‘ AUGMENTING SUPPLIES

fotanle use
of reclaimed water

Indirect potable reuse is a viable application of reclaimed water
if indicated by site-specific assessments that include
contaminant monitoring, health and safety testing,

and system reliability evaluation.

James Crook,
Jacqueline A. MacDonald,

and R. Rhodes Trussell rograms that reuse municipal
wastewater to meet nonpotable urban water needs

have grown in number and scope and are well estab-
lished in the United States. Nonpotable reuse can
augment the water supply in areas in which the
growth of urbanized populations has outpaced the

The National Research Council released a report in 1998 that
evaluated the feasibility of augmenting drinking water supplies
with highly treated reclaimed water. The report concluded that
indirect potable reuse of reclaimed water (i.e., using reclaimed
water to augment a potable water source before treatment) is
viable and that direct potable reuse (i.e., introducing reclaimed
water directly into a water distribution system) is not viable.
Although recent health-related research has uncovered no
adverse effects, such health data are sparse, and the methods for
such research are limited. Consequently, the results cannot be
extrapolated to potable reuse in general. Thus, each indirect
potable reuse project should be implemented only after a
thorough, project-specific assessment of health concerns and
measures to mitigate them. Finally, potable reuse should only be
considered in communities in which other efforts—water
conservation, development of new water sources, and nonpotable
reuse—cannot cost-effectively meet the communities” needs. This
article describes the council’s recommendations for ensuring the
safety of water systems that augment raw water sources with
reclaimed water.

development of afford-
able new water sources.
In addition, a small but
increasing number of
municipalities have im-
plemented or are consid-
ering water reuse projects
to augment potable water
supplies with highly
treated reclaimed water
(see sidebar on page 42).

Treatment technology
has advanced to the point
that reclaimed water of
very high quality can be
produced from municipal
wastewater. However,
questions remain about
the levels of treatment and
testing necessary to pro-

For executive summary,
see page 169.
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tect human health when reclaimed water is used for
potable purposes. Some public health and engineering
professionals object to the reuse of wastewater for
potable purposes in principle. To support their objec-
tion, they cite the US Environmental Protection Agency
drinking water regulations, which state “. . . priority
should be given to selection of the purest source. Pol-
luted sources should not be used unless other sources
are economically unavailable.”! Others express concern
that current techniques are inadequate for detecting all
microbial and chemical contaminants of health signif-
icance that may be present in reclaimed water. State
regulations offer conflicting
guidance on whether po-
table reuse is acceptable
and, when it is acceptable,
what safeguards should be
in place.

In response to a need to
assess the viability, health
effects, and safety of potable
reuse, the National Research
Council (NRC) appointed a
committee with expertise in
environmental and chemical engineering, microbiol-
ogy, risk assessment, epidemiology, and toxicology to
evaluate issues associated with potable reuse of re-
claimed wastewater. The NRC published the committee’s
findings in 1998. This article summarizes the key con-
clusions and recommendations of the committee’s report,
titled Issues in Potable Reuse: The Viability of Augmenting
Drinking Water Supplies With Reclaimed Water.2 In partic-
ular, this article presents recommendations to help com-
munities considering indirect potable reuse make deci-
sions that will protect the populations they serve.

Report focuses on planned indirect
potable reuse

The report focused on planned indirect potable
reuse of municipal wastewater—i.e., the purposeful
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The Rio Hondo spreading grounds
in California cover about 570
acres. Water for recharge is fed to
the 20 shallow basins over a period
of seven days. The basins are then
drained for seven days and dried
for an additional severn days.

augmentation of a potable
water supply source (generally
a reservoir or aquifer) with
highly treated reclaimed water
derived from treated municipal
wastewater. In indirect potable
reuse systems, the mix of
reclaimed and “natural” source
water receives additional treat-
ment at a conventional treat-
ment facility before distribu-
tion. (In contrast, direct
potable reuse involves the
immediate addition of reclaimed water to the potable
water distribution system. The committee specifically
discourages this practice.) The committee addressed
issues related to reclaimed water treatment, microbial
and chemical constituents of concern, monitoring,
health effects, and research. As its starting point, the
committee used the findings of a 1982 NRC report
titled Quality Criteria for Water Reuse.>

Most of the issues raised in the committee’s report
are also important for any drinking water drawn from
a source that receives incidental or unplanned up-
stream wastewater discharges. Many communities

irect use of reclaimed water, without

the added protection provided by storage
in the environment, is currently not a
viable option for public water supplies.

use water sources that include a significant waste-
water component. More than two dozen major US
water utilities use water from rivers that receive
wastewater discharges amounting to more than 50
percent of stream flow during low-flow conditions. It
is sometimes said that these cities practice “un-
planned” potable reuse.

Although such water meets current drinking water
regulations, most of the concerns about planned,
indirect potable reuse raised in the NRC report apply
equally well to these conventional water systems.
Pollution of these existing sources does not give carte
blanche for adding reclaimed water to these water
supplies, nor does it justify the continued use of these
polluted sources. But the judgments made about the
risk associated with reuse should recognize the real
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5 Examples of Indirect
Potable Reuse dystems

Los Angeles County, Calif.

Since 1962, the Whittier Narrows Water
Reclamation Plant in Los Angeles County has
been using treated wastewater, along with sur-
face water and stormwater, to recharge ground-
water in the Montebello Forebay. The wastewater
undergoes secondary treatment and then gran-
ular-media filtration and chlorination—dechlori-
nation before it is discharged in spreading areas
that recharge the groundwater. The treated waste-
water then percolates through 3-12 m (10-40
ft) of soil before reaching the groundwater, which
serves as the potable water supply for some
area residents.

El Paso, Texas

The Fred Hervey Water Reclamation Plant,
operating since 1985, recycles wastewater from

El Paso back to the
, Hueco Bolson aquifer
* to prevent saltwater
intrusion and aquifer
depletion. The aquifer
serves as the water

i
i

o ; g’f r! B
- -. 2 ,H supply source for El
ALY i Paso and Juarez,
Mexico. The wastewater undergoes advanced
treatment before underground injection through
10 wells to the deep water table (107 m [350 ft]

belowground).

Fountain Valley, Calif.

Since 1976, Orange County Water District in
Fountain Valley has been injecting highly treated
municipal wastewater into water supply aquifers.
Treated effluent from the County Sanitation Dis-
trict of Orange County wastewater treatment
facility is transported to Water Factory 21, an
advanced wastewater treatment facility, in which
it undergoes advanced treatment. The treated
water is then blended two-to-one with deep well
water from a pristine aquifer, chlorinated in a
blending reservoir, and injected into the ground.
On average, more than 50 percent of the injected
water flows inland to the potable water supply.
The rest creates a barrier that prevents salt-
water intrusion.
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risks associated with the existing water supplies as
well as the lesser risks of other, more protected, water
supplies the community might use. However, because
the NRC study focused on planned indirect potable
reuse, the report does not directly address the broader
issues concerning contamination of water supplies
with wastewater discharges.

Indirect potable reuse is viable;
direct potable reuse is not

The report’s general conclusion is that “. . . planned
indirect potable reuse is a viable application of re-
claimed water—but only when there is a careful,
thorough, project-specific assessment that includes
contaminant monitoring, health and safety testing,
and system reliability evaluation.” Direct use of
reclaimed water, without the added protection pro-
vided by storage in the environment, is currently not
a viable option for public water supplies.

When the report was released, one statement in
the executive summary attracted attention in the
popular press. Because it was taken out of context, it
requires additional clarification. After the general
conclusion about indirect potable reuse being a viable
option, the report states, “. . . indirect potable reuse
is an option of last resort. It should be adopted only
if other measures—including other water sources,
nonpotable reuse, and water conservation—have
been evaluated and rejected as technically or eco-
nomically infeasible.”

This statement was included for two reasons. First,
seeking the most protected source for drinking water
supplies is an important and long-standing principle.
Because municipal wastewater can hardly be con-
sidered a protected supply, it is, in this sense, a water
source of last resort. Thus, the level of treatment and
other barriers to cross-contamination placed between
that supply and the finished drinking water itself are
critical concerns. Second, communities should avoid
the temptation to use potable reuse to dispose of
wastewater. Potable reuse should be considered only
in communities in which other efforts to balance
demand and supply of water, such as water conser-
vation, development of new water sources, and non-
potable reuse, cannot cost-effectively meet the com-
munity’s needs. Nonetheless, indirect potable reuse,
when used with appropriate precautions, can be an
acceptable alternative for communities to consider.

Reuse requirements should exceed those for
drinking water and wastewater treatment. The
report also concluded that requirements for planned
indirect potable reuse should exceed those that nor-
mally apply to drinking water and wastewater treat-
ment facilities. Although existing indirect potable
reuse projects generally produce reclaimed water that
meets or exceeds the quality of raw water those sys-
tems would otherwise use, the current drinking water
regulations were not designed to address all of the
issues raised by potable reuse. Whereas these regu-
lations must clearly be met, they cannot be relied on
as an adequate standard of safety. The drinking water
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standards developed during the past decades were
designed for water obtained from conventional, rel-
atively uncontaminated sources of freshwater—not for
reclaimed water.

Health risk data are sparse. A third conclusion
is that information is lacking regarding health risks
posed by some microbial pathogens and chemical
constituents in reclaimed water. Health-related
research generated to date includes both animal test-
ing and epidemiological studies, and this work has
identified no obvious adverse health effects associ-
ated with indirect potable reuse in the specific projects
examined (Table 1).

However, the data from these studies are sparse.
This sparseness and the limited nature of the toxico-
logical and epidemiological techniques used prevent
extrapolation of these results to potable reuse projects
in general. As a result, each individual potable reuse
project will need to perform
extensive testing to ensure
that adequate public health
protection is provided.

Because drinking water
standards do not address all
of the concerns in potable
reuse systems and because
of the limited data on
health risks of reclaimed
water, communities con-
sidering potable reuse are
advised to “fully evaluate
the potential public health impacts from the microbial
pathogens and chemical contaminants found or likely
to be found in treated wastewater through special
microbiological, chemical, toxicological, and epi-
demiological studies, monitoring programs, risk assess-
ments, and system reliability assessments.”

Once this evaluation is done, public health can
be protected in two ways: (1) by providing treatment
that is increasingly effective and more reliable and
(2) through monitoring that is more comprehensive
in scope and frequency. Both components are required
in any potable reuse project, but generally a balance
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Water Factory 21 treats wastewater (left)
from Orange County Sanitation District

by reverse osmosis (below). More than half
the injected wastewater flows inland to the
potable water supply.
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must be achieved between them. Projects with less
conservative treatment should incorporate more com-
prehensive monitoring, and vice versa. The remain-
der of this article describes approaches to monitoring
and treatment that the NRC report recommends to
ensure indirect potable reuse systems provide water
that is acceptable to the public.

Chemical constituents must be controlled
Wastewater contains various types of contam-
imants. Municipal wastewater contains various types
of chemical contaminants. These include naturally
occurring inorganic chemicals and minerals, generally
at concentrations > 1 mg/L; chemicals of anthropo-
genic origin, generally at concentrations < 1 mg/L; and
chemicals that are added or generated during water
and wastewater treatment and distribution processes.
Wastewater may also contain unidentified or

re than two dozen major US water

[ .

tilities use water from rivers

that receive wastewater discharges
amounting to more than 50 percent

of stream flow during low-flow conditions.

unknown chemical constituents, such as proprietary
industrial chemicals and their metabolites, unidenti-
fied halogenated compounds, and pharmaceuticals.
Any of these chemicals might pose some long-term
risks, and the risks may change from one location
and time to the next. The ability to understand those
risks is greatest for minerals and trace organics, less for
identified organic compounds and disinfection by-
products, and minimal for the unidentified mix that
comprises most of the organics in water.

The ability of advanced wastewater treatment
processes to remove many trace chemical contami-
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nants is well established. Most potable reuse studies
have shown that advanced wastewater treatment can
produce water that meets the standards for specific
chemical contaminants identified in the US drinking
water standards.4-8 Meeting this requirement is nec-
essary but not sufficient for establishing that water
produced from advanced wastewater treatment is
acceptable. Although the potential exists for a water
reclamation plant to fail, monitoring at the water
treatment plant would likely identify elevated con-
centrations of a regulated contaminant. Further, for

or many compounds in wastewater,

the absence of reliable detection methods
or techniques for quantifying concentrations
in reclaimed water creates uncertainty

regarding health risks.

most contaminants, at the low concentrations likely
to be present, risk is associated with lifetime contam-
ination rather than with acute toxicity.

Many identifiable and quantifiable contaminants
are regulated in existing pretreatment regulations.
Communities considering potable reuse should
upgrade those programs to address all identifiable
and quantifiable contaminants of concern in their
wastewater. Then, there is a small probability that a
spike of a regulated contaminant would pass unde-
tected through a reclaimed water treatment plant,
environmental buffer, and water treatment plant.
Because there is a small likelihood that such a con-
taminant spike would acutely affect consumers, the
risk associated with this type of event is also small. As
a result, identifiable and quantifiable contaminants in
wastewater pose a manageable risk with respect to
their presence in finished potable water. Communi-
ties considering potable reuse should implement more
rigorous pretreatment programs to control these con-
taminants, but the implementation should be within
reach of current technology.

Lack of reliable detection methods creates
uncertainty. For many compounds in wastewater,
the absence of reliable detection methods or tech-
niques for quantifying concentrations in reclaimed
water creates uncertainty regarding health risks.
Because it is impossible to identify the complete mix
of compounds present in water, such uncertainty
will remain a perpetual issue in evaluations of indi-
rect potable reuse. This uncertainty can be reduced
through toxicological testing, which is discussed later
in this article. Another approach is to establish a
quantifiable limit for a surrogate or composite para-
meter that provides information on the concentration
or behavior of unknown or suspected health-signif-
icant compounds.
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Total organic carbon (TOC) is a surrogate param-
eter. TOC, which is widely used as a measure of treat-
ment process effectiveness, is one such surrogate
parameter. Some would argue that TOC provides
negligible value for indicating the potential hazard
associated with consumption of water. This assertion
is probably justified because TOC removal is of lim-
ited value from a strict risk assessment perspective.
However, removing TOC from water almost certainly
reduces—though not necessarily proportionally—the
concentration of potentially hazardous, unidentified
organic compounds. Dilut-
ing reclaimed water has a
similar effect. Either method
of reducing dissolved or-
ganic carbon or TOC in the
source water would reduce
the exposure to hazardous,
unidentified organic con-
stituents that might be pre-
sent in water. Similarly, lim-
iting the amount of total
organic halogen (TOX) that
is introduced into a water
supply from reclaimed water might provide a measure
of safety because TOX provides a surrogate measure
for several chemicals with known or suspected health
effects.

Potable reuse projects should account for
chemical contaminants. Potable reuse projects should
use a variety of approaches to account for identifiable
and unidentifiable chemical contaminants.

¢ Proposed potable reuse projects should include
documentation of all major chemicals that enter the
wastewater system from household, industrial, and
agricultural sources. Special attention should be paid
to chemicals that pose the greatest health concern. The
discharge of undesirable chemicals to the sewer should
be regulated through amendments to existing indus-
trial pretreatment programs.

e Safe Drinking Water Act (SDWA) regulations
alone cannot ensure the safety of drinking water pro-
duced from treated wastewater; however, potable
reuse projects must nonetheless bring concentrations
within those regulations’ guidelines. Although the
SDWA regulations were not written with potable
reuse in mind, they constitute the current US roster
of safe concentrations of important drinking water
contaminants. Meeting these regulations is a “nec-
essary but not sufficient” requirement for any potable
reuse project.

e The risks posed by unidentifiable or unknown
contaminants in reuse systems should be managed
through a combination of reducing concentrations
of general contaminant classes, such as TOC, and
conducting toxicological studies of the water. Reduc-
ing the amount of organic matter to the lowest prac-
tical concentration will lessen, but not necessarily
eliminate, the need for toxicological studies and mon-
itoring. The nature of the organic carbon in the water
will influence what the appropriate TOC limit should
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TABLE 1 Health-effect studies of reclaimed water

Study Location Type of Reclaimed Water Studied

Windhoek, Namibial2 Effluent from full-scale advanced
wastewater treatment plant
{secondary treatment, alum addition,
dissolved-air flotation, chlorination,
lime treatment, sand filtration,
chlorination, GAC,* and final
chlorination)

Water recovered from aquifer
recharged with reclaimed
water via surface spreading
{secondary treatment, filtration,
and chlorination—dechlorination)

Los Angeles County,
Calif.4.13

Washington, D.C.14 Effluent from the Potomac Estuary
Experimental Water Treatment
Plant (secondary treatment,
aeration, coagulation, flocculation,
sedimentation, predisinfection,
filtration, GAC, and postdisinfection)

Effluent from a demonstration
advanced wastewater treatment
plant (secondary treatment, lime
treatment, recarbonation,
filtration, selective ion exchange,
GAC, ozonation, reverse osmosis,
air-stripping, and chlorination)

Effluent from a pilot-scale advanced
wastewater treatment plant
(secondary treatment, coagulant
addition, filtration, ultraviolet
disinfection, reverse osmosis,
air-stripping, and GAC)

Effluent from pilot-scale advanced
wastewater treatment plant
{secondary treatment, filtration,
denitrification, lime treatment,
recarbonation, filtration, GAC,
and ozonation)

Denver, Colo.15

San Diego, Calif.16

Tampa, Fla.817

*GAC—granular activated carbon

be. Local regulators, integrating all of the available
information concerning a specific project, should
make this judgment.

e Every reuse project should have a rigorous and
regularly updated monitoring system to ensure the
safety of the water. This program should be updated
periodically as inputs to the system change or as its
results reveal areas of weakness. Pretreatment require-
ments, wastewater treatment processes, and moni-
toring requirements may need to be modified to pro-
tect public health from exposure to specific chemical
constituents.

Microbial contaminants must be controlled

Little information is available on the occurrence
of microbial contaminants in reclaimed water. The
microbiological quality of drinking water has typi-
cally been evaluated and regulated according to
bacterial indicators (total coliform bacteria) of fecal
contamination. This strategy has worked effectively
in controlling classic waterborne bacterial diseases
such as dysentery, typhoid fever, and cholera.?
Today, however, most US waterborne disease out-
breaks—and the waterborne diseases likely to be
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Toxicological (short-term in vivo),
epidemiological

Toxicological (in vitro),
epidemiological

Toxicological (in vitro)

Toxicological (in vitro and in vivo)

Toxicological (in vitro and short-
term in vivo)

Toxicological (in vitro and in vivo)
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Type of Studies Major Findings

No relationship was observed between
drinking water source and incidence
of diarrheal diseases

No relationship was observed between
percent of reclaimed water in wells and
observed mutagenicity in toxicological
tests. In epidemiological studies,
populations ingesting reclaimed water
showed no measurable adverse
health effects.

No significant differences
were observed between toxicological
properties of the reclaimed water
and water from three nearby
conventional water treatment plants.

No treatment-related effects were
observed in toxicological tests using
organic residue concentrates for
in vivo studies.

Reclaimed water showed less
mutagenic activity than water from the
conventional drinking water source.

All toxicological tests were negative
except for some fetal toxicity
exhibited in rats (but not mice) for
the advanced wastewater treatment
sample.

of concern in potable reuse systems—are caused
by viral and protozoan pathogens in water that
meets the total coliform standards. Giardia, Crypto-
sporidium, and enteric viruses are the three types
of organisms of greatest concern in the design of
potable reuse systems.

Emerging pathogens may also be present in
wastewater. Wastewater may also contain a number
of newly recognized or emerging waterborne
pathogens or potential pathogens, and their removal
by treatment can only be inferred from other mea-
sures of microbial quality. Emerging infectious dis-
eases are those whose incidence in humans has
increased within the past two decades or threatens to
increase soon.10 The occurrence and health signifi-
cance of many of these agents in drinking water are
unknown. Examples of emerging waterborne patho-
gens include Norwalk virus, calicivirus, astrovirus,
the bacterium Helicobacter pylori, and the protozoa
Cyclospora cayetanensis and microsporidia. Two types of
aquatic microorganisms, aeromonads and cyanobac-
teria, are emerging pathogens which, although not
infectious, may be of concern for potable reuse sys-
tems. This is because their densities in water and their
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production of toxins could be influenced by waste-
water nutrients.

Steps should be taken to reduce health risks
posed by pathogens. Potable reuse systems should
take steps to reduce existing and potential health
risks posed by microbial pathogens and to increase the
knowledge base about how these pathogens are
affected by various levels of treatment.

¢ Potable reuse systems should continue to use a
combination of advanced physical treatment processes
and strong chemical disinfectants as the principal line

water contaminants.

of defense against microbial contaminants. Some new
membrane treatment processes can almost completely
remove microbial pathogens of all kinds, but experi-
ence with them is not yet adequate to depend on
them alone for protection against the serious risks
posed by microbial pathogens. Thus, strong chemical
disinfectants, such as ozone or free chlorine, should
also be used, even in systems with physical barriers
to microbial contamination.

e Potable reuse facilities should assess and report
the effectiveness of their treatment processes in
removing microbial pathogens so that industry pro-
fessionals and regulators can develop operational
guidelines and standards. Reuse projects should pro-
vide data on number of barriers, microbial reduction
performance, treatment reliability, and variation in
water quality.

Health risks must be assessed

Detection methods have limitations. Any util-
ity considering a potable reuse project should pre-
pare the best possible estimates of microbial and
chemical risks of using reclaimed water compared
with using other available water sources. Current
microbial methods to detect bacterial, viral, and pro-
tozoan microorganisms all have limitations when
used to detect pathogens in reclaimed water. Bacte-
rial detection, enumeration, and identification tech-
niques do not account for viable but noncultivable
bacteria. Although coliform bacteria are adequate
indicators of bacterial pathogens, they do not predict
the inactivation or removal of enteric protozoa and
viruses. There are currently no practical techniques for
assessing the viability of protozoan cysts or oocysts.
Standard cell culture methods that use cytopathic
effects have been limited to the detection of well-
known enteroviruses and do not account for many
other human viruses that may be found in water.
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Ithough the SDWA regulations were not
written with potable reuse in mind, they
constitute the current US roster of safe
concentrations of important drinking
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New analytical techniques for rapid detection of
health-related microbial contaminants, such as the
polymerase chain reaction technique, also have lim-
itations. For example, this technique is a qualitative
measure of the presence of an organism’s nucleic acid
and is unable to determine microorganism viability.
There are also issues regarding sample interference
and the test’s sensitivity.

Contamination monitoring tools need to be
advanced. Tools for monitoring microbial contami-
nation in reclaimed water thus need to be advanced.
Sophisticated models are
being developed that calcu-
late a distribution of risk
over the population by
using epidemiological data
such as incubation period,
immune status, duration of
disease, rate of symptom de-
velopment, and exposure
data.!! The limitations of
microbial detection meth-
ods and other complicating
factors cast great uncertainty on the assessment of
potential risks from microbial contamination of
reclaimed water. This calls for a conservative prac-
tice in pathogen removal where these projects are
concerned.

Available techniques should be used to assess
microbial risk. Potable reuse projects should use
available techniques to assess microbial risk. They
should also consider the range of consumers of the
reclaimed water. In particular, the report recommends
the following steps.

e When risk is assessed, potable reuse projects
should consider using some of the newer analytical
methods, such as biomolecular methods, as well as
indicator microorganisms such as Clostridium perfrin-
gens and F-specific coliphage virus, to screen drinking
water sources derived from reclaimed water. These
screening methods should complement the bacter-
ial and cell culture methods currently used for detect-
ing pathogens in water. This risk assessment is rec-
ommended in addition to—not as a substitute
for—aggressive treatment to ensure that pathogens of
all kinds are removed.

e Risk estimates should take into account effects
that pathogens may have on sensitive populations
and the potential for secondary spread of infectious
disease within a community. The sensitive portion
of the population consuming tap water will be the
most likely to be affected, and the potential for sec-
ondary spread of disease is an important, though dif-
ficult to quantify, aspect of understanding the risk of
infectious diseases.

Epidemiological studies have taken an eco-
logical approach. The few epidemiological studies
that have been directed at indirect potable reuse have
taken an ecological approach. This is an appropriate
first step when health risks are unknown or poorly
documented; however, negative results from such
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studies do not prove the safety
of the water in question. Those
studies can only be considered
preliminary examinations of
the risks of exposure to re-
claimed water. Epidemiological
data that can be confidently ap-
plied to the potable use of re-
claimed water are lacking, and
the results of epidemiological
studies should be interpreted
with caution. The potential for
systematic and random error
and potential biases should also
be recognized.

Assessment of risks posed
by chemical contaminants in
reuse systems is also fraught

e For any toxicologi-
cal test used for reclaimed
water, a clear decision
path should be followed.
Testing should be con-
ducted on live animals for
a significant period of
their life span. If an effect
is observed, risk should be
estimated using state-of-
the-art knowledge about
the relative sensitivity of
the animal and human
systems, and, if war-
ranted, risk should be fur-
ther defined by more re-
search. This decision path
is workable if the under-

with complications. Conven-
tional toxicological testing
strategies developed in the
food and drug industries, as
well as similar testing proto-
cols recommended by NRC in
its 1982 report, stress the use of concentrates of rep-
resentative organic chemicals in both in vitro (cell cul-
ture) and in vivo (whole animal) tests. However,
these approaches have several critical limitations.
These include uncertainty regarding whether the
concentrates used for testing are truly representa-
tive of those in the wastewater, higher-than-expected
occurrences of false-negative results, long lag times
between sample collection and the availability of
results, difficulty in tracing results to particular con-
stituents, and lack of suitability for continuous mon-
itoring. Such approaches are also extremely costly
and time-consuming.

Negative results do not prove safety. As men-
tioned earlier, negative results cannot be taken as
proof of safety. To overcome these limitations,
researchers are advised to develop an alternative tox-
icity testing approach using whole animals, such as
fish. Such a test system could be used to conduct pre-
liminary risk assessments of potable reuse projects
and would also allow continuous toxicological mon-
itoring of the reclaimed water.

Guidelines help assess risk from chemical
contaminants. Potable reuse projects should use the
following guidelines in considering risks from chem-
ical contaminants.

¢ The need for toxicological testing of water is
inversely related to how well the water’s chemical
composition has been characterized. If water con-
tains few or very low concentrations of chemicals or
chemical groups of concern, the need for toxicolog-
ical characterization of the water may be substan-
tially reduced. Conversely, if a large fraction or high
concentrations of potentially hazardous and toxico-
logically uncharacterized organic chemicals are pres-
ent, toxicological testing will provide an additional
assurance of safety.
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Potable reuse systems should take steps to reduce
existing and potential health risks posed
by microbial pathogens.
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lying basis of the biologi-
cal response in question
is understood (for exam-
ple, endocrine disrup-
tion). For some health
outcomes, such as car-
cinogenesis, the mechanism is less well understood,
and an observed effect may have to be accepted as
implying an effect on human health.

e Toxicological testing standards for reclaimed
water should be supplemented by strict regulation
of the processes for “manufacturing” the water.
Processes for manufacturing the reclaimed water (that
is, the treatment systems and environmental storage
employed) need to be carefully considered and reg-
ulated on a project-by-project basis.

Reliability and quality must be ensured
Because of the many uncertainties associated
with assessing and controlling chemical and micro-
bial contaminants in potable reuse systems, it is
essential to provide multiple barriers to contamina-
tion. For drinking water systems, the term “barri-
ers” includes watershed protection programs, engi-
neered treatment processes, and maintenance of the
water distribution system infrastructure. In the case
of potable reuse, barriers include industrial pre-
treatment programs, treatment processes, and envi-
ronmental buffers. Including an environmental buffer
in a potable reuse project as a barrier to contam-
inant transmission to consumers can substantially
reduce public health risk. However, the public health
benefit of an environmental buffer cannot be assessed
with any precision given the current state of the art.
The benefits that do accrue are likely to be associated
with reduction in contaminant concentration and
the introduction of a lag time. Environmental buffers
that use aquifer storage appear to provide more pro-
tection than those with surface water storage. Soil
aquifer treatment adds a further dimension of poten-
tial contaminant reduction. When surface water stor-
age alone is used, more sophisticated treatment or
longer storage times should be required, and short-
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circuiting should be a special concern. Short-cir-
cuiting occurs when treated wastewater influent
either fails to fully mix with the ambient water or
moves through the system to the drinking water
intake faster than expected.

Public health surveillance can support qual-
ity assurance. Public health surveillance programs
are also important compo-
nents of quality assurance
for potable reuse systems
because they can provide
early warning of possible
health problems. Surveil-
lance is distinct from epi-
demiological studies in that
it is an ongoing public
health program analogous
to continuous monitoring.
Findings identified in surveillance programs may
generate hypotheses that epidemiological studies
could test.

The following range of quality assurance mea-
sures are recommended for potable reuse systems.

e Multiple, independent barriers to contaminants
should be used. These barriers should be evaluated
both individually and together for their effectiveness
in removing each contaminant of concern. The cumu-
lative capability of all barriers to accomplish removal
should also be evaluated. This evaluation should con-
sider the concentrations of the contaminant in the
source water.

e Barriers for microbiological contaminants
should be more robust than those for forms of con-
tamination posing less acute dangers. The number of
barriers must be sufficient to protect the public from
exposure to microbial pathogens even if one of the
barriers fails.

e Because performance of wastewater treatment
processes may vary, such systems should use quan-
titative reliability assessments to gauge the probabil-
ity of contaminant breakthrough among individual
unit processes. “Sentinel parameters” should be used
to monitor critical processes that must be kept under
tight control. These parameters indicate treatment
process malfunctions that are readily measurable on
arapid (even instantaneous) basis and that correlate
well with high contaminant breakthrough.

e Utilities using surface water or aquifers as envi-
ronmental buffers should prevent short-circuiting.
In addition, the buffer’s expected retention time
should be long enough—probably six to 12 months,
as outlined in proposed California regulations—to
give the buffer time to remove additional contami-
nants. Such a lag time also allows public health
authorities to take action if unanticipated problems
arise in the water reclamation system.

e Potable reuse operations should have alter-
native means for disposing of reclaimed water if it
does not meet required standards. Alternative dis-
posal routes protect the environmental buffer from
contamination.
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e Every community using reclaimed water as
drinking water should implement well-coordinated
public health surveillance systems to document and
possibly provide early warning of any adverse health
events associated with its ingestion. Surveillance sys-
tems must be jointly planned and operated by health,
water, and wastewater departments and should iden-

iardia, Cryptosporidium, and enteric
viruses are the three types of organisms
of greatest concern in the design

of potable reuse systems.

tify key individuals in each agency to coordinate plan-
ning and rehearse emergency procedures. Appropri-
ate interested consumer groups should also be
involved with and informed about the public health
surveillance plan and its purpose.

Operators need special training. Finally, oper-
ators of water reclamation facilities should receive
training regarding the principles of operation of
advanced treatment processes, the pathogenic organ-
isms likely to be found in wastewater, and the rela-
tive effectiveness of the various treatment processes
in reducing contaminant concentrations. These oper-
ators need training beyond that typically provided to
operators of conventional water and wastewater treat-
ment systems.

Summary

The US population continues to grow, but avail-
able water resources do not. The quality of existing
water resources continues to be impaired by waste-
water discharges, which are increasing in volume as
the population grows. Some of the nation’s most
rapidly growing population centers are in arid cli-
mates. These factors lead to a greater need for alter-
native water supplies. Thus, some communities have
turned to planned, indirect potable reuse to help ful-
fill that need. Indirect potable reuse is a viable appli-
cation of reclaimed water under appropriate circum-
stances. However, any community considering potable
reuse should do so only after a careful, thorough,
site-specific assessment that includes contaminant
monitoring, health and safety testing, and system
reliability evaluation.

Interest in indirect potable reuse of municipal
wastewater has grown significantly in recent years,
and possible health effects have been evaluated at a
few locations, including at an existing project in Los
Angeles County, Calif., and a pilot-plant study in
Tampa, Fla. A demonstration plant in Denver, Colo.,
also performed research on direct reuse of waste-
water. The limitations of epidemiological studies
and currently used toxicological techniques notwith-
standing, no adverse health effects were identified
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in any of these studies (Table 1).%6.12-17 Although
such results are encouraging, this information is
much too limited to allow extrapolation to potable
reuse projects in general. In fact, the safety of each
project is a function of the nature of the wastewater,
the type of wastewater treatment, the extensive-
ness of the advanced wastewater treatment, the
detailed character of the environmental buffer, and
the nature of the drinking water treatment pro-
vided. For the foreseeable future, a detailed site-
specific assessment will be required for every potable
reuse project.
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