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工N冒RODUc重工〇㍍

冒he reuse of domestic wastewater has been practiced for

many years in the United States and elsewhere in the wor|d.

工n the past, the majority of the reuse occurred in arid or

Semi-arid regions having |imited water supp|ies.工n recent

years′　however′　reC|aimed water has been recognized as a

Va|uab|e resource, and, aS Water demands increase and

envirormental and pub|ic hea|th concerns make eff|uent

disposa|　|ess acceptab|e′　the reuse of wastewater wi|1

increasing|y be viewed as an attractive alternative to

disposa| in areas not subject to existing water∴Shortages.

曹here are no federa| regu|ations or guide|ines pertaining

to wastewater rec|amation: hence′　the regu|atory burden

rests with the individual states.　曹his has resulted in

Widely differing∴Standards′ and many states do not have any

Standards for the use of rec|aimed water.　california has

had regu|ations governing∴WaSteWater reuse for over　50

years, and this paper di室cusses the current hea|th-related
regulations and other policies and guide|ines pertaining to

Various types of wastewater∴reuSe.

Untreated sewage contains both microbio|ogica| and chemica工

agents, general|y in higher concentrations than found in

natura| waters・冒he two major factor室affecting wastewater

reuse are economics and health protection.　冒herefore′

health agencies play an important ro|e in wastewater reuse

in an effort to assure that wastewater treatment′　eff|uent

qua|ity′　and use practices are sufficient to adequately

PrOteCt Public health.　工t is not uncormon for health
agencies to be viewed as hindering or∴PreVenting various

types of reuse due to their regulations or po|icies.珊is

PaPer Wi||　address∴∴SOme Of the cormon criticisms and

misconceptions pertaining to hea|th agencies′　Particular|y

as they re|ate to the California situation.　some of the

Criticisms leve|ed against hea|th agencies in the past have

been valid′　While some are misconceptions that may be

based, in part,　On POOr COmrmnication between health

Officials and reuse advocates.　Some of these criticis孤S
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are as fo||ow富:

O Health agencie富do not support wastewater reuse.

O Hea|th-related standards represent　"barriersII to reuse.

O Health-related regulations are over|y conservative,

represent a zero risk, and have no rationa| basis.

O Health-re|ated standards represent a　"moving target"

and tend to become more restrictive with time.

O Hea|th agencies oppose a11 forms of potable reuse.

|MP田富US∴FOR REUSE

There are many reasons why water reuse is increasing in the

United States・ Factors include: OPPOrtunity; need; aVail-

ability and re|iabi|ity of∴supply; eCOnOmics; aCCePtanCe

(both pub|ic and regu|atory agency) ; PO||ution abatement;
and successfu| experiences at existing reuse operations. A

more detailed discussion of these factors is as fo||ows:

O閃Ortunitv　一　櫨istorica||yl mOSt reuSe OPerations were

located in areas c|ose to the existing treatment plants for

uses not requiring additiona|　treatment and where the need

for extensive transmission pipe|ines was unnecessary.

Under such conditionsI reuSe is more opportunistic in

nature than the resu|t of a wel|一Planned program to

SuPP|ement or replace the use of potab|e water for

nonpotable purposes・　Of course, SuCh opportunistic reuse

is dependent on other factors′　SuCh as avai|ability of

SuPP|yl eCOnOmicsI aCCePtanCe by regulatory agencies′　etC.

堕　一　Rec|aimed water may be the on工y feasib|e way of
SuPP|ementing water resources in areas where additiona|

freshwater resource富　are not avai|ab|e.　Health-related

regu|atory agencies are more　|ikely to approve high-Order

types of reuseI that is′　uSeS invo|ving ingestion or

intimate contact with the rec|aimed water′ if there is a

demonstrated need for the water・　工t is prudent public

health practice not to expose the pub|ic to additiona|

(and, Perhaps, undetermined) risks in the absence of a
demonstrated need to do so.

塁eonomi寧旦- With the ever-increasing costs of treating and

distributing∴POtable water, reC|aimed water i富　often the

most economical option for increasing water resources in a

COmunity.　冒he incremental cost of upgrading∴WaSteWater

treatment, if any, and providing∴reC|aimed water for many

nonpotable uses is general|y lower than the cost of

PrOViding the same quantity of potable water.
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Po|1ution abatement　-　Population increases′ identification

Of enviromenta|1y sensitive areas′　Pub|ic awareness′　and

more re富trictive state and federa|　discharge standards a工l

COntribute to cost|y treatment for discharge to receiving

WaterS.　工n some casesI discharges are being∴PrOhibited●

Reuse may be |ess costly than treatment for disposa| of the

eff|uent and often offers an expedient approach to

POllution abatement. under such conditions′　reuSe has the

advantage of not only providing an additiona| water supply′

but it a|so reduces overal|　costs to the community and

eliminates a source of contamination in surface waters.

諾三豊豊s a許諾誓亡霊f詳豊謹慧C誓室‡詫言
treatment plants′　inability to meet water∴∴qua|ity

Standards, etC. , reC|aimed water customers are assured of

receiving their a|location of water・工nterruptions in the

PrOduction of rec|aimed water are usually very short-term
and can be overcome by providing adequate treated water

StOrage faci|ities or by having an a|ternative source of

Water for emergency situations・　rn fact′　the reclaimed

Water SuPP|y may be more re|iab|e than the freshwater

SuPP|y in times of water shortage.

詫莞宣誓a三言gu詳霊。繕r=u詫豊謹Ce is
pub|ic str。n。|y supp。rtS W。St。Wat。r r。uS。 f。r m詳
nonpotab|e purposes if they are assured that the reuse wil|

not present unreasonab|e hea|th risks. Consequently′　they

rely heavi|y on the regu|atory agencies’ detemination of

the safety of the various types of reuse. public awareness

Of the advantages and risks associated with wastewater

reuse is crucia|　for widespread acceptance and implementa-

tion of wastewater∴reuSe.

星型準誓言fuL三XPeri nc±皇旦　一mile research and pi|ot　魯tudie邑

PrOVide useful and necessary information on many types of
reuse′　the u|timate test is a full-SCa|e operation. Long-

tem projects answer many questions that can-t be otherwise
answered. (For examp|e　-　Are there any　|ong-term adverse

effects of agricu|tural reuse? Has the pub|ic accepted the

reuse project?　工S the reclaimed water∴SuPP|y re|iab|e and

慧霊諜1‡。霊霊諾宝器諜試　霊与詫三㌔嵩。蒜
at existing∴reuSe OPerations in ca|ifornia and elsewhere

has undoubtedly led to the implementation o主　many neW

PrOjects and wi|l continue to do so in the future.

R田GU重A富oR瞥　Ro重E

Health agencies support reuse for many of the above

reasons・　Proper|y designed and operated reuse faci|ities
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have many advantages and′ if an adequate　|evel of hea|th

PrOteCtion is provided, it wou|d be irrationa|　not to
SuPPOrt WaSteWater reuSe・　However′　reluctance of hea|th

agencies to actively promote or-SuPPOrt reuSe through
research or economic assistance is often incorrect|y viewed

as an opposition to reuse.　冒hese activities are properly

the responsibi|ity of water quality control and water

resources agencies・　工n California′　the Department of

Health Services (DOHS) does not have the authority or

economic resources to fund research or projects but is an

active participant in the p|anning and eva|uation process.

皿e absence of definitive regulations for a particu|ar type

Of reuse may be interpreted as a prohibition of that type

Of reuse.　冒his may be a correct interpretation in some

議書t　#蒜誓P|㌔霊a慧霊註yreg豊豊栄sadd蒜霊
OPPOSition to this type of reuse by regu|atory agencies.

On the other hand′　|ack of regulations addressing many

types of nonpotab|e reuse′　e・g.′　industria|　uses′

COnStruCtion uses′　fire protection′　and snow-making′ is not

meant to imp|y that those types of reuse are not

aCCePtable.　工t is not practical to address every type of

reuse in the regulations.　Due to the variab|e nature of

SOme tyPeS Of reuse′ it may be more appropriate to evaluate

SPeCific proposa|s on a case-by-CaSe basis・　However′　aS

SPeCific types of reuse not currently inc|uded in the

器三善‡;|誓O霊v蒜..Wide誌a‡霊i譜ewa諾霊
rec|amation criteria exist in many states and that planned

reuse is occurring in other states not having discrete

reclamation standards implies that regu|atory acceptance is

growing for many types of reuse.

California has Iong recognized the benefits associated with

WaSteWater reuSe.　冒he State Legislature has declared that
lla substantia工portion of the future water requirements of

this state may be met economically by beneficial use of

reclaimed water'', and that　一一it is the intention of the

Legis|ature that the state undertake al| possib|e steps to

enCOurage deve|opment of water reclamation facilities so

that rec|aimed water may be made avai|able to help meet the

growing water requirements of the state'一(|).

Many agencies may be invoIved in regulating∴Water reuSe′

including: U・S. Enviromental Protection Agencyと∴State and

|ocal hea|th departments;∴State, regiona|, and loca| water

PO||ution contro|　agencies; Water reSOurCeS agenCies; air

PO11ution agencies; fish and game agencies; State and local
Water COnSerVation districts; and food and agriculture-

Oriented agencies・　mi|e each of these agencies may have

PO|icies or∴regu工ations affecting proposed wastewater reuse



PrOjects, the acceptabi|ity of specific projects often is
detemined by the overriding need to assure that the public
is not exposed to unnecessary or unreasonab|e risks as a

result of the reuse operation・工t |ogica||y fo||ows that′

Since regu|atory contro|s for hea|th protection in the

Water area fal| under the purview of hea|th agencies′ it i富

the hea|th agencies that p|ay a major ro|e in assessing the

acceptability of the various types of water reuse.

工t is difficu|t to quantify the health risks associated

With reuse. For nonpotab|e reuse′ the principa| concern is

Pathogenic organisms (bacteria′　PrOtOZOa, he|minths, and
Viruses) in the reclaimed water′　While the principa| con-

Cern aSSOCiated with potable reuse is organic constituents

and treatment reliabi|ity・冒he inability to justify cri-

teria with definitive risk assessments based on hard data

results in pub|ic hea|th officia|s imposing criteria that

Often are viewed as being over|y conservative and unneces-

Sari|y cost|y・　工t shou|d be rea|ized that sound public

health po|icy dictates prudence in the face of uncertainty●

工t wou|d be inappropriate and irresponsible for health

agencies not to take a conservative approach.

工t is true that hea工th-re|ated reuse standards do not

SPeCifically address economic feasibi|ity.　conventiona|

Pub|ic hea|th phi|osophy reasons that the　|evel of hea|th

PrOteCtion shou|d not be detemined strictly by economics.
Health departments are un|ike|y to make reclamation

Criteria less restrictive merely to make projects cost-

effective・ Unfortunately, there are projects that are not

implemented due to the economic infeasibi|ity of meeting

appropriate treatment′　qua|ity′　Or uSe area Standards or

COntrO|s・　As a result′　the unwi工|ingness of regulatory

agencies to compromise health in order to make a project

COSt-effective is often incorrect|y cal|ed a　'一barrier一, to

reuSe・ Rec|amation criteria could more properly be ca||ed
llbarriersll to misuse.

工t is comonly assumed that the health-re|ated regulations

Pertaining to water reuse a工ways represent the most
COnSerVative public health viewpoint.　曹his is not true.

As with any organization′ there is a wide range of op|n|OnS

and views within health agencies′　and water rec|amation

Criteria represent compromises and ba|anced positions based

詰諾ifro誌a藍nざa誓y農欝er莞ivi誓eX慧霊霊
reclamation regulations were deve|oped with input from the

Departmentls sanitary Engineering Branch′　Sanitation and

Radiation Laboratory′　エnfectious Disease section′ Viral and

Rickettsial Disease Laboratory′　Epidemio|ogica|　Studies

Section′　Microbial Disease Laboratory′　and Food and Drug

BranchI in addition to extensive input from other technica|
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experts and engineering professionals.

約〇㍍Po富AB重電　京EU容重

曹he ear|y history of pub|ic health in the environmenta|

field has been one of efforts to provide safe water supp|y

and safe disposa|　of sewage・　With sewage disposal′　the

first efforts were directed at eliminating indiscriminate

discharge of raw sewage to the envirorment and at providing

SeWage treatment・　曹hese efforts progre室sed to providing

higher degrees of treatment; in particu|ar′　bio工ogica|

OXidation to restore receiving waters to aerobic conditions

and ch|orination of effluents to protect against the

詫言書誌。n苦渋rs.hazards from pub|ic contact with

Standards for acceptable performance evo|ved from these

PraCtices　-　Standards which represented good practice′

which could be attained by well designed and operated

P|ants, and which were validated by indications that the
resulting conditions were no　|onger producing epidemic

disease・　ThereforeI Standards evoIved as a part of the

PrOCeSS Of cleanup of major pub|ic hea|th hazards
associated with domestic water supply and co関田nity waste

di室po昌al.

冒he evo|ution of regu|ations∴∴Pertaining to sewage

reclamation in ca|ifornia fo||owed the same pattern.　冒he

first standards adopted by the State Board of Hea|th in

about　|918　prohibited the use of raw sewage for crop

irrigation and limited the use of treated eff|uents to

irrigation of non-food crops.　As∴wastewater rec|amation

became more prevalent both in the number and type of reuse

app|ications, mOre reStrictive standards were established

for more critica|　kinds of use.　|n　|933　the regulations

Were mOdified to a||ow sewage to be used on food crops.工n

each instance the standards were developed on the basis of

attainability and Iigood practiceiI and′ in each case′　WaS

associated with efforts to strict|y　|imit pub|ic hea|th

risks from sewage reclamation・ The standards represented a

response to reducing existing or potentia|　risks.

With an increasing demand for water′ WaSteWater began to be

Viewed as a va|uable resource′　and it became necessary to

deve|op wastewater rec|amation standards on the ba室is of

assuring a reasonable degree of health protection.　工n the

dec|aration of policy of the Wastewater Rec|aination and

Reuse Law of　|967 (2), the State Department of Public

Health (now Department of Health Services) was∴given the

authority and responsibi|ity to estab|ish statewide

reclamation standards and did so for uses invoIving

irrigation and ixpoundments.富he Departmentls regu|ations′



Which are entit|ed llWastewater Rec|amation criteria一一(3) ,

Were mOSt reCent|y revised in 1978.

Hastewater Rec|amation crite垂旦

Clearly′　mOSt WaSteWater reClamation and reuse operations

impose a greater risk than wou|d the use of unpo|1uted

WaterS Of non-SeWage Origin.　冒he health concern is in

PrOPOrtion to the expected degree of human contact with the
Water′　the quality of the effluent′　the re|iabi|ity of the

treatment processes′　and contro|s at the reuse sites.　A

basic objective of the Wastewater Reclamation criteria is

to assure health protection without umecessarily discour-
aging wastewater rec|amation.

珊e　|iterature is rep|ete with infomation on pathogenic

Organisms that may be present in wastewater′　their

associated diseasesI their surviva|　times in the natural

enviroment′　and suspected or confimed waterborne disease

Outbreaks・　Disease can be transmitted to humans either

direct|y by contact′ ingestion′　Or inha|ation of infectious

agents in rec|aimed water′　Or indirect|y by contact with

Objects or ingestion of food previous|y contaminated with

rec|aimed water.　For the purposes of this∴PaPer′ it is

Sufficient to state that many types of bacteria′ ParaSites′

and viruses are capab|e of surviving for extensive time

Periods in water′　SOil′　and on vegetation′　and such

Pathogen富　present a health risk during the reuse of water

if they are not control|ed orI in some cases′ e|iminated.

皿e regu|ations specify wastewater∴reuSe Standards for uses

藷誌語プ意鵠y詰寄業苦。。1誌亡難霊蒜
that types of reuse not mentioned in the regulations are

not acceptab|e・　Other types of reuse are eva|uated on a

CaSe-by-CaSe basis・　The Wastewater Rec|amation criteria

inc|ude water∴qua|ity standards′ treatment PrOCeSS require-

ments′　SamP|ing and ana|ysis requirements′　OPerational

requirements′　and treatment re|iabi|ity requirements. The

treatment and quality criteria for irrigation and impound-

ments are shown in Table l・ The reliabi|ity requirements

addre富s the need for alams′　Standby power∴SuPPly′　emer-

genCy StOrage Or disposa|′　Standby replacement equipment′
unit process reliabi|ity′　e|imination of bypassing′　and

f|exibility of design.　The rec|amation criteria are

directed at disease transmission and do not address poten-

tial adverse effects of rec|aimed water on crops′　SOil′ Or

aquatic habitats.

As indicated in Tab|e l′　there are four leve|s of waste-

Water treatment specified in the reclamation criteria. The

required degree of treatment increases as the |ike|ihood of
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human exposure to the reclaimed water increases.　工f there

is no expected contact with the rec|aimed water′　the

regulations are very　|ibera|　and allow the use of primary

effluent・　Uses for which primary effluent i富　acceptable

inc|ude fodder′　fiber′　and seed crop irrigation and the

Surface irrigation of orchards and vineyards・　Primary

treatment has been a||owed for these types of irrigation

for many years without demonstrable adverse health effects′

a|though information from other countries indicates that

the use of　|ow quality eff|uent has′ in some cases′　re-

Sulted in increased leve|s of parasitic infections in

grazing anima|s.

工f a negligib|e degree of direct contact′　Or infrequent

indirect contactI is expected′　SuCh as at go|f courses′

Cemeteries′　Or freeway　|andscapes′　the effluent shou|d not

COntain high numbers of pathogens●　Hence′　DOHS determined

that an oxidized wastewater not exceeding a　7-day median

total co|iform concentration of 23/|OO ml would not impose
undue health risks・　冒he tota|　co|ifom bacteria group is

used as the indicator of disinfection effectiveness for

SeVera|　reasons:　tOtal co|ifom bacteria are present in

municipa|　wastewater in greater numbers than pathogens;

tota|　coliform bacteria are more resistant to disinfection

than many (but not a|l) pathogens; the test for tota|

CO|iform bacteria is simple and inexpensive; and the con置

Centration of total co|iform bacteria in domestic

WaSteWater rOughly paral|e|s the hazard.

A criticism of the use of tota|　co|ifom organisms as an

indicator of fecal contamination is that the intestine of

Wam-b|ooded anima|s is not the so|e source of the
Organisms　- they are found in large numbers in nature from

SOurCeS unre|ated to domestic wastewater or human activity●

This is not a particu|ar drawback when tota|　coliforms are

used in domestic wastewater to measure disinfection

effectiveness・ Feca|　colifom bacteria typica||y comprise

30-35　percent of the tota|　colifom content′　a|though

individua| treatment resu|ts may vary great|y●　Whi|e feca工

COlifoms are a better indicator of sewage contamination in
rivers and streams, the tota|　coliform leve| in wastewater

is a more conservative measurement of disinfecton effec_

tiveness.

工f casual contact with the rec|aimed water is expected′

SuCh as at recreational |akes a||owing boating aむd fishing′

Or if there is occasiona|　contact between the wastewater or

COntaminated soil and food crops∴∴SO|d or eaten raw′　a

higher　|eve|　of disinfection is necessary●　　An oxidized

WaSteWater nOt eXCeeding a　7-day median co|iform

COnCentration of　2・2/|00 ml, While not assuredly pathogen-

free, is unlikely to contain significant concentrations of



Pathogens韮a high qua|ity secondary eff|uent is produced

Prior to disinfection.工t is noteworthy that viruses have
been detected in disinfected secondary effluent when both

fecal and total co|ifom organisms were not detected (4).
工t cannot be argued that these two intermediate　|eve|s of

treatment were se|ected somewhat arbitrarily・　曹hey were

based on attainability, eXPerience, and the judgment of

Pub|ic hea|th and engineering∴∴PrOfessionals that the
CO|iform leve|s assured an adequate leve| of protection for

the intended uses of the rec|aimed water・　皿e specific

numbers′　2・2　and 23/|00 ml, Were Se|ected because they are

rePOrtable numbers using the Most Probab|e Number (MPN)

test.　皿ey are not definitive threshold |evels justified

by rigorous docu孤entation and eva|uation of i||ness∴rateS.

工f intimate direct contact with the rec|aimed water is

expected′　SuCh as∴SWimingI Or indirect contact is |ikelyI

SuCh as eating produce spray irrigated with reclaimed

Water′　the regu|ations specify treatment and water∴quality

requirements intended to produce an eff|uent that is free

Of measurable pathogens′ inc|uding vimses.　A fundamental

decision was made that the standard to be applied was to be

the total absence of any enterovirus′　based on the

assumptions that very　|ow numbers of virus can initiate

infection and wastewater treatment processes assuredly

COntrO||ing enterovirus would without question be free from

any human pathogen and thus be a safe water∴for the

intended use.

Se|ection of the treatment chain specified in the

Wastewater Rec|amation criteria to produce a pathogen-free

eff|uent was predicated on studies conducted several years

ago to detemine the vims remova|　capability of advanced

WaSteWater treatment processes・ More recent studies (5,6)

have verified the effectiveness of the treatment chain′

which inc|udes oxidation′　Chemica| coagu|ation′　C|arifica-

tionI filtration′　and disinfection to a colifom |evel not

exceeding　2.2/|00　m|.　冒hese studies a|so indicated that

equivalent virus removal can be achieved by direct filtra-

tion of high qua|ity secondary eff|uent′　uSing |ow coagu-

1ant and/Or PO|ymer dosages, thereby eliminating the need

for high dosages of chemica|　coagulants and discrete

f|occu|ation/C|arification unit processes.　This abbrevi-

ated treatment chain, in conjunction with specific design

and operationa| contro|sI is acceptable to DOHS even though

it is not strictly equivalent from an effluent gua|ity and

treatment re|iability standpoint to the fu|1 treatment

Chain specified in the regulations.

冒he Wastewater Reclamation criteria do not require _Virus

monitoring.　冒he identification and enumeration of viruses

in wastewater is haxpered by the　|ack of standardized



SamPling and ana|ytica|　procedures′　re|atively low virus

reCOVery rateS′　the comp|exity and high cost of |aboratory

PrOCedures′　and the limited number of faci|ities having the

PerSOnnel and equipment necessary to perform the ana|yses.
Furthemore′　the　|aboratory culturing procedure to

determine the presence or absence of viruses in a water

SamP|e takes about　|4　days′　and another 14　days are

required to type (identify) the viruses. A more complete

discussion of the Wastewater Rec|amation criteria is

PrOVided in an artic|e by Crook (7) , entit|ed '.Water Reuse
in californiaIl′ in the July 1985 Journal of the American

Water Works Association.

工n the absence of an abi|ity to make definitive risk

aSSeSSmentS based on specific leve|s of indicator

Organisms, the rec|amation criteria were based on the

CaPability of we||-designed and operated wastewater

treatment p|ants to consistently attain specific effluent

qua工ity |imits′　eXPerience at existing∴WaSteWater disposal
and reuse operations,　and the desire not to a||ow

unreasonable or unknown risks due to the use of rec|aimed

Wa亡er.

工t is not possible to ascribe numerical risk estimates to

the rec|aimed water use with any degree of confidence.

Factors that inf|uence risk estimates inc|ude:　treatment

PrOVided; treatment re|iabi|ity; COnCentration of indicator
Organisms; eStimate of pathogen concentration in the

rec|aimed water; Pathogen die-Off rates in the environment;

degree of human exposure to the reclaimed water; and the

mechanisms of disease transmission′　e・g・′ infective dose′

Organism viru|ence′　and susceptibility of host. There are

infomation gaps and limitations associated with most of
these factors・ No indicator organism or group exhibits a||

Of the desirab|e characteristics to accurately predict the

PreSenCe Of pathogens.　　なhere are few data avai|ab|e
documenting the ratio of pathogens to indicator organisms

in the environment. For∴SOme Organisms there is virtua|1y

no dose-reSPOnSe data′　and there is |itt|e agreement on the

risk a富sociated with the low concentrations of pathogens

that are most likely to be present in reclaimed water that

has received secondary or tertiary treatment′ inc|uding

disinfection・工n addition′ the degree of exposure may vary

Wide|y among individuals at use areas.

田pidemioIogica|　studies of the exposed population at water

reuse sites would be of　|imited value because of the

mobility of the population (and, hence, the abi|ity to

Obtain meaningfu|　data), the smal|　size of the study

POPulation′　the difficulty in determining the actual _|evel
Of exposure of each individual, the low i||ness rate　- if

any　-　reSulting the reuse practice, and insufficient
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SenSitivity of the current epidemioIogical techniques to

detect　|ow leve|　disease transmission.　±t is particu|ar|y

difficu|t to detect　|ow leve|　transmission of vira|　disease

because many of the viruses cause inapparent infections

that are difficu|t to recognize as waterborne, and most

enteric viruses cause such a broad spectrum of disease

Syndromes that scattered cases of acute i|1ness wou|d

PrObably be too varied in symptomo|ogy to be attributed to
a sing|e etio|ogica|　agent.　A person with an inapparent

infection may exhibit on|y mi|d symptoms or none at a|1′

yet can be an effective carrier and transmit the virus to
Others, Who may then deve|op acute symptoms of the disease.

One of the common criticisms of DOHSIs∴∴Wastewater

Reclamation criteria is that the requirements are too

restrictive and over|y conservative・　工t cannot be argued

that the treatment and quality standards, for the most

PartI are COnSerVative.　However′　they do not attempt to

represent a zero risk・　They are not over|y conservative

for the fo||owing∴reaSOnS:

O冒he infective dose of some pathogens may be as　|ow as

One Organism, and medical experts within DOH recormend

that contact with wastewater containing pathogenic

agents shou|d be avoided, yet CaSual contact with

reclaimed water that is not pathogen-free is a||owed

for some types of use.

O冒he co|iform group is lmoun to be less resistant to

Ch|orine disinfection than some pathogenic organisms●

O　冒here have been instances where the tota|　co|iform test

has not indicated the presence of waterbome pathogens.

O富he coliform |imits are based on a running 7-day median

Va|ue, Which al|ows for a considerable f|uctuation in

the degree of disinfection.

O富he precision of the MPN coliform test is not of a high

Order・　For examp|e′　the lower and upper　95　percent

COnfidence limits for an MPN of　23/|00 m|　are 9/100 ml

and 86/|00 ml, reSPeCtive|y.

O A|l treatment plants are subject to f|uctuations in

treatment and, Since co|ifom sampling is∴required only

OnCe a day, it is　|ikely that substandar阜　Water is

reused at one time or another at a工most　ふery reuse

OPeration　-　eVen When samp|ing indicates that the

appropriate requirements are being met.

O The standards are based on proper use area contro|s-

COntrOl富のhich are not always imp|emented by the
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OPerating agency.

曹here have been instances when criteria have been

recormended that are more restrictive than those specified

in the Wastewater Rec|amation criteria・　工n those cases′

reclaimed water used for |andscape irrigation could not be

COnfined to the designated use areas′　and direct or

Windb|own spray reached popu|ated areas or property not

COntrO||ed by the user・　Therefore′　DOHS has taken the

POSition that an effluent free of measurab|e pathogens is
necessary in such situations・冒hi室position does not apply

if it is determined that rec|aimed water spray or runoff

not confined to the u室e area wil| not result in significant

human exposure to the water.

冒he argunent has been made that nonpotab|e rec|aimed water

Should be acceptable if it meets a geometric mean fecal

COliform level of 200/|00 m|I aS PreVious|y recomended by
the U・S・ Envirormental Protection Agency for recreationa|

(bathing) waters (8).　曹he added gastrointestina| illness
rate at this feca|　co|iform leve| has been ca|culated to be

8 i||nesses per lOOO swirmers at freshwater beaches and 19

i||nesses per |OOO swimers at marine beaches (9).工t has

been stated that the pub|ic has accepted this i11ness∴rate.

珊is pub|ic acceptabi|ity is inferred′ Perhaps incorrectly.

珊ere is no indication that the pub|ic has know|edge of the

i|1ness rate in such situations′　and the pub|ic may con-

Sider　8 i||nesses/|000　swirmers to be an excessive rate.

工l|ness rates of this magnitude resulting from the use of

reclaimed water wouldI in DOHSIs opinion′ PreSent an eXCeS-

魯ive′　unreaSOnab|e′　and unacceptab|e risk・ Simi|ar|y′　the

use of the　200　feca|　co|iform　|eve|　as a disinfection

Standard can be questioned regarding its ability to provide

an aSSured |eve| of protection from vira| pathogens●

曹he Wa富tewater Rec|amation criteria include a requirement

that an engineering∴rePOrt be prepared prior to implemen-

tation of a project.冒he report require雷detai|ed informa-

tion documenting measures to insure comp|iance with the

Criteria and DOHS use area guide|ines′　and it requires

Certain management aspects of the reuse operation to be

addressed.　Management is a critica|　factor and has a

StrOng inf|uence on regu|atory decisions.　unfortunately′

management is a neg|ected aspect of many reuse operationsI

and comprehensive guide|ines are needed in this area.

Pub|ications∴∴SuCh as AWWAis liDual Distribution systems'一

manua| (|0) can be an effective vehic|e in ÷addressing

management needs and disseminating information on a

national level.
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Po冒AB重電　京Eロg電

工ndi重eCt Potab|e Reuse

Unintentiona| indirect potab|e reuse has been occurring for

many years in the United States and e|sewhere・　Unp|anned

reuse resu|ts∴∴from the discharge of wastewater into

WaterCOurSeS uSed as∴SOurCeS Of drinking water′　disposal of

WaSteWater Via perco|ation ponds to potable water-SuPPly
aquifers′　migration of　室ePtic tank |eacheate to surface or

groundwater, etC.　However, it shou|d not be assumed that

no hamfu| effects are resulting from the暑e practices.曹he

fact that unp|anned potable reuse is occurring doe巨　not

Signify that it is a desirable situation without risk.

Definitive health effects studies have not been conducted

in those areas where incidenta|　reuse is occurring′　and

SOund scientific data do not exist to support the

COntention that there are no resu|tant adverse hea|th

effects・　　Certain|y any effects would be subt|e and

difficu|t to detect.

The Ca|ifornia Department of Health Services∴reCOrmends

against wastewater discharges to freshwater∴StreamS uSed

for domestic water supply・　HoweverI DOHS recognizes that

there are situations where it is not possible to prevent

discharges to streams and has developed guide|ines (11) to

address such situations・　Wastewater disposa|　to domestic

Water SuPPly sources is acceptab|e under certain conditions

because: a high degree of di|ution (the minimum acceptab|e

ratio of di|uting∴Water tO effluent is　2O:1) reduces but

does not e|iminate the risks; natura|　stream purification

PrOCeSSeS∴PrOVide some benefit; eXtenSive treatment of the

raw water′　Which wou工d be required′　PrOVides a further

barrier to pathogenic organisms and reduces the concentra-

tion of sewage-aSSOCiated organics; and there are no

economical|y feasible wastewater disposa| alternatives.工t

is important for regulatory agencies to consider water

resources∴P|aming and management when evaluating waste-

Water discharge proposa|s and fu|1y consider a|| risks and

benefits during the decision-making∴PrOCeSS.

工ndirect potab|e reuse via groundwater recharge is a

different matter.　工n Ca|ifornia′　DOHS has the responsi-

bility to develop criteria for rec|aimed water used to

recharge potable water-SuPP|y aquifers through planned

groundwater∴∴reCharge operations・　エdeal|y′　regu|ations

directed at groundwater recharge would inc|ude provisions

for septic tank∴systems′　COrmunity land disposal systems

(POnd or spray) , irrigation with wastewater, and wastewater
discharges to rivers or dry stream beds which recharge

groundwater basin争・・　mile these operations may affect
drinking water-SuPPlies′　they genera||y resu|t in a very



|imited amount of∴wastewater entering the groundwater′

e・g・′　SePtic tank∴systems′　Or Wide dispersion within the

underground basin′　e・g・ ′　agricu|tural irrigation●　　Con-

VerSe|y′　eff|uent discharges to dry stream bed富　could

re室u|t in relatively high quantities of∴wastewater being

recharged. Unfortunately′ DOHS does not have the authority

to regulate incidental or unp|anned recharge resu|ting from

effluent disposa|′　and an inconsistency becomes apparent.

Planned groundwater recharge operations may be subject to

more stringent regu|atory control than unp|anned recharge

that a|so may result in significant quantities of waste-

Water PerCOlating into potab|e water∴SuPP|y aquifers.冒he

inconsistency relates to the issue of regu|atory contro| of

the different types of recharge and is not indicative of a

lack of concern for unplanned recharge that is occurring●

工n 1973′　the Department of Hea|th Services prepared a

POSition statement (|2) directed at augmentation of
domestic water∴SOurCeS With rec|aimed water.珊e rationale

for the position statement statedI in part′　that　一一Hea|th

risks from the use of renovated wastewater may arise from

Pathogenic organisms and toxic chemica|s.　The nature of
the phenomenon associated with pathogens and heavy metal

toxicants are wel|　enough understood to pemit setting

limits and creating treatment contro| systems. This is not

the case′ however′ With regard to some organic con与tituents

Of wastewater・　工n particu工ar′　the ingestion of water

rec|aimed from sewage may produce |ong-term hea|th effects

associated with the stab|e organic materia|s which remain

after treatment・　冒his is an area of unknowns　-　unknowns

invo|ving the composition of the organic materials′　the

types of |ong-term effects′　Synergistic effects′ metabolite

fomationsI treatment effects′　methods of detection and

identification′　and ultimately′　the |eve|s at which |ong-

tem health effects are exerted・一一　工n regard to groundwater

recharge by surface spreading′　the position statement

reCOmmended that　|arge-SCale recharge should be deferred

until more definitive health data were forthcoming.

工n |975′　the Department of Health Services′　Department of

Water Resources (DWR) , and State Water Resources Contro|

Board (SWRCB) jointly prepared a state-Of-the-art rePOrt

(13) on the hea|th aspects of wastewater reclamation for

grOundwater recharge and convened a consu工ting pane|　of

薫慧葦‡諾詩誌叢話嵩言霊諾…
recharge using∴reC|aimed wastewater which cou|d not be

reso|ved because basic scientific know|edge was　|acking′

With the principal concern being∴Stab|e organic materials;

and (b) research was needed in severa|　areas to reso|ve the

uncertainties concerning the hea|th aspects of groundwater
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recharge, inc|uding characterization of the contam-inants

in rec|aimed water and extracted water, aSSeSSment Of

toxicoIogica| risks′　and epidemioIogical studie富of exposed

POPulations (14).

|n 1976, DOHS developed draft regu|ations for groundwater

recharge of reclaimed water by surface spreading that were

extremely controversial and were not adopted as statewide

Criteria.　冒he absence of regulations addressing ground-

Water reCharge was viewed by many as an indication that

this type of reuse was unacceptable to the regu|atory

agencies under any circumstances.　工n order to a||eviate

this concernI but at the same time recognizing the

inabi|ity to set meaningfu| definitive groundwater∴reCharge

Standards, DOHS revised the Wastewater Rec|amation criteria

in　|978　to include a section addressing groundwater

recharge as fo||ows:

''60320・　Groundwater Recharge.  (a) Rec|aimed water

used for groundwater recharge of domestic water

SuPPly aquifers by surface　室Preading∴Sha|l be at al|

times of a qua|ity that fu|1y protect雷pub|ic health.

The State Department of Health Servicesl recormenda-

tions to the Regional Water Quality controI Boards

for proposed groundwater recharge projects and for

expansion of existing projects wil|　be made on an

individua|　case basis∴Where the use of reclaimed

Water invo|ves a potentia| risk to pub|ic hea|th.

(b) The State Department of Hea|th ServicesI
recormendations wi工l be based on a|| relevant aspects

Of each project, including the fo|1owing factors:

treatment provided′　eff|uent quality and quantity;

SPreading area operations;∴SOi|　characteristics; hy-

drogeo|ogy; ∴reSidence time; and distance to with-

drawa工.

(C)冒he State Department of Hea|th Services will
hold a pub|ic hearing prior to making the fina|

detemination regarding the public hea|th aspects of
each groundwater recharge project.　Fina|　recormenda-

tions wi|1 be submitted to the Regiona| Water Qua|ity

Contro|　Board in an expeditious manner. 1一

重n an attempt to answer∴SOme Of the hea|th-re|ated issues

associated with groundwater recharge, a Hea|th Effects

Study (15) was initiated in 1978　as part of the Orange and

Los∴Angeles Counties∴Water Reuse Study.　冒he focus of the

Study,　COnducted by the Los∴Ange|es County Sanitation

Districts (RACSD) , WaS the whittier Narrows groundwater

recharge project, 1ocated in the Montebello Forebay area of

Los Ånge|es County.冒he primary goa| of the five-year $|.4
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mi||ion study wa富to develop a data base which wil工　enable

health and regulatorY authorities to detemine whether the
use of rec|aimed water for groundwater rep|enishment at

Whittier Narrows′　Which began in |962′　富hou|d be maintained

at the present |eve|′　Cut back′　Or eXPanded・

A∴wide range of research tasks were undertaken to meet

these objectives, inc|uding∴Water qua|ity characteriza-

tions′　tOXico工ogica|　studiesI PerCO|ation studies′　hydro-

geo|ogica|　studies′　hea|th surveys′　and epidemio|ogica|
Studies・ The fina| report of the Health Effects Study was

Published in March |984. IACSD conc|uded that the Whittier
Narrows groundwater replenishment project did not demon置

Strate any meaSurab|e adverse impact on the area-s∴grOund-

Water Or the hea|th of the popu|ation ingesting the water.

Although the Health Effects Study represents the most

COmPrehensive research perfomed to date pertaining to the
health aspects of indirect potable reuse via groundwater

recharge′　queStions remain regarding the possible impact on

hea工th.

An argument could be made against the Hea|th Effects Study

recormendation that expansion of the use of rec|aimed water

Should be implemented at the present |evel of treatment for

the fo|1owing reasons:

O冒he validity of some of the studyls∴findings and con-

C|usions is based on the estimated amount of reclaimed

Water in the groundwater. This′ in turn′　WaS based on

an empirical model which used su|fate in co工orado River

Water aS the tracer of groundwater movement.　The mode|

WaS based on data obtained from　1954　to　1970.

冒herefore, the percentage of rec|aimed water extracted

at the we||s was estimated using indirect methods and

may or may not be accurate.

O The　20-year aVerage PerCentage Of rec|aimed water in

the extracted we|| water was estimated to range from O

to　||　percent′　With most we||s having a　|ong-term

average of　|ess than　5　percent.　Any hea|th effects

resulting from such a　|ow　|eve|　of consumption of

reclaimed water may not be detectab|e using present

epidemioIogica| techniques.

O Concentrated organic residues derived from rec|aimed

Water　(and other rep|enishment waters)「_　e|icited

mutagenic responses in bacterial tests.

O Approximately lO percent of the organic material

PreSent in the rec|aimed water and groundwater∴WaS

identified.　曹he data do not pemit an unambiguous

judgment regarding whether or not the organic compounds
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Of greatest concern were identified.

O冒he use of巨Oil as an effective treatment method during

PerCO|ation is∴queStionab|e・ As∴stated in the report:
IIResults from a pilot perco|ation study and literature

review showed that perco|ation did not consistent|y

remove trace organics from reclaimed water. 1,

O工t i富　not c|ear that the genotoxic assay data′ in the

absence of other toxico|ogical data′　are adequate to

SerVe aS a ba富is for risk assessment.　冒he traditional

basis for eva|uating∴Safety of specific organic

COnStituents or fractions is the two-year OnCOgenicity

PrOtOCO| in rodents. More study is needed on the Ames
Sa|mone||a Microsome Assay and the marmalian cel|

transfomation as富ay to establish credibi|ity for the

Subsequent conclusions regarding the safety of the

rec|aimed water∴SOurCe.

O Less than　50　percent of the study popu|ation have

resided there for more than　|O yearsI COmPlicating

interpretation of hea|th survey and epidemio工ogica|

Study data.

O Most cancers take　|5　years or more to manifest

themse|ves・ Extracted water from many of the we||s did

not contain any rec|aimed water unti|　severa|　years

after∴reCharge began′　and very few we||s have received

Significant quantities of rec|aimed water for an

extended time period.

O工f any risk did exist, it would be　魯ma|l.　工t is not

SurPrising′　thenI that the epidemioIogica|　study and

hea|th survey did not corre|ate disease with consump-

tion of rec|aimed water.　工t is∴Stated in the Hea|th

Effects Study report that IIWhile the resu|tsl∴SuggeSt

there have been no dramatic changes in disease patterns

due to water reuseI it cannot be said that potable re-

use has had no effect・　Rather′ it can on|y be said

that the study design and the power of the statistical

test were such that no significant difference was

detected. Il

工n Apri|　|985, a PrOPOSa|　was made to increase the amount

Of rec|aimed water used for∴grOundwater rechaぎge in the

Montebe||o Forebay by　50　percent　-　from　33′70O acre-feet

Per year tO　50IOOO acre-feet per year.　An argument could

be made that additiona|　treatment shou|d be required to

remove organic constituents prior to recharge to a||eviate

lingering health concerns or doubts・　工n fact′　an inter-

agency hea|th effects advisory cormittee,　Which was
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PreViously formed by DOHS and SWRCB to advise the state
agencies on various matters invo|ving∴WaSteWater reuSe′

recormended that any increased use of reclaimed water for

recharge shou|d receive the additiona|　treatment of carbon

霊譜誌　珊ey also recormended increased water qpe|ity

Recognizing the uncertainties that wil| a|ways∴remain′　eVen

after the most intensive scientific investigations have

been conducted′　DOHS conc|uded that the Hea|th Effects

Study data do not indicate that the rec|aimed water has had

a measurable impact on the groundwater′　and that the

PrOPOSed increa富e should not have a measurab|e impact on

domestic wel|s down-gradient from the spreading area.冒he

Department subsequent|y comented on the proposal and′

COntrary tO the findings of its advisory cormittee′　Stated

that additional treatment was not necessary but did

reCOmmend a greatly expanded monitoring program.工t shou|d

be noted that more restrictive requirements can be imposed

in the future・　DO櫨S’s position on the Whittier Narrows

PrOject represented a radical departure from its past

POlicies and has been attacked by some individua|s as a
Weak pub|ic health position not consistent with the

COnVentiona|　philosophy of not exposing the pub|ic to

POtentia工　hea|th ri室ks in the absence of a demonstrated
need.

工t is interesting to note that public attitude studies

COnSistent|y find that somewhat more than 5O percent of the

Public is oppo富ed to potable reuse (|6) , yet there has been
no pub|ic outcry opposing groundwater∴reCharge at mittier

Narro鵬.　Possible reasons for this apparent　|ack of

COnCern are as fo||ows:　there is a l11oss of identity"　of

the wastewater when it perco|ates into the underground and

mixes with groundwater and′　thusI the psycho|ogical

repugnance associated with drinking treated wastewater i与

eliminated; the public assunes that groundwater∴reCharge is

Safe because it is occurring∴With the know|edge of hea|th

Officials; the public is aware that there is a potentia|

risk asociated with drinking∴reC|aimed water and accepts

the risk;∴many households drink bottled water because of

taste or other reasons and′　therefore′　are re|ative|y

unCOnCerned about the potab|e quality of the groundwater;

Or the pub|ic does not know that they are drinking

rec|aimed wastewater.　whatever the reason′　Pub|ic po|icy

CannOt be ignored in any consideration invo|ving potab|e

reuse′　and the pub|ic should be infomed of any potentia|

risks imposed on them.

Faced with an increasing need for water and the optimism

generated by the Health Effects Study′ it became apparent
that more definitive guidance and po|icies by regulatory



agencies were necessary・　As a consequence′ in　|986　the

three agencie富　most invo|ved in water use in the state′

SWRCB′　DWR′　and DOHS joint|y fomed a一一Scientific Advisory

Pane|　on Groundwater Recharge with Rec|aimed Wastewater'・.

The panel was made up of recognized experts in the areas of

enviromental engineering′ grOundwater hydrogeo|ogy′ micro-

bio|ogy′ tOXico|ogy′ ePidemioIogy′ risk asses巨mentI Organic

詫e霊喜詩語u| a#y.5u=詫S th。 T註譜O露盤霊…
Of using rec|aimed water for∴grOundwater recharge to aug-

ment domestic water supply; (b) to evaluate the benefits

and risks associated with groundwater recharge with re-

Claimed water′ ; and (C) to provide detai|ed background in-

fomation needed for the estab|ishment of statewide
Criteria for∴grOundwater recharge with reclaimed water.

冒he fina|　report of the consulting panel is due to be

COmPleted this s¥Ⅲ皿er, and publication and distribution is

SCheduled for∴November of this year・ [t is hoped that the

COnC|usions and recormendations of the pane|　wi|1 be

SPeCific enough to aid the regu|atory efforts of DOHS.

冒he earlier attempt to deve|op statewide criteria for

groundwater recharge with reclaimed water was aborted due′

in part′　tO the fact that the proposed regulations were

directed at the worst case situation and it would be

Virtually impossib|e for any individua| project to comp|y

With a||　of the requirements.　Each recharge area has

unique conditions and circumstances′　and it would be

inappropriate to neglect thi室　fact during the regulatory

PrOCeSS.　工t is anticipated thatI uPOn reView and evalu-
ation of the Scientific Advisory pane|一s final report′

Criteria wi||　be developed that are f|exib|e enough to

COnSider-Site-SPeCific conditions and at the same time
COntain water qua|ity　|imits and other requirements that

must be met by all recharge operations.

D工REC富∴PO冒ABLE REUSE

工t has a|ways been the po|icy of the Department of Hea|th

Services that pub|ic water supp|ies∴Should be derived from

the most protected sourceI and lower quality water used for

|ess demanding∴PurPOSeS・ The drinking water∴Standards are

intended to apply to water supplies that have been obtained

from the most desirab|e source and are not intended for

app|ication to wastewater used direct|y as a raw water

App|ication of drinking water∴Standards to rec|aimed water

in the absence of an ability to adequate|y define the

nature of chemica|s∴PreSent and in the absence of proven

treatment reliabi|ity is potentia|1y very dangerous′　and it

is apparent that requirement昌　for constituents not



COntained in the drinking water standards may be necessary

to insure that the water is "pure′ Who|esomeI and potab|e'一.

工t wou|d be inappropriate to suggest that potab|e water is

CO叫P|ete|y defined by the drinking∴Water∴Standards.

Standard setting is difficult′　and it is becoming c|ear

that the U・S. Envirormenta|　Protection Agency and the

States are finding it increasing|y difficult to deve|op

meaningfu|.drinking∴Water∴Standards　-　a Situation which

Wi|1 on|y intensify as ana|ytical techniques become more

SOPhisticated.

工t is often stated that reclaimed water can be produced

that is∴SuPerior to many existing treated drinking∴WaterS.

冒his comparison is mis|eading and imp|ies that wastewater

is a desirable source of drinking water・　The comparison

Shou|d be made between the sourcesI e・g・′　river water vs.

raW SeWage′　and not the final product.　工t wou|d appear to

be more practical and safer to treat re|ative|y unpo||uted

SOurCe WaterS than to encourage the deliberate use of

SOurCe WaterS known to contain significant|y greater |eve|s

Of contaminants.

A11 waters are subject to contamination.　The contaminants

Can be classified into four general groups: radionuclides;

microbio|ogical agents; inorganic constituents; and organic

COnStituents.　Quality standards have been estab|ished for

most inorganic constituents and radionuc|ides′　and treat-

ment and ana|ytical techno|ogy has demonstrated the capa-

bility to identifyI quantify′　and control these substances

to an acceptab|e degree・　工t is∴genera||y accepted that

availab|e techno|ogy is capable of eliminating pathogenic

agents from rec|aimed water′　a|though reliabi|ity is∴Stil|

Of concern. HoweverI many unanSWered questions∴remain with

Organic constituentsI due mainly to their∴POtentia| 1arge

number and unresoIved human risk potential resulting from

long-tem eXPOSure tO eXtreme工y low concentrations.

While it is possib|e to detemine risk and maxim¥m
COntaminant　|eve|s for many individua|　organic chemica|s′

the majority of the organic fraction in treated wastewater

remains unidentified・　工n additionI there is a paucity of

infomation regarding∴室ynergistic or additive effects of

|ow　|evels of organics・　Clearly′　the health effects of a

given array of contaminants are the same regard|ess of
their source.　However′　there are important differences in

the circunstances・ Chemica| contaminants∴Should- be identi-

fied in existing∴raW Water SOurCeS and their effこcts under-

StOOd and mitigated as prompt|y as resources and public

POlicy wi||　al|ow・　Conversely′　Since direct potab|e reuse
is not yet occurring and shou|d not occur unti|　there is a

demonstrated needI reSearCh directed at potab|e reuse

Shou|d proceed at a de|iberate pace, and the possib|e



ramification雷　associated with such reuse should be fully

eva|uated.

Extensive research is being conducted in Denver′ San Diego′

and e|sewhere to addre富s∴SOme Of the unanswered questions.

冒he concentration and hea|th significance of trace organics

in drinking∴Water is∴reCeiving most of the attention′　but

equa|ly important are microbioIogical qua|ity and treatment

re|iabi|ity.　Raw sewage contains a wide range of

Pathogenic organisms′　and it is essentia|　that the fina|
eff|uent be free of a|1 pathogens if it is intended for

ingestion.　mile pi|ot-P|ant data indicate that advanced

treatment processes can produce rec|aimed water that is

free of measurable pathogens and contains extremely　|ow

levels of organic constituentsl it has yet to be proven

that ful|-SCale faci|ities can consistent|y produce water

Of that quality・工f cIosed一|oop potable reuse systems are

to be considered′　reSearCh should address the possibi|ity

Of constituent bui|dup to hea|th-Significant |evels in the

Water.

工n consideration of the present unknowns associated with

POtab|e reuse (including∴re|iabi工ity), it wou|d not be

Prudent to implement direct potab|e reuse projects unless
there is an abso|ute necessity to do so・ Necessity implies

that there is a need for additional drinking∴Water′　that

alternative freshwater∴SOurCeS are nOt aVailable′　and that

a|l feasib|e measures have been taken to conserve the

highest quality water for domestic use.

冒ypica|1y′　the amount of water actua|1y used for drinking

is a sma||　percentage of the tota|　water usage in a

C○剛nity.　water conservation measures and wastewater

reuse for nonpotab|e purposes∴∴Shou|d be encouraged and

increased.　m advantage of this approach is that less

SeWage effluent would be discharged to envirormenta||y

SenSitive areas and rivers′　StreamS′　Or Other bodies of

Water uSed as domestic water∴SuPPly sources・ [f nonpotable

reuSe′　Water COnSerVation′　and other measures are fu||y

integrated into water p|anning and management in water-

Short areasI the need to consider potable reuse can be

de|ayed for many years●

Substituting∴reC|aimed water for a wide range of uses that

Were fomerly met by freshwater helps preserve high quality
SOurCeS∴for drinking∴Water and decrease the demand for new

SOurCeS Of potable water・　　Regu|atory agencies support

nonpotable reuse where pub|ic hea|th is not compromised・

The many variab|es associated with disease risk assessment

make it virtua||y impossib|e to base nonpotab|e reuse
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Standards on specific risk leve|富.　Rec|amation criteria

deve|oped in ca|ifornia are intended to mitigate hea|th

risks but are not IIzero riskII standards.

Rec|aimed water has been used successfu||y to augment

underground aquifers via groundwater∴reCharge, and proper|y

designed and operated projects have not been shoun to have

demonstrab|e adverse hea|th consequences.　Data from recent

Water qua|ity research and health effects studies are en-

COuraging but inconc|usive, and questions remain regarding

the long-tem hea|th effects of this type of indirect

POtable reuse.　工t has not been confirmed that the organic
COnStituent leve|s∴PreSent in the reclaimed water u雷ed for

groundwater recharge at existing operations do not resu|t
in chronic hea|th effects.

Direct potable reuse is the subject of intense investiga-

tion and many of the health concerns associated with

ingestion of rec|aimed water are stil|　unresoIved.　Hea|th

agencies support the water qua|ity′　treatment PrOCeSS

reliability,　and health effects∴reSearCh directed at

POtable reuse, but maintain that such reuse should be
deferred unti|　there it has been demonstrated that direct

POtable reuse wi||　not present unreasonab|e hea|th risks
and there is a necessity to resort to such low∴quality

SOurCe WaterS・　Regu|atory agencies must err on the side of

Caution in any consideration invo|ving the possib|e

introduction of contaminants into a pub|ic water∴SuPP|y.
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曹reatment　　　　　, Co|iform

Leve|　　　　　　　Limits　　　　　　　　　曹ype of Use

Pri孤ary Surface　工rrigation of

Orchards and Vineyards

Fodder, Fiber and Seed

Crops
一　一　一　○○　.〇　一　一　.〇　〇〇　一　〇　置　○○　一　一　〇〇　一　一　一　一　.〇　一　一　一　一　.〇　一　一　〇一　一

害謹碧‡i誓　　23/|OO m|　　蒜謹言for Mi|king

2.2/1○○　m工

Landscape lmpoundments

Landscape　工rrigation

(Go|f Course雷, Ceme-

teries, etC.)

Surface　工rrigation of

F○○d Crops

Restricted Recreation-

a|　工mpoundments
一　一　〇〇　〇輸　○○　.-　←〇　〇〇　.〇　一　←-　.-　.〇　〇〇　.-　.-　←-　.-　.-　.〇　〇〇　.-　.一　〇〇　.○　○〇　〇〇　●〇　〇〇　一

誌…誌n, 2●2/100m|　慧yc紫ationof

豊誤記nand　　　　　　窪詳p露語豊
e七c.)

Nonrestricted Recrea-

tional　工mpoundments


