
ENVIRONMENTALENGINEERINGEDUCATION  

AT THEFOREFRONT OFlⅣATERRESOURCES CON．   

SERVATIONANDWASTEWER MANAGEMENT  

SixtoA．Ⅴ誠encial，PhDandJovitaL．Movi1lon2，PhD  

naturalworldandthe“builtMworldofsocialinsti－  

tutions and artifacts created withthe use of sci－  

ence，teChnologyandpoliticalorganizations．The  

PrOCeSS Ofintegratlngthesetwoworldscauses  

tremendoustensionsonbothsides．Throughthe  

Centuries，thesetensionshaveresultedtoprob－  

lems ondepletion and degradationofnatural  

resourcesincludingwaterresources．Gigantic  

PrOblems，1ike environmentalproblems，need  

glganticsolutionspresentedinclear，Simple，fta－  

Siblestepsandapproaches．  

TherearemanyPOSSiblesolutions．Evenin  

theear1y18thcentury，theconservationistsalready  

observedandunderstoodtheconnectionsbetween  

deforestation，SOilerosion andlocalclimate  

Change，Whichledtosomeordersandpractices．  

Propereducationandtrainingofallstake－  

holderswouldbethestrongestandmostimpor－  

tantStrategicfactorinthesuccessfulandactive  

CamPalgnagainstfurtherenvironmentaldegrada－  

tion．FormerUniversityofthePhilippines（U．R）  

PresidentGonzales，aVOicefromthe not－SO－dis－  

tantPaSt，aPtlyputitthisway：“qeducationhas  

血∫OJe∂毎gcf，rゐeαCヴ〟f∫f如乃げ加抑Jgdgg，J  

（わ以如げf如w（フrJdc∂揖Jdわeわ乃gdgceルピd血0  

わⅣg∫血g∫♂椚〟C力げ血相∫♂以汀g∫J乃正月血cαJわ乃  

m〟∫才力αVede∽0乃∫打αrgdg花子如卯∫‖’ゐαrgJねα乃  

q解cかどわ∂ル油wゐfcゐわCO乃q〟er乃eWク和ぁぉm∫  

α乃dr∂α叩〟わで乃gWた乃OWJedge．”（Gonzales，  

1926）．  

Thispaperattemptstoemphasizetheslgmif－  

icantrOleplayedbyenvironmentalenglneerlng  

educationintheconservation，developmentand  

managementofwaterresources，includingthe  

WaSteWatergeneratedbytheagro－industrialsec－  
tor．Education，aSuSedinthispaper，includesthe  

PrOCeSSOfattainingandintegratlnginformation  

andknowledge whichcantakeplaceinsidethe  

academicinstitutions，andevenbeyondtheuni－   

StJMMARY  

Thispaperhighlights theimportanceof  

Water，WaterreSOurCeSinthePhilipplneS，theoil  

SPi11in Guimarasisland，the supertyphoon  

“Milenyo”（Millenium），andthesignincantroleof  

environmentalenglneerlngeducationinwater  

resourcesconservationandwastewatermanage－  

ment．  

KeyWords：Education，EnvironmentalEngl－  

neerlng，WaterResources Conserq  

v如ion  

INTRODUCTION  

Humanbeings，alongwithallotherliving  

Organisms，1iveinawonderfulhomeca11edplanet  

earth・Despitethepresenceofperceivedandreal  
dangers（warsandbombthreats）andothercur－  
rentdifnculties，thisplanetisstillourmarvelous  

WOrld－remarkablyprolinc，hospitableandunlque  

intheuniverse・Byandlarge，COmParedwiththe  

COnditionsonotherplanets，Ourearth’stempera－  

turesarerelativelymildandconstant．Plentifu1  

SuPPliesofcleanair，丘eshwaterandftrtilesoil  

maystillbefbundinmanyareaS．ItsamaZlngbio－  

diversltyOfmultitudesoflives，CreateSCOmPlex  

andinterrelatednaturalcommumities offloraand  

fauna，bothinthemacroscopICandmicroscopIC  

WOrld．  

CunninghamandCunningham（2006）aptly  
Statedthathumanbeingsinhabittwoworlds：the  
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Cations．H20alsodissoIvesgaseslikeO2，CO2，  

andN2．AshumanSCOntinuetousewaterinmany  

WayS，additionalsubstances，includinghuman  

WaSteS，maybedissoIvedinwater．  

AsauniversalsoIvent，H20isvitalinplant  

nutritionandgrowth・Roots absorbandtranSPOrt  
nutriehtsdissoIvedinwater．Italsohelpsmain－  

taintheearth’ssurfacetemperature（alongwith  
CO2andcertainatmosphericgases）．Thepartial  

PreSSureOfwatervaporisgenerallyhighestnear  

theearth’ssurface，anddropsoffverysharply  

Withincreasedelevation．Watervaporabsorbs  

infraredradiation（aboutlmmto7×10－7m）so  

StrOngly，SOthatitisslgnincantinmaintainingthe  

atmospheric temperature atnight，Whenthe  

eadh’ssurfaceisemittingradiationintospaceand  
notreceivlngenergyfromthesun．Anextensive  

layerofwatervaporisnecessarytoabsorband  

thenradiatepartoftheinfraredradiationbackto  

earth．Otherwise，thesurfacelosesthisradiation  

intospaceandresultstoveryhighrateofcooling．  

Inverydrydesertclimates，Wherethewatervapor  

COnCentrationis unusuallylow，it may be  

extremelyhotduringtheday，butverycoldat  

might（Brownetal．，2004）．  

Humanadultsneedabout21itersdrinking  

WaterPerday・About50001itersisusedtopro－  
duce3．2tonspaddyrice．Othervaluabledata  

Which underscore theslgnificanCeOfwater，are  

as follows：a）．watercovers about72％ofthe  

earth’s surface；b）．humanbodies areabout65％  

Waterbymass；C）．theworldoceanishugewitha  

VOlumeofl．35×109km3；d）ofwateronearth，  

97・2％isworldocean；2．1％isicecapsand  

glaciers；0．6％is丘eshwater（1akes，riversand  

groundwater）；andO．1％isbrackish（Salty）  

Water，e．g・GreatSaltLake．  

VerSltyWal1s．  

METHODOLOGY  

Thefo1lowingactivitieswereundertaken  

Whichenabledtheauthorstointegrateconcepts  

andviewson howenvironmentalenglneerlng  

education fit into water resources conservation 

andwastewatermanagement：  

1．Review ofliteratures onenvironmentalengト   

neerlngeducation，WaterreSOurCeS，WaSteWater   

management；  

2．Discussion with co11eaguesand otherexperts  

in waterresources andwastewatermanage－   

ment，inthePhilipplneSand otherAsiancoun－   

tdes；md  

3．Someresearchstudies onadsorpt10nOfcoト   

OrantSffomtextilewastewater，uSlng、adsor－   

bentsproducedfromdifferentkinds ofbio－  

maSS．  

IMPORTANCE OFlⅣATER  
A1lofusare Stakeholdersinwaterresources  

COnServation・Earlyinlift，WeShouldbeproperly  

educatedontheimportanceofwater．W己should  

bebroughtintoadeeperlevelofunderstanding，  

evenbeyondthepoeticandromanticnotionof  

thingsaboutwater．  

Water（H20）issaidtobethemostcommon  
liquidonearthandvitaltoal11ivingorgmisms．It  

is achemicalcompoundformed打omtheele－  
ments hydrogen andoxygen．Pure wateris a  

COlourless，Odourless，taStelessliquidwhich  

ffeezesatO℃andboilsatlOO℃atatmospheric  
PreSSure・Becauseofitshighextensivehydrogen  
bonding，H20hashighmeltingpolnt，highboiling  

POlntandhighheatcapaclty．This highheat  

CaPaCityresults to very sma11temperature  

ChangeSWhichturntObe advantageOuStOCells  

Wheremetabolicreactionsare controlledby  

enzymes・H20canalsoparticipateinoxidation－  
reductionreactionsaseitheradonororanaCCeP－  

torofelectrons・Thenegativelychargedoxygen  
atomattractsthepositivelychargedhydrogen  

atoms ofotherwatermolecules，Withtheresult  

thathydrogenbonds areformed betweenthe  

WaterrnOlecules holdingthemtogether・This  
makeswateraverygoodsoIventfbrotherpolar  

moleculesandiomic substanCeS．ItdissoIvesboth  

WER：ACRITICALRESOURCE  

Currentestimatesonworldpopulationpolnt  

tomorethan6billionhumanbeings，Withapro－  

JeCtedadditiona185mi11ion peryear・Iftheprev  
Senttrendcontinues，thismayresulttoapopula－  

tionbetween8andlObillionsby2050・The  
impactofthepopulationpressureonnatural  

resources andecologicalsystemisdefinitely  

mind－boggling・Therewasawidespreadthesis  
thatthewarsofthe21Stcenturywillbeprovoked  

bydwindlingwatersupplies，thoughthishasnot   
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ACTUAL CASES：0IL SPILL OFF  
GUIMARASISLANI）AND THE  
SUPER TYPHOON“Milenyo”IN  
BICOLREGION，METROMANILA  
ANDSOtTTHERN＝LUZON  
O比ぶ批エ0ダガG【〃財ARAぶJ∫LA〃刀  
Themainsourceofoilpollutioninaqぬtic  

environmentisthe oilspillfromships，1eaks  

丘omroutineoperationsatinsta11ationstankerter－  

minaland oilre且neries，OPerationaldischarges  

fromtankersandothervesselsatsea．Sometimes，  

WaSteWaterWithoilaredeliberatelydischarged  

intothesea．Oilspi11killsa11aquaticliftbecause  

itistoxic．Coralreefs arealsoaffectedbyoil  

SPill．Acoralreefisawave－reSistantunderwater  

ridgemoundbuiltofffagmentsofcoral，COral  

Sandsandsolidlimestoneatorslightlybelowsea  

level．ThePhilipplneShasoneofthelargeStreef  

areasintheworld，about27，000squarekilome－  

ters of coralreefarea within a15to30meter  

depth．Ofthisarea，Only5．3％couldbeclassified  

in excellentcondition；70％are deteriorating．  

About55％ofthefishconsumedbyFilipinos  

dependoncoralreefs・Similarly，PrOductionfrom  

coralreefg accountfbraboutlOto15％oftotal  

m訂ineBsheries（Ordo五z，2005）．  

OnAugustll，2006，Single－hulltanker  

SolarJ（ownedbytheSunshineMaritimeDevel－  
OPmentCorporation）navigatedthestormyseas・  
Theoiltankersank640metersdeep，23．4Km  

from the southern coast of Nueva Valencia 

GuimaraStOWn．Ofthetanker’s2millionlitersof  

CargO，theCoastGuardsaidthatabout200，000  

1iters hadleaked out ffom M／T Solarl．From  

there，itwasestimatedthatth色tankercontinued  
toleakaround200－2501itersofoilperhour．As  

OfSeptember22，2006atleast58barangaySin5  

townsinGuimaraS and twotownsinIloilohave  

beendamaged・Itwasestimatedthattheoilspill  
hadalreadyaffected7870fami1ies（39，004per－  

sons）andGuimarasIsland，secosystem－66kmof  

sea，220Km．ofcoastline，1143hectares ofa  

nationalmarinereserve，and454hectaresofmanー  

grove－aSWellasitspeople’shealth（1，706  

reportedsick）andlivelihood・Withcontinuing  
Oilspill，mOrethan144kindsof鮎h，29genera  

ofcoral，marineturtlehabitats，7speciesofsea－  

grass，endangereddugongs，SeVeralspeciesof  

whalesanddoIphins，andoverl，128hectaresof  

PreCiousmangrovefbrestmaylost  

beenprovencorrect（FrankKurschner－Pelkmann，  

2006）．CunninghamandCunningham（2006）  

Citedthe且ndingsoftheUnitedNationsEnviron－  
mentalProgram，theWorldBankandthe World  

ResourcesInstitute，aSfollows：a）≧1．2bi11ion  

PeOPlelackaccesstosaftdrinkingwater；b）≧  
2・4billionpeoplelackadequatesamitationfacili－  

ties；C）≧5million deathsperyear，Partlycaused  

bypollutedwater（2．2millibnchildrenunderage  

5）；d）about40％ofworldpopulationlivesin  
areaswherewaterdemands＞supplies；ande）by  
2025，itisprQ3eCtedthatabout75％couldbeliv－  

1ngln Wateトdepletedareas・  

WERRESOURCESINTHE  
PHILIPPINRS  

ThePhilipplneShasthelongestcoastlinein  

theworld，Withitscoastalareacoverlng60％of  

the country’s73provinces・ItisanarChipelago  

With24maJOr且shingbaysandgulfs．Ithasrich  

inlandwatersconsistingof421rivers，aPPrOXi－  

mately70naturallakes，mOrethanlO6，328  

hectares offreshwaterswamps，and30，000  

hectareS OfdamSandreservOirs．  

Ofthe421riversystemsinthePhilipplneS，  

atotalof40rivers，includinga11riversinMetro  

Manila，4inCebuand4inNegrosOccidental，  

havebeendeclaredbiologicallydeadduetopol－  

1ution．MinesarethemaJOrSOurCeSOfriverpol－  

1ution．Thereareabout25mlnlng負rmsthatdis－  

chargeaboutlOO，000tons／day ofminetailings  

into the rivers．These contain acids，alkali，  

Cyanideandheavymetalswhichgraduallyaccu－  

mulateandbecomem可Orhazardstohumansand  
aquaticspecies・IndustrialnrmSlocatedalongthe  

banksdumpwastesintotherivers・ThePasig  
riverinMetroManilaisawastesinktomorethan  

150factoriesthatdischargellmi11ionsgallonsof  

industrialwastewater peryear（Ordonez，2005）・  

Oilspillandfishingmethodslikeblastlng，  

cyanidefishing and muro－amihavedestroyed  
95％ofcoralreefs，therebyreducingthestockof  

鎖sh．  
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StanCemaybelegislatedbythegovernment．Even  

theteacher，aSanindividualinaconTPlexhuman  

SOCiety，isaffectedbyhis／herpersonalcircum－  

StanCeSandbeliefs．These，inturn，Willdetermine  

themethod，mOtivation，innovationsandultimate  

SuCCeSSOftheteacher（Figurel）．  

且乃γ王r（用例β柁fαgβ乃g‡乃ββr王乃gβ血cα如乱  

CognlZantOftheimportanceofhumandimension  

inenvironmentalscience，PrOpereducationand  

training shouldbeprovidedtotheconcerned  

groupsincludinggovernmentadministrators，1eg－  

islators，industrialists，englneerS，aCademicians，  

teachers，businessmen，1awenfbrcersnon－gOVern－  
mentalorganizations（NGO’s），peOPle’sorganiza－  

tion（PO’s），“Civilsociety（CS）”andthefinalcon－  

SumerS．FormalschooIs，mixedmedia（radio，TV  

newspaperandotherprintedmaterials），muSic  

andsomeartforms（movies，theater，Paintings，  

dance），initiativesofNGO’s，PO’s，andthe“civil  

SOCiety”，areefftctivechannelsfbrinstruCtion，  

andpromotionofenvironmentalawareness二  
Socio－POliticalandreligiousinstitutionsalsoplay  

Slgnincantrolesinconservationandmanagement  

Ofnaturalresources（Figure2）．  

（WWW．WWf．org．ph：Phil・DailyInquirer，Septem－  

ber25，2006）．   

1川（打力（J．†／フビ州血〃ぐq／わJ・J／け′つfJ叩／／／ア  

PetronCorporation（CargOOWner）broughtincon－  
SultantSfromJapanandhaditsvoluntarycontri－  

butionintheformof theWaterborneIndustry  

SpillResponse（WISE）tugboats，Oilspillskim－  

mers andbooms，absorbentpads，andchemical  

dispersantS・UseofdispersantShascausedalarm  
amongenvironmentalists・Containmentand  
Clean－upOpt10nShavebeenmadewithaneSti－  
matedlOOO tons oildebris collected from  

Guimaras．Siphoningofbunkerfuelisbeing  

negotiated with the insurance company. 

∫UP且尺rⅣWOOⅣ“〟gJg乃プロ”「〟gJJe乃g〟叫・  

OnSeptember28，2006，Supertyphoon  

“Milenyo”ravagedtheBicoIReglOn，Metro  

Manila and SouthernLuzon．As ofOctober3，  

2006，190werereporteddeadduetolandslide，  

fl00d，giantbi11boardsandothertyphoon－related  

accident・Againdefbrestationwastheculpritfbr  
the destructive landslides and floods which 

claimed hundred oflives and severalmi11ion  

PeSOSWOrthofcropsandproperties・  
Couldpropereducationandtraininghave  

PreVentedsuchoilspiuandlandslides？Canthey  

alsoprovideshorトtermandlong－termSOlutions  
toprotectthe丘agi1eecosystemsinthePhilip－  
PlneS，andelsewhere？Theanswers areinthe  

a任hmative．  

COMPONENTS OFTHEHOLISTIC  
RDUCATIONAL SYSTEM  

Educationisaprocessandasystem・Itis  
PartOfalearn1ngPrOCeSSinvoIvingtheinterac－  

tions and communications between the teacher  

and the students．Modern trends，however，  

ShowedthechanglngrOleofteachers，frompur－  

VeyOrSOfknowledgetofacilitators．Theteacher  

endeavorstoshareandenhanCePreCiousknowl，  
edgewiththestudents，uSlngr－eferencesand  

tooIstofacilitatelearnlng，hopefu11yinaconq  

ducive environment with severalelements．  

Theseelementsdonotonlyreftrtothephysical  

locationoftheclassroom orthe school，butalso  

includevarioussocio－Cultural，eCO－POliticaland  

evenreligiousfactorswhichinnuencethesystem．  

Thekindofcumiculumconsistentwiththelearn－  

1ngO句ectives，tOgetherwiththeformandsub－  

Relig10n  

Figurel・SHo．istjc  
i  

・Eco・Polltl血  

・＄○（〉iかCu血相l  ・R釧如りさIn劇tu沼0個  

・Govo爪mOntAdm州タtmtO博  
一L叩l如tor8  
・Law∈nわrco怜  
・lrldu抑而㈹舶  

・〔n91∩舶用  

▼T紬Ch8痔  
一日u8†∩脚m耶  

・佃domは8nS  
・NonOov馴Ⅵm馴¶0聯血油川  

・P80P旭80r9a州zaぬ昭  
・Con8umO悸   

W八丁ERRESOURCES   
CONSERVATlON AND 
WAST【WERMANAGEMENT  

Figure2tEnvironmentalEngLneerlng  
Education ofaH Stakeho］der   
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TabIelL SomeUPLB－CEATChemicalEngineenngDepartmentResearchesonWastewater  
Treatment．  

Process／Operation  Material treated AgentsrReagents  

DecolorizationandCODreduction   
byadsorption   

Reductionofphosphatesandsurfactants   
bycoagulationandadsorption  
RemovalofChromiumVIbyadsorption   
andhydrazineprocess  
DecolorizationandBODreduction   

by photolytic ozonation 
Coagulation，Photocatalyticdegradation   
adsorption   

Coagulation－nOCCulation  

Distillery slop 
CrudeGlycerol   
舟ommethanolysis  
Synthetic laundry wastewater 

Simulated wastewater   

Polymerlens，Phenolicwastewater  
Slaughterhousewastewater  
Tbxtilewastewater  

Fenton’sreagent   

Mixed Culture Activator 

Activated Carbon 

Alum，1ime，Chitosan   

Bentonite，hydrazine  

Ozone   

Vermiculite，Sun爪ower   

talk，COCOnuthusk，   

ndotherbiomass  

Aluminum sulfate and 

anionicpolyacrylamide   

Rhizobium exopoly－   
SaCCbadde（EPS）  

Phosphono－methylated   
POlyethleneimine（PPEI）   

Electriccurrent；nOCCulant  

最shsau．ce／molasses  

免mentation  

Oilandgrease丘om   
gasoline station wastewater 

Heavymetalsinwastewater  

Electrolysis   
and electroflocculation  
Reuse／recycleasdiluent   

Mode11ingandsimulation  

Di飴rentkindsofwastewater   

Distilleryslop   

Toxic inorganic and 
Organicchemicalsin  
LagunadeBay（1ake）  

Forits part，the ChemicalEnglneering  

Department－CEArUPLosBa貢．shasbeencon－  

ductlngreSearChesonwastewatermanagement，  

mostly onend－Of－Pipetreatment（Tablel）．  

Resultsofthesestudies maybeaccessedbyftl－  

lowresearChersandinterestedpartiessincethese  

arepublishedinJOurnals，PrOCeedings，bu11etins  

and transactions．Thereare CaSeS When a触cted  

industriesand／orcompaniesdirectlyconsultwith  

thedepartmentfacultymembersre：aCtualwaste  

managementproblems．Hence，SOmeOfthese  

results aredirectlyconveyedtoconcemedcom－  

Panies．  
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CONCLUSION  

Ⅵねterisanimportantandcriticalresource  
Which shouldbeconserved．Itsvarioususeshave  

beendiscussed．TheoilspillinGuimarasisland  

andtheravaglngSuperTyphoon“Milenyo”inthe  
PhilipplneS Wereincludedto demonstratethe  

damages causedby malpracticesleadingto  

destruCtion・Thispaperalsohighlightedtheslg－  

nificanceofpropereducationandtrainlngln  

environmentalenglneerlngforallstakeholders  
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pHILIPPINES：DISCUSSION   

Question：Whatarethestandardsandregulaq  

tionstocontrolthewaterqualitythatcanbedis－  

Chargedintothenaturalwaterways？  

Answer：Thestandardsandregulations、‘tOCOn－  

trolthewaterqualitydischargeintothenatural  

WaterWayS arefoundintheRepublicAct9275  

WhichisknownasthePhilipplneCleanWater  

Act of2004andDepartmentAdministrative  

Order34therevivedwaterusageandclassi負ca－  
tionandDepartmentAdministrativeOrder35the  

revisedefnuentregulationsof1990．  
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