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Trends in E鱒icient VIぬter Use

Inadequate water supply狐d water quality deterioration

represe血serious contemporary concems for many murricipali-

ties, industries, and agriculture in various p劃青s of血e wo血d.

Several factors have co血buted to瓜ese problems; COntimed

POP山ation growth in u血an areas, COnta血ination of surface

Water and groundwater, uneVen distributious of w劃龍reSourCeS,

and frequent dmu如ts have foreed water ageneies to search

for new dependわle water supply For more血an a quarter of

a century; a reCur血Ig血esis in envirormental and water

resources engmee血Ig has been血at it is feasible to treat waste-

Water to a high enou如quality血at it is a resouree w址ch could

be put to beneficial use ra血er也狐WaSted. By applying

血is corrviction to responsible engmeenng, COuPled wi心血e
●

VeXmg PrOblems of increasmg Water Shortages and environ-

mental pollution, a realistic franewo血has emerged for

ConSidering ”multiple uses of water一一via reclamation and reuse

in many parts of血e Wo轟d. The water pol鵬ion control e鮮brts

in many countries have mmde treated　劇micipal and

indus壷al wastewater suitable for economical augme咄ion

to血e existing water supply, When compared to increasingly

expensive and environmentally destruc缶ve new water resources

dev el opment.

Water reclamation and reuse accompli血es two fundamental

允mctions: (1)血e treated‾e餌uent is used as a water resource

for beneficial puaposes, and (2)血e e餌uent is kept out of

StreamS, 1akes, and beaches;血us, reducing pollution of surface

Water狐d groundwater In也is paper, fundamental concepts

Of multiple uses of water via reclamation and reuse are devel-

OPed血at include categories of water reuse狐d technoIogical

irmova缶ons for血e safe use of reclaimed water. The article

emphasizes血e integration of血is altemative water supply

into water resources plammg and血e emergence of modem

WasteWater reClamation and reuse practices from wastewater

to reclained water to ’一repurified/new” w劃er血ough ’一mn脆ple

uses of water" via reclamation and reuse. Water reclama缶on

狐d reuse have been dubbed as血e g朋耗弱cha〃enge q召he

21st ce楕幼ry as water supplies remain fi血te and wat馴demands

increase bec狐se of escalating popula缶ons and per capita

COnSumPtion. 1bday占echnically proven water reclamation or

Purification processes exist to provide water of almost any

quality desired甲

Mu量鯖p量e Uses ofW寄ter

The foundation of卸町鵬ple uses of water is built upon three

Principles: (1) providing relialble treatme血of wastewater to

meet strict water q岬ality requirements for血e intended reuse

application, (2) protecting public heal血, and (3) gaining public

acceptance. Whether water reuse is appropriate for a specific

/
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locale depends呼on care餌economic considerations, POten暮

tial uses for the recl証med water, and血e relative stringency

Of waste discharge reql膿rem孤ts.珊blic policies can be im-

Plemented血at promote water conservation, and reclamation

and reuse rather血a皿血e costly development of additional

Water reSOurCeS W弛co髄iderable e櫨Virormental expenditures.

Through int喝rated water resources plammg,血e use of

reclalmed water may provide su縦cient組exibility to a11ow

a water agency to reapond to short-term needs as well as

increase瓜e reliねility of long-term Water SuPPlies.

In也e plarmng and implementation of mu雌ple uses of

Water;血e intended water reuse applications govem瓜e degree

Of wastewater treatme血required and血e relial)ility of waste-

Water treatment ProCeSSmg and operation. In p血ciple, WaSte-

Water Or any ma堰inal quality waters c狐be used for any

PuIPOSe aS Iong as ade〔叫ate trea血nent is provided to meet

血e yater quality requirements for血e intended use. The

dommant apPlications for瓜e use of reclaimed water include:

agricultural irrigation, 1andscape irrigation, in血IStrial recyc血g

狐d reuse, and groundwater rechange. Among瓜em, agricul-

tural狐d landscape irrigation are widely practiced t血oughout

血e wo血d wi血well-eS屯bli血ed heal血protection guidelines

and agronomic practices.

Ⅵなter Reu§e De範nition§

Tb facilitate commmnication among di餓3rent grOuPS aSSO-

Ciated wi血water reuse, it is important to understand血e

temrinolqgy used in血e arena of water reclamation and reuse.

脇s杉Wa花r形clamation is血e trea債nent or processmg of

WaSteWater tO mcke it reusable, and waねr 71euSe is瓜e use

Of treated wastewater for beneficial purposes such as agn漢

Cultural irrigation and industrial cooling. Rec楊imed w鋤fみis

a treated e餌uent suitあle for an i血ended water reuse applica置

tion. In addi缶on, frot water reuse req叫res也re existence of

PIPeS Or O仕rer conveyance facilities for delivenng reclaimed

Waten h俄だct reuse,血rol畦h discharge of狐e餌uent to

recelⅤmg Water for ass王milation and wi血dr狐Vals downstream,

is recognized to be important but does not consti請e pめmed

俄rleCt Water reuSe. In contrast to direct water reuse, Wa花r

ZleeyC巌g normally involves only one use or user and血e

e餌uent from血e user is cap血red and redirected back into瓜at

use scheme. In血is context, Water reeyCling lS Predominantly

PraCticed in in血1Stry閏.

Role of M田儀ple Uses ofⅧter in the Hydro量ogic Cycle

The inclusion of plamed water reclamation, reeyCling and

reuse in water resouree systems re組ects瓜e inereasing scareity

Of water sources to meet societal demands, teChnoIogical

adv狐CementS, increased public acceptance, and improved

understanding of public health risks. As也e li血⊂ between

WaSteWater; reClaimed water; and water reuse applications

has become be請er understood, increasingly sma11er recycle

loops are possible. Traditiona埋y血e kydrologic cycle has

been used to represent瓜e contim0uS tranSPOrt Of water in

血e envirormeut. The water cycle consists of宜esh-Water and

Salt-Water Surface resourees, Subsurface groundwater; Water
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associated wi血various land use鬼mctions,狐d atmos亘heric

Water VapO意Many s心b-eyCles to the kydrologic cycle exist

including血e engmeered tr狐SPOrt Of water. Wastewater recla-

mation, reCyCling狐d reuse represe血Signi範cant multiple

uses of water components of血e hydroIogic cycle in uめan,

industrial, and ngricultural areas.

A conceptual overview of血e cycling of water from su亜ace

and groundwater resources to water treatme鵬faci舶es, i正置

gation, municipal,狐d industrial applications,狐d to waste-

Water reClamation and reuse facilities is shoWn in Fig'虹e l.
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to di餓3renCeS in specific water use requneme血s and geo-

POlitical constraints.

緩Ag塙e融的n離高祖v威肋represents瓜e langest current use of

reclaimed water也rou如out瓜e wo血d. This reuse category

O鮮おs significant future opportunities for water reuse in bo血

industrialized countries狐d developing countries.

鬱La職応鋤やe加軽め職is血e second langest user of re-

Claimed water in∴in血IStrialized countries and it includes

也e irrigation of parks; Playgrounds; gOlf courses; freeway

medi狐S; 1andscaped areas around commereial, 0縦ce, and

認諾〃霊嵩華ngineered treatment再cIamation・ and間Se軸ities in the mu暮tipte uses of water鵬rough the trydro喝ic eycIe〃

The m劉Or Pathwrys of mul血ple uses of wa庇r include irriga-

tion, industrial use, Surface water replenishment,狐d ground-

Water reChange. Surface water replenishme血and groundr椛血er

rechange also occur t血ough natural drainage狐d血rough

in鮒tration of irrigation and stom water runo鮒The quantity

Of water tr狐Sfened via each pathvy depends on the water

Shed characteristics, C重imatic and geohydrolngic factors,瓜e

degree of water utiliza缶on for various pu呼oses, and瓜e d喝ree

Of direct or indirect water reuse.

Categories of Ⅵなter Reuse

In也e plammg and implementation of water reclamation

and reuse,血e reclaimed water application will usually govem

the type of wastewater treatme血needed to protect public

heal血狐d也e errviroment,狐d血e degree of reliめility

required for each sequence of trea億nent processes and opera-

tions. From a global perspective, multiple uses of water have

been developed to replace or angment water resourees for

SPeCific applications, depending on local water use pattems.

In general, Water reuSe apPlications fall under one of seven

CategOries: ( 1 ) agricu血ral irrigation, (2) landscape irrigation,

(3) groundwater rechange, (4) industrial reuse, (5)餅rviron-

mental and recreational uses, (6) non-pOtable u血an uses,狐d

(7) indirect or direct potねle則Se. The relative.anount of

Water uSed in each category varies Ioca11y and reglOnally due

industrial develapments;狐d landscaped areas around resi-

dences. Marry l狐dscape irrigation pr匂ects invoIve drlal distri-

bution systems, Which consist of one distribution nctwork for

POtal)1e water and a separate pipeline to tr狐SPOrt reClaimed

Wate意

翳J力みs加わI a鵬represent瓜e血ird m劉Or uSe Of re-

Claimed water; Prma申y for cooling and process needs. Cooling

Water CreateS血e single langest indus宙al demand for water

狐d as such is血e predomin狐t industrial water reuse ei血er

for cooling tovers or cooling ponds. Industrial uses vary

greatly and wat龍quality requirements tend to be industry-

SPeCific. Tb provide adequate water qunli勘suppleme鵬al

億℃atment may be re叫ired beyond corIVentional secondary

WaSteWater treatment.

翳G両雄ndh融eγ r料加nge is血e fourth langest application for

Water reuSe, ei血er via spreading basins or direct iI互ection

to groundwater aquifers. Groundwater rechange includes

groundwater raplenishment by assimilation狐d storage of

reclaimed water in groundwater aquifers, Or eStal)1ishing

kydranlic barriers against salt-Water intrusion in coastal areas.
There have been a considerable interest in groundwater

recharge prqjects in血e United States of America and血e

Europe狐Union countries in recent years.

饗Re伽捌tあnal f物d切帥曲りnmen加l #S偽COnstitute血e fi餓1

1angest use of reclaimed water in industrialized countries and

involve non-POtねle uses related to land書based water features
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SuCh as血e de鵬lopmeut of recreational lakes, marSh e血狐Ce-

ment, and stream flow augmentation. Reclaimed water

impoundments c狐be incorporated into u血狐1andscape

developments. M狐-made lakes, gOlf course storage ponds

and water traps can be supplied wi血reclaimed water. Such

Water has been applied to wetlands for a variety of reasons

including: hわitat creation, reStOration and/or e血狐Ceme血,

Provision for add随onal treatment prior to dis血nge to recelVmg

Water; and provision for a wet wea血er disposal altemative for

reclaimed water.

鬱Nあやの幼妨桝b伽u馳s include fire protection, air con-

ditioning’tOilet flushing支COnStruCtion water;狐d組ushing of

Sanitary sowers. Typical重y for economic reasons,仕rese uses

are incidental狐d depend on血e proximity of血e wastewater

reclamation plant to瓜e point ofuse.血nddition,血e economic

advantages of u血an uses c狐be e血anced dy coupling wi血

O血er ongomg reuse applications such as l狐dscape irrigation.

緩め細部e F鋤se is狐O血er water reuse opportmity; Which

COuld occur ei血er dy blending m Water SuPPly stornge reser

VOirs or, in瓜e extreme, by direct input of highly treated

WaSteWater into the water distribution system. Al瓜ou如血e

likelihood of implementing血is option in血e usA and也脂

EU is remote, an eXamPle includes瓜e City of Windhoek,

Namibia becanse of也e severe water shortnge.

Spectrum of RecIaimed V棚aLter Qua輪ty

As wat餌is used for various aIxplications,血e quality changes

wi11 occur as a consequence of introducing various cons缶tu-

ents. A conceptual comparison of瓜e extent to which water

quality changes through m皿icipal applications is shown in

Figu鵬2. Water億℃atment teC血oIogies are applied to prodrce

high-quality drinking water that meets applicable usA federal

and state or EU and intemational standards for domestic

(drinking) water supply Conversely m皿icipal and industrial

Water uSe tend§ tO degrade water q脚lfty by introducing

Chemical or bioIogical co血aII血ants. The quality changes

necessary to upgrade瓜e wastewater血en become the basis

駕繋霊s認諾藍諾講書摘municipal uses of urate「

for wastewater treatment. In practice, treatment is carried out

to血e point re叩ired by regulatory agencies for protection

Of血e aquatic envirorment and o血er beneficial uses. The

dashed line in Figt鵬2 r印resents an inerease in treated water

quality as necessitated ty multiple uses of water via recla-
mation and reuse. Ultimately as the quality of treated wat跡
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approaches that of u叫polluted natunal water;血e practic加bene-

fits of water reclamation and reuse are ev主dent.

As more adv狐Ced technologies are applied for water recla-

mation, Such as cafbon adso呼缶on, advanced oxidation, reVerSe

OSmOSis,狐d ultraviolet disinfection,血e quality of reclaimed

Water C狐eXCeed conventional d出血ng water q脚lity by mo§t

Water quality parameters,狐d it is temed椎妙枕r拓ed water

(City of S狐Diego, Califomia, USA) and N那禍庇r (Singa-

POre). 1bday tech血cally proven water reclamation or water

Purification processes exist to provide water of almost any

quality desired.

Ⅷter QuaIity Criteria and Regulatory Cons王dera慣ons

lb protect public heal血wi血out umecessarily discouragmg

multiple uses of water; regulatory approaches stipulate water

q脚lity st狐dards in co車unction wi血re叩irements for treat-

ment, San吋ling,狐d monitoring. W弛reclaimed water, aS in

many activities, a key concem is血e potential risk of hunan

exposure to pa瓜ngenic onganisms. However; COntrOlling血e

extent of血Iman expOSure tO the reclaimed water狐d ensurlng

血at血e wastewater treatme鵬system is e餓舶ive狐d reliわle

Can minimize heal血impacts. The degree of treatment re-

quired and也e associated monito血畦requlremeutS tend to

be related to瓜e specific water reuse application. In general,

i壷gation systems are cat捲orized according to瓜e potential

degree of hunan exposure. Tb produce reclaimed water也at

is virtually pathogen-free, a higher degree of treatme鵬is

required for irrigation of crops血at are cousuned uncooked,

Or when reclaimed wat蹴is used for irrigation of locations

血at劃記likely to have frequent hunan contact.

The Wb血d Heal血Onganization guidelines E5] emphasize

血at a series of wastewater stわilization ponds is necessary

to meet microbial water quality requireme血s. Micr(萌oIogical

monito血g re叩1rementS also vary consideraldy among dif

ferent jurisdictions‥血e wHO guide血es requ鵬monitoring

Of intestinal nematodes; Whereas血e State of Califomia's

脇細r Reeyc碗g C商terta [6] requne more st血gent set of con-

ditions and prescribe wastewater treatment system reliability

and monitoring o弛e e珊ent如拙dity and瓜e total colifor聖

density for assessment of microbiological quality The mam

COnCemS for water reuse in血e Uhited States ofAmerica are

the eliminatio皿of enteric vi珊SeS and emergmg bacterial

and protozo狐Pathngeus. For most developing countries,血e

greatest concems associated wi吐血e use of wastewater for

irrigation a腿to prevent exposure to enteric he煽in融such as

hockwom, aSCar瓦扇c転rお, and urrd錐ce血circumst狐CeS,

瓜e beef tapowom. These pathngens can damage血e hea皿

Of血e general pu髄c consumlng血e crops irrigated with un-

tr℃ated or partially treated wastewater血addition, SeWage

farm workers狐d瓜eir families may experience more serious

hea重血五sks.

Future Di富eC慣ons for Vfater Reu§e

In marry parts of血e world’agricultural irrigation using

reclaimed water has been practiced for many cent正es. L狐d-

SCape irrigation such as irrigation of golf courses, Parks and

Playgrounds has been successfully implemented in many

u血狐areaS for over 30 years. Salt management in irrigated

CroPlands may requlre apeCial attention in many arid and

Semi-arid reglOnS. Beyond irrigation and non-POtねle u血an

reuse, indirect or direct potatle reuse need care餌evaluation

狐d dose public scru缶ny It is obvious from public heal血and

acceptance st狐dpoints血at non-POtねle water reuse options
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must be exh狐Stively explored prior to any notion of indirect

Or direct potal)1e reuse.

Gromdwater recharge wi血reclaimed water and direct

POtねle water reuse share many of血e public heal血concems

encountered in drinking water w弛drawn from polluted rivers

and surface water reservoirs. Three classe§ Of constituents are

Of special concem where reclaimed water is used in Such

applications :

( 1 ) enteric vi鵬SeS狐d o也er emerging pathngens;

(2) orgmic constituents including industrial狐d pharmaceu-

tical chemicals, reSidual home cle狐mg狐d personal c捌re

PrOducts and o瓜er persistent polluta血ts;

(3) salts and heavy metals.

The ramifications of many of血ese constituents in trace

qua血dties are not well understood wi血reapect to long-tem

heal血e飾ects. For example,血ere are concems al)Out expO-

Sure tO Chemicals血at may function as endocrine disruptors;

also血e potential for development of狐tibiotic resistance

is of concem As a result, regulatory agencies are proceeding

Wi血extreme caution in pem舶ng water reuse applications

血at a能ct potatle water supplies. In each case in瓜e usA

Where potalble water reuse has been contemplated, altemative

SOurCeS Of water have been developed in血e ensulng yearS

and瓜e need to adopt direct potal)1e water reuse has been

avoided.

As血e proportional qu狐舶es of treated wastewater dis-

Charged into仕記recelVlflg Water increases, muCh of血e

rese捌℃h w龍ch addresses groundr椛鵬r rechange and potわle

Water reuSe is becommg Of eq脚l relevance to鱒p宛協ned

成形ct po幼bね花郷e such as dri血ing water intckes Iocated

downs億℃am from wastewater discharges or from in雌easingly

PO11uted rivers and sur鹿鵬Water reSerVOirs. Examples inelude

New O血e狐S, Louisiana on瓜e Mississippi REver and瓜e

Rhine VAlley communities along血e Rhine REver in Gemany

and the Netherlands.
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Reclaimed wat練is a locally co皿trOllわle water resource

血at exists right at也e doorstep of血e uめ狐enVirorment,

Where wa鳴r is needed也e蘭熔t狐d priced也e血塊est, CIosing

血e loop of血e water eycle and implemen血g rmltiple uses of

Water nOt Only are technically feasible in industries狐d

municipali缶es but also m恋es economic sense. While potable

reuse is s劇1 a distant possibility and may never be imple-

mented except under extrene conditions, groundwater re-

charge wi瓜adv狐ced wastewater treatment tec血ol鴨ies is

a viねle option backed ty血e decades of experiences in several

COun宙es. Multiple uses of water via reclamation狐d reuse

have become an esseutial element of future water resources

development in巌tqg融ed脇ねr樹0“椛s man呼椛e薙也us,

Our OPPOrtunities狐d cha11enges will continue well into瓜e

2ドcen血でy

Ac加ow晦の穂; Beca棚se f繭p(即r瑚eS Wri舶n i而g捌eml伽d

加的虎貯めヴm伽n鋒m脚t mte房aお躍柁めた朔〆。m a鋤駒塙p翻わ榔

pめ癌融bus w融se咋ml co-a鋤吻0樹胸高e虎めileか窮柁JgCe C鋤be

Ja鋤d in zhe形centpあhcation [4l
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