswelcfOnnedasaby-productdueto

theaccumulationofsodiumaftertheleachingofthesalts，

ThedecreaseinagriculturalproductioninPakistanislargelydueto

thestateofthesonsmthelndusPlainToresolvethisproblem,various

reclamationmethodsasmentionedabovehavebeenestablished、

Also,thetechnologyoftheresea1℃hinstitutesofeachuniversity

suchastheoneinFaisalabad,whichistakinganinitiative,isatahigh

leveLHowcver,theproblemhasnotbeencompletelysolvedThe

reasonisthatreclamationmethodshavebeenadaptedtotheproblem

regionsinaccordancewiththeirsoiLgeological,andenvironmental

conditionsaswellastheirsocialstructureandeconomiccondition
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Additionally,fOrpost-Ieclamationmamtenance,thenecessalyquantity

ofirrigatedwateranddisplacementshouldbedeterminedconsidering

saltquantitywithinsoiLThecalculationofLeachingRequirement

(LR),whichshowstheappropriatequantityofinigatedwatertocontrol

thesalinityunderestablishcdlevel,isanimportantissuefbrthefUture・

Asfbrirrigationandsalinedamagedsoils,methodsadaptedtolegional

characteristicsarerequiredsuchasthereuseofgmundwaterlCsources

whosequalityissufficientlygoodfOrirrigatio､,theremovalofsalt

usingvegetablelCsomcesandtheloweringofgroundwaterlevels、As

fOrsalinedamage,thelackofasufficientquantityofirrigatedwater

necessaryfbrimprovementwillbealcstrictivefactor、Also,thetypes

ofsalinedamageanddistributionconditionsofthedamagedregions

changeeveryyear・TherefOre,withoutadetailedsurvey,accurate

reclamationmethodscannotbedecidedon．

6.AsianAgriculturebylrrigation

ｗｅ,ｈｕｍａｎbeings,aresupportingapopulationofalmost6billionby

utilizingbothhighandlowprDductivitylandwmchconstitutesonlyl1％ofthe

totallandareaoftheEarth(Chart５)．Problemsoilssuchastheexcessively

inorganicsoilsofSoutheastAsiaandthearidsoilsinSouthAsiawillbecomc

importantsoilresourcesfOrincreasingfOodproductionmthenearfilmrc、Ｔｈｅ

managementofwaterlesourcesthroughhandlingmonsoonandtheplCvention

ofsoilerosionisimportanti、SoutheastAsia、InSouthAsia,wmchhasarid

regions,securingwaterresourcesandutilizingthem,andthereclamationof

soilsdamagedbysalinationwhichhasalreadyspreadwidely,arekeyissues．

－５８－



References

lntemationalDevelopmentCenter(1994):BasicSurveyReportonthe

AgliculturalResourceManagementPlanfromtheEnvironmentalAspect，
35-91

Ｋ.KawaguchiandKKyuma(1977):PaddySoilinTropicalAsia,Their

materialNatureandFertility，10-25,TheUniversityPressofHawaii，

Honolulu

ATanaka(1997):SummaryofTropicalAgriculturc,121-136,Tsukiji

Shokan,Tokyo

EKohono(1995):IrrigationPaddyFieldsinJava,Indonesia,TTabuchi

andS・HasegawaEd.,InPaddyFieldinthewodd,81-96,JSmRBTbkyo

JapanAgriculturalLandDevelopmentAgency（1994):Effectiveness

SurveylnterimReportonOverseasPaddyFieldAgricultureand

EnvironmentalPreservatio､,121-128

Ｋ.Ikeda(1997):AgriculturalDevelopmentandEnvilonmentalChanges

afterthe`GIcenRevolution，inIndonesia-JavaBaratasacase-,SHirose

compilation“ＳｍdiesonFoodandEnvironmentinAsia''’43-73,Ryukei

Shosha,Tokyo

SSP(1963):SoilSurveyReportoftheSoilSurveyofPakistan,Lahore，
63-83

ＲＫ・GuptaandLP・Abrol（1990):Salt-affectedSoilsinAdvancesin

SoilSciencevoL1L224-288,Springer-Verlag,NewYork

1）

2）

3）

4）

5）

6）

7）

8）

－５９－



Chart１．DisnibutionAcreageofSalineSOilandAlkalineSoil

Typeofsalinedamage Acreage(millionha）
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FigureLTheArisofTCHmaticClassification

1．Equatorialairmasszone
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Figure3･TheDistributionofAridRegionSoilsintheWorld

６
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Figure4･TheOutlineoftheExchangeableSodiumEnminationbyusing
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Figure5・SoilResourcesoftheW⑪rld
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1．Introduction

Weneedtofeedarapidlygrowingpopulationintheworldwithlimited

resources・OntheissueoffOodsupplyanddemandawidevarietyofviews

aIeasserted,rougingfrompessimismpredictinganimpendingshortagelike

thatofLesterBrown,theHeadoftheRiceWorldWatchReseamhlnstimte,to

isthecaseoptimismanticipatingsufficientsupplythroughanincreaseofunit

cropaswiththelntemationalFoodPolicyResearchInstitute(IFPRI)．

However,asProfessorHayamiofAoyamaGakuinUniversitypointedout，

sincegrainpriceshavetendedtodecreaseinthe8０，s,conccrnaboutfOod

prOblemshasbeenflaggingandexpenditureonR＆DfOrfbodproductionhas

beenstagnating,productiongrowthbythediffUsionofhighyieldingvarieties

ishittingitspeak・TherefOre,itisrealisticthatthepossibilityofaworldfOod

crisisismcreasing.】）

IntheMonsoonpostofAsiaincludmgJapan,thestaplefbodisricc・Thelc

aIealsodiffbIcncesi､theviewsaboutthefUturcricesupPlyanddemandsituation

TheplCdictionbytheUmversityofAIkansas,Ｕ､Ｓ,gmupsupportsUleoptimistic

view,whileDr・MHossain,thechiefoftheSocialScienceSectionatthe

lntemationalRiceResealchlnstimtc(IRRI),isratherpessimisticinhispersonal

opinion,beingskepticalaboutsupplyhnntationsoftheliceexportingcountries､2〕

ThuswecannotpMictwithcertaintythefUtuleofricesupplyanddemand・In

thissituation,theexpansionofriceexportmthetwomajorexportingcountries，

n1ailandandVietnam,whichhaveenjoyedgoodeconomicgmwth,isnowpending

wamingsignals､YethOpefbranincreaseinliceproductionmlVb/anmarwhich

hasbeenstagnamdespiteitslargepotentialsupplyofrice,isexpandmg・

Inthisreport,Iwillxplainthecurrentriceproductionsituationand

examinethepossibilityofwaterresourCedevelopmentfbrriceproductionand

itsfilmrecourse,inth1℃emajordeltasinSoutheastAsiawhichalethecenters

ofriceexports．
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2．Thecurrentsituationofricepoliciesandrice

productioninthethreemaUorricegrowingareas
●

Despitethedamagedinflictedbytheoilcrisis,theThaieconomyhad

beendevelopingcomparativelywell,andespeciallysincethelate80，sithad

eUjoyedrapidexport-ledecononmcgrowthuntilonlyoneyearago、

Becauseofarecentrapidincreaseinlaborwages,thelabor-intensive

industrieswhichhavedrivenexportsbylowwagesandlowpricesarenow

fbmedtotransfbnntheirindustrialstrucm１℃･TheneedfOrstrucmralchange

ismuchstrongerintheagriculmralsectorwhichisrelativelylabor-intensive

comparedtomanufacmringsector・

Lookingatchangesinriceproductionafterthelatterhalfofthe80，s,ａｓ

ｓｈｏｗｎｉｎＴａｂｌｅｌ,theplantedaにainThailandasawholedecreascdl2船in

theselOyears,whileproductionincreased42兜becauseofanincreasein

yieldlncentralThailandaroundtheChaoPhrayaDelta,ｂｅｃａｕｓｅｏｆａ

1℃markableincreaseinyield,productioninc1℃asedO､3％inspiteofadeclease

ofnearly2096inplanteda１℃a、IncentralThailand,wherefarmlandpricesand

wagelevelshavelisendramaticallythroughindustrializationandurbanization，

paddyfieldshavebeenconvertedtoｏｔｈｅｒｕｓｅｏｎｔｈｅｏｎｅｈａｎｄａｎｄｌａｎｄ

ｐｒｏductivityincreaseshavebeenpromotedthroughtheprogressof

mechanizationorbio-chemicaltechnologiessupportedbybetterilrigation

conditionsontheother、

Afterthesebigchangesofthelatterhalfofthe80,s,ricepolicyhasalso

changeddrasticallytosupportthestructuralchangesinriceagricultureln

l986，ｔｈｅｒｉｃｅｅｘｐｏｒｔｔａｘａｎｄｒｉｃｅｐｒｅｍｉｕｍｗereabolishcdandthe

transfOnnationoftheexploitationpolicyintoaprotectionpolicy,includingan

increaseinlow-interestloansfOrricefarmerswascarriedoutbytheBankof

AgriculturalAssociationCooperative(BAAC)．

AlthoughThailand,sriceagriculturehasmadestructuralchangeswith
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theflexibilityofkeepingupwiththenation，seconomicdevelopment,wecan

notholdanoptimisticviewaboutitsfUturedevelopmcnt・RefOnnseemsnot

tobeprogressingsmoothlyinThailand,despitetheneedfOrmorestructural

refOnnsinthericefarmingareatokeepupwiththeriseinwagelevelsa､。

farmlandprices,Thisisbecausetheratioofirrigatｅｄａ1℃aislowandcannot

beexpectedtoincrease,andalsobecauseaninclcaseofnon-agriculturalwater

demandisanticipatedThercfOre,exportsmightfallevenifthedemandfbr

domesticricewilldecreasean。theintemationalmarketwillbestro､9.3）

Ｖｉｅｍａｍ，seconomyhasbeengrowingrapidlysincetheeconomicrefOrm

(doimoi)ｉｎ1986．Theagriculturalsectorhasalsobeendevelopingand

speciallyriceproductionhasbeenconstantlyincreasing(Table２)．Ｖｉｅｍａｍ，

whichwasanetriceimportertilll988,hasbecomeahugericeexportersince
l989

Duringtheseyears,thericeplantedareaincreasedfro、5.704million

hectaresinl985t０６．７６６millionhectalcsinl995,andyieldalsorosefrom

28tons／hectareto3､７ｔｏnｓ／hectare・Asaresult,productionincreased

substantially57兜from１５．８７５nlliontonsto249041nilliontons・

Ontheotherhand,theareaofpaddyfieldsdecreasedduringtheseyears，

Thisindicatesthatproductionincreasewasachievedbylnultiplecropping

andincleasingcropbytheexpansionofirrigatedarea

Wecanseethedevelopmentofthericesector,focusmgonthetwomain

ncegrowingaleas,theHongHaDeltaandtheMekongDeltalntheHongHa

Delta,althoughtheplantedaleahasdecreasedduringtheselOyears,production

hasincreased50％becauseofariseinyieldby5196・Thechangefromthe

wintercrOptothespnngcrOpwithhigheryieldinthe90，s,theprog1℃ssinthe

introductionofhighyieldingvarietiesandtheincreaseduseoffertilizers,and

thedrasticriseinyieldinbothwinterandspringcropscanbepointedoutas

thedeterminants､4)IntheMekongDelta,ariseinyieldwasabout30％,low

comparedtotheHongHaDelta,butbecausetheplanteda１℃aincreasedmore

tha、４０％,productionincreasednearlytwice・Still,inspiteofthebetter

perfOnnanceofthericesectorintheDeltasinthepast,wecannotfbrecast
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favorablexfilmreprospects、

AsfOrtheHongHaDelta,sincethereremainslittlescapeexpanding

irrigatedfarmlandandsincetheyieldhasleachedaquiteahighlevelsuch

thatproductivitycannotbeprq]ectedtorisｅａｔｔｈｅｓａｍｅｒａｔｅａｓｉｎｔｈｅｅａｒｌｙ

９0,s,itisgenerallythoughtdifficulttoexpectincreasesinproductiononthe

samescaleasinthepast・AlsointheMekongDelta,thegrowthinyieldhas

理aduallydeclinedthroughthe7０，s,the80,ｓｔｏthe９０，s・Thisimpliesthatthe

modemricetechnologieshadalreadyspreadovertheDeltaandthatno

additionaltech､ologicalproglesscanbeexpectedAdditionally,aswillbe

discussedlater,thereislittlearablelandleft、TherefO1aitisfairtoarguethat

wecannotfblecastanexpansionofriceproduction,duetotheabovementioned

constraintS､5）

Ontheotherhand,theMyanmarncesectorhadlcmainedstagnantuntil

thel991p2cropyear,exceptfOrtheperiodfromlatethel970，stotheearly

1980,s・Themalncauseswerethatthenewtechnologyhadspreadoverthe

coumlywithoutanexpansionofilrigatedla､｡,thatimportedfertilizersuppnes

couldnotbeincreasedduetolackoffOreigncurrency,andthatthefarmers

werediscouragedfromincreasingproductionbythemilitarygovernment

throughthecompulsolyprocu１℃mentpolicyofadualpricesystemandaplanned

cultivationsystem・However，ｓｉｎｃｅｔｈｅ９２/g3cropyear，becausethe

governmentstartedtoimplementdevelopmentpoliciesunderwhichfarmers

wereencouragedtoinvestonirrigationpumps,theplanteda1℃ainthedry

seasonsinclcased・Inaddition,fertiuzersuppliesbythegovernmentmclCased

Asaresult,riceproductionandexportdrasticallyincreasedfrom92/ｇ３ｔｏ９４／

95.Ｆｒｏｍ９５/96,however,duetobadweather,ariseinfertilizerprices,a

shortageofdieseloilfOrpumping,andotherfactors,esportsstartedtodeclCase

agaln

Myanmar,１ikeVietnam,ｈａｓｇｉｖｅｎｕｐｉｔｓｏｗｎｐａｔｈｔｏSocialism，

"BurmeseSocialism,,,ｂｙ1989,andistryingtopushthemarketeconomy

fbrward,butthepaceisratherslowcomparedtoVietnam・

Thedrasticincreaseinriceproductionduring92/９２ａｎｄ９４/９５wasled
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bythegovernmentthroughtheimprovementofirrigationinfrastructures,not

throughtheenhancementoffarmers，motivationtomcreaseproduction6〕

However,Myanmar，spotentialfOrriceproductionisseenasbeingquitehigh

Ontheoptimisticassumptionthata)fertilizerpnceswillfall5096duringl990-

2000andthatafterwardstheinput-outputpriceratioswillremainconstant,ｂ）

thatricepriceswillinc1℃asel96peryear,c)thatfertilizersupplywillinc配ase

4兜peryear,andd)thattheilTigatedlanda1℃awillexpand2兜peryear,therice

MyanmarwillhaveavailablefbrexportmayreachS6milliontonsby2020.7）

ThisfigulCmayseemtoooptimistic,butconsideringtheexistenceofanotherl

millionhectalesofarablelandfOrrice,withtheappropriatepoIicies,thisfigure

willnotbeimpossible・

Consequently,whilethenegativeviewsfOrsustainingorincreasingan

exportsulplusftomtheexistingtworiceexportingcountriesarespreadingfrom

amediumandlong-termperspective,concemaboutMyanⅡnar，sricesectoris

constantlygrowing．

3．DevelopmentoflrrigatedRiceFarminginThree

MajorDeltasinSouthEastAsia;CurrentSituation
andProblems

ThedevelopmentofmediumandlargescaleirrigationsystemsfOrrice

farmingintheChaoPhrayaDeltahasalonghistorywellknowninthemulti

pulposewatercourseincludingirrigationconstructedintheLangsitregionat

theendofthel9thcenmry・AfterWorldWarlI,startingfromtheChaiNat

Prqjectinthel950，ＭｈｅＧ1℃atChaoPhrayaPrqjectwasconstructedtheearly

l96０，s・Fromthelate60，s,theMaeK1ongPrqjectfOrtheirrigationoftheMae

KlongDelta,andPumipongandSiriKitDamconstructionupstreamofthe

deltawerecompleted，Duringtheseyears,thepotentialfOrmediumandlarge

scaleirrigationdevelopmenthaddwindle｡,andirrigationinvestmentcostsper

unitareahadrisenAsaresult,mediumandlargesizeirrigationprqjectsin
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centralThailanddecreasedNewlyconstructedmediumandlargescaleilTigation

areasbetweenl956andl985wereL5millionhectaresinthcCentralPlain，

52％ofthetotalirrigatedarea,ａｎｄ６０％oftmsasconstructedbytheearly6０，s．

Ｂｙｔｈｅｌａｔｅ８０,s，thegovernmenthadreduceditsbudgetsfOrirrigation

development,andirrigationdevelopmentintheCentralparthasalsoremained

stagnantsincethen.(Table４）

Thus,ｎｅｗwaterdevelopmentfbrlicefarmingremainsstagnantintheDelta

regio､,yetduetotherapideconomicgrowthfiPomthelate8０，s,household，

industriaLcommelcialandotherusesofwaterhavelapidlyincleasedsinceearly

l990・Thishasmadewaterconflictsaseriousissueinthewholecountry､8）

TheBangkokMetropolitanareawhichisthecentralzoneoftheDeltais

theregionwiththefastestrateofindustrializationandurbanization、TherefOre，

waterconflictswelcthemostseriousinthislegion､IntheDelta,waterallocation

conflictsalreadyexistbetweentheirrigatedricefarmingsectorandnon-

agriculturalsectorsinBangkok,andbecauseoftherapidincreaseofnon-

agriculturalwaterdemand,theseconHictshaveintensified，Also,thewater

supplyfromtheChaoPhrayaDeltainthecentralregiondependsonthe

PumipongandSiriKitDamsintheupstl巳amportoftheDelta,butbecauseof

theincreaseinwaterdemandfOrvarioususesinthenorthernregion,water

supplytothecentrallegionisdecreasing・ThiswaterconUictwiththeupstlcam

alCaoftheDeltahasintensifiedtheconflictwithintheDelta、

ThewatersupplyfiomtheChaoPhrayaRiver,especiallyinthedlyseason，

cannotcovertheincreasedwaterdemandoftheBangkokMetrOpolitanregion

anymoreTherefOre,tosolvethewatershortageinthelCgion,thegovernment

planned,inl985tolinktheMaemongRiverandThaChinRiverbasinswith

theChaoPhrayaRiverbasinbycanals・However,thisplanfacedopposition

fromtheresidentsoftheMaeKlongRiverandThaChinRiverbasins,including

farmers,sothatthegovemmenthadtoreplanthesolutiontothewatershortage

intheBMRandnearbyalcas，Ｔheagriculturalsectorofthecentralregionwas

givenpriorityinthegovernmentplan,sothat5hundredmillionbahtswele

appropriatedfOrfannerstodig50thousandwells．
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Asdiscussedabove,sincethescopefOrwaterresourcedevelopmentof

ricefalmmgintheChaoPhrayaDeltaisverylimitedandwaterconflictswith

non-agriculmralsectora1℃serious,thedevelopmentofirrigatedricefarmingin

theDeltaisundermanylimitations・

InVietnam,thewaterconflictswithnon-agriculturalsectorsarenotso

seriousasinThailand，However,theexpansionoftheirrigationinfrastrucmre

intheDeltaissubjecttomanylimitations,TheseareasfOllows､Hele,wewill

fOcusonilTigationintheMekongDeltawhichisthebiggestricegrowingand

riceexportingexportingareaofVietnam.，）

ＡｓｆＯｒｔｈｅＨｏｎｇＨａＤｅｌｔａ,thereislittlescopefOrfUrtherirrigation

development､TheratioofilTigateda1℃atototalplantedaleafbrpaddycultivation

is9０％ａｎｄｔｈｅｄｒａｉｎａｇｅａｒｅａｒａｔｉｏ６８％・Themosturgenttasksinthe

developmentoftheirrigationinfrastructureincludetherepairmentand

rehabilitationoftheoldfaciUties,andthemaintenance、

ThereclamationofthepaddyfieldsintheMekongDeltacanbedated

backtolarge-scalecanalconstructionfbrcomnercialriceexportunderFrench

rule，Atthattimeraintedsinglericecropwasgrownduringtherainyseason、

IITigatedricefarmingstartedaroundｌ９７０－７１ｗｈｅｎｂｙｔｈｅｕｓｅｏｆｐｕｍｐ

ｗｉｔｈｉmprovedAmericanboatengines,double-croppingofricehadspread

togetherwiththediffUsionofnewtechnologiesusinghighyieldingvarieties・

AftertheVietnam，ｓＷａｒ,thegovernmentrepairedthewatercanalsandthe

facilitiesfOrirrigationwerealsoimprovedSinCethestartoftheDoiMoi，

policymaintenanceofirrigationfacilitieshastakenplace,andduemainlyto

theinclcaseinplanteda1℃ainthedlyseason，theplantedirrigatedareamcreased

fromLZ5millionhectaresinl985tol98millionhectaresinl994,ａ０．７３

millionhectareincreaseinlOyears.(seeTable5）

Anintegratedwatercontrolsystemtocontrolirrigationanddrainagewater

intheMekongDeltaasawholestilldoesnotexist．Ｍ０１℃over,sincemostof

theregionis2,smundersealevel,thefluctuationofthewaterlevelsisso

dramaticthat２５％oftheDeltaisfloodedintherainyseason,whilethewater

levelfallsbelordsealevelinthedryseason，Hencethewaterresource
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developmentprqjectsaftertheWarhavebeenfbcusingonnoodwaterdrainage

intherainyseasonandonthesupplyofcoastalfreshwatertotheupstream

areas,takingadvantageofthewidevariationrangesofthetidelinesinthedry

seasonAlso,thelCcentintroductionofshort-stalkvarietieshasmadeasolution

todrainageproblemintherainyseasonmoreimportant・

Asdiscussedabove,althoughwatercanalsandpumpingfacilitiesfOr

irrigationanddrainagehavebeenconstructedtosomedegreeintheMekong

Delta,anintegratedwatercontrolsystemhasnotyetbeenconstructedNot

havecountermeasuresagainstfloodingintherainyseasonanddroughtinthe

dryseasonbeenundertakeneffectively,whiletheexistingwatercanalsarcin

needofrepairandmaintenance・LargefUndsarenecessaryfOrtheseprOjects，

butgovernmentfUndsfOrirrigationarelimited,andhavetendedtodepend

largelyonfinancialaidfromfOreigncountries、Theimplementationofthese

prOjectswillthe1℃fOrenotbeeasy・Landreclamationisanotherproblemthat

willnotbeeasytosolve,because200thousandhaofprospectivearableland

areth1℃atenedbyasulfUricsaltproblems、

WhermsmThailandandViemam,therearemanylimitationsintermsof

theexpansionofirrigatedlandfOrrice，inMyanmar,ｏｎｌｙ５％oftheutilizable

waterisused,witharemainingsizeoflnllionhectalCsofarablelandfOrrice

farmingsothatthe１℃willstillbealargepotentialfOrdevelopmentofilrigated

ricefarming1o）

However,ilTigationhasnotbeensoimportantinMyanmar，sagricultural

developmentstrategy・Asaresult,theilrigatedaleaandtheitsshaIeinlVb/amnar

havebeenverysmalLTheimgatedareadidincreaseinthel96０，ｓonce,but

sincethen,boththeirrigatedareaanditsshareremainedalmostconstanttiU

l9９１/92．However,fromthe91/９２tothe95/９６cropyear,thegovernment

inclmsedtheirrigationbudgetfbrl)constructionofdams,weirsandrcservoil５，

２)rehabilitationofexistingdamsandreservoirs,３)constructionofwatergates

todamupandrcserveriver,creekandbrookwateratnoodorhightidc,４）

utinzationofgroundwater,and５)eXpansionoflow-intelestloanandlowpnce

supplyoffUeltoencouragefannerstousepumpsfOrirrigationThesemeasures
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weretakeninordertosecuresufficientwatersupply

Asaresult,theplantedareaofriceinthedlyseasonusingpumpsinc１℃ased，

whichisrelativelyindependentofthegovernmentirrigationsystem,andthe

shareoftheilrigatedalCaalsoincreasedtol９２％(incaseofrice,about30％）

ｉｎ９５ｐ６・However,infiscal96/67,becauseofashortageofdieseloilwhichis

thefUelfbrthepumps,thepumpirrigationaclcagehasdeclcased,andtheshalc

ofirrigatedareaisexpectedtofallto１６．４％、

ThelowerBurmaDeltaregions,includingtheAeyarwady,Pegu,and

Yangondistricts,arethemajorricegrowingareamMyanmar,andaccountfOr

60冊ofthetotalplantedricearea、IntheseDeltaregions,asintheMekong

Delta,anintegratedwatercontrolsystemdoesnotexit、Moreover,nonetwork

ofwaterchannelsliketheMekongDeltahasyetbeenconstructedTherainfed

ricecropintherainyseasonisstillthemajorportinthcsetheseregionS

However,sincetheseregionsareclosetotheestuaryandtherearefewwater

leveldifferencesbetweentherainyanddryseason,theyaresuitedfOrpump

irrigation・Asmentionedabove,thedryseasoncropbyprivateuseofthepump

fromriversorwaterwayshasrecentlyincreased，Butthisappearstohave

revertedtoａｄｅｃ1℃aseinthe96/Wcropyear・Ifthedomesticricepriceissetat

aconsiderablylowlevelcompaIedtoworldpriceunderthegovemment，srice

procurementpolicyandifthelow-pncegovemmentsupplyofinputssuchas

dieseloilarenotsufficient,theresultwillbethatpulsecropswhichneedno

irrigationaremoleprofitablethanriceltisalsotruethatwatergatestodrain

floodorsurpluswaterintherainyseasonsandtostoresurfacewaterofriver

(freshwater)athightideinthedryseasons,anduseofirrigationwater,are

constructedbythegovemment,ｂｕttheeffectofthisonncegrowingisnotyet
Obvious

Asexplainedabove,theconstructionofofficialirrigationanddrainage

systemsbycoⅡⅡnunitiesmthelowerBunnaDeltaregionofMyanmarhavenot

beensettled,exceptfOrafewexamples．
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4．Conclusion

Fromtheabovediscussion,itisclearthatthe1℃aremanylimitationson

waterresourcedevelopmentfOrricefarminginthedeltasoftheAsianrice

exportingcountries,andtheprospectsfOrthemedium-andlong-tenngrowth

ofriceproductionisnotanoptimisticone

AsfbrThailand,oneoftheUmitationsisthewaterconflictwiththenon-

agriculturalsectorswhichcannotbeavoidedintheprocessofecononucgrowth

lnVietnam,thelimitationsarethatarablelan｡,exceptfOrsulfUricsaltland,is

verylimited,andthatfinancialcostproblemsexistfOrfUrtherwaterresource

developmentintheDelta

lnMyanmar,althoughtherearemanyunusedwaterresources,their

exploitationisnotsufficient,andunderthecurrentgovernmentpolicyof

attachingmoreimportancetoselfsufficiency,itishardtoexpectthatthe

governmentwillrapidlyinclCasetheirrigatedareafOrricefarming・

However,comparedtothepossibilityofwaterresoumedevelopmentand

thedevelopmentofricesectorinThailandandVietnam,thelimitationsin

Myanmarareconside1℃dtobemuchsmallerintennsoffinancialcostlnthe

nearfUmrewhenThailandandVietnamwillhavetodecreasericeexports,the

importanceoftheMyanmarricesector，sdevelopmentwilltherefOreberising

sothatwaterresou1℃edevelopmentwillbea,fUotthe,thekeyissues．
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TablelTheChangeofRiceProductiminThailand

PaddyPaddy

productionyield
whole（ton／ha）

country

（1000t）

Planted

area

(lOOOha）

PlantedPaddy

areaproduction
(1000ｈａ）central

reglon

（1000t）

Paddy
yield

(tomha）

Ｙｅａｒ

20264

18868

18428

21263

20601

17193

20400

19917

18447

２１１１１

５
６
７
８
９
０
１
２
３
４

８
８
８
８
８
９
９
９
９
９

９１

2.00

1.92

197

2.05

2,0

1.74

2.14

2.06

1.95

２３５

2512

2408

2382

2572

2470

2075

2065

1996

2007

2069

1０１４８

９８５２

9356

10348

10310

９９０５

９５４７

９１６０

８４８２

８９７５

6425

6185

６１３４

7113

5795

3959

6107

5786

5770

6447

６
７
７
７
５
１
６
０
７
２

５
５
５
７
３
９
９
９
８
１

●
●
●
■
●
■
●
●
●
●

２
２
２
２
２
１
２
２
２
３

(Source）MinistryofAgriculturcandCooperatives,AgriculturalStatisticsofThailand,various

issues,Bangkok,Thailand．

Table2TheChangeofRiceProductionandTradeinVietnam

Ｙｅａｒ 1976１９８５１９９１１９９５

HongHaDelta

plantedarea(l000ha）

paddyproduction(1000t）

yield(to､/ha）

MekongDelta

planteda1℃a(1000ha）

paddyproduction(1000t）

yield(to､／ha）

Entirecountly

plantedarea(lOOOha）

paddyproduction(1000t）

yield(to､／ha）

Export*polishedricelOOOt）

1016

2903

２．７４

1052

3092

2.94

1014

3038

3.00

1042

4623

４．４４

2063

4665

２．２６

2251

6860

３．０５

2807

1035

３．６９

3192

12832

４．０２

４４１４

１１８３０

２６８

5704

15875

２．７８

6303

19622

３．１１

１０３３

6766

24964

３．６９

２１５０

(Soul℃e）SlatisticalDataofVietnam，sAgricultureFo1℃stryandFishery('976-1991),(1985‐

1995),DepartmentofAgricultureFo”stIyandFisheryStatistics,GeneralStatistical

Office,andthedatafiDmTheViemamMinistrｙｏｆＴｍｄｃ．
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Table3TheChangeofRiceProductionandTradeinMyanmar

Paddy

production

（1000t）

Yield

(Vha）

Export

(polishedrice

lOOOt）

P1anted

area

(l000ha）

Ｙｅａｒ

1676

７７６

５７５

５８２

１８３

１９８

２６１

１０４１

３５４

，ａ

４５５２

５３９５

9336

14317

12993

14847

16760

18195

17953

17083

７
８
８
２
０
８
５
７
３
３

９
０
７
９
４
８
９
０
９
９

●
●
●
●
●
の
●
●
ａ
●

０
１
１
２
２
２
２
３
２
２

1961/6２

７１/7２

８１/8２

８５/8６

９１/9２

９２/9３

９３/9４

９４/9５

９５/9６

９６/97＊

３
８
２
２
７
０
４
６
７
３

１
７
３
０
０
６
７
２
３
３

７
９
２
９
４
１
６
９
１
８

４
４
５
４
５
５
５
５
６
５

(Source）MinistryofPlanningandFinance,ReporttothePyithuHluttaw,variousissues;and

MinistryofNationalPlanningandEconomicDevelopment,ReviewoftheFinanciaL
EconomicandSocialConditionsfbrl996/97．

＊provisional

Table4TheChangeoftheBudgethrlrrigationandthelrrigatedArea

hrRiceinThnil囲耐

Irrigatedarea
fOrrice

UOOOha）

Budget

fbrirrigaUon
(１millionBaht）

Ｙｅａｒ

1404

1745

1853

1909

2100

2376

2376

2390

2338

2485

2067

2206

２６２

540

1151

1527

3419

4244

3903

3338

ｎａ

ｎａ

ｎａ

ｎａ

１６
６
１
６
１
５
６
７
８
９
０
２

９
６
７
７
８
８
８
８
８
８
９
９

１

(Source）WorldRiceStatistics,1993-94,1995,IRRI
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Table5TheChangeoflrrigationandDrainageAcreagefmRice

inDeltaRegions,Vietnam
Ｙｅａｒ 1985１９９０ 1994

HongDelta

irrigableacreage(l000ha）

irTigatiOnratio(％）

drainageac唾age(l000ha）

drainageratio(％）

MekongDelta

irrigableaclCage(l000ha）

irrigationratio(％）

drainageaclCage(lOOOha）

drainageratio(％）

707

７７

５１９

５６

０
７
７
０

６
８
９
６

８
５

０
０
６
８

２
９
９
６

９
６

1２５４

５６

１０３７

４６

1608

６２

１２９８

５０

1982

６５

１７０７

５６

(source）

ｎｏに）

documentsin(note9),p65

irrigationratioanddrainageratioarecaIculatedbydividingeacｈａｃ配agebyplanted

acreage．

Table6TheChangeoflrrigatedAreabyWaterSOurceinMyanmar
Year lnigatedArea(1000acre） IITigation

WatercanalReservolrWellPumpOthersTotalRatio(％）
１９５１/5２

６１/6２

７１/7２

８１/8２

９１/9２

９２/9３

９３/9４

９４/9５

９５/9６

９６/Ｗ＊

９１７

944

1566

1628

1244

1282

1252

1319

1294

1385

犯
田
朗
兜
印
Ⅱ
朗
方
“
羽

１
１
１
１
４
５
４
４
４
５

０
４
８
７
５
９
５
２
９
５

２
２
２
３
６
６
７
９
９
１
１

３
３
０
６
５
２
７
４
７
６

０
９
５
５
７
１
３
０
４
５

２
１
２
３
３
４
４
４
４
４

1298

1324

2197

2579

2467

2743

3303

3843

4341

3784

１
５
２
４
０
７
３
４
２
４

●
●
●
Ｃ
◆
●
●
●
●
●

９
７
１
２
２
２
５
７
９
６

１
１
１
１
１
１
１
Ｉ

１５４

３６０

３２３

469

1051

1551

2057

1300

(Source）1951/52‐９１/g2documentsinnote6),Tableland2ThereafteTsameasTable3．

＊provisional
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Whileitisgenerallydifficulttodevelopagriculturewithouttheuseof

water,whatshouldbenotedisthefactthatconverselyagriculturaldevelopment

usingwaterisitselfputtingastrainonwater-resources、

ExcesSiveapplicationofagriculmralchemicalsandchemicalfertilizers

iscausingpollutionofundergroundwater,whichleadstorestrictionsonthe

useofwaterfbrpotablewaterorotherfOnns,resultinginso-caUedstrainon

water-resources．

１．Examplesoftheresultsofexcessiveapplicationof

agriculturalchemicals

Wadomari-cho,Oshima-gun,KagoshimaPrefecture(OkinoerabUjima

island)isregardedasaprimeproductionareafOrflowersknownunderthe

names“Erabuyuri，，(Erabulilies)andfreesia・Theamountofagricultural

chemicalsusedannually(1993)issaidtorcachl30tons,３timesthenational

average・Thesechemicalsa1℃usedtocontrolharmfUlinsectsandvirusesand

soconservetheconⅡneIcialvalueoftheflowers、Sinceflowe函aleomamental

products,theprcsenceoflCsidualagriculmralchemicalshasnotbeenquestioned

muchbyconsumers

However,becausethetownreliestotallyonundergroundwaterfOrits

drinkingwater,expertsconductedinvestigationsinl993suspectingthat

agriculmralchemicalsmayhaveinfiltratedtheundergroundwater.，，Thelcsults

showedthat"althoughdiazinondidnotreachthesafbtylimitfOrpotablewater，

itreached3/softhelimit.，，Furthermore,“thisinvestigationverifiedthat

diazinondoesnotdecomposelO0％mthesoiL'’１nthecaseofliliesinparticulaL

tocontrolvimsesafterharvestthebulbsaleinmelBedinadisinfectantsolution

inlargewatertanksplcpa1℃datthecargocollectionsite，However,thishighly

concentratedwasteliquidissprayedontouplandfieldsjustasitis,which
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1eadstothepoUutionofundergroundwater・Thetowninstalledanewwaste

liqui。t1℃atmentplantsubsidjzedbythegovernmentinl996,butitsutilization

rateremainsaround50％・Peoplearestillworriedaboutthepollutionof

undergroundwaterandinrealitythesalesofPETbottleddrinkingwater

continuetosoar．

2.Miyakqjima,OkinawaPrefMure,anislandinthe

subtropicalzonelikeOkinoerabu．

Inl99Lagriculturalchemicalssuchassumithionwemedetectedinwateｒ

ｉｎ３ｗｅｌｌｓａｔａｄｅｐｔｈｏｆＺＯｍ、Thesumithionconcentrationfbrtunatelydidnot

lCachthesafetylimitfbrpotablewater,butitshockedpeoplewholehedentirely

uponundergroundwaterfOrtheirdrinkingwater、Ryukyulimestonederives

fromupheavedcoralreefwhichisporouslikeastrainerofavoidratioof

l0％,sothatorganicphosphorousbasedagriculturalchemicalswhichshow

rapiddecompositioninsoilaresaideasilytoreachthedeepestunderground

layer，Forthisreason,whenagolfcourseconstructionplannearthedrinking

watersourcecameup,peoplenamrallyenoughunitedinaprotestmovement

andfbmeditsCancellation・haddition,inl992,the"problem,，ofthepollution

ofundergroundwaterscameupagaln

Itmrnedoutthatpartofan“undergrounddam,，，thefirstinJapan,which

usesundergroundwaterfOragriculturalirrigation,hadbeencompletedand

partialwaterflowtofarmlandstartedTheundergrounddamisasystemfbr

storingundergroundwatermvolvingthedrivingofawaterstopdeepintothe

groundandstoppingthenaturalflowofundergmundwaterintothesea､People

aleafraidthatifthedrawnu､｡ergroundwaterissprayedonfamlla､｡,polluted

substancesmjghtbeconcentratedinundergroundwaterclcatingaviciouscircle

Fortunately,thelCsultsofwateranalysessofarhavearguedagainstthat

possibility,butanxietiesapparentlyarenotdissipated,ａspeopleessentially

usewaterfiDmthesamewatersou1℃erepeatedly．
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3．Thisisanexampleofthepollutionofunderground

watercausedbyexcessiveapplicationofchemical

fertilizersexpenencedinavastteaproductionzonein

theNansatsudistrict,KagoshimaPrefecture．

hl993,theMinistlyofAgriculmre,ForestryandFisheriesestablished

acommitteeonearth-andenvironmentally-fiiendlyagricultureandselected

lOlocationsinthecountrywhichrequiredimnediateattentionandreduction

ofpollutionThepelipheryofLakelkeda,andthisNansatsudistrict,ｗerethe

placesselectedinKyushu・InLakelkeda,abnolmallCproductionofplanktoｎ

ｗａｓｏｂｓｅｒｖｅｄｉｎｌ９９４Ｔｈｅｃａｕｓｅｗａｓｎeedlesstosaythedrasticgrowthin

nitrogencontentwhichbringsabouteutrophicationSulprisingly,thegrowth

ofnitrogencontentwasfOundtobeattributabletotheexcessiveuseofmtrogen

fertilizerinthelargescaleteaplantationzonenearLakelkedawhichuses

waterfromthelakefOrirrigationlnthisconnection,itwasreportedthat

somepeoplewentasfarasexpressingtheratherextlCmeideaofcoveringthe

vastteaplantationzonewithadometosomehowstoptheoutflowofsoil

components・WhatiscertainisthattheplanofdivertingintoLakeIkedathe

waterfromthleeriverswhichflowthroughtheteazoneandthenpumpingit

backfbrimgationoftheteaplantationsmetunexpectedopposition，Ｔｈｅｕｓｅ

ｏｆｏｎｅｏｆｔｈｅｔｈｒｅｅｒｉｖｅｒｓｆＯｒirrigationwasthenabandonedandthｅｗａter

aUowedtoflowdirectlytothesea，

However,theprOblemhasnotbeensolvedcompletely・Theproblemof

pollutionofriversandundergroundwaterstillremainsintheregionTheuse

ofriverwaterwhosediversionintoLakelkedawassuspended,isnotyet

completelyignoredasapossiblemeasureintheeventofdrought・

Moreover,peopleｓａｙ“theｃｏｍｍｅ1℃ialvalueoftealiesinitssweemess；

thesourceofsweemessisammoacids;teawhichcontainsmorenitrogento

composeaminoacidstastesbetter;hence,thereiseveryincentivetouse
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excessivcamountsofchemicalfertiIizers.，,

TheaboveisnomorethanfiFagmentaryinfOnnationwhichbeObtained

bylookingaroundus・Asagriculturalproductionbecomesmorediversified

andagriculmraltechnologybecomesmoresophisticate｡,thetypesofdemand

forwateralsobecomemorediversifiedandmorecomplicated，which

converselyseemstorestrictthegeneral-pulposeuseofwater,resultingina

stralnonwater-resources・Allthematerialusedinthispaperisbasedonthe

specialissue“NewFoodandAgriculturalMethods,,publishedbyMinami

NipponShimbunCo.(Januaryl996toAprill997)．（June5,1997）

－８８－



ChapterS

IndustrializationandWaterhrUseof

lndustry

KenichiFuruya，

ChiefOfficerLongLifeSocietyCulturalAssociation



LIndustrializationoftheEastAsiaPacificArea

Untilthefirsthalfofthe20thcentury,theEastAsiaPacificalcafaced

stagnanteconomicgrowthanddependedonagriculm1℃tomaintainitseconomy

asithadalsoexperiencedcolomalization・However,fmmthclatterhalfofthe

l950,ｓｔｏｔｈｅｂｅｇｉｎｎｉｎｇｏｆｔｈｅｌ９６０，swhencountriesbegantosupport

theｍselvesafterindependence,theyeachbegantoworkhardonecononnc

selfLsufficiencyandchangedovertoaneconomicselfsufficiencypolicybya

strategyofemelgingfiomtotaldependenceonagricultulCandindustrialization・

Rushingtheirgrowththroughthel960,s,theyemployedtheso-calledimport

substitutionindustrialpolicy・But,theywereurgedtowithdrawfromthis

strategybecausetherewasnotmuchincentivetoworkinthecapital-intensive

andlessemploymentofferingmaterialsindustlyineconomieswithrarecapital

andsurpluslaborfbrce・

Ontheotherhand,themeasuresfOrthepromotionofexportwhichthey

employedinthel970,snotonlyjustfitthelabor-intensiveprocessingindustly

policytakingadvantageoftheirplentifilllabor,butalsoattractedinvestment

fromindustriallyadvancednationssawtheadvantages・Atthebeginning，

industrializationwasmainlyinlow-leveltechnologiessuchasfOodprocessing

andfiberprocesSing,Asthewoddtradestrategyofadvancednationsdeveloped，

theygraduallycxpandedtothemachiningindustryandthetempooftheir

industlializationwasamazing・

ExceptfOrJapanwhichrapidlyaccomplishedpostwarreconstruction

andHongKongandSingaporeumqueascity-statesinofasort,inthel970，s

aphenomenon,sotospeak,ashiftwasobservedfromagriculturetonon-

agricultu1℃ｗhe”themanufacturingindustly，sshareofthenationaleconomy

exceededthatofagricultureinKorea,fOllowedoneafteranotherbycountries

likeThailand,Philippine,Malaysia,ａｎｄlndonesiaatthebeginningofthe

l980,s,andChinabecamenoexception．
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Thetempoofeconomicgrowthwasacceleratedwithindustrialization

asthedlivingfbrceTheplanofKorea,Taiwan,HongKong,ａｎｄSingapore，

whichwerecalledAsianNIES，fOllowedbyASEANnations，madean

overwhelmingimplCssionasthemilHculouslygrownsymbol,ortheEastAsian

area,Thenationalincomepercapitawhichindicatesecononcgrowthwas

belowl,OOOUSdollarsinevelycountryexceptfOrJapaninl97aTenyears

later,ｉｎ1985,ithadrisentoabout2,OOOdollarsinKoreaandMalaysia､It

passedthel,OOOdollarlineinChinaandThailandinl990Indonesiaand

Philippineapproachedthel,OOOdollarlevelinl994，

ThctimeswhentheAsianNmSwerelimitedtofOurcountriesendedin

l98qSingaporebecameanadvancednationwhileMalaysiaisapartofthe

AsianN皿S､TheeconomyintheEastAsianPacificareaincludingJapanand

ChinasuccessfUllyestablishedafboting,dividingthewoddeco､omyintoa

thirdpartrankingwithNAFrAandtheECFromtheaspectoftradeindicating

theireconomicprospects，ｔｈｅｙｗｅｒｅｉｎｔｈｅｂｌｏｃｋｗｉｔｈｔｈｅＵＳ.，andin

merchandise,industrialgoodsexceededprimaryproductsbythebeginmngof

thcl99０，s､Itshouldbekeptinmindthat17.596ofworldtradewasinEast

Asiaandexportswere18.3％there、

Duetosuchsurprisingdevelopmentinindustrialization,dependingon

resou１℃estheconventionalsituationisalsochanging,Theunderlyingtrendin

humanr巳Soul℃esisalsochangingfromlaborsulplustolaborshortageinsome

countries・Evenwithwaterresourcesdiscussedhere，theuseofwater

exclusivelyfOragriculturehasbeguntoshifttousefOrindustryandthe

generationofelectricitywhileaphenomenonofincreasedlivingwateris

becomingnoticeableleflectingurbamzationstemnmngfrommdustrialization

andariseinlivingstandardsthroughecononmcgrowthAlsobecauseofan

incleasedvalueofresourcesduetoincreasingdemandfOrwater,thenecessity

ofaso-calledwaterresoulcedevelopmentpolicysuchastheconstructionof

dams,whichwillleadtothesystematiccontrolofwaterquantities,isleplacing

aone-sideddependencｅｏｎｎａｔuralwaterdischarge・

WewiUsuccessivelyviewthewaterfOruseofindustrysituationsinthe
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nationsofSouthEastAsia,beginningwiththesituationinJapanwhichis

leadinginindustrialization．

2．WaterSituationinEachCountry

1）WaterfOruseofindustryinJapan

Noｔｔｏｓｐｅａｋｏｆｔｈｅｌ９５０，swhentheeconomicreconstructionhad

stabilizedfbrthetimebeingandhigheconomicgrowthwasbeginmng,even

atthebeginningofthel960，swhenthemdustrialsectorgreatlysulpassedthe

agriculturalsector,Japan,swaterconsumptionwasmainlyfOragricultural

use・AlthoughthemanufacturingindustryusedplentyofwaterfOrcooling

andcleaninginthemiddlestagesofproduction,conditionsweredefinitely

differentfromthoseinagriculmreJudgingfromthenatureofthesubjectto

behandled,ｔｈｅｒｅｗａｓａｌｉｍｉｔｆｒｅｑｕｅｎｔｌｙｔｏｔｈｅａ、ountofwatersaving

technologyagriculturewillusebecausenaturalflowsufficedOntheother

hand,thestructureofthemanufacturingindustryswitchedfromwater

consumingindustriessuchasthesteel,chemicalandpapersopulp,tothe

machinerywhichuscdrelativelylittlewaterandthepotentialfOrrecycling

waterwastechnicaUyeasy・

Reflectingonthissituation,whenyoulookattheannualtransitionin

wateruse,youfindthateveninthebeginningofthel970,swhentheagliculmral

sectorshowedareductionoffalminglandanddeclineofproduction,thetempo

ofgrowthinagricultura1Ｗaterusedroppedbutdidnotleadtoareductionln

themeantime,mdustrialwaterconsumptionbegantodecreaseinthelatter

halfofthe1970,s・Becauseofahighrecyclingrateofmorethan７０％,the

freshwatersupplyshowedatendencytodecreaseatthebeginningofthe

1970,s､Thischaracteristicoftheinitialstagesofindustrialization,wherethe

demandfbrindustlialwatertakesawayfromagricultu唾，sshare,hadalready

endedinthel960,s，

Thetableshowstheoverallbreakdownofwaterconsumptionfroml975

－９３－



on､Industrialwater,iflimitedtothewaterconsumedbefbrethatyear,clearly

inc1msedby2､Stimcsbetweenl965andl975,orthelatterhalfofthedaysof

gallopinggrowthComparingthiswithanincreaseof22timesinproduction

intheminingandmanufacturingindustriesinthesameperiod,ｙｏｕｃａｎｓee

howlargetheadaptabilityofdemandfbrwaterfOrindustrialproductionwas・

Lookingateachindustly,thewaterconsumedincreasedby3､７timesinthe

steelindustIyandwasclearlycontributedtotherateofincreaseThisfigu1℃is

basedonfreshwateLConsideringtheconsumptionofscawater,ｙｏｕshould

recognizethatanevengreaterincreaseindemandfOrwatercamefromthe

steelindustrywhiledemandfbragriculturalwaterbecameevenmolestagnant・

Touchingontheindustrialchangeoverfromthehighwaterconsumption

mdustries,let，sloOkatthesituationofwaterconsumptionbyindustry・The

amountoffreshwaterconsumedperday(unit:millionm3)byindustryin

l970was29inthechemicalindustry,１７inthecementindustryfOllowedby

l4inthepaperpulpindustly・Inthebeginningofthel990，sitincleasedto49

inthechemicalindustry,４６mthecementindustryandl6mthepapersopulp

industrylnallcases，watcrwasmainlyusedfOrcoolingneededfOrthe

improvedhighpressure/highheattechnology・Whilethesteelindustrywas

alleadyatendencytodeclineinthel970,s,thewateritconsumedreducedto

onefifthofthatinthechemicalindustry・Thiswasbecauseplantswerelocate。

onthecoastswheretheimportofmaterialswaseasierandseawatercouldbe

drawnfbruseincoolingsites・

Thechoiceofindustriallocationmaybebasedonconsiderationsof

materials,accesstoconsumermarkets,etc､Fromthepointofviewofwater

use,downstreamareasofriversseemsuitable､Still,theuseofwaterwasnot

theprimaryconsiderationinthechoiceoflocationThisreflectedrelatively

thelowcostofwatereveninwaterintensiveindustries・However,asthe

switchoverofelectricpowergenerationfrom“water-powermain,fbllowed

bythermal-power，，ｔｏ``thermal-powermain，fOllowedbywater-power，，

indicatesJapandocsnotnecessarilyhavefavorableconditionsfOrwater

resourceswheninternationallycomparcdintermsofphysicalaspectand
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Climate・Theannualamountofp1℃cipitationpercapitaisonefifthofthewodd

average,Underchangingconditionstheconstructionofdamswastreated

separatelyfromriverimprovementandbecame,sotospeak,multipuxposedams

fOrelectricpowergeneration,industrialwaterandlivinguse,etc・Ｗaterbecame

lClativelyhighincostandunderthenameoflCsoulceconservation,muchstless

waSputontherecyclingofwater，

Itshouldnotbeovedookedthatinthelightofthesecircumstances36.8％

ofthefieshwatersupplyfOrindustrialwaterdependsontheindustrialwater

servicesupportedbypublicpayment・Ａｌthoughariseinthewaterratefrom5

yen/ｍ３ｔｏ２１ｙｅｎ/m3overthelast25yearshelpedmakeendsmeet,thepublic

paymentfbrwaterlcsourcedevelopmentmustbetakenintoconsiderationThe

percentageofthegeneralaccountbudgetwasnotnecessarilysmallat1.1％iｎ

ｌ９９ＬＩｔｍａｙｂｅｓａｉｄｔｈａｔthemaintenanceofinfrastructureinthecourseof

Japan，sindustrialdevelopmentroughlyfinisheditsroleinthel980,s・Attention

shouldbepaidtothcfactthatevenatthebeginningofthel990,s,thewater

lcsoulCedevelopmcntcostspentwasnotlowwhencomparcdwiththatofsome
countriesdescribedlater・

Letuslookatthequantityofindustrialwaterbywatersource・Compaling

freshwaterandseawateruse,thepercentageofseawaterslightlydecreased

from30.2％ｉｎｌ９６５ｔｏ２７､2％ｉｎ1975,thenfUrtherdeclCasedto20.9％ml980

ThiswasbecausethepositionofthematerialindustryrcpIesentedbythesteel

industrydecreasedrclativelyfromthelaterhalfofthel970,s．Ontheother

hand,demandfOrwaterincreasedinthemachmerysectorparticularlyinthe

autombileandelectricalmachineryindustriesandconsequentlythepercentage

ofwaterusedinproductprocessingandcleaningratherthanincoolmgincreased、
Thus,thelewe1℃、o1℃ciIcumstancesunderwhichseawatercouldnotbeused，

Observingtheusesoffreshwater,ariseinpercentageintheuseofwaterfbr

productprocessingandcleamngwasnotverylarge:ｆｒｏｍ１５％ｉｎｌ９７５ｔｏ１６％

ｉｎ1990.AssumingthatseawaterisallfOrcoolin9,thepercentageofwaterused

fOrcoolingasapartoftotalindustrialwaterusedroppedfrom７７％ｔｏ７４％

renectingadeclineindependenceonscawater．
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LetusfUrtherlimitthesourceofwaterfbrindustrialwatertofreshwater・

Apercentageofdependenceonpublicinfrastrucmresuchasindustrialwater

serviceandwaterwolkschangedlitdefrom13％froml965on､Thepementage

ofundergroundwaterdrawngreatlydroppedfrom2196tol４％whilethe

percentageofrecycledwaterrosefiom66兜ｔｏ７４％・Itshouldbementioned

thatmeasurestorespondtotheeffectofsubsidenceofgroundduetodrawing

upundergroundwaterarebeingtakenlnthepast,undergroundwaterwas

evaluatedasthebestsourceofwaterintermsofwaterqualityandtendedtobe

usedextensively・But,itisnaturaltosaythatsuchusehadtobeinevitably

配ducedinresponsetosolargea、environmentalprOblemasgroundsubsidence．

2）CircumstancesinKorea

ltwasKoreawhichfirstpushedfOrwardtoindustrializationfOllowing

JapanObservingthesituationofwaterfroml980oninwhichtheresultsofthe

l970,swhenthetempoofindustrializationwasfastwerelcflected,thequantity

ofindustrialwaterusednearlytripledinlittlemorethanlOyearsfrom717

miUｉｏｎｍ３ｍｌ９８０ｔｏ２,Z80millionm3inl991・Sincethegrowthmteinindustlial

productionduringthisperiodwaslO0％,atendencytoconsumemuchwater

wasobservedThepercentageofindustrialwateraspartoftotalwater

considerablyrosefrom4.3％ｉｎｌ９８０ｔｏ９､4％,theoppositetoJapan，stendency

todrop,Thisreflectedthetendencytoincreaseproductioninwaterintensive

industrieswhichwasmuchlargerthanthatofJapan,Growthintheuseofliving

waterwaslargerthanthatofJapaninthesameperiod,reflectingrapidgrowth

inurbanizationandthestandardofliving

ObservingtheconditionsofwaterresoulCedevelopmentoverthepast20

years,thecostofeconomicdevelopmentincreasedbyabout30timeswhilethe

costofwaterl3esoumedevelopmentincreasedbymorcthan40times・Inaddition

totheannualprecipitationofL159mm,orabouthalfofthe2,010t０２,600mm

inASEANnations,circumstancesunderwhichthecountryisnotblessedwith

nversoflargecapacitylesultintbenecessityofbearingthecostofwaterlesource

development､ThehighpercentageofthecostfOrmultipurposedamsaspartof
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theoverallwaterresoumedevelopmentcostwhencomparedwithsulTounding

countriesreflectsthesamesituation・Thenumberofmultiple-purposedams

alsobegantoincleasemtheASEANnationsinthelatterhalfofthel980，sas

describedlaterlnKorea，ｉｔｃａｎｂｅｓａｉｄｔｈａｔｔｈｅｉｒｆａｓｔｅｒｄｅｖｅlopmentof

industrializationwhencomparedwiththosenationsalsopromotedtheincrease

inthewaterlesourcedevelopmentoutlay．

3）ConditionofwatersupplyinMalaysｉａ

Ｎｅｘｔｂｙ，ｌｅｔｕｓｌｏｏｋａｔｔｈｅｗａｔｅｒｓｉｔｕａｔｉｏｎｉｎMalaysiawhere

industrializationisprogresSmgfbllowingKorea・Malaysiaachievedanecononmc

growthrateover796fiomthel970，Ｓｏｎ,ａｎｄｈｉｇｈｇｒｏｗｔｈａｔａｎａｖｅｒａｇｅｏｆ８％

particularlyinthe1990,s・Thecountryachievedremarkableindustrialization

astheratioofthemanufacturingindustrytoGNPreached44％inthel993・

Lookingcloselyatthemanufacturingindustry,thecountryischaracterizedby

itsemphasisonthemachineryindustry,ｅspeciallyinhightecmologyfields

suchastheelectronicsindustrywhilethesharesoflower-leveltechnologies

suchasfbodprocessingandfiberprocessingremainhighinneighboring

countries,Itcanbesaidthatthisislargelyattributabletotheirpolicyofpositive

cooperationwithfOreigncapitaL

Malaysiahasworkedveryhardtohaveachieveeconomicdevelopment

throughthesuccessiveMalaysiaplans(five-yearplans)Forthesupplyofwater

inthe1℃cent7thplan,theyexpectanincreaserateof１８％uptotheyear2000

onthepremisethattheincrcaseratefbrl990tol995was２０％・Nodatashowing

thebrcakdownofwaterbyuseisavailable,sincetheuseofwaterisclassified

bycitiesandagriculturaldistricts,Thetotalofindustrialwaterandlivingwater

mayberouthlyassumedtoｂｅｄｅｍａｎｄｂｙｃｉｔｉｅｓ､Thegrowthrateincitieswas

22％inl990tol995andisexpectedtobe２１％froml995to2000Whatever

thecase,ｔｈｅｇｒｏｗｔｈｒａｔｅｉｓｗｅｌｌｏｖｅｒｔｈａｔｏｆａgriculturaldistrictssothereis

clearlyachangeindemandfOrwaterduetoindustrialization

The5thMalaysiaplanwhichendedaboutlOyearsagocontainedplans

toconstructmultipurposedamsandbuildprovincialwaterservicesystemsto
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makeavailable56％oftheamountofprecipitation・Constructionofdamsfrom

thefirsthalfofthel980,swasactivelypursuedManycasesofdamconstruction

atthattimehadwatersupplyandilTigationfbrfarmingastheirmampurpose、

However,fromthebeginningofthe1990,s,damconstructionplOjectsaimedat

supplyingwater(waterfOruseofliving)tocitiesandindustrialwaterwere

increasing・ＩｎｔｈｅｌＯｙｅａｒｓｕｐｔｏｌ９９０,thesupplyofwaterincreasedby40％・

ThesupplyprogramfOrl986tol990assumed9496ofthesupplywouldbefOr

citiesCoupledwiththequicktempoofurbanization,thesemakecleartheeffect

ofindustrialization．

Adoptingafederalsystem,Malaysiahasbeenprudentincontrollingthe

provincialwatersupply・Basedontheguidelinesmentionedinthemasterplan，

whichhadalreadybeenelaboratedoninthenationalwaterresoulceresealChof

l982,apolicywasdisclosedtopushfOrwardandstreamlineazoningplan，

managingthedatabasefOrwaterresources,efficiencyofimprovement,etc・

Theyalsoemphasizedinthe7thplanapolicyofpushingfOrwardtotake

measuresfOrwaterresourcestoachievethesaidpolicysuchaslaws,Systems，

andapplicationoffUnds・Ｔｈｉｓｍａｙbedescribedasapoliticalrcsponsｅｔｏｔｈｅ

ｗｉｄｅａｒ巳acharacteristicsofwaterlcsoumes．

4）ConditionofwatersupplyinThailand

LetusreviewthesituationinThailandwhosegradeofindustrializationishigh

ThelatestpercentageofindustrializationinThailandis３９％,aboutthesameas

inotherASEANnations・Itisnotnecessarilylowwhenconsidelcdinlightof

changesinrecentyears､Recently,theyhavereceivedintemationalsupportfbr

monetarycrisissuchasdepreciationoftheThaicurrency,thebaht,andthereis

notnoanxietyaboutfUturegrowthAlso,theymaydisplayastrongertendency

toplaceemphasisonthemarketeconomythantheeconomic-planning-oriented

tendenciesofMalaysiaandIndonesia・

Suchcircumstancesmayhelpexplainthedelayinattendingtothe

maintenanceofinfrastructureanddrawattentiontoenvironmcmalchangesand

trafficjams・ItcannotbedeniedthattheabovecircumstancesmaybeconⅡnon
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totheaspectofwaterresourcesinThailandWhileeachcountrypredicts

intensivedemandfOrwateradjustmcntbygovernmentauthorities,Thailand

hasnothingbutpredictionsbythegovernmentenergyresourcecolporation・

Ａｎｄwhatreallydrawsourattentionisthattheyestimatethattheshareof

agriculturalwateraspartofthctotalwateravailablewillactuaUyincrease

TheshareofwaterfOruseofindustry(mainlyinmanufacturing)is

extremelysmalLObservingthepresentsituationofthemanufacturingindustry

inThailand,measurestopumpundergroundwaterwithcostsbomebycompanies

areovedooked・Sincethesupplyofwatertomeetdemandhasnotbeenstudied

asafOrementioned,wefearthatthemiddle-andlong-termsupplyanddemand

problemmayputaceilingongrowth

Sincethisisthepredictionofthegovemmentresourcecolporationandis

notregardedasafUnctioninthenationalplan,thisevaluationshouldbeoutof

thequestion・However,thedeficiencyinthecapacitytosupplygivenas

supplementarydatainthisp妃dictionincreasesfrom3､5％ｉｎｌ９９３ｔｏ７､1％ｉｎ

2006.Sincethegrowthrateofdemandisnotnecessarilyexcessiveinviewof

U】eplesenteconomicsituationmThailan｡,itispropertoregardthedeficicncy

astheinsufficient1℃sponseofthecountry・Itisalsodifficulttounderstandthat

demandfOrenvironmentalprotectionremainsunchangedinlightofthe

considerabledeficiency．

5）ConditionofwatersupplyinIndonesia

AmongtheASEANnations,Indonesiastartedmdustrializationratherlate

asdidthePhilippmes・However,whiletheychangedtoanactivepolicyby

makinganeconomicdevelopmemplan,Latelytheyhavebecomethecountly

receivingthegreatestinvestmentfromadvancednations,especiallyJapanln

the6thdevelopmentplanannouncedinl993,thetargetecononncgrowthwas

setasalongtermrateof6.2％

Untilrecently（1969tol993)，12,500weirsand40damshadbeen

constructedtoincreasethewater1℃soumesupplycapacity・Thetargetofthe6th

plan,aslistedinthetable,isllOmysecondfOruseintheindustrialsectorand
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tourismindustryandisambitiousatmorethantwicetherecordofthe5thplan

AscomparedwithLO5timesgrowthfbrthesameperiodfOragriculmralwater，

italsodirectlyindicatesadesiretopromoteindustrializationandpositive

measurestoprovidewaterresoumeslnconcletetenns,sixdamswUlbelcstored

andfivenewdamswillbeconstructed・Ascomparedwiththerecordoverthe

pastabout20years,thespeedismorethantwice・Theyhaveappropriated445

trillionrupiahsinthefive-yearwaterresourcedevelopmentbudget・

Suchmeasurestopromotewaterresourcedevelopmentallowtheallotmcnt

ofwaterfOruseinthemanufacturingandtouristindustriestobedoubledinthe

fiveyearsbefOrel999､Ｔｈｅｎｉｎ２０ＺＯ,thefinalyearofthe2ndlong-term

developmentplan,itisexpectedtobe38timestherecoｒｄｏｆｌ９９４,thereby

increasingthepercentageaspartofthewholewatersupplyfromthepresenｔ

1.2％ｔｏ3.2％.Ontheotherhand,achangcisalsoobservableasthepercentage

ofwaterfOrlivingisexpectedtoincreasebysixfO1d,Althoughthcpementage

ofagriculturalwaterisexpectedtodecreasefromthepresent9696to８５％,the

attitudetowardwaterresourceswithagriculturalwaterasthemainwillnot

changegreatly・Thefactthattheshareofagriculmralwaterwillnotchangeas

muchasthedropintheshareofagriculturalproductionmayreflectthe

nonefficiencyoftheagriculturalirrigationreflectedmthemultiple-islandnature

ofthecountry．

6）ConditionofwatersupplyinSingapore

Singapo1℃wasthefirstcountryintheEastAsianaleatojointheadvanced

nationsasacity-stateCoupledwithitspeculiarconditionsafterseparationand

independencefromMalaysiainl965,Singaporehasrealizedexport-oriented

industrializationmainlyreceivingfOreigncapitalinafavorablemanner・The

populationgrowthrateislowfbllowingHongKongandtheannualpercentage

increaseofpopulationisexpectedtoquicklybecomelessthan３％､Inspiteof

that,thepe1℃entageincrcascinincomepercapitawasrecordedasthetopin

thisareａｉｎｂｏｔｈthefirstandsecondhalvesofthel990,sSincetheyhave

almostcompletelybeenreleasedfieomdependenceonagriculture,thestrucmre
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ofwaterresou1℃esdependsonthedivisionmtowaterfOrindustrialandwater

fOrliving，

Thetotalquantityofwaterconsumedwas4045millionm3inl995,an

increaseof2２％overthepreviousyear,andseemedtobeslightlylessas

comparedwiththetempooftheincrcaseｉｎＧＮＰ,ThePublicUtilitiesBoard

(PUB)handlingelectricpowerandgaswaschangedtotheCorporateBureau

inl995,butitwillbereorganizedintotheWaterandRegulationBu１℃au・This

indicatesthatmeasurestocontrolwaterresourcescametohaveimportance

almostequaltothatofotherenergyresources

Lookingattherecordoverthelongrun,waterwasincreasedby44％

from324.7millionm3to469・Ｏｍｉｌｌｉｏｎｍ３ｉｎｔｈｅｌＯｙｅａｒｓｕｐｔｏｌ９９５・The

annualratewassUghdylowertha、３％anditmaynothavebeenansaUsfactory

situationwhencomparedwiththeｅｃｏｎｏｍｉｃｇｒｏｗｔｈｒａｔｅａｔｔｈａｔｔｉｍｅｉｎ

Singapore,Ofthetotalwatersales,theindustrialuseincreasedfrom2996or

ll7milUonm3inl991to3296orl52millionm3in1995.Theshalcincreased

naturallyandindicatesthatindustrialdemandexceededthetotalsupply､Ａｔ

ｔｈｅｓａｍｅｔｉｍｅ，domesticcustomersandnon-domesticcustomerswere

respectively５４％ａｎｄ４６％,Iespectivelyinl995､Intheclassificationofcharges，

attentionshouldbepaidtothefactthattheshaleoflivingwaterconsumption

isgrCaterthanthatfOrindustrialwaterconsumptionThenewly-established

WaterResourceControlBureaucontrolstheexistingl9riverheadsandthree

nversTheyareplanningconselvancyofJoholcRiverbyinvestmg32､２ｍnlion

dollarsandconstructionofa32.5kmpipelinebyinvesting54milliondollars

Thesewaterresou1℃ｅdevclopmentcostsalc296ascompa1℃dwiththegeneral

accountbudget,andarenotnecessarilysmall．

7）ConditionofwatersupplyinChina

A1thoughChinaslightlylaggedbehindothernationsinmodernization

andindustrialization,itswitchedtoeconomicrefbnnandanopeneconomyto

fOllowadouble-digitgrowthlinefromthelatterhaｌｆｏｆｔｈｅｌ９８０，sandthe

tempoofitsindustrializationhasbeemCmarkable･Havingapopulationofl3
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billion,ithasmaintainedadouble-digitgrowthrateinpercapitaGDPoverthe

pastlOyears・

ObservingtheconditionsofChinawithregardstowaterreSources,the

amountofrainfallis600mmperyear,whichisaboutonefburthoftheaverage

oftheASEANnations,andalthoughthelCa1℃largenversinitsvastlandmass，

thevolumeofflowingwaterofthesevenlargestnverscomprises５５％ofthe

totalvolumeUndertheseconditions,itcannotbedeniedthatthecountrylags

behindineffectiveuseofwaterresources・Also,becauseofitsgeographical

conditiononthecontinent,floodsoccurratherfrequently､Historically,flood

controlhasbeenanimportantpoliticalsubject・

ThellrigationDepartmentwasestablishedbytheNationalCommitteein

l949whenthepresentnationalstructurewasestablished・Thelrrigation

DepartmentwasmergedintotheResourceDepartmcntbutseparatedagainin

l９８８Atpresent,theirrigationdepartmentisunderthecontrolofthestate

planningcomntteeandhasfUnctionsofunifiedmanagement,multiplepurpose

development,andutilizationandprotectionofwaterresourcesfOrthewhole

country､Forunifiedmanagementandpmtectionofwaterresources,theymake

alternativeplansfbrwaterdistributionbetweenprovincesandlong-tennwater

demandplansForinstance,theyexecutedaprqjectfOrtransferringwatcrfrom

theChang-chiangtotheHuang-ho・

InChinathetotalannualaveragewaterlcsourcevolumeis2,8124billion

m3andtheoutflowvolumeｐｅｒｃａｐｉｔａｉｓ２,600m3whichisonefOurthofthe

woMaverage､Therefble,itisjudgedthatthesupplyconditionisnotgood・The

effectofwatercontroloverthepast40yearshasbeenmainlytoirrigate

agriculturallandbyincreasingthefloodcontrolcapacityinthcexisting

framework・Itisestimatedthatfarmproductsinirrigatedlandhavereached

twothirdsofthenationaloutputForthesupplyofcityandindustrialwater,it

isestimatedthat50billionm3ofcityandindustrialwaterissuppliedeveryyear

throughmanyprqects・Thisislessthanjust2％ofthetotalwaterresource

volume、

Furthermore,letusalsolookathydroelectricpowergeneration,whichiｓ
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connectedwithindustrialwater,asapointofreferenceAsthetableshows，

powergenerationincreasedgreatly,centeringonthe70,ｓａｎｄ80,swhich

witnessedastrengtheningofthetempoofindustrialization,showinga6-fbld

increaseoverabout20years．

ConcHusion

Sofar,theconditionofthesupplyofindustrialwaterunderindustrialization

intheEastAsianPacificareahasbeendescribedwhilerelatingittooverall

waterresources・Also,becauseofdifferencesinnaturalconditionsbetween

countries，asupplyofwell-coordinatedindustrialwaterintheｆａｃｅof

industrializationisnoteffectivelyexecutedineverycountly・Also,smcenational

measulCsaletakenwithemphasisplacedonagricultulalwaterinmanycountries，

aphenomenonsimilartothelaggingmamtenanceofinfrastrucmlcisoccurring

inthemanufactulingindustriesintermsofsecuringthesupplyofwaterresoulces・

WhatlwouldliketopomtoutinlClationtothisisthattheWorldBankIefersto

thenecessityofthemaintenanceofinfrastructureinthecountriesofEastAsia

overthenextlOyearsandpredicts0.7％ｏｆＧＮＰ6.8％fOrwater-relateditems、

AlthoughindustrialestateshavebeendevelopedinASEANnations,thereare

casesofcompaniesmovingintosuchnationsstagnatingbecauseofthe

insufficientsecurityofindustrialwater,groundsubsidenceduetopumpingup

ofundergroundwaterand,thoughnotmentionedhelc,environmentalproblems

suchaswaterpollutionduetodeficientdraincontroL

Waterresoumeproblemsarealsodeeplyintertwinedwithenvironmental

problems,TherefOre,OECDalsohashadtheenvironmentalpolicyplanning

committeetakechargeofwaterresourceprOblems・ESCAPhastheSustainable

DevelopmentandEnvironmentalComnutteetodealwiththese・Eitherecononmc

cooperationservicesorprQjectsbasedonprivateeconomyareoftenconcemed

withthoseproblems,Therefb１℃,bilateralconferences,fbrexample,theJapan-

ChinaWaterResoumeExchangeConference(Tokyo,1985)dealtwiththese
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andtheMekongRiverDevelopmentCommitteedealswiththesebecauseof

themanycountriesbolderingit・AsexplainedintheMekongRiverDevelopment

P1an,contributionstothegrowthofeachcountryconcemedvaIydependingon

thescenarioConsequenUy,effOrtstocooldinatetheirinterestsshouldbetaken

seriously、

Intheprocessofindustrializatio､,interestcoordinationwidelyaffects

capitalrelations,tradeprOblemsinthestageofbringingproductsintoproduction，

etc・Actually,waterresourceproblemsduetoindustrializationhavetasks

differentfromthosewithmaterialsofhighmobility,However,fOrsustainable

developmentandenvironmentpreservation,itisimportanttocooperateinthe

aspectsofknow-how,fUndingandtechnology．
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Changeinindustrialstructure(percentagedistributionofGNP）
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PercapitalGDP(indolla鴎）
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OuantityofwaterusedthroughoutJapan

（Basedonquantityofwaterintake,unit:100ｍＶyear）
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ChangeinquantityofindustrialwaterconsumedinJapan
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Korea:Prospectofwatersupplyanddemand(Unit:mnlionm3,兜）
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ChangeofwaterI℃sourcedevelopmentcostsinKorea

（Inmillionwons）
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DemandfDrwaterinThailand(Millionm3）
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TotalwatersalesinSingapom
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LWaterandHealth/MaternalandChildHeaUth

Fromtheperspectiveofpublichealth

1）WaterandtheHumanBody

Lifeonearthcannotbesustainedwithoutwater・WateraccountsfOr

60~70％ｏｆman,sbodyweight,approximately409ibofwhichexistswithin

cells,２０％mtissue,ａｎｄ５％ｉｎthebloodWaterplaysacrucialroleasavital

mediumfbrtheactivitiesofallorganswithinthelivingbody,suchasensuring

alltissuesaresufficientlymoistanddissolvingsaltsanddischarge・Italso

playsanimportantroleinmaintaimngthefUnctionsoflivingorganisms,such

asthedigestionoffbod,absorptionandmovementofnutrients,dischargeof

wastematerials,breathing/Circulation,ａｎｄｃｏｎtrolofperspiration/body

temperatule

Peopleneedtomtakebetween2and251itersofwateradaytomaintain

lifb,whichistakenmthefOrmofdrinkingwater,beverages,andfbod,and

thendischargedfromthebodyasurine,perspiration,expiration,orthrough

thedischargeorgans，Inaddition,largequantitiesofwateraleusedfbrCooking，

washing,bathing,cleaning,industrialuses,extinguishingfires,hospitals,and

leseaI℃h,andwaterconsumptionhasinc1℃asedinproportiontotheadvancement

ofeachcultule

Theaveragewaterconsumptionofaservicewatersystelnperperson

perdayis400~6001itersinmajorcitiesthroughoutJapan．

2）WaterDemand

Whenwelookattherelationshipbetweenmanandwater,althoughrivers，

lakesandmarsh,ａｎｄｓｐｒｉｎｇｗａｔｅｒｓｈａｖｅｂｅｅｎｕｓｅｄａｓｗatersoulcessince

prehistorictimes,wellshavebeendugandgroundwaterstartedtobeusedasa

watersoumeafterviUagesdeveloped・ThcdemandfOrwatersteadilyincrcased

asthoseviUagesevenmallydevelopedintocities,andwatershortagesbecame
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asenousproblemfbrpeople,resulUnginthedevelopmentofwatersupplies

throughwaterworks

TheConcentrationofpopulationsincitiesandtheirexpansionoverlarger

aIcasrequiresenonnousamountsofwater,andshortagesinabsolutequantity

andadeclineinwaterqualitycannotbeavoidedFUrthennore,theincleasing

populationandurbanizationleadstoincreasedwaterdemand,whichcauses

someagriculturalwaterbeingusedincities・

SupplyingwaterisnecessaryfOragriculture,becauseanincreaseinthe

populationobviouslyleadstoanincreasemfbodrequilcments・Itisestimated

that６５％ofthewatercollectedfromrivers,lakes,andreservoirsthroughout

theworldisfOragriculmraluse,２５％fOrindustrialuse,ａｎｄ１０％fOrdomestic

andurbanuse，

Ifwetlytocollecttheactualamountofwaterrequiredtoproduceour

fbodstuffS,itwouldcausesuchareductioninthewaterlevelofrivers,and

lowerthegroundwatertableleveltosuchanextent,thatitwouldbeimpossible

tosatisfythedemandfbrwaterinthecities・Conversely,ifwetrytosecure

sufficientwatersuppliesfOrourcities,thiswouldcauseanagriculturalwater

supplyshortage・ThisisourmodemdilenⅡ､a・

Besides,thenumberoflargedamswithadepthｏｆｌ５ｍｏｒｍｏｒｅｗａｓ

ａｂｏｕｔ５,O00worldwideinl950,buthaveincrcasedtoabout38,OOObyl996．

I、Japan,１９％oftheannualwatersupplyreliedondamsinl970,apercentage

roseto35％ｉｎｌ９９ＬＴｈｅｖｏｌｕｍｅｏｆｒｉｖｅｒｗａｔｅｒｈａsbecomecompletely

controlledbydams,butthismeansthattheecologicalfUnctionisnolonger

preserved,resultmgindamageofaquaticenvironment,suchasdecUmngriver

deltas,shrinkinglakes,lessmarsmands,andtheimpendingclisisinextinction

ofsomeanimalsandplants・

Sucheffectsonourlifeandhealthｄｕｅtothisenvironmentaldestruction

cannotbeigno1℃d

Useofdesalinatedseawaterhasbeenpromotedinareasfacingwater

shortages,andattemptsbeingmadetoreducethecostscompaledtothosein

theinitialstagesWatersourcesfOrgoodqualitywaterneedtobesecuredto
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ensuresafewatersuppliesinthefUm1℃・However,avarietyofprOblemsexist，

suchastheconcentlationofpopulationsinurbana1℃as,pollutionofaqueduct

watersourcesduetoindustrialdevelopmentsandadvancesmindustrial

technology,andthediversificationofwaterpollution．

3）hnportanceofWaterfOrHygiene

Asmankindprog1℃ssedfromtheerawhenriver,lakeandmarshwater

wasusedasitisasdrinkingwater,sowaterworksbecamenecessaryfromthe

viewpointofsolvingtheproblemofinsufficientwatersupplydueto

urbanizationandpopulationconcentrationandtoeasetheuseofwater・

However,intheearlydays,thewatersupplywasnotsafefbrdrinking，

andthefirstwaterfiltrationmethodswereusedatthebeginningofthel9th

centu1yinordertoremovethemuddiness、ItwasnotfOrremovingbacteria，

whichiscurrentlydoneasamatterofcourseP､Franklandconfinnedthat

bactenaareremovedbywaterfiltrationinl885、Whentherewasacholera

epidemicinbothHamburgandA1tonainl892,unfilterCdwatercontinuedto

besuppliedasthedrinkingwaterinHamburg,wherethedeathrateducto

cholerareachedl34perlO,OOOpeople・Ontheotherhand,thatinA1tonawas

oｎｌｙ２３ｐｅｒｌＯ,OOOpeople,becausesand-filtereddrinkingwaterwassupplied

thercThiswasconclusiveproofoftheeffectivenessoffiltrationfOrreducmg
thenumberofcholerarelateddeaths・

ＢｏｔｈＨ・ＦＭｉｌｌｓｉｎＡｍｅｒｉｃａａｎｄＪ.』・ReinckeinGennanyconfinncd

thatfilteredwatersuppliesleducedtheｏｖeralldeathrate,aswellasinfbctious

diseasesofthedigestiveorgans,bysamplingwaterfromtheMerrimackand

E1beriverslcspectively,andreportedtheirresultsinl893・

ThisisknownastheMills-Reinckephenomena・PUrificationusingsand

filtrationandwaterwolkshavebeenestablishedthroughoutEuropesincethen

lnJapan,waterworksoriginatedinthel590，swhentheShogun,Ieyasu

Tokugawa,whobuiltametropolisinEdo(nowadaysTokyo)togovemthe

wholeofJapan,createdawaterwayrunningcontinuouslywithoutpurification

About60％oftheresidentsinEdoenjoyedthebenefitofthiswaterwaybythe
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endofthel8thcentury・Later,pressurizedcleanwaterwassuppliedin
Yokohamainl887・

Legalregulationshavebeenadoptedindevelopedcountriestoensure

thesupplyofsafedrinkingwater・Safewaterisprovidedaftersedimentation

oftheoriginalwater,sandfiltration,fOllowedbychlorination,whichalcthe

tlcatmentsfbrrclevantpollutantssuchasbacteria,exclcta,metals/heavymetals，

toxicchemicals,andagriculturalchemicals,andconductedbasedonthepH

andremovingturbidity,odors,anddiscoloration,etc、

However,anincreasingnumberofcountriesandfacilitieshaveadopted

advancedwaterpurificationtreatments,usingozonebcfOrcfiltrationandthen

cmorination,duetotheincreasingdeterioratio、inthequalityoftheoriginal
water・

Fromabiologicalpointofview,99916ormoreofwater-bornediseases

alCattributabletopollutedwater,apementagethatisestimatedtobeacouple

ofhundledtimesgreaterthandiseasescausedbychemicallypolluteddrinking
water・

Itisleportedthat25millionpeopledieannuallyindevelopingcountries

asaresultofdrinkingwaterpollutedbypathogens・Nonetheless,３million

childlenunderfiveyearsolddieannuallyduetodehydration,resultingfiPom

diarrhea,andmalnutrition・Althoughthisfigulcisequivalenttoaquarterof

allfatalitiesamongstchildrenofthatage,thesealCpreventableandtleatable

usingoralre-hydrationt1℃atment(ORT).Whenweconsiderthatlessthan5％

ofalldianheacasesrequireandropinstillation,theimportantandurgenttask

sofarisspreadingORT

Inordertoculetheinfantdiarrheaproblemcurrentlyseenindcveloping

countries,itisnecessarytobuildupasystemtosupplysafedrinkingwater
withoutrelianｃｅｏｎＯＲＴ、

Atthesametime,wemustpreventthedeteriorationoftherivcrsand

lakesandmarshthataIeusedasthesoumesfOrwaterWorks・Thereductionin

thevolumeofwater,theincleasemdomesticsewageinlinewiththepopulation

inc1℃ases,waterpollutionduetoindustrialization,andeutrophicationofwater
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canaUbeconsideredascausesfOrthedeteriorationinthewatersupply,but

chlorinatingwatertodisinfectitmayalsoleadtothecreationofcaminogens，

anditmaybecomepoUutedbyviruses・InAmerica,therehavebeenproblems

ofCIyptosporidiumandGiardialambliapollutionthroughthewaterworkSthat

causedinfectiousstomachandintestinaldiseases,anditisreportedthat400,OOO

peopleweleinfected,ofwhomlO4died,inMilwaukee，Theseprotozoacannot

bekilledoffbyordinarydisinfectants・Thisisabigproblemindeveloped
countries．

4）WaterHygicneandMatemalandChildHealth

Filtrationofwateraloneenablesustoreducethedeathratesdueto

digestivediseasesaswellasthegeneraldeathrateasconfirmedbytheMills-

Reinckephenomena・Inparticular,thesupplyanduseofsafepurifiedwater

hascontributedsignificantlｙｔｏｔｈereductionintheinfantmortalityrate・

AmongsttenleadingcausesofdeathinChinainl984,digestivediseasesranked

fifth，Thedeathrateincitieswas238perl00,000people,andtheratiooutof

thetotalnumberofdeathswas４３％・Thefifthrankingthemortalityratioby

causesofdeathinVietnam(1990)wasdianhea,whichaffbctedOO5perlOO,OOO

people,whiletheincidenceratewasalsorankedfifthatl84perlOO,OOOpeople

Gastrointestinaldiseaseswerethefifthrankedofthetenleadingcauses

ofdeathamongstinpatientsinSriLanka(1991),whichrepresents6,696,ｏｒ

ｌＬＯｐｅｒｌＯＯ,OOOpeople、

ThemnthrankedcauseofpopulationmortalityinthePhilippines(1992）

wasdiarrhea,whichwasalsothefOrthrankedcauseofinfantmoltality,andit

wasalsothetoprankedofthetenleadingincidencesofillnessamongstthe

population(1,587perlO0,000people),whichclearlyshowsthattheratioof

digestiveorgandiseasesishigh

Thus,itisclearthatthehighinfantmortalityrateindevelopingcountries

iscausedbydiarrhea,dehydration,andmalnutriUon,anditisalsoconsiderably

affectedbythemedicalservicesystems(numberofdoctors,hospitals,ｂeds，

andmedicalexpenses)thatsupporttheaboveandeducationonusmgsafewater．
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Althoughorallc-hydrationtreatmenthasrecentlybecomemuchmorepopular，

ｉｔｍａｙｔａｋｅｓｏｍｅｔｉｍｅｆＯｒｉｔｔｏｂｅｗｉｄｅlyspreadindevelopingcountries・

However,theabovestomachandintestinaldiseasesseriouslyaffectadults，

healthaswellasthatofinfants、

A1thoughthematernalmortalityratioisnotsocloselyrelatedtowateras

thatofinfantmortality,itisconsidelcdthatthiscanalsobereducedbyusing

safewater，Itcanbesaidthathealtheducationisnecessaryasshownbythe

positivecorrelationbetweenthepe1℃entageofwaterusageandeducationｆＯｒ

ｗｏＩｎｅｎ･

DevelopmentofanaqueductnetworkisnaturallylC1atedtoanincrease

inwaterconsumptionvolumcandperCentage,andmustcontributetoarcduction

inthenumberofdiseases,especiallydigestivediseases・Anaqueductnetwork

hasbeenbuiltupinJapan,andtheaveragerateofwatersupplydiffUsionis

95％throughoutJapanan．９９％ｉｎTokyo,whelcasinVietnam,theusagerate

ofsafewateris65％incities,and4396inagriculturaldistricts;andinLaos，

57.1％ｉｎｃｉｔｉｅｓａｎｄ６４％inagriculturaldistricts,sothedifferentialbetween

countriesisbig・DespitethebesteffOrtsindevelopingcountriestoapplythe

technologｙｔｏsupplysafewaterandtocarryoutmaintenanceandmanagement

oftheaqueductnetworkproperly,itseemsthatcunentlypollutedwaterisbeing

dischargedduetodamagedwaterpipesandtheinnowofsewage．

2．IndustrialWaterPollution

Servicewatersystemshasbeendevelopedinlinewiththeconcentration

ofthepopulationandurbanizatio､,andresultedinanincreaseinthevolumeof

waterconsumed,soasufficientsupplysoumefbrdrinkingwaterfromrivers，

lakesandmarshandgroundwaterisreqUiredSupplyingsafewaterisnecessary

tosatisfyurbanlifeandmaintainhealth,whileplentyofwateratarcasonable

costmustalsobeguaranteedfOrthedevelopmentofindustry・

Ontheotherhand,environmentalpollutionandtheeffectsonourhealth
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maybeasignificantproblemdependingonthequalityandvolumeofmaterials

containedinthedrainswhensuppliedwaterislaterdischargedasdrainage．

l）hdustrialWastePollution

Thequalityofwaterdischargedfmmfactoriesvariesdependingonthe
typesofthemdustryasfOllows・

Dividedinaroughway,the塵alethreetypes;１)fOodprocessing,paper

pulping,andtextilerelatedfactoriesdischargethickoilsandfats,phenols,and

organicmatterinthedrainage,Ｚ)Electroplatingworks,machineworks,iron

works,andthemetalrefineryindustryrelatedfactoriesdischarginghannfUl

materialsinthedrainage,suchascyanogens,heavymetals,andorganicsolvents，

and３)factoriesdischargingstrongacidsandalkalis．

(1) WaterPollutioncausedbyOrganochlorineCompounds

Thcsea1℃orgamccompoundsthatdonotexistnamrally,towhich

chlorineandbrominebecomeattached,ａｎｄaredifficulttodegradein

thebody,andthusareeasilyaccumulated・Theyhaveatoxiceffecton

theliver,maycausedefectsinDNAchains,ａｎｄmanyofthemarc

mutagenicandca1℃inogenic

Trichloroethyleneisatypicalorganicsolvent,andiswidelyused

throughouttheworldindrycleaners,electroplatingworks,andasa

metalcleanerinsemiconductorplants・

Itisuncertainwhetheritisca1℃inogenic,butifitisdischarged

withintheplantarea,itcanHowoutintothepublicwaterareaor

penetratethegroundwater・Ifthegroundwaterisdisinfectedwith

chlorine，itisconvertedmtotrihalomethane,generatedaknown

carc1nogen．

(2) WaterPollutioncausedbyHeavyMetals

Selioushealthdamagecanbecausedbyheavymetalpollution，

ThecaseofMinamataDiseaseinJapanisaclassicexampleofthat．
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Organicmercurythatwasincludedinthedrainagefiomplantsbecame

conccntratedinseafOod,whichispartofthefOodchain,andeventually

poisonedthehumanbody・Thefirstrecoldedpatientwasinl956,and

thedamagecausedtothecerebro-nervesystem,ｉｎparticular,was

remarkable

MinamataDiseasewasalsoseenamongthenativeIndiansin

Ontario,Canada,ｉｎ1975．Tmswascausedbymerculypollutedwater

dischargedfromachemicalplantandapulpplantfUrtherupstream・

Itai-itaidiseaseisalsocausedbycadmiumpollution、

CadmiumdischargedfromaplantupstreamoftheJintsuRiver

inToyamaprefecturewasbio-concentratedandabsorbedintothe

humanbody、

Thereisalsoaproblemofpollutioninlakesandmarshandthe

seaduetotheorganictincompoundusedfOrcoatingtheundelsidesof

shipsandtoplcventgrimefromaccumulatingonthefishingnets・This

compoundhasbeenusedtoplwentcrustacea(bamacles)fiDmattaching

themselvestotheundersidesoflargetankers,astheyreducetheship，s

speedandincreaseitsfUelconsumption,andalsotopreventoxygen

deficiencycausedbyseaweedattachingitselftofishingnetsinfixed

netsandfarms、Naturally,thereisconcernabouttheeffectonthe

healthofman，ｗｈｏｉｓａｔｔｈｅｔｏｐｏｆｔｈｅｆｏｏｄｃｈａｉｎ，duetobio-

concentrationandseafOodpollutionfromthesechemicals・Theuseof

organictincompoundsisculTentlystrictlyregulatedinJapan,dueto

itsdifficultytodegrade,highaccumulation,anditschronictoxicity，

alsoworldwidｅ1℃StrictionsarenecessaryinthenearfUturG

(3) PolycyclicAromaticHydrocarbons(PAH）

Therearemanypolycyclicaromatichydrocarbons（ＰＡＨ）

producedbytheimperfectcombustiｏｎｏｆｏｉｌａｎｄｃｏａｌ,andwithm

automobileexhaustfUmes・Manyofthemarecontainedincoaltar

extractedfromcoal,andtheycanbefOundindrinkingwaterifusedto
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painttheinsidesofwaterpipes、AvarietyofPAHsaredetectedinair-

borneparticles(airpollutants)．ThesePAHsfalltothegroundand

becomedissolvedinthegroundwaterandotherwatersoulceswiththe

ram,andthenfinaUyappearindrinkingwateroraleconvertedtomuIant

substanceandtrihalomethanebychlorination．

(4) WaterPollutioncausedbyPCBs

PCBs,ｗｈｉｃｈａｒｅｋｎｏｗｎｔｏｂｅｔｈｅｃａｕｓｅｏｆｔｈｅKanemiRiceOil

Foodpoisoning，havebeenusedinpaints，printinginksolvents，

insulationoilfOrtransfOnnersandcondensers,aswellasathennal

medium・Thisisasubstancethathascertaineffectsonliving

organisms,ｓｕｃｈａspigmentationandliverfailure,itisdifficultto

degradeandbecomeshighlyconcentrated,1℃sultinginitspennanent

presenceintheenvironment・Thus,PCBsthatwercusedinindustry

havepollutedtherivers,lakesandmarshandsea,andhavebecome

concentratedinthefbodchainofaquaticorgamＳｍsandfinallyentered

thehumanbody,soithasbeendetectedbothinthehumanbodyand

mother,smilkAlthoughmanufacturingofPCBshasbeenprohibited

sincel972inJapan,itisstillbeingdetectedintheenvironment．

(5) WaterPollutioncausedbyDioxin

Dioxin,whichisreputedtobeoneofthemosttoxicsubstances

onearth,hasbeenfbundinfishanddepositsontheseafloor・Dioxin

isaby-productofherbicidesandsettlesintheenvironmentwhereitis

alsodifficulttodegradeandbecomeshigmyconcentratedinorganisms，

remainingintheliverorfatofbodiｅｓｆＯｒａｌｏｎｇｔｉｍｅ,whereeven

minuteamountsalehighlycarcinogenicorteratogenic・

Ithasbecomeclearthatitisgeneratedinthepulpbleaching

processofpapermills,anditsdischargefromscavengerfacilitiesor

officeanddomesticincineratorshasrecentlybeenrecognizedasa

problem．
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Itisobviousthatdioxiniscreatedifvinylchlorideproductsandplasticsare

bumtattemperaturesof500~600.Ｃａｎdisdischargedinthesmokeandash、

Dioxindischargedmtotheatmospherepollutesthegroundwater,aswellas

pollutingfOods,suchasdairy/meat,marineandagriculturalproducts,ａndis

alsoabsorbedintothehumanbodythroughdrinkingwater、Thishasbecomea

worldwideproblem,anditisregulatedinsomecountriesltispossibleto

reducetheamountofdioxinintheenvironmentbyreducingtheamountof

wastethatisincinerated,andlecyclingitinstead,orincreasingtheincineratlon

temperatureto850oC．

2）PollutionDuetoDomesticSewage

(1) Pollutioncausedbykitchenwasteandexcreta

Domesticsewagehasdifferentcharacteristicstoindustrial

sewage・Thereismuchorganicmatterincludedinsewagefrom

cooking,washing,bathingandexcretions・Itisdischargedintorivers

andlakesandmarsh,afterbeingpurifiedinthesewageworksinareas

wheにthedrainagehavewell-diffUsed、However,domesticsewageis

direcUydischargedinaleaswherethedrainagehavenotwell-diffUsed、

Itissaidthat60％ormorcofriverpollutionisduetodomesticsewage・

DischargmgexcIetadirectlyintothewatersoulcemakesthepollution

worse,ａｎｄalsosignificantlydegradestheselfpurificationofmedium

andsmallsizedriversinurbanareas,whichmayleadtoinfectious

diseases、AsfOrthebiochemicaloxygendeman。(BOD),whichis

usedasanindexfOrorganicallyrelatedriverpollution,ofdomesticaUy

dischargedsewage,４２％ofthetotalBODvalueisfromthekitChen，

26％isexcreta,Z296isfrombathing,ａｎｄ10％isfiomwashing・

ItwasIcportedthattheBODloadvolumeofthedomesticsewage

dischargedperdayinJapanwas935ｍｇ/lontheaverage（1973)．

Purificationofdomesticsewagemustbeactivelyundertaken,because

thequalityofriverwatermｗｈｉｃｈｆｉｓｈｃａｎｓｕｒｖｉｖｅｉｓａＢＯＤｏｆ５ｍｇ几
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(2) WaterPollutioncausedbyPhosphorus/NitrogenandEutrophication

Phosphorusnitrogencompoundswithindomesticsewageare

dischargedintolakesandmarshandbays,andamassivenumberof

planktonandprotozoa,whichfeedonitasanutrient,areproduced，

andconsumetheoxygendissolvedinthewater,whichrCsultsinthe

deathofmanyfishandshellfishesduetooxygenstarvationThisis

calledeutrophication,ａｎｄｉｓａｌｓｏｋｎｏｗｎａｓ‘Ｒｅｄwater,ａｎｄ`Water

bloom，、４５％ofthephosphorusinlakewaterlCsultsfromdomestic

sewage,whiletheremainderisfromfertilizerinoutlyingfields・

Ｏｎｔｈｅｏｔｈｅｒhand,eutrophicationpromotesanincreasein

microorgamsms,whichproducesubstancesthatcausemoldysmells

suchas2-methylisobolneolanddiosumine

Thus,thewaterbecomesunsuitablefOrdrinking・Advanced

waterpurificationtechnologycombinedwithozoneprocessingand

activatedcarbonhavebeenintroducedtoremovethemoldysmells・

Inordertopreventeutrophicationcausedbythedircctdischargeof

phosphorusandnitrogencompounds,thereisaplantopurifythe

drains、Itisestimatedthat680billionwouldbeneededtoconstructa

facilitytotreatthephosphorusandnitrogeｎｃｏｍpoundscontainedin

thetlCatmentof43millionm3ofsewageperdayfromthedrains

withinthewardsofTokyo,andanotherl70～Z50millionperdayto

maintainandmanagethesecompounds・WemustmakeeffOrtsto

reducetheamountofphosphorusandnitrogencompoundsdischarged

withindomesticｓｅｗａｇｅａｓｍuchaspossibleinordertoprotectour

fUtu妃waterresou1℃es,indevelopingcountriesaswellasdeveloped

countries,inlinewiththeincreasingdomesticsewagevolumedueto

nopulationincreasesandurbanization．

3） WaterPollutioncausedbyAgriculturalChemicals

AgriculturalchemicalsareindispensablefOrincrcasingagricultural

ctionHowever,someofthemalCca【℃inogenicandexhibitchroniclong‐production

－１２５－



tenntoxicity・

ＤＤＴｉｓａｃａｓｅｉｎｐｏｉｎｔ,asisnotdegradedintheenvironment,becomes

highlyaccumulated,andisalsoreportedlypossiblycarcinogenictoanimals・

AlthoughthishasnotbeenusedinJapansincel971,itcanstmbedetectedin

theenvironmenL

FUrthennolc,alargequantityofherbicides,insecticides,andsterilization

agentsaresplcadouttomaintaintheconditionofthegrecnsongolfcourses・

Therea1c40types,whichincludethesametypeasthoseusedfOrfieldsThose

agriculturalchemicalsthatarespreadonfieldsandgolfcourseslatercause

pollutioninrivers,lakesandmarsh,andgroundwaterintheend・Inparticular，

organicphosphoruspesticides,whichareincludedininsecticides,obstructthe

fUnctionofenzymes,suchascholinesterase,ｗｉｔｈｉｎｔｈｅｍｍａｎｂｏｄｙａｎｄａｃｔａｓ

ａｎｅｕrotoxins,anditissaidthattheirtoxicityisincreasedbetweenahundred‐

fOldandathousand-fOldafterthecmorinationofdrmkingwater、Restrictions

needtobecarriedoutconcerningtheiruse．

4）WaterPollutioncausedbyChlorination

ltstartedinl972withthedetectionofcmorofOnninthelowerreachesof

theRhineRiverinHolland、Ｃａ1℃inogenicsubstancescontainedinrivershave

beentreatedasaproblemsinceMr・Halrisreportedinl974thatthepementage

ofcarcinogcnsamongstpeoplelivinginNewOrleans,America,washigher

amongstthosewhohadbeendrinkingwaterfromtheMississippiRiverthanin

thoscwhohadbeendrinkingwaterfromothersourccs、

originally，ｃｈｌｏｒｉｎａｔｉｏｎｗａｓｃａｒｒｉｅｄｏｕｔｔｏｄｉｓinfectharmful

microorganismsexistingindrinkingwaterandsafewatersupplies、However，

itcannotbedeniedthattheincreasingamountofchlorinefOrwatertreatment

duetopollutioncausedbyorganicmatterswithintheoriginalwaterhaslCcenUy

becomeworse

lthasbeenconfirmcdthatthecmorinereactswithasmallamountofthe

organicmattersmtheoriginalwater,ｓｕｃｈａｓｈｕｍinandothersubstancesthat

causemold,togeneratecarcinogenicorganichalogencompounds・Theseａｒｅ
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knownastrihalomethanesingeneral，ａｎｄｍｃｌｕｄｅｓｕｃｈｃｏｍｐｏｕｎｄｓａｓ

ｃｈｌｏｒｏｆｏｒｍ，ｔｒｉｂｒｏｍｏｍｅｔｈａｎｅ，ｄｉｃｈｌｏｒｏｂｒｏｍｏｍｅｔｈａｎｅ，and

cmorodibromomelh2ne・

Huminexistsinrottingmatterinthesoilandindomesticsewage,suchas

excrete-treatmentandsewage-treatmentwater・Ｍｏｌｄｓｍｅｌｌｉｓｃａｕｓｅｄｂｙ２－

ｍｅｔhylisobolneolanddiosumineasmentionedbefOre・Trihalomethane

productionincreasesasthewatertemperaturerises,andasthetimespentin

contactwithchlorinegetslonger・

Trihalomethanecanberemovedusingadvancedwaterpurification

tleatmentincombinationwithactivateｄｃａｒｂｏｎａｎｄｏｚonetreatment・However，

essentially,wemustrcducetheamountoforganicallyinducedpollutionofthe

originalwaterasmuchaspossible．

3．Conclusiom

Mankindhasspentthousandsofyearsinvestigatingcausesofinfectious

waterbornediseases、

However,thefactIcmainsthattheIcarcｍａｎｙｃｏｕｎｍｅｓａｎｄ1℃gionsthat

cannotyetsupplysafeandcleanwater,despiteknowingthatthesupplyof

purifiedwaterisnecessary、

Furthermore,waterpurificationalonehasbecomeinsufficienttocope

withtheinc配asingpopulationandurbanizationInotherwords,waterquality

hasbecomeasanimportantissueaswaterquantity,andworldwideeffbrtsare

requircd,notlimtedtoJapan

Inoldertopleventwaterpollutioncausedbyindustrialsewageandvarious

chemicalsandorganicmaterials,whicharedischargeddomestically,weneed

toestablishenvironmentalstandarditemsandvalues,andmonitoringwithaction

toplcventdischargingsub-standardwaterintorivers,lakesandmamshandbays

throughconcentratedprocessingorintemalcompanyprocessingisnecessary・

Arccentproblemisthatsomecompanieshavemovedtheirproductionbasesto
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developingcountriesthathavenostandardsfOrwastedischarge,becausethe

regulationsintheirowncountrieshavebecomeverystrict・Consequently,the

establishmentandmonitoringofintemationalstandardsarenecessary．
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