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WATER QUALITY

Protecting the sewershed

As cities use sewage as a water source, proactive policies

must safeguard public health

By Sasha Harris-Lovett! and David Sedlak?

rban population growth and less-
reliable precipitation patterns due to
climate change are putting pressure
on the drinking water supplies of cit-
ies worldwide (7). At the same time,
water treatment technologies are
improving and becoming cheaper. These
combined conditions have led urban wa-
ter supply managers to look favorably on a
nontraditional drinking water source: sew-
age (2). Purifying sewage to meet drinking
water quality standards, a process known as
potable water reuse, is technically feasible
and can be cost-effective for augmenting
urban water supplies. For these reasons,
potable water reuse systems are becoming
popular in the United States, Singapore,
and Australia, among other places (3).
These new water supplies require reas-
sessment of the policies and strategies for
management of sewage and drinking water.
Traditionally, water supply managers and
regulators in the United States and much
of the world have assumed that cities would
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get their drinking water from the most pris-
tine sources available. When contaminants
of health concern were detected, regulators
imposed additional standards for drinking
water treatment, such as maximum con-
taminant levels for a particular chemical (4).

Using sewage as a water source requires
a different approach. In the era of potable
water reuse, a proactive regulatory strat-
egy is especially necessary to protect pub-
lic health, and regulations must adapt to
take this practice into account. Sewage is,
by definition, highly polluted. Although
water treatment technologies can produce
recycled water that meets current drinking
water standards, the existing approaches
of waiting until health impacts are recog-
nized before acting to regulate a particular
chemical found in the recycled water (as is
current practice in the United States) may
not adequately protect public health. In the
European Union, the approach of prohib-
iting potable reuse systems because they
are deemed too risky is also not wholly
effective because of the prevalence of un-
planned water reuse (5).

As planned potable water reuse systems
become more common, water management
must undergo a paradigm shift. This is not
the first time the water industry has faced
this type of challenge. In the late 20th cen-
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Advanced technologies can convert raw sewage

(left container) into drinking water (right container)
by removing the vast majority of pollutants

(center container) in the process. Proactive policies
to identify, prevent, and monitor trace levels of
remaining contaminants in drinking water are needed
to protect public health.

tury, water managers and regulators in the
United States recognized that preventing
pollution of water supplies from diffuse
sources, such as farm runoff and pastures,
was often more effective and cheaper than
finding ways to purify contaminated drink-
ing water (6). The push for watershed pro-
tection in the 1990s changed the way that
water utilities managed drinking water and
provides lessons for protecting drinking wa-
ter in the era of potable water reuse.

Watershed protection regulations such as
the 1996 amendment to the Safe Drinking
Water Act prevented pollution throughout
the hydrologic basin from which cities ob-
tained drinking water (6). In the United
States, federal funds were allocated to help
water managers meet new watershed pro-
tection requirements (6). These policies
changed the status quo: Many water utilities
restructured their organizations to acquire
and manage land, to develop expertise in
rangeland conservation and forestry, and to
work closely with stakeholders throughout
the watershed.

Wastewater was left out of previous wa-
tershed protection efforts. Because it is in-
creasingly integral to urban water supplies,
it now merits explicit consideration. This
nontraditional water source requires an ex-
tension of watershed protection programs
to include the “sewershed”—the network of
sewers and sewage collection infrastructure
in cities. Today, a sewershed protection ap-
proach is needed alongside existing water-
shed protection programs to preserve the
safety of drinking water supplies.

Sewershed protection is a proactive reg-
ulatory approach to address the potential
health risks associated with contaminants
in sewage. Sewershed protection, paired
with water treatment technologies, can
safeguard drinking water supplies by curb-
ing discharges of chemicals that have the
potential to pass through water treatment
systems. The same features of watershed
protection should apply to sewershed pro-
tection: prioritizing resource allocation,
ensuring stakeholder involvement in the
development of goals, and finding inte-
grated solutions.

For potable water reuse systems, much
of the attention on chemical contamination
has focused thus far on characterizing and
removing pharmaceuticals, personal care
products, and disinfection by-products (2).
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The presence of these chemical compounds
is relatively uniform across sewersheds, and
gains made in understanding the sources of
these compounds and options for treating
them will apply to a range of cities consider-
ing or employing potable water reuse.

This is an important step, but it is insuf-
ficient to ensure the ongoing safety of pota-
ble water reuse systems. Characterization
and control of industrial chemicals in sew-
ersheds are also necessary (7). Chemicals
intentionally discharged or accidentally
released by factories or commercial enter-
prises to sewersheds are less predictable
than chemicals sourced from households.
Industrial chemical discharges to sewers
vary greatly depending on which indus-
tries are present; sewersheds with indus-
trial discharges may have concentrations
of chemicals that are several orders of
magnitude larger than those without in-
dustrial discharges (8).

Although the 1972 Clean Water Act regu-
lates discharges of contaminants into sur-
face waters in the United States to protect
aquatic ecosystems, there is no comparable
regulation to ensure that what goes into
sewers is safe to be used as an eventual
drinking water supply. Most existing indus-
trial waste discharge permits and wastewa-
ter source control programs are relics of a
previous era when the primary concern was
the introduction of chemicals that could
prevent the microbes at the sewage treat-
ment plant from doing the work of clean-
ing wastewater. Regulations for sewershed
protection must take into account the po-
tential risks that chemicals in the sewer-
shed pose to public health, as well as the
cost and effectiveness of existing technolo-
gies to purify wastewater to drinking water
standards (9). In sewersheds with higher
risk of drinking water contamination due
to large volumes of industrial chemical dis-
charges to a sewershed relative to the vol-
ume of municipal wastewater, sewershed
protection regulations might prohibit po-
table water reuse or require more extensive
treatment and monitoring.

Some cities have begun to pursue proac-
tive sewershed protection policies. For exam-
ple, in Orange County, California, where po-
table water reuse has been practiced for more
than 40 years, the wastewater utility has im-
posed strict limits on industrial discharges
of toxic chemicals that have the potential to
pass through its advanced treatment system.
Similar practices have been less extensive in
other cities that are planning and operating
potable water reuse systems (10).

The concept of sewershed protection
should not be restricted to places that are
planning or operating potable water reuse
systems. Treated wastewater is ubiquitous
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in surface waters, as evidenced by the pres-
ence of organic chemical contaminants de-
rived from treated wastewater in more than
80% of streams in the United States (II).
Wastewater effluent dominates the flow of
more than 900 streams in the United States
and many European rivers at some times of
year (5, 12). Many cities already rely upon
water that originates in a sewershed; for
example, Philadelphia, Berlin, and Houston
all draw drinking water from surface waters
with substantial contributions of wastewa-
ter effluent (2, 5, 13).

The sewershed protection concept also
has implications for the quantity of re-
cycled water that is potentially available.
Household-scale water reuse and indoor
water conservation can be important prac-
tices that are strongly supported within
communities; however, a sewershed ap-
proach that explicitly acknowledges and
plans for sewage being part of the water
supply is essential to coordinating invest-
ments in water conservation and potable
water reuse to produce a reliable supply of
safe drinking water. Household- and neigh-
borhood-scale water conservation efforts,
such as greywater recycling and low-flow
appliances, can reduce flows to munici-
pal wastewater treatment plants, thereby
concentrating pollutants and reducing
the overall quantity of water available for
municipal water reuse. Even under circum-
stances where industrial discharge to sew-
ers is not a major concern, more efficient
indoor water use has the potential to con-
centrate pollutants in sewage (6).

Recognition that sewers are part of the
water supply requires important changes to
U.S. policy, including the Clean Water Act
and the Toxic Substances Control Act, and
dictates a need for additional scientific re-
search to protect drinking water supplies
and public health. Regulators must imple-
ment policies to mandate more extensive
monitoring and disclosure of chemicals dis-
charged to sewers by commercial and indus-
trial operations. Wastewater utilities must
work with stakeholders to initiate real-time
monitoring of chemicals in sewage, and cre-
ate a mechanism for diverting or providing
additional treatment at potable water reuse
systems if release of a chemical occurs as
the result of a spill.

Scientists and funding agencies must
intensify research on the identification,
fate, transformation, and health effects of
chemicals in wastewater to enable more
informed decision-making about potable
water reuse. Special attention should be
given to sewersheds that have a high con-
tribution of wastewater from industrial,
commercial, and medical sources, and these
should not be considered for water reuse if
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there is not clear evidence of robust water
treatment, reliable system operations and
maintenance, and rapid disaster response
capacity. Chemicals that have the greatest
likelihood of passing through advanced wa-
ter treatment facilities, or that produce toxic
by-products during the water treatment
process, must be identified, monitored, and
controlled. This would enable more reliable
water quality and create the possibility of
tailoring treatment plants to the local com-
position of sewage in a particular sewershed.

Finally, support for the development of
biodegradable, nontoxic chemical alterna-
tives for compounds that are difficult to
remove during water treatment is urgently
needed. Policies to support green chemistry
would lessen potential health risks associ-
ated with using sewage as a water supply.
Regulations similar to Europe’s REACH leg-
islation, which place the burden of proof of
chemical safety on the manufacturer, may
be more protective of health than the U.S.
Toxic Substances Control Act (14) and are
therefore more appropriate in the era of po-
table water reuse, provided that sewershed
safety is considered.

Changes such as these are foundational
to a sewershed protection approach. They
will help to mitigate the risks posed by us-
ing sewage as a source of water supply, iden-
tify sewersheds where potable water reuse
is a less desirable option, and protect public
health in the era of potable water reuse.
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