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Honorable Carol M. Browner
Administrator :

U.S. Environmental Protection Agency
401 M Sfreet, SW

Washington, DC 20460

Subject; Safe Drinking Water: Future Trends and Challenges
Dear Ms. Browner:

- As part of the Futures Project of the Science Advisory Board (SAB), the Drinking
Water Committee (DWC) has examined trends and issues likely to affect the future
availability and quality of drinking water in the United States. The primary goal of this
exercise has been to develop recommendations for strategies that would better enable
the Agency and the Nation to face the challenges posed by those trends in the next few
decades. -

This report is the result of the Committee's deliberations. In brief, the Committee
identified four broad trends that can be expected to seriously impact the future of
drinking water in the United States: a) increased population growth resulting in
declining underground water tables and increasingly contaminated water sources; D)
increased public demand for cleaner drinking water; ¢) a changing profile of chemical
and microbial contaminants of concern in drinking water; and, d) the resulting
pressures to fundamentally change the manner in which drinking water is produced,
Based upon an analysis of these trends, the Committee agreed upon five major
recommendations, which are summarized later in this letter.

Although the U.S. is a relatively water-abundant country, and its population
growth is modest, current population trends are nonetheless sufficient to severely strain
water resources over time, particularly on a regional basis. One of the most serious
problems in the U.S. will be the continuing decline of groundwater tables, on which
approximately 50% of the U.S. population depends for drinking water. This
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deollne is often related,
the Westem Unuted States, ‘and. is often accompanued by mcreased contamlnatlon
(e, g by nltrates and toxlc chemlcals) : '

"t agncultural uses.-and practlces it usfpartlcularly serious in

For surface waters non-ponnt sources ‘of pollutlon will become the dominant
"threat Induatnal pornt source contamlnatlon wnll continue to be an lmportant concemn
for both underground and surface. waters but the development of effective regulatory
strategies to oontrol mdustnal dlscharges wrll contmue to reduce the relatwe
' |mportance of thls source of pollutton in the comlng decades - ' |

Increasmg demands on renewable water resources will’ demand tough dBCISIDns ‘
regarding the allocatlon cf water resources Competltlon between uses. will increase
~and greater cooperatlon will be requlred between states and localltles that: compnse

: individual watersheds In order to address these conﬂrcts it will be necessary fo
modrfy the current State water allocatlon systems $0- that they beoome more
. responstve to the trends in. resource avanlablluty and use, and partlcularly to facilitate
'mcreased conaervatlon and reuse ‘of water.. Also, the mfrastructure of many U. S
. water supply systems is old and ll'l need of replacement ‘and many small and
t mefﬁclent water supply systems ‘will need to be consolrdated into larger systems.

Coupled wrth the mcreased pressures on water resources there hes been a

: ..growmg perceptlon by the: publlc that many. dnnlong water suppltes are contaminated
| -,-repeatedly, and this- perceptton is likely to! ‘continue unabated in the next decades.

. Increased demands for clean pubhc water suppltes also arise. from the dtscovery of

~ new |nfom1at|on on’ health effects (e.g., arsenic: and lead) and ‘from a declining
i tolerance on the part of the publuc to "accept" any health risks. There are also

| growing. expectatlons for the protectlon of virgin natural resourcas that mevntably
raduce the pool of resources avallable to supply dnnklng water needs '

The chemlcal contamlnants of pnmary concem |n dnnklng water today, andin
the foreseeable future arlse frcm the chemlcal treatment of water whose goal is to
remove the rigk: of mucroblologlcal hazards Many of these contamlnants can be .

" measured-at concentrations that are 6 low that they exceed the ability of scientists to
) jaccurately estumate theur human health effects ‘At the same: time, recent outbreaks of
. waterbome mfectlous dusease nave focused attentlon on the shortcommgs of current -
methods of water treatment Wthh often do not adequately elrmrnate hazardous micro-
organlsms from treated waters These mcldents also hrghlught the need to be



extremely careful when modifying water treatment systems in a manner that may give
rise to new infectious disease risks.

The most difficult challenges to the production and delivery of safe drinking
water in the next decades, therefore, will be in the areas of evaluating and minimizing
the competing risks from chemical and microbiological contaminants that occur in
water at very low concentrations. Significant advances in toxicology and epidemiology
will be needed to overcome current gaps in scientific knowledge, including the
development of better methods for extrapolation of animal data to humans, and better
dose-response models. In addition, it will be necassary to develop methods to
compare microbial to chemical risks such that decisions can be made that result in
mmumlzmg hoth types of risk.

The Committee examined the trends briefly described above, and their likely
impacts on the country's ability to provide safe drinking water in the future. As a
result, the Committee agreed upon five major recommendations, as follows:

1. improve the existing systems of management of renewable water
resources, inciuding prevention of further water supply deterioration,
better management of land-use and forestry practices, wetland protection
and extansion, and implementation of water recycling and conservation
practices to improve efﬁ_ciencies of water use,

2. Support the consolidation of small distribution systems to improve the
overall quality of water and provide the necessary revenue to impiement
treatment technologies now available to the larger systems.

3. Support changes in treatment technologies to respond the changing
profiles of contaminants of concern. -

4, Greatly accelerate research to spur advances in risk assessment
methodologies for both chemical and microbiological contaminants of
water to be able to more effectively guide iarge public investments for
changes in drinking water treatment plants that may be necessary.
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f 5 Estabhsh 4 survetllance oF alert system to datect waterhome
pathogens that may arise frnm changes and consohdatlon in water
, traatmant an,ddlstnbutlon, systems in the next decades '

The attachad report dlscusses thase and other issues in more detaﬂ ‘We trust
that the identifi catlun of trends and challenges inthe dnnkmg water arena, and the
accompanymg recommendatlons wnll be useful as you exarclse your |mportant

. responsnblhtles in the future S - : \
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ERER Scnenca Adwsory Board : Scnence Advisory Board -

- DF, \IerneA Ray, Chalr
." Drinking Water. Commlttee -
" Sciénce Adwsopyﬁaard . o



NOTICE

This report has been written as a part of the activities of the Science Advisory
Board, a public advisory group providing extramural scientific information and advice
to the Administrator and other officials of the Environmental Protection Agency. The
Board is structured to provide balanced, expert assessment of scientific matters
related to problems facing the Agency. This report has not been reviewed for
approval by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other
agencies in the Executive Branch of the Federal government, nor does mention of
trade names or commerciai products constitute a recommendation for use.

Seven reports were produced from the Environmental Futures Project of the
SAB. The titles are listed below: '

1) Environmental Futures Committee EPA-SAB-EC-95-007
[Title: "Beyond the Horizon: Protecting the Future with Foresight," Prepared by
the Environmental Futures Committee of the Science Advisory Board's

Executive Committee.]

2) Environmentai Futures Committee EPA-SAB-EC-95-007A
[Title: Futures Methods and Issues, Technical Annex to the Report entitled
"Beyond the Horizon: Protecting the Future with Foresight,” Prepared by the
Environmental Futures Committee of the Science Advisory Board's Executive

Committee.]

3) Drinking Water Committee EPA-SAB-DWC-95-002
[Title: " Safe Drinking Water: Future Trends and Challenges," Preparad by the
Drinking Water Committee, Science Advisory Board.]

4) Ecological Processes and Effects Committee EPA-SAB-EPEC-95-003
[Titie: "Ecosystem Management: Imperative for a Dynamic World," Prepared by
the Ecological Processes and Effects Committee, Science Advisory Board.]

5) Environmental Engineering Committee EPA-SAB-EEC-95-004
[Title; "Review of Environmental Engineering Futures Issues,” Prepared by the
Environmental Engineering Committee, Science Advisory Board.]
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ABSTRACT

The Environmental Futures Committee (EFC) of the Science Advisory Board
(SAB} carried out a year-long study to examine how future developments will affect
planning and decision-making for health and environmental quality. In addition to an
overarching "Futures" report by the Executive Committee of the SAB, several standing
committees prepared equivalent reports in their areas of expertise, This report reflects
the perspective of the SAB's Drinking Water Committee.

Emphasizing the fact that fresh water resources are finite, the report first
describes major trends in the availability and quality of drinking water resources in the
L1.S. The major uses of water are described, followed by a discussion of four broad
factors that will most seriously impact the future of water quality in the U.S.: a)
increased population growth resulting in declining underground water tables and
contaminated water sources; b) increased public demand for cleaner drinking water; c)
a changing proﬁle of chemical and microbial contaminants of concern in drinking
water, and d) pressures to fundamentally change the manner in which drinking water
is produced.

The report examines the major challenges that arise from the factors above,
and makes recommendations in five areas: a) substantial improvement in the
management of water resources, with emphasis on pollution prevention, recycling,
conservation and re-allocation of water resources; b) greatly accelerated research to
spur advances in risk assessment methodologies for both chemical and microbial
contaminants of water; c) support for changes in treatment technologies; d) support for
the consolidation of small distribution systems; and, e) establishment of a surveillance

or alert system for emerging waterbome pathogens. -

Key Words. Drinking water, futuré'trends, chemical contaminants, microbiological
contaminants, risk assessment, surveillance, water treatment,.
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" 1. EXECUTIVE SUMMARY *

The Envnronmental Futures Cemmlttee (EFC) of the Solenoe Advrsory Board

Lo '.(SAB) oemed out a yeer—long study to exemme how future developments wrll affect

;plenmng end future deorslon—mekrng ‘for heelth and envuronmentel quehty In addition
- to an overerchmg “Futures“ report by the Executtve Commlttee of the SAB (EPA-SAB-
. EC-95- 007) several standlng oornrnlttees of. the SAB prepered a report on these
:‘ themee in thelr areas of expertlse R : : :

Thls report reﬂects the perspectlve of the SAB's Dnnklng Weter Commlttee Its
pnmery ‘goals were to |dentlfy the major trends in dnnklng weter resources and water
- usés.in the’ next 5-20 yesrs to geuge their llkely oonsequenoes and to recommend
N strategles that. would permlt the Agency and the Netlon to face the challenges posed

- by those trends most effeotwely A

The emount of fresh wster svellsble |s t'nlte and humans everywhere must rely
E on reneweble supp]ues l‘-'or the u.s. present end future requrrements for. sefe
_dnnkmg water w:ll be governed prlmanly by populetlon slze and patterns of use of this

o t'nlte resource, Populstlon growth pleoes severe demends on. drinking water-

resources through greeter absolute emounts of weter needed o support essential

" human needs’ (l e, drlnkmg weter food supply, power supply) greater per capita

| demands that acoompany a rlslng standerd of IlVlng and the nature of modern urban
g soolety and increased contamination burdens from the rising- use of finite water
resouroes 1o support humen aotlwtles Although the U. S is a relatively water-

| sbundant country,’ end its’ populetlon growth modest, current population trends are
sufl‘otent to strem weter resouroes over tlme psrtnoulsrly on-a reglonel bes:s

| Dne of the most perveslve end serlous problems of the future is the declme of

o .ground water tebles on which epproxlmstety 50% of the U.8. populatron depends for

| dnnkmg weter Thls deohne is often’ related to egnoultursl uses and practices, andis
' perttoulerty senous in the Western Unlted Stetes Much recent evidence also pomts to
- serious oontamlnetlon of meny underground wsters as a result of human activities
-(e g, by nltretes and toxlo chemlcels) ‘aven under optlmel condltlons of regulation end ‘
: technologloel oontrol : :



Industrial development will continue to be an important focus of concern as a
principal source of water contamination (both underground and surface), aithough the
development of effective regulatory strategies to control industrial discharges (point
sources) has reduced the relative importance of this source of poilution in the last
decades. In the near and long-term non-point sources of water poliution will loom as
the greater threat to surface water resources.

Coupled with the increased pressures on water resourcas, there has been a
growing and increasingly vocal perception by the publac that many drinking water
supplies are contaminated, and this trend is likely to continue unabated in the next
decades. Increased demands for clean public water supplies also arise from the
discovery of new information on health effects (e.g., arsenic and lead), from a
declining folerance on the part of the public to "accept" any health effects, and from
the continually increased ability of analytical procedures to detect substances in water
at lower ievels of concentration. There are also growing expectations for
environmental protection that increasingly demand the protection of the best naturat
resources, rather than their increased use, thus reducing the guantity of resources
available to supply drinking water needs, forcing the use of resources of iower quality,
and increasingly calling upon the prmclple of recycling.

All the trends discussed above tend to generate demands for stricter drinking
water standards. The substances that have been regulated, however, have often
been selected without an adequate evaluation of the true occurrence of those
chemicals as contaminants in water.

The chemicai contaminants of primary concern in drinking water today, and in
the foreseeable future, arise from the chemical treatment of water whose goal is to
remove the risk of microbiological hazards. Many of these contaminants can be
measured at increasingly lower concentrations, often exceeding the ability of scientists
to accurately estimate the human health effects of such low levels of exposure, At the
same time, recent outbreaks of waterborne infectious disease have focused attention
on the shortcomings of current methods of water treatment, which often do not
adequately eliminate or reduce hazardous micro-organisms from treated waters.
These incidents also highlight the need to be extremely careful when modifying water
treatment systems in a manner that may give rise to new infectious disease risks.



lncreasrng demands cn renewable water rescurces have created a need to
make teugh decrsrcns ‘on- how water resources wrll be' allocated. Ccmpetrtrcn beiween

©uses such es dnnking water agnculture fi sh ‘and wrldllfe habrtats and hydroelectric
power will |ncreese and greater cceparatrcn wrll be requrred between states and
| 'Iecalitaes that ccmpnse an area of a. gwen watershed In-order to address these .
K conﬂrcts it wrll be necessary to mcdrfy the. current State water allocation systems so
N  that they become mcre respcnsrve to the: trends in resource avallabrluty and use
e descnbed earlier, and- partrcularly tc facrlrtate rncreased conservation and reuse of .
-water. “Also, the rnfrestructure of many U.S. water supply systems is old and in need
of replacement Dlstnbutrcn systems partrculany, wlll need replacement oh an ever

increasing basis. thrcughout the nation. Frnally, many areas of the U.S. are supplied
by smail and often rneﬂ'crent water supply systerns which wril need to be replaced and

.'ccnsclrdat'ed rntc Iarger systerns

The meet dlft“ cult challenges tc the prcductrcn and delwery of safe dnnkmg

' "'.water in the next decades will be in the areas of evaluatrng and minirnizing the ‘
- ccmpetrng nsks from chemrcal and mrcrcbrclcgrcal ccntamrnants that occur in water at
~ very low cencentratrcns Srgnrf cant advances in tcxrcalegy and eprdemrclegy will be
- -needed to cverceme current gaps in, screntrt' ic kncwtedge including the development

" of a sclrd brelcgrcal basis for extrapclatrcn of -animai data {o humans, the develcpment
 of dose-response: models that account for différences in metabolism and
. pharmacpkmetlcs fcr each chemrcal the elucrdatrcn of the mechanism by which each

* chemical produces its effects and the identification cf any mtnnsrc differences in these
S mechamsms in anlmals and humans in addrtren the recegnrtlen that the barriers
L tradrtrcnally used to reduce mrcrcbral hazards gives rise to chemrcal hazards has
" - focused attentrcn on the fac:t that there are. currently no well develeped and validated

; methcds to compare microbial to chem:cal risks:’ Wthcut such methcds it is difficutt

to make decrsrcns that rrunrmrze beth types of nsk :

A number cf Irkely trends mn treatment and dlstnbutren technelcgy are ansrng as

a result of the grcwrng pressures on dnnklng water supptres These include improved
ﬁltratren for the. elimination of mrcrcorganrsms the use of drsrnfectants other than
chlorlne and deveicpments in membrane treatrnents The use -of alternative -

technolcgles to. prcduce dnnkang Water may also come mtc its own in the Ienger term,

‘partrcularty desallnatrcn of. sea water whlch is tcday prchrbrtrvely expenswe



The Committee recommended: a) improvements in the existing systems of
management of renewable water resources in order to improve quality and increase
quantity; b) substantial acceleration in the research to spur advances in risk
assassment methodologies for both chemical and microbiological contaminants of
water; ¢} support for changes in treatment technologies, especially with regard to
disinfaction; d) support for the consolidation of shall, inefficient water systems; and, e)
the establishment of a surveillance system for emerging waterborne pathogens.
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“' z 1 Backgraund and Charge of Futurea Preject

lncreaemg ratee of eccncmlc technclcglcal and aoecetal change are rapadly

B ,-tranefermmg the manner in. which gevernment mduatry -and consumers grappte with -

envnrenmental problems and eppcrtumtlee A clear underetandlng of the dynamics of

these’ changes and the factere that wnll drive’ health and enwrcnmental develcpmente

and cencema in the decadee ahead is cntlcal to the develcpment of policy responses

“ that are preventive, focused and offective.  To. assist the-Agency in preparing for such
o 'future develapmente in a raptdly changmg ‘world, the Aaelatant Admmletratcr for the
- Office’ of Policy, Plannmg and Evaluatlcn (OPPE) at EPA Dawd Gardiner, and EPA
o Admmietratcr Carel Browner aaked the Sclence Adv:eery Board to carry eut a study
. -addreesmg future envnrcnmental and human health problems :

The Enwrenmentat F uturee Ccmmlttee (EFC) of the Sclence Advnecry Board

, -(SAB) was fcrmed to carry out a year—long study to examine how future develcpmente‘
- will affect plannlng and future declelan making- deelgned 1o |mpreve health and -
- envnrcnmental qualnty The pl’InClpal cbjectwee of the prcject were to:

a) i‘ldantlfy and assess the shcrt- and leng-term |mpacte cf economic,
.. societal and techncleglcal develcpmenta that may affect future health
. and enwrcnmental quallty N - :

‘ :‘b)‘ ) Inveetlgate methcdclcglea that may gmde the plannlng efferta of
L ”.vgovernment mduetry and cenaumere to antlclpate pctentlal adverse
- health and enwronmental :mpacte from human &CthltlES I

- Select a few key trende tc examine wuth a gwen methodalegy and"
e develcp reccmmendatlane fer aeeummg future challengea pceed by
:theee trenda y : » : :

‘ The Outceme cf thlS preject |s an everall report by the SAB'a Env;rcnmental
Futuree Cemmlttee tegether with mdlwdual reperte by eeveral of the ten standing -
cnmmstteee of the Bcard each fccusmg on future :eauee in their areas of expertise.
Whlle the dellberatucne leadmg tc the mdwndual ccmmrttee reporte played a rcle |n the



overall Futures report of the SAB, they were also desighed to serve as more detailed
independent looks at the future in their respective areas. This report reflects the
perspective of the Drinking Water Committee.

2.2 Goals and Methodology

The primary goals of the report were to identify the major trends in dr’inking
water resources and water uses in the next 5-20 years, to gauge the likely
consequences of those trends, and to recommend strategies that would permit the
Agency and the Nation to face those future challenges most effectively.

From the beginning, the Committee expiicitly chose to engage in a relatively
informal discussion process to meet these goals and develop its report. Because of
constraints of time and expertise, they did not systematically investigate the possible
use of formal methodologies for futures work of this type.

Specifically, the DWC initially identified a list of "drivers," or factors which in the
opinion of the Committee were likely to dominate developments in the drinking water
arena in the next 5-20 years. A summary of this initial list of factors can be found in
Appendix A. The list was discussed at iength, refined, and the "drivers" were then
ranked in importance to provide a framework for the Committee's report. The
organization and contents of the report reflect the choices made through this informal

methodology.
2.3 Contents of the Report

Following this introduction, Chapter Three describes the major trends in the
availability and quality of water resources for drinking water in the U.S. This includes
a description of the current patterns and trends in water use in the U.5., the major
factors likely to affect the quality of underground and surface water resources in the
near and mid-term, the reasons for an increased demand in the quality of water, and
the resulting trend for stricter standards and their likely consequences on treatment
and distribution systems. Chapter Four examines the implications of these trends in
three broad areas that are critical to the future effective management of water
resources, namely the need for re-allocation of water resources, including the need for
more conservation and reuse, the need for a substantially improved scientific basis for
the assessment of both chemical and microbiological risks of drinking water

6



contammants and the llkely developments and c:hangas |n traatment and dlstnbutlon
technology Fmally, .Ghapter Five makes a number of. recommendatlons for the nearer
and longer tarm based on the analysus daveloped m the antlre document



3. DRINKING WATER RESOURCES: MAJOR TRENDS IN
~ AVAILABILITY AND QUALITY’

3.1 Water Resources are Finite

The amount of fresh water available is finite and humans everywhere must rely
on renewable suppiies. For the U.S. population and the world, present and future
requirements for safe drinking water will be governad primarily by population size and
patterns of use of this finite resource. Renewable water comes as rain or other
precipitation whose fate may be to seep into the ground, collect in rivers and lakes,
evaporate directly to the atmosphere, or flow back into the sea from which it is then
again drawn by the sun's energy. In order for this natural hydrologic cycle to be
sustainable, water cannot be taken from reservoirs and other sources faster than it is
replenished. There is essentially no more fresh water on the planet today than there
was thousands of years ago. Water availability calculations indicate a practical upper
limit for the world's available renewable fresh water (estimated as 9,000-14,000 km®
per year). Not all of i is available for direct human uses, however, as it is evident that
a substantial proportion of this amount is also needed to sustain natural ecosystems.

In sharp contrast with the reality of a finite water supply is the enormous recent
increase in world population. World population doubled between 1940 and 1980, from
2.3 billion to 5.3 billion human beings, and the per capita use of water also doubled
from 400 to 800 cubic meters per person per year. It is uniikely that such a future
quadrupling of total use could be sustained agaih.

Fresh water availability is determined by climate, including precipitation and
evaporative demand (determined primarily by average temperature). Further, water
availability can vary widely from season to season and year to year. Among the
greatest single influences on fresh water availability is the number of peoble taking
from a given resource. Population growth not only increases direct demands for
water, but it also produces disturbances of the water cycle. Greater needs for energy
and food are often accompanied by trends such as deforestation and destructive land
use practices. Also, higher standards of living and high density population areas

' This section i derived mostly from two publications: U.5. Geological Survey Gircular 1081 on the estimated uses of water in
the U.5, in 1990 (theas circulars are prepared at S-year intervals by USGS), and Sustaining Water: Popylation and the Future of
Renewable Water Supplies, by Fopulation Action Intemationai (1993},
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. boost demand for ﬁﬁrte regronal sources of fresh water (Engteman and LeRoy, 1993)
A oompanson by water resource regrons indicates that. ooastal regrons of the U.S.
(New: England Mrd-Atlantlo South«-Atlantu::-Gulf Pacific Northwest Calufomra)
o aooounted for nearly one-hatf of the total water withdrawn in the United States in .
. 1990. In: the U. S eaoh mdrvrduai rs estrmated to use rnore than 700 Ilters!day, or 185 .
| gallons for domestro purposes - e

‘ A country whose annual renewable fresh water avarlabrhty exceeds about. 1700
cubic meters (m"‘) per person wrll suffer only oooasronal or local water probtems

‘ } .(Falkenmark 1993) Below thrs threshold oountnes begln to. expenenoe penodlo or _
. regular water stress When fresh water aVallabllrty falls below 1000 m’ per person per
‘year,: countnes expenenoe chronro water soarcrty ln the U S. the total annual ‘
renewable fresh water avallable |s estlmated at roughly 2,500,000 million m®. 'In 1955
- a populatlon of 165 mr!llon had a per capata water availability of 14,900 m?, By 1890,

with a populatlon ef 250 mrllron the fi gure was reduoed to 9, 900 m® a drop of 33.6

" ~percent in 35 years “While: thls figure suggests that the U.S. can still be considered a

water-abundant country, the reoent raprd decline.in per eaplta avarlabrlaty does not
instill conf dence for our future ‘Further, reglonal soarclty of renewable water, such as

| that expeneneed in Callfornla in 1987 1992 can. produce devastatlng results to.

eoosystems and water qualrty Inoreasrng populatrons in urban. areas and arid

" sections of the country mtensrfy shortages of water when drought oondrtrons oceur.
,Thls wrll only be aggravated |n future years wdh oontrnurng populatlon growth

2 2 Patterns of Water Use In the U S

Before examrnlng future trends in the avallabrlrty of water it is instructive to

| bneﬂy review the major uses of water in the U S. The U. S Geologroal Survey (USGS) |
. 'conducts an authontatlve survey of water use inthe Umted States in 21 water- '

resource areas ‘which enoompass eaoh State Puerto R:co the U.S. Virgin Islands and -
the Distnct of Columbla The’ followmg quote from the 1990 survey provrdes a

- sucornot proture of . S. water uses;

Water wrthdrawals in the u. S dunng 1990 were estrmated to
average 408 000 mrmon gah'ons per day (M gat/d) of freshwater and



saline water for off stream uses’--two percent more than the 1985

estimate. Total freshwater withdrawals were an estimated 339,000 M
gal/d during 1990, about the same as during 1985. Average per capita
use for all off stream uses was 1,620 gallons per day (gal/d) of
freshwalter and saline water combined and 1,340 gal/d of freshwater,
Off stream waler-use categories as used in the USGS circular 1081 are
classified as public supply, domestic, commercial, irrigation, livestock,
industrial, mining and thermoelectric power. During 1990 public-supply
wiihdrawals were an estimated 35,800 M gal/d, and seif-supplied
withdrawals were estimated as follows: domestic, 3,390 M gal/d;
commercdial, 2,390 M gal/d; irrigation, 137,000 M gal/d; livestock, 4,500 M
gal/d: industrial, 22,600 M gal/d, of which 3,270 M gal/d was saline
waler; mining, 4,960 M gal/d, of which 1,650 M gal/d was saline; and
thermoelectric power, 195,000 M gal/d, of which 64,500 M gal/d was
saline.

More detailed information from the USGS survey can be found in Solley et al
(1990). In 1990, fresh water withdrawals in the U.S. were 339,000 M gal/d. The four
largest use categories were: agriculturat irrigation (40.4%), thermoelectric facilities
(38.6%), public supplies (11.4%), and industrial uses (5.7%). Future management and
conservation initiatives in these four use areas, which comprise 96% of fresh water
uses, are the most likely to have favorable impacts in the availability of water.

3.3 Major Trends and Their Impacts on Future Water Quality

What factors wili most seriously impact the future of water quality in the U.8.?
Four broad factors can be identified: a) increased popuiation growth resulting in
declining underground water tables and contaminated water sources in generai; b)
increased public demand for cleaner drinking water, which will manifest itself in many
differen. ways; ¢) a changing ..ofile of contaminants of concern in drinking water, and
d) the resulting pressures to fundamentally change the manner in which drinking water
is produced (i.e., lower use of chlorine-containing compounds by industry in generai,
and in drinking water in particular). The salient aspects of each of these factors is

O stream use = water withdrawn or diverted from a ground or rurface water aource for public-water supply, industry, livestock,
thermoelectric power genaration, and other uses. Sometimes callad off-channe! use or withdrawal.
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o dusoussad m thls saotion |n tarms of both ths naar-tarm (5 yaarsr and the Iong-tsrm
E (20yaars) I B ' ' ' |

o 3_3.1; -Populaﬂbn- Gl"ﬂwth RS

. Populatron growth plaoos multrple and oftan savara damands on- dnnkmg water
: _rasouroas as anyona who has resided ina. growth stato like Calrforma can easily '
‘undarstand Thssa damands ansa from the' grsatar absoluto amounts of water
needed to support assantial hur. .an noads (r e, dnnklng watsr food supply, powar
supply), graater per capnta damands that aooompany a nslng standard of living and
. the nature of moadern urban soorsty, and’ increased oontamrnatlon burdens from the-
~ rising-use: of the. wator o support myriad human activities: Although the growth of
» populatrorf in tha us. ‘has siowed, and is nowhera oomparabla to the rapid pace of
_ the davaloplng world, the u.s. rats of growth is suffi clant to. straln water resources
over time, partroularly when tha hatsrogsnsous drstnbutron of populatlon growth is
. consldsrad - : x \

, Tha avallablllty of fresh watar to meat growmg demands dapends upon its

) rsganaratlon tate. For surfaoa watar sources, such as. nvars it-has.been: ostrmatad
‘that the. rate of rsganaratnon is about 18 days whereas for large lakes and deap
;aqurfars it can span thousands of yaars Dapandmg upon the typo of hydrogaologroat

- formation, ground watsr raplsmshment may taka days to mllisnma (Engalman and

TLaRoy, 1993) In tha U S. tha avallabls souroos of renawabta watsr and the rssuas
‘ jassocratod with |ts usa and. raganaratlon vary oonsndsrably aoross dlfferent rsgaons
The growmg use- rata of this' rosourcs, howavar may 'soon bagm to challanga or

- exceed tha abrlrty for naturo to raplamsh |t o

3344 ,GrsusdwatgreAvsilssuj,ty
' One of the most 'p'erva"s'iya"and serious problems of the future is the decline of

- ground watar tablas .Thts is partloularly important beoausa approxlmately 50% of the |
U.S. populatlon ourrantly depends on undarground souroas for its dnnkrng water

- (Borrelli, 1988). ‘The: deollne in. avanlabmty of potable underground water is often.
. related to agncultural uses and praotroes Thls phanomanon is especially true for the o

.“.wastam Unntad Statas whara current trsnds suggast a severe shortage of ground
watar as a souros of aooaptable souroa of potabla wator |n tha futura



Some of the unsustainable ground water use involves “fossil" aquifers, i.e.,
underground reservoirs that have held water hundreds or thousands of years and that
receive little replenishment from rainfall today. These aquifers are essentially
nonrenewable. An example is the large and important aquifer system in the High
Plains (the Ogallala formation) which stretches from southem South Dakota to
northwest Texas. It has been undergoing depletion for several decades principally
from its heavy use in agriculture. The High Plains aquifer supplies about 30% of the
ground water used for irrigation in the United States. The most severe deplstion has
occurrad ir. northwest Texas, where heavy pumping for irrigation began expanding
rapidly in the forties. As of 1990, 24% of the Texas portion of the Qgallala had been
depleted, a loss equal to nearly six yeafs of the entire State's water use for all
purpcses (Brown, 1993). In addition, pumping costs have risen and irrigation has
become uneconomical in northwest Texas (Brown, 1993).

The continued iong-term pumping of underground water in the Sacramento and
San Joaquin Valleys of California is another example of a regional trend towards
depletion of groundwater resources. In this area of the country, intensive pumping for
agricultural, industrial, and domestic use is leading to intrusion of salt water from the
Pacific Ocean, theraby reducing the water's suitability for drinking in future years.

Ironically, technological advancas in irrigation have also tended to facilitate
large popuiation shifts to arid areas, thus placing increased pressures on their poor or
limited water resources, especially underground sources, These areas were targely
inaccessible as large urban habitats until recently. Also, climatic modelers have been
cautiously predicting that the earth will'gradually warm in the years ahead, producing
gradual changes in climatic patterns. For instance, the middie of North America may
slowly grow arid (Milbrath, 1994). As a result, will extreme weather conditions cause
population shifts? If so, the consequence may also be important shifts in the
geocgraphical patterns of consumption of drinking water, with resultmg impacts on the
future patterns of regional water scarcity problems.

3.3.1.2 Groundwater Contamination

In addition to depletion of groundwater resources, much recent evidence points
to serious contamination of many underground waters as a result of human activities
(e.9., agriculture, industry, transportation). Increased population tends to increase
- these activities and the resulting contamination, even under optimal conditions of
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regulatlon and teohnologloal oontrol Reaulta fron'l eurveye by the USGS and state

o agencies, of 100, 000 wells |nd|oate that for the past 25 years underground sQurces

have beoorne lnoreasangly polluted by nrtratee and other toxic chemicals. Nitrates .
from’ fertlllzer use on agneulturel crops'is oornmon Exoeeewe nitrates in wells in :
| ,areaa as dlverae as Nebraska lowa and Callfornia s Saoramento Valley have been

\‘ | reported “The Geologloal Survey- etated that the. "Current trends suggest that nltrate
" accumulations in ground water of the United States will continue to increase in the

‘ future". (Borrelli 1988) Ewdenoe has also mounted regarding contamlnatton of-
N underground aquifere by organlo eolvente and other hazardous aubatancee from past
- ‘waate dlepoeal practloee underground storage tanka landf‘ lle and other aouroea

’ 3. e 1 3 Surfaee Water Avallabllity

L Surfaoe water avallabtllty |e aleo under aevere etraln 1n major areae of the
| oountry A atudy by the Natlonat Aoademy of Sciences. euggeete that water volume in
~horthern- California rivers and the Colorado River will decline by as much as 60
B peroent in the future. . In. the next oouple of deoadea thIS ‘would' leave much of the
- West with aevere ahortagea of water.. The frequency of droughta and the danger of -
) 'rnajor fires would increase. aubetantlally in Southem Callfomla _The forests throughout
" much of the Weat end upper Mldweet would expenenoe a:mllar mouneratlon (Borrelll
1aee) - L t o :

On the Atlantno Coast tlde gauges have dooumented a nee in sea Ievel of

| nearly a foot over the paat century Modele predlot that the level wrll have risen by

" another foot - low-lymg coastal reglons of the oountry in 2030, and by as much as

- three feet in 21 00.- Elealdea ooaetal erosion, other threats poaed by a one-to-three-foot

- rise i sea level mclucle moreaeed aahnlty of drinking water and saline mtruelon into
nver deltae and estuaries, whloh would |mpenl fi ahenee (Borrellu 1938) |

l'he moat eaelly aoceealble souroee of renewable fresh water (nvera etreame
: Iakes and aquufera) already ha‘ve been developed for the three major uses discussed
“in Chapter Two. Remamlng eouroee of untapped fresh water eupphee available for
" mobilization in the U.S. are few, and the cost for developing less accessible sources
will be high. Also the tranaport of water from one. river baatn to another .such as in
‘the weatern U S le ooetly (Engleman and" LeRoy. 1993) | |
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3.3.1.4 Surface Water Contamination

Industrial deveIOpment has been and continues to be an important focus of
concern as a principal source of water contamination (both underground and surface).
Yet industrial development continues to be an important social goal of virtually every
country in the world, including the U.S., and such development increases with
absolute increases in popufation and with the increased demand for manufactured
goods that accompanies rising standards of living. In the last decades, the
development of effaective regulatory strategies to control industrial discharges (point
sources) has progressively reduced the reiative importance of this source of pollution.
Yet increasingly tighter controls in industrial pollution and pollutiori prevention
incentives will still be needed and implemented in the future. The second law of
thermodynamics tells us, however, that this battle can only be won through the
expenditure of increasing amounts of energy. '

Non-point sources of water pollution, on the other hand, have been assuming
increasing importance as major sources of water contamination. In the near and long-
term, this source of pollution wili loom as the greater threat to surface water
resources. The earlier discussion described agricultural runoffs as important non-point
sources affecting underground waters, but agriculture runoffs also severely impact
surface waters, while increased population density in urban areas are a major source
of runoff contamination by heavy metals, organic chemicals, and other potential
chemical hazards.

In summary, increased population is resulting in declining underground water
tables and contaminated water sources in general. These trends are tangible
indications of unsustainable water use that are 'increasingly placing water budgets in
the U.S. badly out of balance (Brown,1993). - |

3.3.2 Iricreased Demand for Clean Water
3.3.21 iIncreased Pubﬁllc Awareness and Expectations

In the last decade, there has been a growing perception by the public that
many drinking water supplies are contaminated, and this trend is likely to continue
unabated in the next decades. A clear sign of this public perception has been a

marked rise in the use of botlled water throughout the country. - A complete discussion
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L

of the. reasons tor thls perceptlon i8. beyond the soope of thls;.report but it |s clear that -
“many.of the trends i’ contamination of surface and underground waters described in
. _the earlier section were important deten'mnants of this pubiic attttude Recent
- outbreaks of protozoal viral, ‘and’ bactenal disease and occasional requirements for
| borling of water from publlc souroes have also’ lnoreased awareness by the. publnc of
. ,the fraglle nature of the bamer between sefe and contamlnated water supplies. -

'3.3;2.'2 :New KnoWIedge;and' LQWer"Detectlon -Lev,e‘l_s L

| lncreased demands for clean publlc water supplles also anse from the .

‘ dlscovery of new lnformatlon on health effects (the effects of arsemc and Iead are -
current examples wrth dll’BCt relevance fo water) frorn a deollnlng tolerance on the
 part. of the publlc to "accept" any health effects and from the oontmually increased
- ability of analytlcal procedures to detect substances in water at lower levels of

., *'concentratlon The latter trend already often exceeds the ablllty of scientists to

- .accurately understand and estlmete the human health effects of such low Ievels of
o exposure - - : T

: ‘3.3.2;3‘ tnc‘reasedﬁ Dentand'?,for P’rotection--'of Vlrpln.R'eo'oumes L

, A subtle but lmportant trend ln the next decades will also be. that growmg |
’ expectatlons for. enwronmental protectlon wull lncreasmgly demand the protection of
the best natural resources rather than thelr lncreased use. Thls will reduce the
quantlty of resources avallable to: supply dnnkmg water needs force the use of

) " K resouroes of lower quallty and mcreasmgly call upon the pnnclple of recycling to find
¢ ways to make the recycled resources do the ]Gb once done wlth "vnrgan" 'resouroes

For example the Owens Rwer Aqueduct whlch supphed 80% of the water fo.
- Los Angeles a few years ago, supplles a'much smaller fraction of. the City's water

~ today, mostly because of agreements desngned t0 protect Mono, Lake The Siate

.'-'Water F'roject has. had its yleld substantlally reduced in order to protect certain specles
‘in'the San Franclsco*San Joaquln Delta. The result is not only water conservation,.
water marlcmg, ,reduced agncultural supplles and more tradltlonal waste water
reclamation, but serious conelderatlon of water sUpplles for dnnkmg that would not
have been. consldered |n the past For example the Metropohtan Water Dlstnct of -

‘Southem Callfomla is senousty studylng sea water desaltlng and the Clty of- San

' "Dlego |s now consldenng a project mvotvmg “lndlrect potable reuse" The mdlrect .



potable reuse concept includes applying advanced water treatment to filterad,
disinfected secondary effluent and discharging it into a reservoir that serves as a part
of the supply to the City's drinking water treatment plant. Both of these alternatives
involve the use of sources of water of onginally much poorer quality than those which
have traditionally been used. EPA's current ragulatlons are not desngned with water
sources of this qualily in mind.

3324 Trahd for Stricter Standards

All the trends discussed above tend to generate demands for stricter drinking
water standards. If properly channeled, these demands will help to minimize any
detrimental public health impacts of changes in the manner drinking water is obtained
and treated in the future. There are, however, several troubling patterns in the
regulatory arena that could undercut the potential benefits of future standards.

First, the selection of contaminants 1o regulate in drinking water too often has
bean driven by the identification of those chemicals that are used in larger volumes on
a national scale, or those chemicals that are perceived as "problems” in the
environment, independent of the frue occurrence of those chemicals as contaminants
in water. For example, rulemaking has been pursued for many persistent pesticides,
PCBs, and dioxins, yet these chemicals are rarely, if ever, found in drinking water,
because of their physical/chemical characteristics. This type of priority-setting can be
vary wasteful of the limited resources of the EPA and the regulated communities.

Secondly, the importance of devising adequate regulatory strategies will
increase dramatically as the proportion of re-used or waste waters increases in
drinking water systems as a result of diminishing supplies. The character of
wastewaters will vary by geographical area, because non-point sources of
contamination such as storm water run-off, pesticides which are maobile in soils, and
nitrates will vary by regions. An effective regulatory strategy will require the fiexibility
to take into account these regional variations.

3.3.2.5 Consolidation of Existing Water Supply Systems
The infrastructure of many U.S. water supply systems is old and in need of
replacement. Distribution systems, particularly, will need replacement on an ever

increasing basis in a significant proportion of towns and cities. Also, many areas of the
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. S ere eupphed by* mbll end cften meff crent water supply eyeteme ln the next few

e years, it is very. Ilkely that the need fcr maeswe replecement of many systems,
I ccmbmed with. the demands fcr etncter dnnkmg water etandarde described above, will -

\result in the ccnechdatlcn of many emell eyetems ‘Mechanisms. to encourage such

o ccnechdetaen heve already been a part of Iegteletlve prepceale for the reauthcnzetrcn
| of the Safe Dnntcng Water Act and the debatee surrcundung it. Appropriate

o ccnechdetaen of emell eyeteme ehculd imprcve the evereu quality of water and prcwde
o 'nncreeeed revenuee tc wnplement weter treetrnent technclcglee now available only to |

_larger systems. Larger, consolidated dnetnbutlen syeteme shculd etec have a
eubstantnal benet‘ clat effect cn water quehty ‘ : :

3. 3 3 Changtng Pref' le of Centamlnante cf Concern

Fcr meet cf thte century end thrcughcut the wcdd the mejcr pubiic health goal
~in the treatment ef water prior to. rte use for dnnkang has been to reduce or eliminate
R the prcbabltlty of microbial centarnmetlen and thus to prevent waterbbme lnfectlcue
- diseases.. The mcet eccncmlcat and prcven treatment of weter for thle purpeee

. involves the use. cf reectrve chemlcele (pertncularty dlfferent ferrne of chlcnne

, althcugh cther chemtcele heve been used alee) | .

. Meny cf theee chemacele hcwever heve been dteccvered tc give rise to'a
“variety . cf by prcducte when they are used to dreunfect natural wetere and a growing

' '.number of these d:e.-nfectrcn by preducte are ncw sdentrﬁed as pctentlal health hezarde

j to water ccneumere For- exemple there is eubetantwe epldemlclcglc and/or

tex:celcgrcal evrdence to euggeet thet certatn by-prcducte of chlorine and ozone, two

; ‘common treatment chemncele may peee risks of cancer and perhepe other health

. effects. The degree cf risks peeed by the concentratlene of these chemicals that are

actually feund in dnnktng wetere hcwever are the eubject of ccnsrderebte

. controversy. These potentially. hazardous byupreducts arise from chemical interactions

- between .he natural crganlc ccntammante of, all water sources, part:culerly surface
r watere and the. very reactlve nature of the treatment chemucale Thus, :rcmcally, the

o chemical ccntemlnante of primary ccncern in dnnklng water tedey and in the

foreeeeable future arise from the chemlcal treatment of weter whoee gcel is te -
| -'rerneve the nsk cf mlcrcblolcglcal hazerdsr ‘.f R Co e

The fcllcwmg twe eectlcne dlecues the majcr fectore affectlng the changmg |
: pref Ie of chemlcal and mlcrcblel ccntaminante of ccncern in the dnnklng water arene

.



3.3.3.1 Chemical Contaminants

There are two major and somewhat overlapping sources of chemical
contaminants of concern in drinking water in the U.S. These are hazardous by-
products generated by the treatment processes, as described briefly above, and the
contaminants from multipie leaching processes from natural and. man-made surfaces
that contact water from the source to the consumer. With some exceptions, natural
contaminants in source waters, even surface waters, are not typically the most serious
chemical contamination problem. The U.S. fortunately has had sufficiently plentiful
water resources to allow most sources of drinking water to be seiected with minimum
possibility of chemical and microbial contamination.

The evaluation of the risks arising from disinfection by-products is complicated
by the increased abil'ity, to detect these by-products in treated waters, an ability which
often outstrips the scientific information and knowiedge available to support accurate
and useful risk assessments for them. In other words, the current state of scientific
knowledge often falls short of what is needed to assess the magnitude of the hazards
posed by these by-products, certainly the degree of understanding sufficient to design
policies that can minimize chemical risks without raising the competing risks of
waterborne infection. This critical difficulty in grappling with the risks of water
contaminants is discussed in more detail in the next Chapter.

3.3.3.2 Microblological Contaminants

‘The microbiological side of the drinking watér treatment scenario is equally
critical, however. As the use of traditional or new chemical treatments is modified to

reduce the generation of hazardous by-products, there is a need to maintain the
efficacy of water treatment plants to minimize the threat of waterborne disease.

Quite aside from the traditional concern for the disinfection goals of water
treatment plants, a number of recent outbreaks of waterbormne infectious disease (e.g.,
cholera, and those attributed to Cryptosporidium, Giardia, E. coli 0157:H7 and
Legionella) have focused attention on the shortcbmings of current filtration and
disinfection components of water treatment. Although much more scientific data are
needed to draw an accurate picture of the threats posed by these organisms in U.S.
water supplies, it is clear that, at least in some instances, traditional treatment
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'-‘rnethode may not adequately eliminate: eome of theae and poealbly other hazardoua
o mroro-organrams (e g virueee) from treated waters : :

\ “in acldrtron lt |e lrkely that the prevalence of many waterborne dreeaeee
lnolur:llng thoee rnentloned above are woefully. under—estlmated Several of these
~ diseases rnay be havrng erzable publlo health impacts beoauee of the large numbers
~ of people they effeot Also, _while most of these' rnfeotloue dlaeaee threate are unlikaly

~ to pose fatal. hazerde to healthy |nd|vrduals some rnay be hevrng severe impacis on

. more Sal‘lSlthB weaker or. 1mrnunocomprom|eed mdrvrduala ‘For exampie, it is

' :projeoted thet from’ 1980 to 2020, the number of mclwrduels over 65 will double from
25 to. 50 mrllron. leewree the number of' mmunooompromlsed individuals is a
relatively new and. eevere problem magnrl‘ ied by the current AlDS epldemro and

, esoalatecl by canoer chemotherapy and organ traneplant patients. Not only are theee .
o groupe of individuals more eueoeptrble to infection by water borne or water based
. rnioroorgamema but they face a ergnrﬁoently greater risk of eevere disease and

" mortality from infection than healthy individuals. Thus the risk of water-associated

illness in the U.S.is llkely to rnoreaee in the oomrng decadee ‘Climate change may
- also affer.:t the evolutron of new pathogene and thelr epread through the envrronment
‘ . Another area of oonoern to mlorobrologlste is the poesrbrlrty that the proﬁle of .
' mloro-organrsme that grow in water distribution syeteme could change to a mix of new

- andlor more realetant threate to human health There are at least two reaeona for this

" concern. First, changee in water treatment prac:troee that are triggered by the need to
~ reduce expoeure to toxlo dlemfeotlon by-producte may oreate new nlches for
unreoogmzed opportumetlo or antrbrotro—resrstant pathogene to grow to numbers that
increase the rlek -of rllnese in expoeed populatlons Seoondly the likely overhaul of
: L.many water dretnbutron eyetems in the next decades wrth new materials (e.g., plastic
. pipes). may eleo ohange the habrtat eufl“ orently for new or modn‘" ed mloro-organueme to
w ﬂounsh ST T ‘- - . SR -
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4. FUTURE CHALLENGES A'N‘D STRATEGIES IN MANAGEMENT OF
WATER RESQURCES

As described earlier, it can be anticipated that source waters for the production
of drinking water will degrade significantly over a 20-year period, as population
increases and the competition for varying uses of water become more intense. These
trands will pose challenges and require new strategies in the assessment of risks from
water contaminants, as well as in thé areas of water resource management, treatment
and distribution. In brief, these challenges will be, first, a need to re-examine the
character of existing water allocation systems, shifting their focus from the |
development of abundant water resources, to one of increasing conservation and re-
use of those resources. Secondly, there will be demands to substantially improve the
scientific basis of the evaiuation of the competing and changing risks of chemical and
microbiological contamination of drinking water. Thirdly, there will also be a need to
utilize the results of the improved scientific knowledge to design treatment and
distribution systems that minimize these risks in a cost-efficient manner. |

4.1 Water Management
4.1.1 Water Resource Allocation Systems

Increasing demands on renewable water resources due to increasing population
pressure and other factors have created a need to make tough decisions on how
these water resources will be allocated. Competition between uses such as drinking
water, agriculture, fish and wildiife habitats, and hydroelectric power will increase and
greater cooperation will be required between states and localities that comprise an
area of a given watershed. For example, competition for water resources on the
Columbia-Snake River system in the Pacific Northwest, where river-blocking dams
have caused problems with the salmon fisheries, has resuited in several options, all
with potentially severe consequences. These include a lowering of the Snake river for
four months to natural levels or a drawdown of the Lower Granite Dam for four months
a year. Both would impact fisheries viability, electric power generation, agricuiture,
recreational uses, rights of Indian tribes, and modification of a watershed affecting
irrigation for Southern Idaho. This exampie 'also'points to the need for a major
program of watershed management that includes restoration of watersheds, wetland
protection and extension, stabilization of aquatic and terrestrial areas and provision for
safe drinking water. '
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) o order to addreaa theee oonﬂtote |t wul‘ be neoeeaary to modlfy the ourrent
© State water allooatton aysteme so that they beoome more responsive to the trends

. ;.desonbed in the earllor chapter and parttoularty to facilitate increased ooneervatron

'. _and reuse of water ‘The current State allooatnon syeteme were typroalty eetablrahed in’
_. the last oentury, dunng an era of abundant water tesources and a need for their
development.- They have allocated all the available water ‘and then some, to uses

o 'auoh as irmigation, ranchlng, and mmrng Exlatrng mechamems to adjuat water |
o allooatnone to the new realltrea euch as thoee of the Snake—Rrver System, are woefully

glunadeqaate and it is neoeeeary to adapt existing poltc;ree to reﬂeot the change from
. the. paat era of development of. abundant untapped resouroea to anera of
management ot' shnnkrng avarlable resources. ‘

Any eubetanbal changee in water altooatron eyeteme would be oomplex and.
polttloally dlft"cult to aooornplleh however as they woutd have eubetantral and
wldeepread rmpact partloularly throughout the Weat (Borrelh 1983)

: "4t1 2 -Reuee ‘and Conservatlon.

Aa a reeult of deoreasmg and detenoratlng water resources, lt wlll also beoome
o tnoreaaungly neoeaeary to reuse non-tradlttonal sources of water for. potable purposes.
- Reuse. of water erI extend to the uae of eurfaoe ‘waters of less dependable quality.
“ There will also be preeeuree for the direct reoyolmg of wastewater to treatment plante ‘
~whose produot will go- dlrectly to potabie water eyetema bypassrng any intermediate
dleoharges into water bedles and the oonaequent partral natural cleaning prooeeees
. While this IS not qualrtatwely dlfferent from current. praotroee-—moet eurfaoe water has
. been “ueed" at some pomt in the past--the need for faster.reuse cyotes will greatly -
o mtenatfy with rnoreaaed oompetutlon for. avatlable supplnee of fresh water. The mtenerty
of thls need wrll very geographloally, but in degree rather thah eubstanoe |

Ftnalty, as htgh quallt dnnkrng water eupphes deoreaee rt aleo wtlt be-

- , " neoeaaary to. apply water oonaervatton praotleea mare wadely and conelatently, e g .

lining of |rngat|on canala matallatlon of more effi olent plumbmg and coneuderatton of
reallooatlon of water dghts Conaervation will cause bug changes in drinking water

- '-'aystems however Lowered demand fer water wrll mean elower flows and longer

reatdenoe tlmea in extetmg dlstnbutlon eysterna with, attendant quality probiems
: ‘(dremfeotant reatduale regrowth corrosion, eto) Also because of the fixed costs
mherent m water utmty operatlone water ratee per umt volume wnli have to be hlgher
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in order to raise the necessary revenue. ‘Although not in the purview of the Drinking
Water Committee, the impact of water conservation on the wastewater collection
system and treatment plant will also need to be addressed.

The necessary changes in water reuse and conservation will require public
acceptance, and it will be necessary to educate the public on the various issues facing
our society so that the modified water management strategies can be properly
appreciated and successfully impiemented.

4.2 Risk Assessment of Water Contaminants
4.2.1 Chemical Contaminants

The health impacts of drinking water contaminants depend on the nature of
individual chemicats and their concentrations in drinking water as it is consumed.
These concentrations are typically very low, and the current state of scientific
knowledge is often inadequate to accurately estimate potential heaith risks that may
arise from the resulting low exposures. The most difficult challenges to the production
and delivery of safe drinking water in the next decades, therefore, will be in the areas
of evaluating and minimizing the competing risks from chemical and microbiological
contaminants that occur in water at véry. low concentrations. Significant advances in
toxicology and epidemiclogy wili be needed to overcome current gaps in scientific
knowledge. ‘

in general, it will be naecessary establish a soiid biological basis for extrapolation
of animal data to humans for a relatively select number of chemicals of most
immediate interest, i.e., disinfection by-products. The dose-response models
developed from this effort would explicitly consider differences in metabolism and
pharmacokinetics for each chemical, the mechanism by which each chemical
produce: its effects and any intrinsic differences in these mechanisms in animals and
humans. Much of the human data will have to be developed utilizing in vitro
techniques that have been validated by in vivo/in vitro comparisons in several species
of experimental animals. In addition to addressing the questions of direct relevance to
drinking water, these efforts will have the long-term benefit of establishing principies
that will be applicable to the evaluation of other chemicals in a much more cost-
affective way. In turn, this approach will. provide a much more credible means of
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deelmg wnth eemplex ;mtxturee ef chemncele thet are mere typ:eat ef ectuel human |

o fexpeeure R T U

A

_ The development of mere bnelegleelly beeed nek eeeeeement tools mey also -
\chenge the. eveluetlen of whlch adveree effects of chemicals-are eensudered to be

- ': “’meet tmpertent Fer exemple the neke eetumeted to arise frem eerclnegens that act
' by eytete;ec rether then genetexue mechememe will prebebly decrease significantly.

“As celeulettone of. eerelnegeme risk become more bnetegteetly-beeed and thus more

 realistic, he. tmpeet of other effects that are cleeeicelly treated as threshold .

‘phenemene (e. 9. develepmentel tOXlGItIBS) will become more premunent in regulation,
~ Moreaover, itis also peselble that the 'defi nition of epprepnete safety factors: may be
found medequete es knowledge ef theee meehenlems which are respone:ble fer such

- 'effecte are better defined

. Ftnelly, te euppert the regutetlen ef dtSlnfEQthn by predur.:te the EPA is
.currently relymg on enzeble eetametee ef cancer neke ettnbutebte to the chlorination of .

:' - drinking water: frem the ectentlt‘ ic. Iltereture (Meme et el 1992) Some eeuentuets
" however; are ekeptlcat of these eetnmetee for numereue reasons (Bull and Kopﬂer
. 1994). In addltlon meny wnpertent by-preduete of chlorination’ thet have net been-

Ttemeelegteally cherectenzed are predueed by other meens ef dISInfthtDn so that shifts

.' away from. ehlennetlen te ether methede ef dlelnfectten may not eueeeeefully reduee
- 'eeretnegenle neke : : -.

- LA

; “4.2.2 Mu:robt-ologicarcoﬁta‘tﬁtnan'ts-‘r - o
. A semewhet dnfferent prebtem exlste wnth nek eseessment for mfeetleus egente |
: Clesetcelly, an. eetrmeted degree of risk has. not been exptlcttly used with rmcreblet

egents Rether the effort has. depended upen hazard. identification and then -

L | ,lnetallatlen ef generel metheds of treetment thet prewde a series of barriers that

;reduce or prevent expoeure ina dependeble way “The reeent recegnltuon that the -
 barriers tredlttenelly ueed to reduee mucreb:et hezerde glvee rise to chemteel hezerde
.. has feeueed ettentlen on the eherteemmge of the: evetleble methods te compare
S mlerebsel to chemleel neke euc;h thet deelelens een be mede thet reeult in mlnlmlzmg
B beth typee ef nek R - - : :
‘ Whlle the methede fer quentnjynng neke frem envnrenmentel expeeure te
- '|nfect|eue egente ere madequete they heve one’ dletlnc:t edventege over the eetlmetlen
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of risks from chamical agents, in that in many cases there is no need to do
interspecies extrapolations. Most of the agents that are of concern have been clearty
shown to produce human disease and frequently information is known about how
likely infaction is likely to give rise to morbidity and mortality (Haas, 1993). Moreover,
there has been work to actually document the economic impact in known cases and
this provides some basis for estimating impact for unreported cases as well
(Payment, 1993). What is generally not known are actual levels of exposure, the
infectious dose for many of the agents, and how these factors might vary in their
impact with suscaeptible populations.

4.2.3 Strategies to Address Risk Assessment Needs

What strategies are available to better address the uncertainties in
characterizing and comparing chemical and microbiological risks? The most important
strategy in the near and mid-term must be to ensure that sufficient research efforts are
implemented to address the current gaps in toxicologic and epidemiologic knowledge
for both types of contaminants. -Research activities in these two areas must be
concurrent and coordinated by the development of methodologies that can effectively
compare the disparate risks of waterborne disease and chemicat contamination.

The problems posed by disinfection by-products can be addressed appropnately
only after considerably more data are available t0; a) verify the currently available |
epidemiologic findings; b) establish that the by-produéts responsible for the effect are
decreased by other forms of freatment; and ¢) that other treatments do not give rise to
by-products of comparable health concern.

Unfortunately, the critically needed advances in risk assessment methodologies,
as described above, have not been the a priority of regulatory activities to date, and
current levels of publicly-funded research are insufficient to address these needs. If
allowed to continue, this trend will have very damaging consequences. |

If sufficient investment in this type of research is not made, it will be very
difficult to articulate directions for the truly large investments that will be needed to
improve drinking water treatment and distribution systems and accommodate
anticipated population increases over the next two decades. Many current distribution
systems are more than 100 years old and due for replacement or major repairs. To a
lesser extent, many treatment plants are also due for replacemenit in the U.S.
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Trsstmsnt plsnts must donsldsr a productlvs llfotlms of at. lssstm25 50 yssrs and local
suthontuos will f‘nd it inoroasmgly dlft‘ cult to obtam financial resources in the. face of .
- scientific unoortsmty ‘about potontaal nsks and unoortam stsndsrds that oould make
s:zsble :nvostmsnts obsolete ina fsw yssrs Morsovsr rsgulotlon of ohomlosls whose
nsks cannot be olosny dooumontod with soasntlﬂo ovndonoo wnll tend to undon'nms
‘ ,‘f ‘publlo oonﬁdsnos :n ths proooss for sottmg dnnklng wstsr standards

a3 -oestgnyof;'rmtment an’d"D,lsmbuﬂoﬁ,gsyatms--; B

. The oombmsd prsssurss of populstlon snd growmg dsmsnds for clssnsr
dnnkmg water wsrs dnsousssd in Ghsptsr Thrse The critical need for a sohd scientific -
" basis to. sddross the oonsoquonoos of. thoss prsssurss and to gunde lnvsstmsnts in
-~ water trsstmsnt fsollttlss over. ths next two dsosdos was dasoussod above. Despite

 the gsps in so:sntaﬁo knowlodgo howsvor a numbsr of. Ilksly trends in treatment and
"\dlstnbutlon tochnology arer slrosdy snsmg asa rssult of these pressures. "The more -
- likely tochnotog:osl dsyslopmsnts in tho near and mad-tsrm are dlsoussod in the
- Section 4.3.1 bslow Trsatmsnt chsngos in tho moro dtstsnt futurs are dlsousssd in -
Ssotlon432 L . |

- 4 3 1 Teohnology Changes in the Noar—Torm

, Tho pnmary gosls for ohsngos ln trostmsnt snd dlstnbutnon systoms in the next

doosdo will be to improve: mloroblal ssfsty, oontrol oorrosw:ty and lower -

) oonosntrstlons of dlslrtfootaon by- products Unfortunstoly, these gosls are somswhst
2 in oonﬂlct For oxsmple -disinfection is. |mprovsd at low pH and in the presence of
hlghsr oonosntrstlons of dlsmfsctsnts iIn contrsst low. pH aggravatss corroslwty and

o hlgh oonoontrstlons of dlslnfsctant orsats mors dlsmfsotlon by-produots

Trostmsnt chsngos wull be roqulrod to |mprovo f ltrstton such that it will remove’
some. of the mors dlfﬂoult to mactwoto mloroorganlsms such as Giardia and

. ‘nyptospondum Thss wnl allow. d:smfootlon using lower oonoontratlons of
dnsmfectsnts Dnslnfoctlon by products will be oontrollsd through ‘the removal of

prscursors by m‘:provmg cosgulstnon or sddmg sdsorphon oxndstuon or membranes

| - as unit prooossss bsyond "oonvontlonal" trsstmont ThIS wnll sllow ths use of Iowsr

4' conoontrstlons of dlslnfootsnt to prowdo sdsquats dlslnfsr.:tlon snd the use of ‘high pH
to rnsst ths rsqunrsmonts of tho "lssd snd ooppsr" ruls
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Two common disinfectants do not use chiorine or chlorine-containing products,
ozone and ultra-violet radiation. Both wili probably be employed more frequently.
Because neither produces a disinfectant residual for distribution system protection,
howaver, a small amount of chiorine or chlorine-based material will continue to be
needed to maintain protection of the public. Another approach to biofilm control in
distribution systems involves the removal of biodegradable organic matter in the
treatment plant. This will lower the demand for biocide in the distribution system, thus
saving on the use of chiorine and its compounds.

The final area of near-term changes relates to improvement of ground water
quality. Many ground waters have been contaminated by solvents and other organic
compounds. As claan-up and restoration activities increase, the challenge to the
water utilities may ease somewhat, aithough there will be increased pressures from
growing runoff {non-point) sources of contamination.

Of course, the development of technology makes higher environmental
standards and higher standards of living possible, at least, if the energy to drive our
technological processes become more available in the future. Technological
development is the only hope we have for resolving the seeming conflict between our
goal of having more people living better while trying to reduce the adverse impact we
have on the environment at the same time.

In summary, the most important foreseeable developments in the technology
area in the near and mid-term are the foliowing:

a) Membrane treatment as a substitute for both ¢conventional filtration and
primary disinfection using oxidants. '

b) Membrane treatment as a more effective means of removing natural and
synthetic org.nics from drinking water.

c) The elimination of metallic materials in distribution systems and
consumer plumbing. ‘

d) The devélopment of methods for stabilizing water in distribution systems
that do not depend on maintenance of a residuat oxidant in the
distribution system. -
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- ‘,e)' ,The development of ‘addrtlonal strategues to protect rnembrane-
L dlslnfected water: from oontamrnabon dunng drstnbutlon (oross-oonneotlon
i oontrol h:gher pressure standards eto) ‘ :

B ) E ‘The development of methods for real-tlme assessment of mloroblologroat
R oontamrnants and or partloulates mcludlng a number of important
.pathogens | S

o .g')‘ ; ‘:The development of more sophtstloated methods for mamtammg hugh
. ‘lwater quallty dunng storage in large dastnbutlon system reservoirs.

4. 3.2 Teehnology Changes in the Next Twenty Years

Treatment ohanges rn the mere d;stant future (20 years) are far more diffi oult to
dlsouss The, treatment teohnologres that are selacted to minimize chemical and -
mncroblolognoal hazards will be decided by the. results of the accelerated souentrﬁo

r .lresearch in risk assessment- reoommended in Sectnon 4.1.2 above.. Unit prooesses :
- -‘not yet developed wrll he. oompetmg wrth oonventuonal treatments for future use.

Moreover developments in: two ether areas also wrll undoubtedly ooour
however both of whroh wall mﬂuenoe dnnkmg water pollutron preventron teohnology

. 'and conservatlon

The movemeht by mdustry, agnoulture and. mumorpal water and waste water

treatment plants to lower the quantltles of thelr resrduals and.to reoyole them will -
- oause Iong range |mprovements in souroe water qualrty Thrs amprovernent will lower
 the pressure ‘on water’ Utlllttes to oontrnually rnorease the aggresslveness of treatment
 to prevsnt health risks: and atlow more attentron to the production of a-quality produot

pteasant to the oonsumer |n every way

Conservataon whloh was diSGUSSEd in Seotron 4. 1 2 above wnll also result in
changes in cost and qualrty of. drinking water systems; as well as in potential |

‘ detnmental |mpac:ts on wastewater oollectron system and treatment plants

Another strategy that wul! beoome moreasmgly avallable ln the next deoades will

be the use of alternatlve technologres to produoe dnnklng water Desahnatron of sea



water, a theoretically sustainable source of fresh water, is one example. It is high in
capital and energy costs, generally several times more than water supplied by
conventional means. The current major constraint of desalination is the need to use
fossil fuels, with their finite supply and contribution to air pollution. Future energy
technologies have the potential of being clean, inexhausﬁtﬁle and inexpensive, and
therefore may make the pursuit and application of alternative technologies feasible.

The new energy technologies are typically high-tech, industrialized power
genera..on ranging from nuclear fission and nuclear fusion to the large-scale capture
of solar energy. For nuclear fission, the answer is breeder reactors to generate power
and atomic fuel, although few experts now see this as an option beyond the year 2025
(Garbarino, 1992). For nuclear fusion the key is to find a way to transform globally
abundant hydrogen into usable energy. Ohkawa, vice president for fusion power
research at Gulfs General Atomic Company, says that research programs could iead
to construction of an experimental fusion reactor within a decade (Garbarino, 1992).
Cetron (1994) has predicted that fusion reactors producing “clean” nuclear energy will
appear after 2010; by 2030 they will be a major source of power. He also predicts
that ocean-wave power plants will produce both electricity and fresh water for island
communities. ‘ :

A final observation concerns the effect of technophobia or fear of technology.
Technology, particularly chemistry; will continue to be a mystery to the public and, as
a result, the public will continue to put pressure on the EPA and on Congress to find-
fail safe soiutions to probiems where only judgments of relative risk can be made.
Attempts to balance risk and cost will continue to be viewed as an effort to avoid
environmental responsibility. Congress will continue to be frustrated with progress in
regulation. Only if the Administration works closely and effectively with Congress, the
industry, and the public will a sensible outcome occur.

A wise person once said, "Predictions are always difficult, particularly when they
are about the future.” Thus, lookir five years ahead is risky, but less uncertain, as
some of the forces currently in motion will come to fruition in that time frame. A 20-
year time line is much more difficult because of unexpected surprises. Looking back
20 years, trihalomethanes were just being discovered, and their impact was totally
unpredictable.
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" 6. GONCLUSIONS AND RECOMMENDATIONS

| The major challengee facrng the future prcvraucn of safe dnnkung water m the
"U:S. will be-the’ increased demands ‘on finite water resources: and the need to

. mrmmsze the nska pceed by both’ chemical and mtcrcbrologrcal contaminants. These

. challengea have mplucatucna for. changes in the management of water resources and

- for changes that are made tc exlstmg dnnkmg water treatrnent and dletnbutrcn |

' -systems The Commrtteea major reccmmendat;cns m these areas are:
a) tmpreve the exletlng systems of management of renewabte water reacurces.'
- ‘Greater emphaere muet be grven to improving the management of exletmg -

renewable water eupplres A national management program. should inciude: -

g :1) preventlen of further water supply detencratron including pcllutrcn preventlcn
. and better management of land-use and forestry practices; 2) improvement of
E our abltlty to capture a larger prcpertncn of renewable water supplies, mctudmg
' : .wetland prctectlen and. extenercn and 3) mplementatucn of water recyclmg and

o .-conservatlcn practlcee to’ lmpreve eﬂ“ ciencies of water use, including. lining of
t -nmgatlen canals matallatrcn of more eff‘ clent plumbrng and ccnsrderatldn of

- reallccatrcn of water nghta

- 'b) Gready accelerate reaearch 1o spur advances in rlak aaaesament .
' methodologies for-both:chemical and mrcroblologlcal contaminants of water.

o Modifi catncne of current water diamfectlcn treatments to minimize chemical risks
_in‘the drmkmg water supply’ must ccnsnder the magmtude of microbial risks that
"may be mtreduced as a result of the changes, as well as the creatlcn of other .
_ disinfection by- products ‘To. do this effectively, substantial research into risk
| -.aeaessment methcdelcgy fcr bcth ‘chemical and m:crcbral risks is urgently .

' needed. - This research muet emphaelze a more. blelcglcally-based risk
K 'aseessment prccees in crder to deterrnnne what adveree effects of chemncate
““are most |mpcrtant ‘Without the underetandmg that will come about from such
- research Iarge publlc mveatmente for changes in: dnnklng water treatment
-plants may be made cn an madequate and pcserbly mccrrect ecrentrﬁc baere

R .c) Suppert changes in t:-eatment techncloglea. The trends that were duecuaeed
E m the earher eectrcna cf thna repcrt wnll cause the ccncepte of water treatment
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and distribution to change in the future, both in the near term (5 years) and the
Jonger term (20 years or more).

in treatment systems, technological developments that will nead to be
improved and implemented will include membrane treatment as a substitute for
both conventional filtration and primary disinfection using oxidants. Membrane
treatment will also be considered as a more effective means of removing
natural and synthetic organics from drinking water. In addition, methods will
need to be developed for Stabilizing water in distribution systems:that do not
depend on maintenance of a residual oxidant in the distribution system.

There will also arise new strategies to insure adequate future water
supplies, particularly improvements in the economic efficiency of desalination of
sea water. However, such a process will require a cheaper source of power or
energy. New energy technologies ranging from nuclear fission and nuclear
fusion to the large scale capturing of solar energy may develop to the point of

‘making desalination more economically feasible.

d) Support the consolidation of small distribution systems. A greater
consolidation of small systems shouid occur that will improve the overail quality
of water and provide the necessary revenue to implement treatment
technologies now available to the larger systems. The drive toward
consolidation should take advantage of the replacement of distribution systems
that will be necessary in the near future in many communities.

e) Establish a surveillance or alert system for emerging waterbome pathogens.
The almost certain changes in water treatment and distribution systems in the
next decades and the increased consolidation into larger and large systems for
efficiency of control and delivery of water poses the very real danger of the
generation and transmission to large populations of heretofore unknown
microorganisms that may pose serious disease threats. A surveillance or alert
system to detect these threats early should be put in place.
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APPENDIX A - LIST OF FACTORS WHICH FORMED THE ‘INTIAL

BASIS OF THE COMMITTEE'S DISCUSSION

Water supply/demand issues. ‘

Environmental protection vs. human uses/needs.

Economics, cost of water, ‘

Costs to states and communities of regulatory "overioad."

Use of bottled water, contamination & regulation.

Reuse of water. ‘ .
Increase in immuno-compromised individuals and resistant organisms.
Aging of water system infrastructures. |
Use of water as garbage disposal vehicle.
Groundwater contamination.

Use of membrane technology for water purification. -

Use of salt water, desalination. -

Dual systems of water delivery (potable non- potable)

Population shifts and dynamics. :

Limits on construction and development.

Possible shifts away from large urban concentrations.

Possible trends tdwards greater population density with increasing
transportation fuel costs.

Source protection as a trend. :

Greater use of networks, as for electrical systems to shift water resources
around country. '

Use of cisterns and rainwater and solar disinfection.

Decreased use of pesticides.

Possible increased use of tilled land. :

Increased demands on water supply if any efforts to re- mdustnaluze
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