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INTRODUCTION AND OVERVIEW

Wastewater reuse is one element of the water resources management of an

area. Reuse involves considerations of public health and may also invoIve

considerations of water conservation, Water POllution control, and water

ut址ty management. Among sanitary engineers this has been a su勘ect of

growing interest for at least three generations. Reuse is o血y one altemative

in planning to meet the water resource needs of an area. Water r∞yCling,

Water conServation, and new prQj∞t development are other altematives.

Whether reuse w遭l be appropriate depends upon ∞OnOmic considerations,

POtential uses for the reclaimed water, the degree of severity of waste

discharge requlrementS, and pul)lic pofroy wherein the desire to conserve

rather than develop available water resourees may override economic and

Public health considerations.

Domestic wastewater was first reused in the nineteenth ∞ntury With the

development of sewerage systems. Farms usmg raW SeWage Were eStablished

in England, Australia, Germany, Fran∞, and Italy after 1870. By 1900

SeWer farms were nunerous in the old and the new wor宣d; for example, ten

Califomia communities had sewer farms. These `亀rms’’were pnmarily

disposal operations and incidental use was made of the water for crop

production. It is reported that by 1910, 35 Califomia communities were

usmg sewage for irrigation-1 1 without previous treatment, 24 after septic

tank treatment (1).

Gradua皿y, landmark ``uses’’were initiated. In 1926, at Grand Canyon

National Park, trcated wastewater was血st used in a dual water system for
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420　　ONGERTH & ONGERTH

toilet組ushing, lawn sprin舶ng, COOling water, and bo組er feed water (2).血

1929, the city of Pomona, Califomia initiated a prQj∞t ut虹zing reclaimed

WasteWater for domestic irrigation of lawns and gardens (3). In 1930, a Pilot

Plant was put into operation in Los Angele§ that was intended to produ∞

POtわle water from sewage e凪uent (4). In 1 93 1, San Diego Teachers Co皿ege

(Califomia) initiated a lawn and shrubbery irrigation prQject (3). In 1932,

the Golden Gate Pa血(San Francisco, Califomia) reuse p垂ect was initi-

ated for lawn watering and supplying omamental recreational lakes (5). In

1942’uSe Of chlorinated sewage e皿uent from the city of Baltimore, Mary-

land was begun at the Sparrows Point plant of the Bethlchem Steel Com-

Pany (6). The Kaiser steel mill in Southem Califomia has reclaimed plant
WasteWater for industrial purposes at血e mill since the mid- 1940s. In 1960,

a dunl water system was begun at CoIorado Springs, Colorado, W血ch now

SuPPhes reused wastewater p血cipally for landscape irrigation at goIf

courses’Parks, Cemeteries, and freeways. Beginning in 1962’a m劉Or

groundwater recharge prQj∞t by surface spreading was initiated at W血ttier

Narrows (CaⅢbmia), the first major deliberate recycling of wastewater into

SOurCeS Of domestic water supply (7). In 1965, the Santee (Califomi亘)

r∞reational lakes’SuPPlied with reused wastewater’Were OPened for swim-

ming (7). Potable reuse has been practiced intemrittently sin∞ 1969 at

Windhoek, Namibia, Where reclaimed water has been lO-20% of the water

SuPPly. In 1975, groundwater rechange by direct iIri∞tion of reused

WasteWater into groundwater aquifers was started by the Orange County

Water District (Califomia) (7). In 1977, the Irvine Ranch Water District

(Califomia) iritiated a major residential landscape irrigation prqieet with

a dual water system delivering reused wastewater (7). Also in 1977, anO血er

m劉Or nOnPOtable u血an reuse system was initiated’in St. Petersburg,

Fl〇五da (8).

Some qf these p重匂ects have been developed as a matter of n∞eSSity to

meet water needs, but many were developed to take advantage of the

WasteWater aS a reSOuree Or aS a meanS Ofwaste disposal. In the US, as Wa如e

discharge requlrementS have become increasingly strict, the federal water

PO皿ution control agency a±PA) has viewed reuse as an attractive altemative

to take advantage of the higher quality e組uents being produ∝d・

T血ough the years the trend generally has been to incrcasingly ``higher”

uses, with attendant greater health risks, Which in tum require higher levels

Of treatment and higher standards requi血g better qua耽y end-prOduct

WaterS・ With respect to these higher uses’questions have been raisedわout

(a) viruses with which intimate hunan contact was likely or possible,の

disease transmission through aerosoIs, and (C) ``stわle onganics,, where血e

reused water is likely to b∞Ome a Part Ofthe co皿munity water supply. W耽h

the prospect that t則ck crops would be irrigated wi血reused wastewater,

亀
っ
　
∴
三
豊
一
重
蓋
で
・
.
基



WASTEWATER REUSE　　42 1

Public hedth authorities agam raised questioms about the possibilities of

infむtious disease transmission t血ough the food crops andわout appropn-

ate water quality standards. Research e徹加s are underway to attempt to

de血e and re血e scient迫c information in order to set policies and estal)lish

stanくねrds for血ese various practices.

Regarding m劉Or Prqi∞tS for groundwater recharge to augment domestic

Water SuPPly sources, there is consideral)le controversy over whether p巾blic

he狐血authorities should withhold approval pending development of defini-

tive water q聞出ty standards or whether such prQjects should be approved

forthwith. Advooates of r∞harge prQiects urge approval as a measure to

∞nServe Water Since the recharge would substitute for new water develop-

ment prQj∞tS Or PrOteCt depleting basins. The ∞ntral issue is one of “n∞eS-

Sity,’’both as to血e need for reuse prqi∞tS and the degree of treatment

reql血ed by public health authorities.

Increasmg use wⅢ be made of treated wastewater, Particularly for agn-

Culture and industry’for groundwater recharge if problems from organic

COmPOunds can be resoIved, and perhaps for nonpotable uめan dual water

SystemS. PrQj∞tS a句usted to Iooal ∞nditious w址be developed血at take

into cousideration the quality of ∞mmunity wastewater, the market for

POSSible uses, Public health standards, energy and do皿ar costs, aVailal)ility

Of altemative water supplies, and matters of public policy relating to re-

SOur∞ development and a∞ePtab址ty of risk.

Wi血respect to direct potal)le reuse, advooates hold that safe water can

be produced and that di重eCt POtわle reuse should proceed as appropriate.

Others hold that the practi∞ is umecessary, Carries with it uureasonzめle

levels of risk, and that it is not possible with current scientific knowledge

to promulgate comprehensive standards. The issue of direct potable reuse

is r∞elVmg attention far beyond what is appropriate, conSidering the sma11

POtential for this ultimate degree of rouse.

WASTEWATER REUSE AS A WATER RESOURCE

Some co血u血ties are, Or SOOn Will be, reaChing the limits of their availz心le

Water SuPP盤es. By instituting conventional conservation measures, COmmu-

血ties may be al)le to defer the need to develop additional water resources,

but u血an growth and development wⅢ press inexoral)ly on existing sup-

Plies. Additional water resourees will be needed eventua皿y.

But not a皿conmunities have ready access to additional sources of water.

Devdoping additional supplies generally requlreS gOing further, Or Shifting

from groundwater to surface waters, Or uSing lower quality or po11uted

sources--all of which entail grcater costs for both trans皿ission and treat-

皿孤t.
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422　　0NGERTH & ONGERTH

Tapping of po肌ted sources has potential e鯨虜s that go beyond the

inoreased cost of additional treatment. This sort of ``indir∞t reuSe,, of

PO皿ted water may expose pcople to health risks not assooiated with pro-

t∞ted sour∞S. The chemical revolution of the last decades has created vast

numbers of long-lasting synthetic orga血c chemicals that pose a health

t血eat. So皿e Of these chemicals are carcinogenic, even in trace concentra-

tions, When ingested over long periods of time. The health concems asso-

Ciated with drawing upon po皿uted sourees apply even more foreefu皿y to

WasteWaterS reuSed for potable purposes.

By replacing with reclaimed water the potわle water used for nonpotable

PurI]roSes’an increased population can be served from an existing source.

The concept of sour∞ Substitution is endorsed by the United Nations

Economic and Social Council in its policy for planned water reuse: ・・No

higher quality water, u血ess there is a suxplus of it, Should be used for a

Pu呼OSe that can tolerate a lower grade,, (9).

Another factor favors water reuse: the t∞血oIogical advances made in

WaSteWater treatment. Str血gent water-PO皿ution control requlrementS have

resulted in the construction of wastewater treatment plants that tum out

e皿uents o皿gh q脚的y・ M狐y Of these plants in∞rPOrate costly nutrient-

removal processes-ProCeSSeS that are generally not necessary if the e皿uent

is to be reused. For irrigation’for example, the nutrients are beneficial and

Should not be removed.

Reuse might be promoted b∞auSe it satisfies the conservation ethic, but

it wm only be widely adopted, and successful, if it is eeonomical. To

detemine the economics of wastewater reuse’a Survey muSt be employed

that detem血es the kind of uses and the quantity of reused water for which

there is a market’depending upon the cost of the reused water denvered to

the prospective users. This cost includes the cost charged to treatment and

that for ddivery Cost of treatment for each category of use is contingent

upon the establishment of and ∞mPliance with p皿ro health (and other)

Standards of treatment and quaIty. Higher standards require more treat-

ment which increases cost of waters.

The cost of treatment is the incremental cost for the additional treatment

necessary to meet the quality requlrementS for reuse,わOVe and beyond the

regulatory requlrementS for wastewater disposed in the environm孤t. The

cost of treatment presents little or no problem for ``lower・, class uses, SuCh

as irrigation of fodder and fiber crops. However, for “higher・・ class uses,

SuCh as t則Ck crop irrigation’SPray irrigation of parks and playgrounds,

groundwater recharge for potal,le reuse, and一一in the extreme-dir∞t POta-

ble reuse, COSt Of treatment may be much higher. Further, Standards either

have not been promulgated (groundwater recharge and direct potable reuse)

Or are COntrOVerSial (SPray irrigation of parks) because they are said to be
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too stringent. From the point of view of the中b脆c health regulatory group,

Where standards do not exist or costs of meeting standards are too high,

Other uses sho山d be considered. If insu臆cient market exists for the pemlis-

Sible uses, then o血er water resource altematives sho血d be selected. The

reality of reuse proposals, however, aS OPPO§ed to theory, is that if the

wastewater avaifable for reuse carmot be marketed for uses in which stan-

dards are well estal)lished, the proponents of reuse vlgOrOuSly press the

P止blic health regulatory authorities for relaxation of ∞ntroVerSial stan-

dards or for hasty promulgation of previously undeveloped standards-

Standards to be met, Or Pe血aps o血y approximated.

Health authorities are often charged with being chstructionist and too

conservative, thereby preventing large-SCale reuse of water. In order to form

a sound policy, the following question should be considered: (a) is a reuse

OPeration n∞eSSary aS a Water reSOurCe altemative; (b) what level of risk

COntrOl is attained by a standard; (c) how valid is the judgment of that level

Of risk or, COnVerSely, the acceptわility of a given degree of risk?

Risk analysis as applied to reused wastewater entails the sane di債culties

as that for other health hazards in the envirorment. Basically, the problem

lies in quantifying the risks invoIved and agreemg upon what level of risk

to accept. W. W. Lowrance (67) points out that expressions of risk are

COmPOund measures describing both the probab址ty of harm and the sever-

ity・ They may describe the risk to individuals, to Particular groups, Or tO

SOCiety as a whole. They are usua皿y broad statistical皿eaSureS that take into

account the chance of exposure as we皿as the chance of adverse e蹄かfrom

that exposure.

Handler’s comments regarding risk are pertinent to wastewater reuse

(68):

It has be∞me a function of goverrment to detennine whether a given technoIogical

benefit is worth血e attendant risk where such exists; it also assesses whether the cost

Of mitiga血g or e血ninating such risks are jus髄ed by the latter’s nature and magnitude.

A sensible guide wo山d surely be to reduce exposure to hazard wherever pessible, to

a∞ePt Substantial hazard o血y for great benefit,皿inor hazard for modest benefit, and

no hazard at a皿when the benefit seems relatively trivial.

There are of course altematives to meeting water resource needs other

than wastewater reuse. These include water conservation and new water

resource development・ A third altemative is wastewater “r∞yCling.’’This

tem means an intemal reuse of wastewater by the original user prior to any

ultimate “disposal・’’Principally this applies to the intemal reuse of

WaSteWater Within an industry. The importance of recycling in contrast to

reuse is shown in Tal)le l. As of 1975, Water reCyCling has contributed 200

times as much as water reuse to water resour∞ needs. The prqiection for
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血e year 20co is that the ratio of recycled to reused water will be o血y

Slightly less.

Rarely is there need to compromise public health standards seriously for

WasteWater reuSe・ Aitematives usually are ava孤al)le・ The ultimate prosp∞tS

for wastewater rouse will be e心細ced by development of prQjects that

PrOteCt the health of the community and are sound economically (3).

If血e pubhe is aware that ieclamation is taking place, the developers of a prQject must

Create Public co血den∞・ Such confidence is皿erited and may be oommanded only when

reclamation prQjects are developed along sound enginee血g血es. PrQj∞tS muSt be

COnceived and planned by competent engineers having adeq巾e knowledge o亀and

e画e血ce with, the engmeemg principles invoIved. In some kinds of reclamation the

SCientific principles are well established and prQj∞ts may be success餌Iy carried on with

no doubtsわout the q脚lity of the r∞laimed waters. In other cases, the scientific

P血ciples and血eir application are not fu皿y estわlished, and development must come

more sIowly. There is an element of pionee血g in r∞lamation prQjects, and the responsi-

bility rests with these who would cany them out.

USES OF RECLAIMED WASTEWATER

R∞la血ed wastewater may be used for virtually all purposes for which

Water is utnized. An overriding ∞nSideration is that the quality ofthe water

be appropriate for its use・ Most血portant, the degree of public health

hazard is di臆nent for each use; for each kind of use a di節erent quality

standard is ne∞SSary tO ProVide health protection.

The variety of wastewater reuse appfroations in the US is i11ustrated in

Table 2. Number of prqi∞tS and quantity of use in the US and Califomia,

Shown in Tわles 3 and 4’resPeCtively’are taken from surveys completed

in 1978 and 1979. On the basis of 1975 data, WaSteWater reuSe is O.2% of

fresh water withdrawals in the US (10). In Califomia, the state with the

greatest activity, WaSteWater reuSe Was al)Out O.58% of withdrawal in 1978

(11).

Table l US wastewater recycle and reusea

Quantity in b皿ion galIday

Existing (1975)　　　　Prqjected (2000)

Water withdrawa1　　　　　　　　362.7　　　　　　　　　　3 30.9

Wastewater recycleb　　　　　1 3 9. 0　　　　　　　　865.5

Wa§teWater reu§e O.6 8　　　　　　　　　　　4. 75

aSource: Ref. (10).

bEstimates for industrial and steamゼ1ectric plants.
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INDIRECT POTABLE USE OF WASTEWATER

The promotion of dir∞t POtわle reuse b血gs up the issue of ・・indirect・・

POtal)le reuse’a Widespread practice・ ``Indirect reuse,・重efers to water al-

ready used one or more times for domestic or industrial purposes that is
``disposed,, by discharge into surface or underground waters and subse-

quently used agam.

Indir∞t reuSe has occurred since the begiming of water camage of

SeWage With dischange into the nearest stream and downstream withdrawal

for domestic water supply. Although this is far from a universal practice,

it is widespread and in some streams wastewater at tinles rePreSentS a

Significant portion of the total組ow.

A recent study detemined how much wastewater and wastewater-

derived materials from discharges are to be found in the surfa∞ Water

SuPPlies of US cities of over 25,000 population (12). The study identified

1246 municipal water supply ut址ties usmg surfece water from 194 basins

Serving 525 cities with populations greater than 25’(Xro. The results ranged

from 142 utilitie§ With no dischangers iden髄ed to many uti耽ies where the

WaSteWater conStituted a m劉Or POrtion of the water supply・ Several ut址ties

Were uSmg Water from a source whose low組ow was less than the combined

upstream dischange組ows. Water supplies servmg cities near the bottom of

large river basins were found to contain wastewater from several thousand

dischargers. However’those uti舶es with the址ghest per∞ntage Of

Table 2　Application§ for reused wastewater

Groundwater recharge

Water-table management

Salt-Water intrusion controI

Sub§idence controI

RecreationalIenvironm ental

’Lakes and ponds

Mar§h enhancement

Stream組ow enhancement

F isherie s

Snowmaking

Agricu ltural

Crop irrigation

Commercial nur§eries

Commercial aquaculture

Nonpotable urban

Fire protection

Air-COnditio ning

T oilet-flu shing

Landscape irrigation

Park

GoIf course

Freeway median

Cemetery

Greenbelt

Re sidential

I n du strial

C○○血吃

B o皿er-feed

Process water

Heavy const則Ction
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Table 3　Reu§e in the United States in 1979a

Number of Reuse in thousand

Type of reuse prqiects acre-feet/year

Agriou ltural/landscape

irrigation

Indu stry

Grou ndwater rechange

Fistl PrOPOgation, reCreation

and othe重

Tot血

470

29

星田

26

536

471

240

38

11

760

aSource: Ref. (lO).

WaSteWater relative to supply岨ow were generally from small to medium-

Sized creeks and rivers. Twenty cities with a total population of over seven

mi皿ion had surfe∞ Water SuPPhes containing flrom 3.5 to 16% wastewater

during average組ow conditions and from 8 to 350% wastewater during low

組ow conditions.

The m勾Ority of the US water supplies are obtained from protected sour一

∞S: from upland streams’lakes’Or Stream impoundment; Or from unpol-

luted groundwater sour∞S. In the US’englneerS have always sought and

used, When availわle’PrOteCted’unPO肌ted sources for community supply.

The Federal Drinking Water Standards have always been based on the

Premise that the best availal,le sources of supply would be utilized.

In the development of the 1962 D血1king Water Standards’the presence

Of organic substances in water supply was considered for the血st time and

a recommended standard for caめon chlorofom extract (CCE) was

adopted, emPhasizing controI of taste and odors, but recognizing that or-

ganic substances have a potential for health hazards. At that time discus-
Sions beganわout the possibility that at some t血e in血e future, granular

activated ca血on might be used universally for water supplies wi血drawn

from po皿uted waters as a matter of providing protection against potential

health hazards・ With the enactment of the Federal Safe Drinking Water Act

Of 1974 (13), and adoption of the related 1975 Interim Primary Drinking

Water Regulations, COnSideration was glVen tO adopting a mandatory stan-

dard for CCE. Ultimately, the decision was made not to do this.

EPA later proposed two new drinking water reg山ations〇〇〇一ne for total

t血alomethanes (TrHM) and one for synthetic organics (14). EPA

PrOPOSed a maimum contaminant level of O・10 mgA for FTHM. For

Synthetic orga皿CS, a treatment t∞hnique was proposed as a substitute for

estわlishing a maximun contaminant level. The TTHM regulations were

adopted on November 29, 1975 (15). The proposal for synthetic organics

has since been withdrawn and future action is uncertain.
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Table 4 Reuse prqiect§ in Califomiaa・ b

Use

area§　Percent-
age

Crop irrigation

Fodder, fiber, §eed

Landscape inigation,

golf cour§eS, etC.

Parks and playgrounds

Orchards, Vineyards

Construction amd dust controI

Indu strial

Food crop irrigation

Landscape impoundments

Groundwater rechange

Recreational impoundments

Wildlife habitat enhancement

Aqu acultu re

190

aSource: Ref. (11).

bNote: Total use approximateIy 184,OOO acre-feet/year; 220 places; 363

TREATMENT TECHNOLOGY

TechnoIogy is available for municipal wastewater treatment to virtually any

level, Within血血ts of existing analytical methods, aS may be deemed appro-

Priate for s心bsequent uses of the e皿uent, Whether direct or indir∞t (16).

However, Challenging issues vital to successful application of wastewater

rouse and protection of the public health remain uuresoIved. Control of

trace organics and viruses, and the relial)ility of r∞lamation systems, are

Of particular impo競ance in rouse applications res山ting in either direct or

indirect use for public water supply or pubfro contact. Such appfroations

include groundwater recharge by percolation (17) or iI垂ction (18), dis-

Charge to municipal water supply (19), and landscape irrigation in public

and private areas (20, 21).

The removal of specific trace organic conpounds through fu皿-SCale ad-

VanCed wastewater treatment (AWT) processes including chemical clarifi-

Cation’皿tration’air stripping’granular activated ca巾on adsoaption, and

reverse osmosis (22-24), has beくm demonstrated. These studies show that

theわ址ty to control most synthetic orgaric compounds (SOC) to current

limits of detectability is good. It is` reCOgnized, however, that the majority

Of organic compounds in AWT e皿uents are unidentified and of generauy

unknown sign亜can∞・ The presen∞ of址gh moleeular weight compounds’

including humic substances, COntribute to the formation of trihalomethanes
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aHM) and other onganic halogeus qOX) of potential public health signifi-
cance (25, 26). Ozonation of AWT組uent has also been found to in。欄se

mutngenic activity (27). The widely dbserved mutagenic activity of AWT

effluents (28-30) is of unknown pu皿c health sig坤cance and a matter of

COn血uing research interesL Improved techniques for analysis of currently

unde血ed treated wastewater organics and achievement of lower limits of

detection should contribute to improved understanding of the relationship

bstw慎n trcated wastewater organic content and mutagenicity.

ControI of viruses in reclaimed water is of substantial con∞m eVen

though such product water may meet microbiological standards set for

POtatle water, e・g・ One colifom per 100血(31)・ One reason for concern

is that r∞laimed water is derived exclusively and directly from sewage m

Which virus concentrations are far higher than even heavily polluted natural

WaterS. Treatment systems for ∞ntrol of viruses in secondary e皿uents were

COmPared in a recent study at Pomona (32). Systems compared included the

館山ow血g :

l・ Chemical coagulation’Sedimentation’餌ration, and disinfection to

maintain colifoms < 2.2 per lOO血.

2・ Direet餌ration with confoined residual chlorination at 10 mgA with 2

3. First stage carbon adsoption’disinfection (corhoined residual or ozone),

SeCOnd stage carbon adsoxption.

4・ Direct餌ration’free residual chlo血e disinfection.

Results indicate that virus removal in the third system was as e蹄ctive as

血e first (considered as the basis for comparisoIl) and that the s∞Ond system

(direet靴ration’COII]bined residual disinfection) produced virus levels com-

Paral)le to the baseline system but at lower cost.

皿e r班わ批y of reclamation system perfomance may be of critical

importance to pubfro health’depending on ultimate uses. A recent General

Accounting O債∞ rePOrt (33) deseribed poor operating results of US

WaSteWater treatment plants. This is not news to regulatory agencies. Sur-

VeyS Of wastewater reelamation fac批ies in Califomia producing water

Principally for agricultural uses have also shown a generally poor reoord of

Perfomance compared to discharge requirements (34). However, Studies of
individual treatment fhoflities at Lake Tahce (35) and Orange County (36)

indicate that hig皿y re撮le perfomance is possible from reclamation

Plants・ A key asp∞t Of overall plant perfomance is the design and operat-

mg p皿osophy. Plants designed as wastewater treatment plants, With nor-

mal wastewater variations血posed on the operation, eXhibit perfoman∞

levels and variat胤ity characteristic of wastewater treatment faci聯es.
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Plants designed as water production fac址ties with血eわility to r匂∞t POOr

qua耽y influent, tO retreat Or dispose of poor qua此y e皿uent, and to oper如e

at a constant optimum組ow rate can produce a consistently high qua耽y

Product. The limiting or ∞ntrOI of input of industrial waste dischange of

materials such as organics, tyPically produced in widely varymg concentra-

tions and di組cult to monitor and treat, has also been shown to assist in

maintaining reliable treatment perfoman∞ (37).

HEALTH ISSUES

αneml

The prime water-quality坤ective in any reuse scheme is to prevent血e

SPread of wate血ome diseases that could o∞ur t血ough the use of r∞laimed

Water・ User water quality requlrementS muSt also be satisfied in developing

a su∞eSS餌reuse program, but the starting point remains the srfe delivery

and use of adequately treated, reelaimed water.

The risk of human exposure to reclaimed waterJ血ough inhalation,

mgestion, Or Skin contact-→an arise from accidental d血1king of r∞laimed

Water; drinking of water that has been contaminated by reclaimed water;

inadve請ent ingestion at a recreation area usmg r∞laimed water; frequent

Or long-tem eXPOSure tO aeroSOIs near spray-i調igation or cooling-tOWer

Sites; WOrking with reclaimed water; Or eating of raw food crops that have

been irrigated with reclaimed water.

In the early (SeWer farm) uses ofreclaimed water, the health hazards were

from the possibi耽y of infectious disease trans皿ission. In recent times, With

the advent of potal)le reuse at Windhoek’the recharge of groundwater

basins for potable reuse and the growmg promotion of p垂∞tS for dir∞t

Or indirect potわle reuse, Serious concems have been raised about the

POSSible health e節ects of long-tem eXPOSure to reSidual orga血c contami-

nants in the reused water.

A medor advantage of nonpotわle reuse lies in the fact that chemical

COntaminants in the reclaimed water do not have much opportunity for

e節ects on health. Heavy metals in wastewaters are removed紅om the liquid

Stream e鯖ciently in conventional secondary treatment. Recent studies on

long-term land application of wastewater have shown no tendency of heavy

metals or trace organics to accumulate in soils or plants grown on the site

(37a).

The need still exists, however, for controI of infectious bacteria and

Viruses to which the public might be exposed. ControI of bacteria and their

reduction in reclaimed water to low levels are processes well understood.

Much less is known about treatment for removal of viruses. It is not known

What oon∞ntrations of viruses are acceptめle’eVen in potわle waters.
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Identification and enumeration of viruses in water and wastewater have

been hampered by the limitations of sampling techniques, Ptoblems of

concentration of samples,血e complexity and high cost of faboratory prooe-

dures, and the limited number of facilities having the persomel and equlP-

ment necessary to perform the analysis.

Viruses are generauy more resistant than bacteria to the usual disinfec-

tion practices (38」調). T血s, COuPled with the many problems of vi則S

monitoring, makes assurance of vinrs destruction or removal a di組cult

matter in wastewater treatment.

It has been estimated that the concentration of viruses in raw water is

7(ro4iter with a secondary e皿uent containing lO to 50% of that amount.

Since viruses clunp together and form resistant aggregates, they are more

di皿cult to inactivate during disinfection thar=are bacteria. Despite the

information gained from current studies, a background of data of viruses

in reclaimed water is stⅢ lacking. This lack, COuPled with the facts that the

SOur∞S Of reclaimed water contain many more vi則SeS at higher concentra-

tions than do the sources of potable waters, that safe levels of exposure are

not certain, and血at exposure to viruses through aerosoIs is not we皿under-

StoOd (41)’comPels an increasingly conservative.approach to treatment for

reclamation as the degree of public exposure mcreases. Another safety

COnSideration invoIves the possib址ty of cross-COmeCtions of a nonpotわle

Water distribution system with a potable system.

Oなanお力o Reno脇ねd Wesわ脇ter

Synthetic organic compounds (SOC) in water used ultimately for public

Water SuPPly are of public health concem (42). The presen∞ Of SOC in

municipal wastewaters is widely documented (43); The presence of residual

SOC in treated wastewater e皿uents is similarly well established (44), With

血e type and concentration of individual SOCs dependent on treatment

PrOCeSSeS and operating conditions empIoyed (1 9’22・ 45). Numerous stud-
1eS and applications conducted血recent years have established the techno-

logival feasibility of controlling SOC con∞ntrations in treated wastewater

(16). Nevertheless・ mgivr issu?S related to the controI of SOC in wastewater

treated for reclamation remam unresoIved.

Limitations to the application of state-of-the-art technoIogy for controI

Of SOC exist in areas of monitoring, relial)ility and cost. O血y a fraction

(approximately 20%) of onganics in treated wastewater e皿uent has been

identified or is iden触able (25, 3l, 46). This is partly because of the low

COnCentrations present and the血血ts of detection of existing analytical

皿ethods [gas c血omotograph/mass spectrometer (GC/MS)], and partly

because of insu臆cient reference data to identify chemical co皿POunds. The

high cost of analysis, $800 to $ 1 500 per sanple, limits development of data
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On SOC composition of e組uents; it also limits the e皿uent monitoring

required for process control to assure product reliability. Data have been

CO皿∞ted in some studies (36) that indicate the nature of variわility in

e皿uent concentrations that may be expected from advanced wastewater

treatment processes.

Less is knownわout the behavior and fate of organics discharged from

reclamation treatment facilities into either surface or subsurface water reuse

SystemS. Currently the EPA is conducting studies to且nd out what happens

to sel∞ted organics in the envirorment, including in surfa∞ Waters (47).

Knowledge of the behavior of SOC in groundwater is limited to that gained

from investigation of contamination incidents (48, 49)狐d to recent studies

On grOundwater recharge prQjects (50, 5 1). Groundwater ∞ntamination

incidents demonstrate graphically that some classes of SOC are mdt胤e in

SOils and may be transported along with percolating rechange組ow to the

groundwater tal)le and then transported in aquifers by natural groundwater

movement・ One study (16), investigating SOC behavior in an i巾ection

application’SuggeStS that biodegradation’in addition to adso町tion and

dilution processes, may continue to reduce SOC concentrations in the re-

∞lVlng aquifer. Schmidt & Clements concluded that there are insu鉦cient

data to define the movement of po皿utants through the groundwater as a

function of soil characteristics’grOundwater hydraulics, and groundwater

Characteristics. Thus’Water quality requlrementS tO enSure SuCC機Sful re-

Charge over a long period camot be defined quantitatively (52).

The significance of SOC as a constituent of water used ultimately for

Public water supply is not we皿defined, and is troublesome because of

POtential health e節ects on consuners・ Acute and c血onic toxicities along

with known or susp∞ted carcinoge血c, mutagenic, and teratogenic proper-

ties have been used by the National Academy of Sciences (NAS) to identify

SPeCific compounds of health sig血脆cance in water (42). The NAS used this

infomation in part to develop “suggested no adverse response levels,,

(SNARLs) as guide血es for d血1ki皿g Water quality. While the levels of

血dividual SOCs ac血evわle in treated wastewater e餌uents is generally sig-

址cantly below concentrations estimated to be of health signi且cance at the

l in lO6 risk level’Very little is known about potentially adverse e節ects of

mixtures of organics typical of treated e蝕uents. Similarly, little is known

Or understood about the e節ects on human heaIth resulting from long-tem

low-level exposure to such mixtures. Considerわle research is currently

devoted to in vitro short置term bioassays of wastewater extracts in an e徹調

to identify potential adverse health e鮫加s. Techniques range from bacterial

mutagen assays (Ames test) to assays using mammalian organ cell cultures

(53, 54) and cell transfomation tests. Such tests are being applied to assess
the potential health significan∞ Of reclaimed wastewaters (27, 55). Some
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Studies have shown a general reduction in mutage血c activity (Ames test)

With increasing levels of treatment; Others have indicated the inわ址ty of

advanced waste treatment (AWT) processes to eliminate mutagenic activity

(28, 56). Activated carbon adsoxption of hig皿y treated AWT e皿uent has

been repc庇ed to be e節ective in reducing mutagenic activity (29). Epidemio-

logical studies have also been conducted in an e徹加to identify health e鉦加s

associated with consumption of d血king water containing SOC. A recent

review of such studies by the NAS (57) concluded that slight evidence exists

between the incidence of some types of can∞r and consumption of water

With址gher concentrations of orga血cs-in particular, trihalomethanes.

However’SPeCific study conditions and confounding factors have unifomly

led to ambiguous conclusions. Clea血y’enVironmental epidemioIogy lS a

blunt tool for studying the impact of organics in reused wastewater.

Wあsわ脇ter A eI峨紗広

The possibi此y of disease transmission by aerosoIs from spray sites and from

COOling towers is recelVlng mCreasmg COnSideration where the source is

reused wastewater. Hickey & Reist (58) summarized results of investiga-

tions prior to 1975. Sixteen field studies reported dealt only with bacteria.

The authors concluded that the emission and spread of viable bacterial

aerosoIs has been demonstrated and that these aerosoIs are within the

hunan respirable size range. Several recent studies have been perfomed on

aerosoIs generated from spray irrigation of wastewater. Sorber et al (59)

COnCluded that spraymg of wastewater may be a public health hazard

t血ough aerosolized pathogenic orga血sms, Particularly vi調SeS. Katzenel-

SOn & Teltsch (6q) detected aerosolized colifom organisms at 350 meters

downwind ofspray irrigation血es using raw wastewater. Johnson et al (6 1),

reporting on a study at Pleasanton, Califomia, StateS:

The aerosol studi隣indicate that use of the traditional indicator organisms to predict

h`man POP山ation exposure results in extre皿e underest血ation of pathogen levels. The

Pathogeus studied survived the wastewater aeresolization process much better than did

the indicator organisms. Feeal streptoco∞i may be an appropriate indicator due to ease

Of assay’level§ routinely seen in wastewater, and the similarity of their hardiness upon

impact and vial,虹ty deeay rate to those of the pathogenic orgarisms of interest… ・ The

OVerall conclusion is that microbioIogical wastewater aeresoIs are generated by spray

irrigation’do survive aerosolization, and can be transported to nearby populatious. The

皿Ost relぬble mea血S of reducing a potential heal血hazard from pathogenic aerosoIs is

by disinfroting the wastewater before spraying. Until the necessary dose-reSPOnSe rela-

tiouships are developed’nei血er the levd of aerosolized microonganisms血at coustitute

a hazard nor the degree of required disinfection can be speci血ed.

A study by Teltsch et al (62) found that, in air samples tested downstream

from sprinklers, the ratio of enterovimses to coliform and the ratio of

Sa血one皿a to co雌)m increased with distance from sprinklers, an indica一
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tion that colifom bacteria experience a faster die-Off than the referen∞

Organisms. Sofoer & Sagik (63) suggest that fecal streptoco∞uS CIosely

Satisfies the criteria for an indicator organism・ A symposiun on aerosoIs

and diseases was held by the US EPA O債ce of Research and Development

in 1979. The pro∞edings of血is symposium (64) present a number of

epidemoIogical studies of the incidence of i11ness at or near wastewater

treatment plants. No positive correlations have been found, but these stud-

ies camot be considered to be conclusive.

A study at Castroville, Ca聯bmia (65) that monitored aerosoIs produced

under typical spray conditions found that o血y low levels of pathogens were

PreSent in areas adjacent to active sprinklers. A calculated probal)班ty of

i血aling a single pathogen in an eight-hour exposure is reported to be

approximately l : 85,000. Complete characterization of virus transport ac-

Cumulation and survival is complicated by lack of an established standard

PrOCedure for field sampling of viruses.

Okun (31) concluded that while virus data need to be obtained from

COO血g towers usmg reclaimed water, if the reclaimed water is treated to

not exceed l colifom per 100 ml (implying a virus concentration of l PFU

per lO gallons), there should be no health hazard to population in血e

Vicinity. However’址s assurance derives entirely from maintaining high

quality r∞laimed water fed to the coo血g towers.

Ag庇擁αml AIや揚aめn

The great advantage of irrigation of feed and創rer crops is that wastewater

needs a minimum of treatment「often less than that required to meet

discharge requlrementS. Further, the crops will receive some benefit from

血e fertilizer value of the wastewater. Cost of delivery of wastewater may

be low in rural sections of the county’but it usually is large, pe血aps

prohibitive, for metropolitan areas. A limitation is that seasonal storage or
altemate uses or disposal may be required during the rainy season.1

The history of food crops irrigated with wastewater demonstrates con-

Vincingly that disease is transmitted t血ough the food, if raw sewage is

applied to crops that may be eaten without cooking. Beyond this, there is

a paucity of infomationわout what degree of treatment, Or What water

quality standards are ne∞SSary for assured safety. Because of this uncer-

tainty, tWO aPPrOaChes have been used: (a) the reused water has been

apphed o血y to fiber and fodder crops; (b) a very high degree of treatment

-including帥ration and disinfection-〇五as been required for irrigation of

truck crops・ As a consequence of伽s latter requlrement, Very耽tle

l血Califomia’mOst ralnfall o∞urS betweer宣Nove血ber and April.
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WaSteWater is used on these critical crops. Perhaps this is just as we皿, but

the requlrementS are limiting and are occasionally challenged.

If a diversity of crops IS grOWn in an area to receive reused wastewater,

a management problem may result. Two altematives are ava勤ble: either

the wastewater is treated to the degree needed to meet standards for the

most critical crops being grown’Or SOme PrOVision must be made for

e熊加ive monitoring to assure that the wastewater is used in ac∞rdan∞

With health requlrementS-+O血y on those crops appropriate to the quality

Of the reused wastewater.

In the Monterey (Califomia) Wastewater Reclamation Study For Agri-

Culture’experimental agricultural pIot§ Will be irrigated wi血reused

WasteWater receiving血ree types of treatment. Soils, Plant tissues, and

WaterS in the experimental pIots will be sampled and analyzed for chemical,

Physical, and bioIogical characteristics. Tests will detemine if there are
Significant di節eren∞S between the characteristics of soils and plants receiv-

ing diiferent water types. This pilot prqiect is umque in usmg reclaimed

Water On CrOPS that will be eaten raw. In addition’the intensive monitoring

and documentation of e節ects of water reuse on plants and soils make this

Pr句ect unique・ The intent of the study is to develop data required to

detem血e the technical and public health feasibi耽y and public acceptab遭-

ity of irrigation with reused wastewater (65, 66).

PUBLIC POLICY

助b揚Accやめnce

An important element in conside血g development of reuse prQjects is that

Of pub血o ac∞PtanCe. Most reuse pr句ects invoIve some degree of health

hazard to the pub虹c’either the public at large or segments of the working

POPulation, SuCh as industrial workers or agricultural wockers where reused

Water may be apphed. Public acceptance may also be contingent upon

esthetic considerations and upon purely emotional factors.

During the last decade, Six m劉Or Survey Studies have assessed attitudes

toward uses of reclaimed wastewater. Bruvold (69) condueted an interview

Study that invoIved approximately 100 respondents from each of ten Cali-

fomia communities. Some details from t血s study are shown in Tわle 5.

Gallup (70) perfomed a telephone po皿that represented a ptobability sam-

Ple of the Urited States for the American Water Works Association, Sam-

Pling some 3脚o respondents. Stone and Kahle (71) made a tel印hone

Survey Of lOO respondents in each of ten Southem Califomia communities.

Ca血ey (72) interviewed 500 respondents in Denver, CoIorado. Kasperson

et al (73) interviewed al)Out 80 respondents in each of nine United States

Cities. Results from these five studies were remarkわly consistent: SOmeWhat
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Tal,le 5 Percentage of respondent§ OPPOSed to 25 u§e§ Of reclaimed watera

U se Per centageb u §e Percentageb

1. Drinking water　　　　　　56.4

2. Food preparation in

restaurants　　　　　　　　　56. 0

3. Cooking in the home　　　54.5

4. Preparation of

Canned vegetables

5. Bathing in the home

6. Swimming

7. Pumping down

坤eC細we皿s

8. Home laundry

9. Commercial laundry

lO・ Irrigation of di血y

PaStu re

11.血igation of vege-

table crops

12. Spreading on sandy

13. Vineyard irrigation

54.1

38.7

23.7

23.2

22.8

2l.9

14.1

14.0

13.3

12.9

14. Orchard irrigation

15. Hay and alfalぬ

irrigation

16. Pleasure boating

17. Commercial air-

CO nditioning

18. Electronic plant

PrOCeSS Water

19. Home to組et flu血ing

20. Golf course hazard

lakes

21. Re§idential lawn

irrigation

22. Inigation of recrea-

tion parks

23. Golf cour§e irrigation

24. Irrigation of freeway

greenb elt§

25. Road construction

10.1

7.5

7.3

6.5

4.9

3.8

3.1

2.7

2.6

1.6

1.2

0.8

aSource: Ref. (69).

bNote: Number of respondents = 972.

OVer 50% of each sample opposed the use of reclaimed water for血e highest

contact purposes.

血essence’the five studies dealt with the a∞ePtal)ility of a risk-Without

COusideration of possible b鋤efits. The sixth study, by Bruvold & Crook

(74), attemPted to deal with both the benefit and the risk elements. This

Study assessed how residents within each of ten selected cities would rank

and evaluate real life, Site-SPeCific (di節erent for each of ten cities) proposed

OPtious for reuse of reclaimed water’CmSidering type of trea血ent and

heal血, envirormental, and econonric impacts. Over叫the results showed

that respondents favored options that protected public health, enhan∞d the

environment, and couserved scarce water resources.

Sめtc/嬢Reg#んめn与and S庇znくわnあ

Three federal statutes deal in small part’but significantly, With wastewater

reuse. These are PL 92-500 (1972) and PL 95-217 (1977), the most reeent

revisions to the Federal Water Po皿tion Control Act, and PL 93-523

(1974), the Safe D血king Water Act.

Pub耽Law 92-500 and PL 95-2 17 recogrize the potentia皿y large benefit

to be realized if wastcwaters can be renovated for reuse appheations. Sec-

tions 201 (b), 201(d), and 201 @ (2) Q) require the宣b皿owing: (a) that
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EPA provide for the application of best practicable waste treatment t∞h-

noIogy, including reclaiming and r∞yCling of water; (b) that construction

Of revenue-prOducing faciHties providing for reclaiming and r∞yCling be

encournged; (C) that works proposed for grant assistance allow for the

application in the請ure of technoIogy that will provide for reclaiming and

recyc血g of water. Section 105 (a) (2) authorizes EPA to make grants for

demonstrating advanced waste treatment and water purification methods,

and Section 105 (d) (2) requires that the Administrator conduct on a

Priority basis an accelerated e航巾to develop’refine’and achieve practical

application of advanced waste treatment methods for reclaiming and recy-

Cling water and confir血g po皿tants. Section 201 (g) (5) prohibits the EPA

Administrator from making any grants for treatment after fiscal year 1 978

u血ess the applicant has demonstrated that treatment processes and tech-

nlqueS’PrOViding for the reclaiming and reuse of water’have been fully

studied and evaluated.

The Safe Drinking Water Act of 1974 (Section 1444) also contains man-

dates of importance with regard to renovation and recycling of wastewaters.

S∞tion 1444 authorizes a development and demonstration program (a) to

demonstrate new or血proved technoIogy for providing safe water supply

to the public and (b) to investigate and demonstrate health implications

invoIved in the r∞lamation, reCyCling, and reuse of wastewaters for the

PreParation of safe and acceptable drinking water.

Califomia has the most highly developed program of wastewater reuse

and the most comprehensive regulations pertaining to public health asp∞tS

Of reuse. In 1949’the State Legislature enacted legislation assigning to the

State Department of Water Resources responsib址ty for conducting surveys

and investigations relating to reclamation of water from wastes for benefi-

Cial purposes and for reporting amually to the Legislature upon this matter.

In 1965, the Legislature adopted the ``Water Reclamation Law,, (75), Which

declares that the people of the state have a pnmary interest in the develop-

ment of facilities to reclaim water containing waste to supplement existing

Surfa∞ and underground waste supplies and to assist in meeting the future

Water requlrementS Of the state. It蘭her d∞lares that the Legislature

intends that血e state undertake all possible steps to encourage development

Of water reclamation facilities so that reclaimed water may be made ava租-

al)le to help m∞t the growmg water requlrementS Of the state.

This Act also provides that “The Department of Health shall estal)lish

StateWide reclamation criteria for each varying type of use of reclaimed

Water Where such use invoIves the protection of pul,lic health.,,

In 1977・ the Cambmia Legislature adopted a statute prohibiting use by

Pubhe ngencies of water of quality suitわle for potわle domestic use for血e

irrigation of greenbelt areas’SuCh as cemeteries, gOlf courses’and pads,

Where reclaimed water is available for such use.

葛

○

○
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Aiso in 1977’Califomia established an O鐙ce of Water R∞yCling to

PromOte r∞yCling and reclamation of wastewaters in Califomia, and to

achieve a goal of construction of facilities to make availat)le an additiona1

400’on) acre-feet of reclaimed water by 1982 (tripling cu調ent reuSe).

Califomia wastewater reuse regulations have been developed progres-

Sively over the past 60 years (76). Tal)le 6 summarizes the cu虹ent regula-

tions pertah血g tO irrigation and impoundments. The first regulations were

PrOmulgated in 19 1 8・ Pertaining to irrigation of crops with sewage e餌uents.

These regulations prohibited the use of raw sewage’SePtic or Imhoff tank

e皿uents’Or Water PO皿uted by such sewage for the irrigation of tomatoes,

∞lery’lettuce’berries・ and other garden truck eaten raw by human

beings. Truck crops of the type that are cooked before being eaten could

Table 6 Summary of Califomia §tandards for use of reclaimed wastewater for irrigation

and recreational impoundmentsa

Description of minimum required wastewater characteristics

Use of

Secondary

and

reclaimed wastewater Primaryb di§infected

S econdary

COagulated,　　　Coliform

組teredC MPN/ 1 00 ml

and median

disinfected　(daily §amPling)

Irrigation

Fodder crops

Fiber

Seed crops

Produce eaten raw,

Surface irrigated

Produce eaten raw,

§Pray irrigated

Processed produce,

Surface irrigated

Proces§ed produce,

§Pray irrigated

Landscapes: gOlf course,

Cemeteries, freeways

Landscapes: Parks, Play-

grounds, SChoolyards

Recreational impound-

ment§

No public contact

Boating & fishing only

Body-COntaCt (bathing)

Ⅹ

No requirement

No requirement

No requirement

2.2

X　　　　　　　　　2.2

No requirement

23

23

Ⅹ　　　　　　　　2.2

23

2.2

Ⅹ　　　　　　　　2.2

aWastewater Reclamation CriteriaタCalif. Adm. Code, Title 22, Div. 4, Environmental

H織豊霊。。n,。ining m。.。 ,h。n 。.5 m.ni,。./h. s軸。。。,。 S。,id§.

CE珊uent not containing more than 2 Turbidity Units.
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be irrigated if the app血oation of e皿uent was not made within thirty days

of barvest.

The regulations were revised in 1933 to exempt restriction of e皿uents for

the irrigation of garden truck crops eaten raw if the e皿uents were well

OXidized, nOnPutreSCible, and relial)ly disinfected or創tered.

In 1968 more comprehensive regulations were enacted, entitled ``State-

wide Standards for the Safe Dhect Use of Reclaimed Waste Water for

Irrigation and Recrcational Impoundments.’’These regulations were

mainly directed at the controI of disease agents and prescribed levels of

WaSteWater COnStituents intended to assure that the practice of directly

usmg r∞laimed wastewater for recreational impoundments and the practice

Of spray irrigation of crops and goIf courses did not impose undue risks to

the public health.

In 1975血e regulations were revised, requiring treatment relial)ility fea-

tures to minimize public health risks. The reliability features include items

SuCh as alam systems, emergenCy POWer, duplicate treatment units,

standby units, Standby replacement equlPment, emergenCy StOrage facili-

ties, and皿exibility in piping systems to permit most e臆かive use of altema-

tive treatment units.

In 1 978, tWO additional modifications were made to the Califomia regula-

tions. The standard for irrigation of the city paks and other uめan land-

SCaPe irrigation was strengthened to require coagulation, Clarification, and

創tration in addition to the previous requlrement for oxidation and disinfec-

tion. The second mod迅cation deals with groundwater recharge and states

that where reclaimed water is used for recharge of domestic water supply

aquifers, the quality of water sha皿“fu11y protect public health.’’These

regulations state further that health department r∞Ommendations for

PrOPOSed groundwater recharge pr句ects and for expansion of existing

Pr句ects will be made on an individual basis・ These recommendations will

be based on all relevant aspects of each prQject, including: ``treatment

PrOVided, e皿uent quality and quantity, SPreading area operations, SOil char-

acteristics, hydrogeoIogy, reSidence time, and distance to withdrawal.’’

Because of issues raised conceming the 1978 revision to the regulations,

a Health E節ects Advisory Panel was created in 1981 by the Department of

Health Services.

Cbmmen細りon Sわnくわ肱

暮t has been claimed that public health authorities seek zero or near-Zero risk

for wastewater reuse pr匂ects (77). Actually, there never will be a zero-risk

WOrld and none of the standards for wastewater reuse provides a risk-free

level of health prot∞tion. In situations where hazards are severe and the

COusequenCes Of failure are disastrous, Public health obj∞tives for reuse

Should be to develop standards that reduce risk to a low level.
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Another issue that has arisen relates to the so-Called質single standard・・

-meaning that all domestic water sour∞S (natural and reused water)

Should be subject to the same set of standards. The implication in the use

Of this tem regarding wastewater reuse is that more stringent requlrementS

may be apphed to reused wastewater for potわle use than for surface water

and groundwater sour∞S nOW in use.

Clearly’Whatever the source of a given array of chemical contaminants,

the same health e節ects will occur and be of eq助l health consequences.

There is’however, an important di節erence in the circumstances. With

existing water sources, Chemical contaminants should be identified and血eir

ham血I e無知s understood and mitigated as promptly as resources and

P皿ro policy will a皿ow. On the other hand, PrOPOSals to develop prQjects

for potal)le reuse of wastewater that theredy deliberately introduce residues

Of organic substances into community water supplies should be delayed

until better knowledge is available. Meanwhile, anOther issue remains: Are

the present dricking water standards adequate to deal with organics in

existing water supply sources? This question is currently under intensive

A question also may be raised about a “single,, microbioIogical standard.

One of the provisions of the Safe Drinking Water Act was to commission

the National Academy of Scien∞S (NAS) to conduct a study on the human

health e節ects of exposure to contaminants in drinking water. The NAS

Study findings on bioIogical indicators of po11ution include the following

StatementS relative to the reuse of wastewater (78):

Current ∞lifom standards are not satisfactory for water r∞laimed directly from

WaSteWater. Mee血g current cohめm standards for water r∞laimed directly from

WaSteWater’Or for water contahing several percent of fresh sewage e皿uent, is iusu鯖cient

to prot∞t Public hcalth. For such raw water supphes’neW mictobioIogical standards

Should be developed and app鎚d as supplementary to cohめm standards.

Conservationists advocating potable reuse have pointed to …advan∞d

Waste treatment,, plant perfomance’Where e餌uents ``meet the drinking

Water Standards,’’as demoustrating that such e組uents are suital)le for

POtわle reuse and, further, that there is no technoIogical obstacle to pro-

Ceeding with direct potable reuse prQjects. A corrmentary on this appears

in a r∞ent EPA docunent’%D血king Water Research Strategy for the

198ひ-1984 Pe五〇d’’(79).

Standards for dr弛血g water exp血oitly address contamination that nright be predicted

to arise fro皿the treatment and transport of natural waters to血e consuneI∴ For ease

Of a‘血ini§tration of the regulatious the number of compounds sp∞ified is血血ted on血e

assunption that source water is protected from gross contamination. The proposed use

Of wastewater as a source of potable water seriously strain§ this concept for providing
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Safe d血1king water. Simple application of d血1king water st狐dards to such a situation

in the al)SenCe of an ab址ty to completely define the nature of chemicals present is

petentia皿y very dangerous. Consequently, to Suggest that potal)le water is completely

defined by the ounent d血king water standards is inappropriate.

SUM MARY

The wastewater of a commurity ∞nStitutes a potential resource, the value

Of which depends on the availal)ility of other water resources in the area.

With planned reuse, eXCePt for groundwater recharge prQjects, this

WaSteWater is not genera皿y comm血gled with the other water resources but

is delivered directly for selective uses. Reused wastewater, to a degree

depending upon the extent of treatment, COntains bioIogical and chemical

COntaminants potentially harmful to the population exposed. Human expo-

Sure may be by contact, by inhalation, Or by ingestion. The ingestion may

be the result of “indirect,’’unintentional potable reuse or, in rare instances,

the result of deliberate “direct’’potable reuse. Ingestion may also include

the intake of contaminants through food crops irrigated with reused

WasteWater. For all uses except direct or indirect potわle uses, the hazard

to health originates solely from bioIogical organisms that may infect the

users. Treatment of the reused wastewater to levels appropriate to the extent

Of exposure will provide suitわle health protection for these uses. Potable

(direct or indirect) reuse carries the risk of ingestion of chemical contami-

nants present in the water, in addition to microorganisms. Residual stable

Organic substan∞S, largely synthesized compounds, Present the greatest

PrOblem.

Although direct potable reuse has been developed for a very few commu-

nities around the world’there is a great interest on the part of some groups

to promote and develop substantial potal)le reuse for the future, both dir∞t

and t血ough groundwater recharge. Thus, there is pressure to develop

Standards of water quality for potable reuse. Research is underway to study

aspects of this problem, including identification of the compounds present,

toxicoIogy of the individual compounds, tOXicoIogy of mixtures of organic

Chemicals in wastewater, and rapid means such as bioassay for detemlining

toxicity・ The bioassay of greatest use at the present time is the Ames test,

狐aSSay for mutagenicity using salmonella bacteria ∞mbined with mam一

皿alian tissue homogenate・ Existing animal tests and human epidemioIogy

alone are inadequate for detemining toxicity of substances because of the

time and expense invoIved, aS Well as the d皿culty of dealing with complex

mixtures.

Even though the present direct potわle reuse of wastewater is exceedingly

Small and the prosp∞t Of significant increased dir∞t POtal)le reuse is un一
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1ikdy, reSearch on synthetic organic substances is valu狐e and necessary

because of the lange degree of unplamed indirect potable reuse that oocurs

Where wastewaters reach surface and groundwater sources of domestic

Water SuPPly. Subst狐tial re§eareh is being conducted on various asp∞tS Of

WaSteWater reuse and should provide valuable infomation to enable more

Cerfain planning for餌ure activities. Dataわout the toxicology of organic

測bstanes in reused water wiH prob劃y be the sIowest in development.馳e

future is never certain「}e血aps new prchlems will be discovered, though

this seems unlikely.

Although reuse of wastewaters is o血y a minor element in water resource

d頃eめp皿弧t血皿的釣a劇S・ Ⅲ鵜ds血s血a轟d狐d a五d a蘭都孤的鯵租隼聡祖ヴ

the f皿est possible exploぬtion of this r翻関節COusistent with the impera-

tives of p劇fe he犯h prot∞tion.
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