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Abstract

The unprecedented number of building closures related to the coronavirus dis-

ease (COVID-19) pandemic is concerning because water stagnation will occur

in many buildings that do not have water management plans in place. Stag-

nant water can have chemical and microbiological contaminants that pose

potential health risks to occupants. Health officials, building owners, utilities,

and other entities are rapidly developing guidance to address this issue, but the

scope, applicability, and details included in the guidance vary widely. To pro-

vide a primer of large building water system preventative and remedial strate-

gies, peer-reviewed, government, industry, and nonprofit literature relevant to

water stagnation and decontamination practices for plumbing was synthesized.

Preventative practices to help avoid the need for recommissioning (e.g., routine

flushing) and specific actions, challenges, and limitations associated with rec-

ommissioning were identified and characterized. Considerations for worker

and occupant safety were also indicated. The intended audience of this work

includes organizations developing guidance.
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1 | INTRODUCTION

In 2020, the global pandemic caused by novel coronavi-
rus (SARS-CoV-2) disease (COVID-19) prompted “stay-
at-home” orders all over the world that closed or reduced
occupancy in many nonessential businesses and other
buildings (e.g., education, event, worship, recreation,
office, and retail buildings) (Jiang, 2020; Lee, 2020a).
With more than 5.6 million commercial buildings in the
United States alone (CBECS 2012, 2015), the orders sig-
nificantly altered drinking water demand patterns at both
the water distribution and building system levels (Ameri-
can Water Works Association and Association of Metro-
politan Water Utilities, 2020). Specifically, many
buildings experienced reduced water use, causing
increased water stagnation time (i.e., water age). This is
problematic as stagnation has been associated with the
degradation of water quality in routine settings (on a
time scale of hours to days) at the building (Bédard,
Laferrière, Déziel, & Prévost, 2018; Elfland, Paolo,
& Marc, 2010; Lytle & Liggett, 2016; Nguyen, Elfland, &
Edwards, 2012; Rhoads, Chamber, Pearce, &
Edwards, 2015; Rhoads, Pearce, Pruden, & Edwards, 2015;
Rhoads, Pruden, & Edwards, 2016; Salehi et al., 2018;
Salehi et al., 2020) and water distribution system levels
(American Water Works Association, 2002; Arnold &
Edwards, 2012; AWWA, 2009; Brandt et al., 2005; Dias,
Besner, & Prévost, 2017; Walksi et al., 2003), and can
result in the presence of harmful chemicals (e.g., lead,
copper) or harmful organisms (e.g., Legionella
pneumophila) in water.

Water quality issues can be prevented or addressed
with remedial actions, but the actions needed depend on
the conditions of stagnation and on many site-specific
factors. Limited information is available regarding water
quality impacts caused by extended stagnation and the
effectiveness of plumbing remediation actions. Despite
this lack of information, government agencies, water util-
ities, and private companies rapidly developed guidance
to address the widespread building water system closures
during the COVID-19 pandemic. Some guidance docu-
ments have been cited in this paper, but many are emerg-
ing weekly (City of Durham, n.d.; American Water, 2020;
Arkansas Department of Health Engineering, 2020;
CDC, 2020; Connecticut Department of Public
Health, 2020; Demarco, 2020; ESGL, 2020; ESPRI, 2020;
ESPRI, AH Environmental Consultants, et al., 2020;

Indiana Department of Environmental Manage-
ment, 2020; Indiana State Department of Health, 2020;
Ireland HSA, 2020; Minnesota Department of
Health, 2020; New Zealand Ministry of Business and
Environment, 2020; New Zealand Ministry of
Health, 2020; Ohio Environmental Protection Agency
and Ohio Department of Health, 2020; Oklahoma
Department of Environmental Quality, 2020; Oregon
Health Agency Public Health Division, 2020; PHE, 2020;
PSPC, 2020; Public Health Madison & Dane County, 2020;
Vancouver Coastal Health, 2020; Washington State
Department of Health, 2020). This review provides an
understanding of the challenges, current practices, and
knowledge gaps for maintaining building water systems
and restoring building water systems to baseline condi-
tions after extended periods of no or limited water use.
This review is not meant to explicitly serve as a step-by-
step procedure; rather, it serves as a foundation for the
development of step-by-step guidance. The intended
audience of this review includes public health officials
and other entities that are developing guidance. This may
also be of interest to plumbing engineers and building
owners who must consider many issues when
implementing guidance, as well as to utilities to help
coordinate their efforts with their customers. Guidance
developed to address COVID-19 pandemic stagnation or
other prolonged stagnation events should address these
considerations.

2 | APPROACH

The authors reviewed literature regarding (a) water qual-
ity deterioration associated with shorter stagnation
periods (hours to days) and parallel situations, (b) water
quality in large buildings, (c) disease outbreaks associated
with plumbing, and (d) plumbing decontamination prac-
tices. The authors also referenced guidance documents
that may inform building owner responses to stagnation
(Table S1), including plumbing codes, standards, guid-
ance documents from various authorities, and recom-
mendations from related professional organizations
(ADEQ, 2015; AIHA, 2020; ASHRAE, 2000; ASHRAE
Standards Committee, 2018; AWWA, 1992, 2014;
CDC, 2020; Demarco, 2020; ESGL, 2020; ESPRI, AH
Environmental Consultants, et al., 2020; IAPMO, 2018;
International Code Council (ICC), 2018; OSHA, n.d.;
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PHE, 2020; US EPA Region 8, 2020; USEPA, 2013;
WHO, 2011). Specific parallel situations included: (a) sea-
sonal public water systems (e.g., campgrounds, fair gro-
unds); (b) ski resort/snowbird communities with 80%
reduction in water use in off-seasons (Hasit, Anderson,
Parolari, Rockaway, & French, 2006); (c) buildings
unoccupied between owners; (d) athletic or other event
centers, schools, and dormitories that have lower-than-
design capacity water use seasonally; and (e) water shut-
offs (e.g., due to nonpayment) that last weeks to months
(Food &Water Watch, 2018; Kurth, 2019; Swain, McKinney,
& Susskind, 2020). Finally, the authors' own first-hand
experiences assisting building owners who must decon-
taminate and restart plumbing after nonuse; conducting
plumbing-related disease outbreak investigations; and
answering questions received from local, state, and
federal agencies and nonprofit organizations about policy
were considered.

This paper focuses on large buildings and campuses
closed in spring 2020 to promote physical distancing (also
known as social distancing). In this paper, the term
building “recommissioning” is used to refer to the
reopening of buildings after extended closures and
focuses on restoring water quality to baseline conditions.
Recommissioning here should not be confused with the
recommissioning process featuring water audits and sub-
sequent changes made to increase water and energy effi-
ciency in buildings (e.g., changing toilets and fixtures to
low-flow) (Natural Resources Canada, 2018). The focus of
this paper is the hot and cold water systems. The authors

did not consider other necessary actions unrelated to
water quality (e.g., air quality, heating systems) or for
other building water systems (e.g., cooling towers),
although these likely need attention. Other consider-
ations will need to be taken for alternative building types
(e.g., water shutoffs impacting 15 million people due to
nonpayment (Food & Water Watch, 2018)). The
repurposing of buildings or reopening of medical facili-
ties to expand capacity also received attention during the
COVID-19 pandemic, and while these facilities face simi-
lar issues as those described here, medical facilities have
additional considerations not included in this paper.

3 | RESULTS AND DISCUSSION

3.1 | Stagnation in large buildings

There are several concerns for water quality that are com-
mon in complex large building water systems, which can
be made worse by periods of no or low water use (Gupta
& Thawari, 2016; Julien et al., 2020; Lipphaus et al., 2014).
It is necessary to understand these reactions, the associ-
ated health risks, and complexity and variability of build-
ing water systems when considering how to maintain
water quality. The plumbing and water quality for each
building will be unique.

Reactions occurring during stagnation (Figure 1)
include: (a) loss of disinfectant residual and decreased
disinfectant residual stability; (b) decreased effectiveness

FIGURE 1 Potential chemical

and microbial water quality impacts

associated with prolonged

stagnation in chlorine (Cl2) and

chloramine-based (NH2Cl)

disinfectant drinking water systems
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of corrosion control measures; (c) microbial growth; and
(d) other issues such as taste, odor, and disinfection
byproduct formation. Microbial issues include nitrifica-
tion, growth of harmful organisms (e.g., Legionella
pneumophila, Pseudomonas aeruginosa, nontuberculous
mycobacteria, others), and changes in microbial commu-
nities. These reactions, most of which have only been
studied on a relatively short time scale, are described in
SI-1-Stagnation Issues. It is currently unknown how
these reactions may be impacted by long-term stagnation
on the order of weeks or months (e.g., growth reaching a
carrying capacity with limited introduction of new
nutrients).

Health risks from these reactions can be associated
with the ingestion of, inhalation/aspiration of, or contact
with contaminated water. Lead, copper, and other metals
can leach from pipes or scales that may become unstable
during long periods of stagnation. Increased growth of

opportunistic pathogens such as L. pneumophila can also
occur. Many such organisms cause pulmonary disease
(e.g., Legionnaires' disease, Pontiac fever). Certain
populations are at higher risk of adverse effects (e.g.,
children for lead exposure, immunocompromised persons
for Legionnaire's disease). COVID-19 patients may also
be at risk for coinfection with L. pneumophila (Xing
et al., 2020).

Building water systems comprise all the piping,
equipment, treatment devices, fixtures, and appliances
associated with providing water from the service line
point of entry (POE) (i.e., where water enters the build-
ing) to the point of use (POU). The number and type of
plumbing components and materials encountered
(Table 1) will depend on the building's water source,
design (Figures 2 and S1), and water use applications.
For example, water of various qualities (e.g., softened for
drinking and unsoftened for handwashing) or

TABLE 1 Types of building plumbing components

Components Description

Water source Municipal water, onsite well, treated surface water, rainwater.

Service line Pipe system that carries water from the source to the building water system. Service line materials are
variable and may or may not be the same as indoor pipes.

Safety devices including valves Pressure relief valve, pressure reduction value, isolation valve, mixing valve, thermostatic mixing
valves, backflow prevention device, water hammer arrestors. Materials can include aluminum,
brass, copper, lead, plastic, and stainless steel.

Water treatment devices Filter, strainer, water softener, chemical addition equipment for disinfection and corrosion control.

Water service and distribution
piping and faucet connectors

Various material types have been used, including acrylonitrile butadiene styrene (ABS), brass, cast
iron (CI), chlorinated polyvinyl chloride (CPVC), copper, crosslinked polyethylene (PEX), ductile
iron (DI), high density polyethylene (HDPE), lead, lead lined steel, multilayer pipes, polyethylene
raised temperature (PERT), polypropylene (PP), unplasticized polyvinyl chloride (uPVC),
polyvinylidene fluoride (PVDF), black steel, stainless steel.

Hot water recirculation system Hot water is pumped through primary and secondary water heater loops, which serve different
building zones to reduce the delivery time of hot water. These have to be hydraulically balanced.
Equipment includes master mixing valves, local mixing valves, flow-balancing valves, pressure-
reducing valves, hot water return pumps, and water heaters. Multiple temperature loops may exist.
Operation of pumps may be intermittent in some systems.

Fixtures and fixture fittings Aerator, air washers, atomizers, bathtub, bidet, decorative fountains, dishwasher, drinking fountain,
eyewash stations, manual faucet, electronic faucet, faucet flow restrictors, hoses, point-of-use
mixing valves, hot tubs, humidifiers, ice machines, misters, shower head, shower wand, sink, tub
spout, toilet, urinal, washbasin

Pumps Pumps are often used for pressure boosting within the building (i.e., for multistory buildings) where
water pressure entering the building is not adequate for water use at distal locations. Pumps are
also used for hot water recirculation systems.

Tanks Standard water heater, pressure tanks, on-demand water heater, hydropneumatic tanks, cold water
supply storage tank. Water heaters can contain Mg or Al sacrificial anodes and plastic dip tubes.

Point-of-use devices On-faucet treatment system, under sink treatment system.

Note: ASHRAE 188 defines the delivery system for hot and cold water as the “potable” water system (ASHRAE Standards Committee, 2018),
and it is sometimes referred to as “domestic” water. Some of the components contain both metal and plastic subparts. These include gaskets;
polysulfone or PEX dip tubes; and liners and coatings such as glass, ceramic, epoxy, polyurethane, polyurea, and fiberglass. Gaskets may be
ethylene propylene diene monomer (EPDM) (sulfur or peroxide crosslinked), butyl rubber (BR), natural rubber (NBR), neoprene, styrene
butadiene rubber (SBR), and synthetic rubber.
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FIGURE 2 Building plumbing

schematic. Top: what occupants can

see; Option 1: Traditional trunk-and-

branch; Option 2: trunk-and-branch

with headers for every flow; Option

3: trunk-and-branch with multiple

risers
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temperatures (e.g., cold, multiple hot systems) might
have their own parallel piping system through a building.
Given the variability and complexity of plumbing, it is
difficult to make generalizations.

3.2 | Water management practices
under normal use

Normal building operation can often result in stagnation
(e.g., offices over the weekend, unused hotel rooms), and
the reactions described in Sections 3.1 and SI-1 (a contin-
ued discussion on reactions occurring during stagnation)
continuously occur at highly variable rates. Green build-
ings may be especially impacted by stagnation as they are
designed for lower water use without substantially chang-
ing plumbing design (Rhoads et al., 2016; Rhoads, Pearce,
et al., 2015; Salehi et al., 2020). To manage the water
quality issues that occur even with normal use, some
buildings (e.g., healthcare) are required to have building
water management plans (BWMPs) (ASHRAE Standards
Committee, 2018; CMS, 2017; VHA, 2014). However, in a
small survey, nearly 60% of commercial building respon-
dents (n = 29) had not heard of building water manage-
ment plans (Masters, Clancy, Villegas, LeChevallier, &
Bukhari, 2018).

Building water management plans help guide pre-
vention and response to water quality issues, especially
opportunistic pathogen growth. The management of
building water ultimately requires a diversity of stake-
holders to (a) supply water; (b) design, construct, oper-
ate, and maintain the system; (c) recommend and
implement public health interventions; and (d) enforce
applicable codes and regulations, which vary widely by
state. Each category has individual building components
that require a range of stakeholder involvement and
may require one or more external vendors/suppliers to
coordinate and manage. Development of BWMPs may
also be considered in response to COVID-19-related
stagnation (Table 2, details in Table S2) (CDC, 2020;
ESPRI, AH Environmental Consultants, et al., 2020);
however, the full implementation of BWMPs can take
years and require substantial resources, and these docu-
ments do not necessarily address long periods of low or
no water use explicitly. Building owners and creators of
COVID-19-related plumbing guidance may want to
instead focus on the most important aspects related to
water quality and on quickly achievable goals. This
includes keeping water fresh and thermal regulation
(i.e., keeping cold water cold and hot water hot).
Resources are readily available to aid in the develop-
ment of these plans (ASHRAE, 2000; ASHRAE Stan-
dards Committee, 2018; CDC, 2017a).T
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3.3 | Prevention of water quality issues
during periods of low use

Buildings or entire communities can experience long-
term periods of low or no use (e.g., schools over the sum-
mer, ski resort/snowbird communities, buildings unoccu-
pied between owners, water shutoffs). The buildings
impacted by COVID-19 stay-at-home orders may have
had either reduced or no water use for weeks to months.
The actions described here may be helpful to implement
during stagnation and are recommended in some guid-
ance documents (Table 2).

Routine flushing introduces freshwater to the system
regularly to help prevent problems from developing. It
could be used to remediate problems if performed fre-
quently or could offset partial capacity during a ramp-up
of economic activity (Meyers, Luna, & Willon, 2020).
BWMPs often contain provisions for weekly flushing of
“unused” or “unoccupied” outlets (NASEM, 2019) in oth-
erwise occupied buildings, but criteria for its efficacy
have not been thoroughly documented. Necessary fre-
quency is especially difficult to determine. Weekly flush-
ing may be insufficient for effective Legionella control
due to: (a) plumbing design, hydraulic balancing, or tem-
perature issues; (b) complexity of components such as
electronic faucets and thermal mixing valves; and (c)
stored volume of water relative to water use (i.e., incom-
plete turnover). In one hospital with hot water rec-
irculating temperatures that were inadequate to prevent
Legionella growth (<45�C), a flushing frequency of every
2 hr was required to reduce culturable Legionella num-
bers to “acceptable” levels (Totaro et al., 2018).This flush-
ing frequency is likely only achievable with auto-flush
faucets or solenoid valves and is a clear indication that,
for some systems, flushing alone may not achieve accept-
able results. Flushing recommendations generally rely
upon the assumption that water delivered to the building
and used for flushing has a growth deterrent (high tem-
peratures or disinfectant) and a corrosion control compo-
nent, which may not be the case (Branz et al., 2017;
Connexion, 2020; Salehi et al., 2020). Flushing as a pre-
ventative measure in completely unoccupied buildings
has not been studied previously. Considerations for the
development of plans for flushing (i.e., necessary actions,
order of actions, duration of flushing) are discussed in
Section 3.5 (Figure 3).

Water heater operation can be altered in periods of
low or no water use in the building (e.g., turning off a
water heater in a summer home during winter).
Legionella management in large buildings typically relies
on thermal control (Bédard et al., 2015, 2016;
NASEM, 2019). In large buildings, recirculation loops
(Table 1) are often used to move hot water continuously

throughout the building, reducing the time for hot water
delivery and maintaining high temperatures for stored
volumes. For thermal controls to remain effective, both
heaters and recirculation lines should maintain high tem-
peratures. However, this approach should be combined
with regular flushing of distal pipes at the POU, which
can be maintained at ideal opportunistic pathogen
growth temperatures during periods of nonuse (Rhoads,
Ji, Pruden, & Edwards, 2015). If water heaters or rec-
irculation pumps are completely shut down, this may
save energy and allow systems to cool to suboptimal
growth ranges. The latter has never been studied but is
recommended by some (Table 2). If hot water systems
are allowed to cool, adequate amounts of flushing should
be performed to maintain a disinfectant residual through-
out the hot water system, which may be difficult due to
disinfectant reactions with plumbing (e.g., water heater
sediments).

Draining building water systems is sometimes carried
out when water systems are purposefully shut down for
extended periods (e.g., for construction, summer homes
in winter). This may prevent growth in water but can
introduce many other issues. Plumbing is designed to
maintain pressure, and drainage could introduce back-
flows and contamination from other water systems, such
as cooling towers and fire protection systems, if effective
backflow prevention is not in place. Refilling systems
may result in the destabilization of sediments and bio-
films or the introduction of external contaminants to the
pipes. Shock disinfection may be necessary at startup
after depressurization: If depressurization is thought to
have occurred in seasonal potable water systems, addi-
tional shock disinfection is recommended (US EPA
Region 8, 2020). While one guidance released regarding
COVID-19 building closures advised for draining plumb-
ing (PHE, 2020), another guidance explicitly advises
against it due to the pockets of water likely to remain in
plumbing (ESGL, 2020). Drained systems likely have dif-
ferent growth conditions, which may induce mold or
other organisms to grow. Plumbers are likely needed to
safely drain and restart drained plumbing systems, and
this procedure may not be feasible for many buildings
(e.g., with continued occupancy by essential employees).

Water utility distribution networks suffer similar stag-
nation issues to buildings. As the efficacy of periodic
flushing depends on the water supplied by the water util-
ity, utilities play a role in the prevention of building
water quality issues. A disinfectant residual should be
present but may be harder to achieve with reduced sys-
tem demand. Utilities may increase the concentration of
disinfectant residual in their distribution system, which
has precedent in this and other emergency situations
(Branz et al., 2017; Connexion, 2020). This must be
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FIGURE 3 Considerations for recommissioning guidance in six major categories: recommissioning necessity, informing occupants,

system integrity, flushing considerations, disinfection considerations, and readiness of water for use. 1ASHRAE 188 is an adoptable standard

focused on Legionella contamination and is the only guidance regarding length of closure that may prompt the recommendation for

recommissioning actions; it may not apply to all contaminants discussed; 2multifamily residential, >10 stories tall, healthcare facility, patient

stays >24 hr, housing or treating immunocompromised individuals, housing >65-year-old occupants
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weighed against increased disinfection byproduct forma-
tion. Utilities may also more closely review routine water
quality monitoring data, implement focused flushing
efforts (Judd, 2020), or install auto-flushers to increase
delivery of disinfectant residual.

3.4 | Recovering plumbing after periods
of low or nonuse

If no preventative actions are applied, a process called
recommissioning may be needed (Figure 3). No consen-
sus was found in literature for the length of time a build-
ing can remain unoccupied or have low occupancy
before it should be formally recommissioned or for the
extent of actions that should be performed. Several
actions described in Table 3 are suggested for the annual
restart of seasonal potable water systems (e.g., camp-
grounds, fairgrounds) and as part of initial building
commissioning if building occupancy is delayed. Specific
care must be taken in adapting these documents as the
complexities and variability of large building water sys-
tems may not be considered. Moreover, the continued
occupancy of some buildings during prolonged stagna-
tion (e.g., essential staff) may not be compatible with cer-
tain actions.

System integrity should be checked before taking any
remedial actions. For buildings, this could involve the
inspection of mechanical and plumbing components
(Table 1) to identify leaks, depressurization, adequate
backflow prevention, and assessment of functionality (e.
g., hot water supply and return temperatures, on-site dis-
infectant dosing correctly). The performance of routine
maintenance or startup procedures if equipment was
taken offline can also be considered.

Recommissioning flushing has similar goals and con-
siderations as routine flushing. There is precedent for
using flushing alone to restart water systems that have
experienced extended stagnation but maintained pressure
(ADEQ, 2015; US EPA Region 8, 2020). However, this
flushing-only strategy is targeted for the reduction of
coliforms (Total Coliform Rule (Code of Federal Regula-
tions, 2011)) or lead (flushing for schools (EPA, 2018)),
which can be removed relatively easily. Flushing cannot
eliminate biofilms where opportunistic pathogens can
continue to grow, and it is unclear how flushing alone
would impact opportunistic pathogen recurrence. Espe-
cially with a slow ramp-up of building activity (i.e., phase
plan for COVID-19 pandemic recovery (Meyers
et al., 2020)), initial flushes might need to be paired with
routine flushing to introduce more freshwater to pipes.
The development of a flushing plan is discussed in
Section 3.5.

Flushing after long stagnation also requires the addi-
tional consideration of worker safety. Initial flushes of
stagnant water can sometimes release high concentra-
tions of chemical and microbiological contaminants due
to high shear stress (Lehtola, Miettinen, Hirvonen, Var-
tiainen, & Martikainen, 2007) and in situ reactions (SI-1,
reactions occurring during stagnation). To reduce expo-
sure risk, workers responsible for flushing can be
screened for preexisting conditions that may make them
vulnerable (e.g., to opportunistic pathogens), and/or per-
sonal protective equipment (PPE) can be used (Table 2).
The Occupational Safety and Health Administration
(OSHA) mentions N95 respirators but recommends vol-
untary use of N100 “if Legionella contamination is possi-
ble” (OSHA, n.d.). Some COVID-19 guidance
recommends P100 HEPA filter respirators when sam-
pling building water and Legionella may be present
(AIHA, 2020) as Legionella or other pathogen-containing
aerosols can accumulate in the room as flushing is per-
formed. The Centers for Disease Control and Prevention
(CDC) recommended, to authors of this study, that local
health authorities should be consulted to determine
appropriate PPE (CDCInfo, Personal communication,
Atlanta, GA, April 1, 2020). The global shortages in criti-
cal PPE (e.g., gloves, masks) (Parshley, 2020) surrounding
the COVID-19 pandemic must also be considered. To fur-
ther reduce exposure, flushing can also be conducted in a
manner that reduces water splashing and aerosolization
(CDC, n.d.) (e.g., hoses to connect spigots to drains,
towels and bags placed over faucets and showerheads,
covering toilets). Increasing ventilation can also help to
reduce aerosols during flushing activities.

It may be beneficial to coordinate recommissioning
flushing with actions taken by the local utility. Cus-
tomers could coordinate building flushing with utility
hydrant flushing efforts or conduct flushing during
periods when utilities temporarily boost disinfectant
levels. It is possible that many buildings flushing concur-
rently could impact local buried water distribution sys-
tem pressure (Johnson, 2014).

Shock disinfection introduces a high concentration of
disinfectant or high temperature for a relatively short
period of time to reduce the presence of microorganisms
in the system. This procedure may reduce biofilms but is
not designed to eliminate biofilms. The practice is com-
mon for initial building commissioning and remediation
of Legionella colonization. The American Society of
Heating Refrigeration and Air-conditioning Engineers
Standard 188 (ASHRAE 188 (ASHRAE Standards Com-
mittee, 2018)) outlines that shock disinfection after con-
struction should occur within 3 weeks of planned
occupancy. If occupancy is delayed more than 4 weeks,
another shock disinfection is required prior to occupancy.
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It is unclear how this would apply for buildings that have
already been occupied or have continued low occupancy.
Another challenge is that the ASHRAE 188 action thresh-
olds (e.g., 3 and 4 weeks) are not based on peer-reviewed
studies with supporting evidence.

Free chlorine, chlorine dioxide, chloramines, and
thermal shock have been used successfully for
remediating Legionella growth (NASEM, 2019; US
EPA, 2016). Some COVID-19 guidance recommends
shock disinfection (Table 2) (International Code Coun-
cil, 2020). Targeted approaches to disinfect plumbing
associated with high-exposure activities for inhalation of
aerosols (e.g., showering, Jacuzzis) have been used in the
past and are suggested by the CDC in their COVID-19
building system guidance (CDC, 2020).

The implementation of shock disinfection likely
requires the assistance of professionals to ensure efficacy
and safety. Disinfection recommendations for commis-
sioning procedures would have to be adapted (Table 4).
In short, all parts of the system should be exposed to
water with an inhibitory temperature or with disinfec-
tants for recommended durations to achieve sufficient

contact time. Flushing is recommended both before and
after the procedure to remove loose deposits and high
levels of chemical disinfectants. A building water system
risk assessment (performed by professionals) can help
identify any secondary issues with water system opera-
tion (e.g., unbalanced hot water system (Bédard, Boppe,
et al., 2016; Bédard, Fey, et al., 2015; Boppe et al., 2016;
NASEM, 2019)), thus maximizing procedure efficiency.
Material compatibility can be an issue, with shock disin-
fection causing plumbing leaks and damage
(Christensen, 2003; Mead, Lawson, & Patterson, 1988;
Raetz, 2010; Rockaway, Wiling, & Schreck, 2007). To
avoid dermal and inhalation exposure, it may be neces-
sary to prevent building entrance or post clear signage to
warn of harmful chemicals or temperatures. Disposal of
water with high chemical concentrations may require
pretreatment or coordination with local wastewater
authorities. Lower dosage limits combined with increased
contact time may be desirable to limit potential issues
with high chemical doses (i.e., pipe damage, disposal).

Testing, while not typically required for occupied
buildings, is the most definitive way to ensure that water

TABLE 4 Comparison of disinfection methods from plumbing codes, AWWA standards for water utility infrastructure, and ASHRAE

guideline 12-2000a

Method name
Initial chlorine level/
temperature to be maintained Minimum contact time Required level after contact

Uniform Plumbing Code (IAPMO, 2018); International Plumbing Code (International Code Council (ICC), 2018)

Option 1 50 mg/L 24 hr No level reported

Option 2 200 mg/L 3 hr No level reported

AWWA Standard C651-14, Disinfecting Water Mains (AWWA, 2014)b [46]

Tablet 25 mg/L 24 hr 0.2 mg/L
After 24 hr

Continuous feed 25 mg/L 24 hr 10 mg/L
After 24 hr

Slug 100 mg/L 3 hr Not applicable

Spray 200 mg/L Not applicable Not applicable

AWWA Standard C652-92, Storage Facility Disinfection (AWWA, 1992)

Method 1 (full storage) Achieve 10 mg/L after the
appropriate 6 hr or 24 hr
period.

6 hr if gaseous chlorine feed used;
24 hr if calcium or sodium hypo used

10 mg/L

Method 2 (spray or painting) 200 mg/L 0.5 hr Not applicable

Method 3 (full storage) 50 mg/L 24 hr 2 mg/L

ASHRAE Guideline 12–2000a (ASHRAE, 2000)

Chemical shock To discretion of building owner; indicates that AWWA C651-14 should not be used (5.5.1)

Thermal shock ≥70 �C 20 min at all outletsc During flushing

abased on public draft review February 2018.
bThese guidelines are not intended for building use.
cUse with caution; thermal capacity of heaters may not be capable of supplying this temperature given flushing demand. Performing shock
treatment in phases to allow water heater recovery may decrease efficacy.

16 of 27 PROCTOR ET AL.



in a building is ready for use. Requiring testing after
disaster has precedent: When volatile organic compounds
were discovered in drinking water after a wildfire in Par-
adise, California, the local health authority required tests
prior to occupancy (BCHD, 2019; Proctor, Lee, Yu, Shah,
& Whelton, 2020). Moreover, some North American
authorities require testing of lead and copper in schools
(Indiana General Assembly, 2020; NY State, 2015). Test-
ing has been recommended in some COVID-19 guidance
documents (Table 2) to validate flushing and rec-
ommissioning practices. If conducted, testing should
focus on relevant water quality parameters. Testing for
disinfectant residual, which is required with the startup
of seasonal potable water systems, can easily be per-
formed on site with inexpensive hand-held instruments.
Testing for metals (e.g., lead, copper) can be accom-
plished using a certified lab. Total coliform or E. coli test-
ing, frequently used to certify seasonal systems or
buildings for occupancy after construction (ADEQ, 2015;
US EPA Region 8, 2020; USEPA, 2013), has low relevance
in occupied pressurized buildings. General bacteria test-
ing (e.g., heterotrophic plate count, HPC) may be more
relevant to determine the success of shock disinfection,
but HPC results are difficult to interpret because normal
use results in high and variable counts in buildings
(Inkinen et al., 2014; Lautenschlager, Boon, Wang, Egli,
& Hammes, 2010; Nguyen et al., 2012; Salehi et al., 2018;
Siebel, Wang, Egli, & Hammes, 2016; Zlatanovi�c, van der
Hoek, & Vreeburg, 2017). Importantly, HPC levels have
not been associated with any known health impacts.
Testing for opportunistic pathogens is more relevant for
understanding health risks and comparing measured
concentrations with concentration limits recommended
for reducing risk (Hamilton et al., 2019; Whiley, 2017).
However, choosing which one(s) to test for, how/where/
when to collect samples (e.g., first flush versus after flush-
ing for several minutes), and how to interpret results
requires professional assistance due to the variability in
water quality within a building (Bédard et al., 2018;
Inkinen et al., 2014; Salehi et al., 2020). Advice for regu-
lar Legionella sampling in other countries may be a useful
start point (NASEM, 2019). Testing should be conducted
through a certified lab, and results are not available for
7 days or more. Testing recommendations in guidance
documents often lack the necessary specificity, especially
regarding where to test (Table 2).

3.5 | Considerations for flushing plans

Guidance for flushing, whether for routine or rec-
ommissioning flushing, must account for variability in
building water systems. The development of site-specific

flushing plans is necessary. Estimating the total volume
in the water system, or diagnostic testing (disinfectant
residual and/or temperature), can help determine how
much water to flush at each location. All flushing proce-
dures should begin by establishing freshwater at the POE
(i.e., adequate flushing to clear the service line and any
stagnant water in the distribution system) and then pro-
gressing through the system in a “downstream” fashion,
as described below. An inventory of water outlets and
devices will help ensure water movement at all taps.
Flushing plans may vary slightly if they are conducted
periodically versus after extended stagnation; for
instance, recommissioning flushing may include draining
and cleaning of storage tanks, whereas routine flushing
may not. The time, effort, and cost (e.g., water price
(Muscarella, 2004)) of flushing will vary considerably
among buildings.

Service lines provide water to the building for cold,
hot, and other property water systems (e.g., sprinkler sys-
tems (AWWA, 2018), cooling towers). The water volume
stored in a commercial building service line can range
from tens of gallons to thousands of gallons (Ra,
Montagnino, Proctor, & Whelton, 2020) depending on
the property design (Figure 4). It is critical that water is
flushed at the building POE first to avoid drawing stag-
nant or potentially contaminated water into plumbing.
Multiple POEs may also exist in a building. Conducting
POE flushing in conjunction with hydrant flushing—
either by the utility or with privately owned fire hydrants
(e.g., on campuses)—may be considered to clear service
lines (Ra et al., 2020). It is advisable to confirm the pres-
ence of disinfectant residual at the POE as distribution
system water quality may be degraded.

Mechanical plumbing equipment located in mechani-
cal spaces and “upstream” of the main building piping
network (Table 1) must be considered. Bacterial growth,
including pathogens, has been associated with this equip-
ment and with subsequent disease cases (Bédard
et al., 2016; Borella et al., 2004; Garrison et al., 2016;
Stamm, Engelhard, & Parsons, 1969). Volume stored in
the devices must be overturned, which can be difficult
because of nonideal flow through them (e.g., water
heaters; Hawes et al., 2017). As buildings have a wide
variety of devices, general guidance should require
inventorying devices. Several guidance documents
recently released for homes (EGLE, 2020; Ohio Environ-
mental Protection Agency, 2020) and buildings (Table 2)
with stagnant/shutoff water fail to account for all devices.
In the case of recommissioning, additional action may be
needed, including ensuring the equipment is still func-
tioning or draining/cleaning. Manufacturer guidance
does not typically cover prolonged stagnation events.
Routine maintenance and initial startup procedures (e.g.,
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softener resin replacement or cleaning and disinfection,
filter replacement) can serve as a starting point. Adapting
existing recommendations should focus on ways to fully
overturn the storage volume and remove accumulated
sediment/biofilm (Masters et al., 2018; Rhoads
et al., 2020).

Plumbing configuration, including pipe length, diam-
eter, and layout, can vary greatly (Figure 2). Site-specific
configurations will affect the water volume (and time)
needed to flush each tap, toilet, or device and the order
in which outlets should be flushed. Typical nonre-
sidential plumbing systems in large buildings have a
trunk-and-branch design with one or more risers and
headers with branches to individual outlets but may have
much more complexity (e.g., multiple pressure zones
with tanks in high-rise buildings, Table 1). Smaller sys-
tems may also have a manifold design. Implementing
effective protocols may require access to plumbing plans
(or as-built drawings, if available) and/or building per-
sonnel knowledge of system design and operation. As-
built construction drawings may also be useful in
inventorying every water outlet (e.g., outdoor spigots, for-
gotten taps) so that every pipe and location is flushed.
Dead ends (pipes that lead to nowhere) can also exist in
buildings, especially if buildings have been remodeled or
had a change in use. Dead-end pipes will require profes-
sional help to flush (e.g., with depressurization); it is best
to identify and cap them as close to main branches as
possible.

End-use devices (i.e., appliances, Table 1) also have
internal water storage, and many become colonized by
pathogens (Beach et al., 2003; Callewaert, Van Nevel,
Kerckhof, Granitsiotis, & Boon, 2015; Garvey, Bradley,
Tracey, & Oppenheim, 2016; Graman, Quinlan, &
Rank, 1997; Ortolano et al., 2005; Sacchetti, De Luca,
Guberti, & Zanetti, 2015). Yet, they are absent from some
COVID-19-inspired building water system flushing guid-
ance (Table 2). These devices' volumes can be overturned
by running them or manual action (e.g., discarding sev-
eral batches of new ice). For recommissioning, routine
maintenance of all devices (e.g., replacement of filters)
should also be considered. Medical and dental facilities

with specific sterile water or special application appli-
ances (e.g., dialysis, heater–cooler machines) must be
particularly carefully maintained and cleaned. Proce-
dures and manufacturer protocols for these devices
should always be consulted (Allen et al., 2017; Garvey
et al., 2016; Muscarella, 2004; ProEdge Dental, 2020; van
Ingen et al., 2017).

Fixtures such as faucets, aerators, fountains (bub-
blers), thermostatic mixing valves, showerheads, and
shower hoses can be relatively easily removed, cleaned,
and/or discarded. Pathogen growth and heavy metal
accumulation (e.g., particles of copper, iron, lead) have
been associated with these plumbing components
(Bédard et al., 2015; Cohen et al., 2017; Huang &
Lin, 2007; Kappstein, Grundmann, Hauer, & Nie-
meyer, 2000; Proctor, Reimann, Vriens, & Hammes, 2018;
Shaw et al., 2018; Sydnor et al., 2012; Takajo et al., 2019;
Verweij et al., 1998; Wang, Chen, Lin, Chang, &
Chen, 2009; Weber, Rutala, Blanchet, Jordan, & Ger-
gen, 1999; Whiley, Giglio, & Bentham, 2015). Thermo-
static mixing valves, used in showers and faucets to mix
hot and cold water to prevent scalding, have been identi-
fied as particularly problematic for the growth of
Legionella (Niedeveld, Pet, & Meenhorst, 1986; van der
Lugt et al., 2017; Van Hoof, Hornstra, Van Der Blom,
Nuijten, & Van Der Wielen, 2014). Cleaning such devices
is recommended for normal maintenance (Masters
et al., 2018; NASEM, 2019; Health and Safety Executive
(HSE), 2013; Castex & Houssin, 2005), and rec-
ommissioning may be an opportune time for these prac-
tices. At a minimum, these devices should be checked for
functionality as the release of sediment during flushing
can cause them to leak or become plugged, potentially
creating a cross-connection between hot and cold water
systems. While not directly part of water delivery, sink
drains can be a source of pathogens, contaminating fau-
cet aerators in hospitals (Parkes & Hota, 2018), and thus,
cleaning and disinfection should be considered.

Wastewater generated during flushing must also be
considered. If the building utilizes an on-site septic sys-
tem, special care must be taken not to overload and flood
the system as this can permanently damage the tank and

FIGURE 4 Example variation

in the length of an actual service

line from water main to an actual

building water system
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leaching field. Any flushing procedure should ensure that
drainage capacity can be met, and flushing must be mon-
itored to avoid flooding (i.e., with drain blockage) and
cross-connections.

Flow rate during flushing is an important consider-
ation, especially as it dictates how long it will take to
remove water from plumbing. Some experts suggest low
flow rates at taps to minimize aerosolization (Lee, 2020b).
Flushing at high flow rates can mobilize loose deposits
and biofilm from pipe walls, which may be desirable dur-
ing recommissioning, but requires several considerations.
There is no consensus among experts, and a mixed
approach (i.e., starting low and increasing flow rate as
water quality improves) could be used.

Mobilizing deposits requires water to move at high
velocities. For water mains (4–16 in. diameter [100–
400 mm]), a sustained water velocity of 3 ft/s [0.9 m/s]
achieved 2.5-log removal of sand particles (Kirmeyer
et al., 2014). For a similar velocity in the smaller pipes
of plumbing, very high flow rates would be needed:
2 in. [50 mm] (34 gpm, 129 lpm), 1 1/2 in. [40 mm] (19
gpm, 72 lpm), 1 in. [25 mm] (9 gpm, 34 lpm), and 3/4
inch [20 mm] (5 gpm, 19 lpm), ⅝ inch (3 gpm, 11 lpm).
Achieving such high flow rates may require additional
effort. Removing aerators increased flow rates by 20%–
80% (Hawes et al., 2017), but removing these devices
can also require special tools or be difficult because of
scale buildup. Devices and equipment can reduce water
flow rate (e.g., filters, softeners) (Baranovsky et al., 2018),
so bypassing devices may be beneficial during down-
stream flushing, but bypassed devices would still need
to be considered in a flushing/cleaning protocol. Guid-
ance documents often recommend opening all faucets
at once (i.e., lead service line flushing guidance,
designed to maximize flow rate in a service line (Water
Works Association, 2017)), but this can be logistically
challenging.

High flow rate flushing can also cause issues. To mini-
mize the water hammer effect, a water velocity less than
10 ft/s [3 m/s] is recommended (Angers, 2002). It may also
be difficult to maintain pressure during high flow rate flush-
ing, especially in buildings that are large, improperly
designed, or that have corrosion issues. If pressure is not
maintained, then the resulting reduced flow (velocity) in
individual distal pipes could be ineffective for flushing or
result in the deposition of particles (i.e., lead) that were dis-
lodged from trunks or service lines. Depressurization, which
could trigger a need for disinfection, and back-siphonage,
the reversal of flow direction (Hawes et al., 2017), can also
occur. To avoid sediment deposition of service line sedi-
ments (e.g., lead), the service line can be flushed first at the
POE. Opening only a subset of fixtures (i.e., by pressure
zone) may also ease pressure demands.

Diagnostic testing can check that that flushing is
complete—that all stagnant water is removed from the
system and growth deterrent is delivered to all taps. Diag-
nostic tests, including turbidity, pH, temperature, specific
conductance, and disinfectant residual, are suggested by
the US Environmental Protection Agency (USEPA) to
determine where water is originating from during flush-
ing (EPA Region 4, 2019). Temperature stabilization
(<0.1 �C or <0.2 �F change (EPA Region 4, 2019)) is easy
and may indicate that water is coming from the distribu-
tion network, but local climate considerations should be
taken into account (i.e., water will not get cold in hot cli-
mates in summer). Inexpensive hand-held disinfectant
residual monitors can also be used. Disinfectant residual
test strips should be used with caution. Care should be
taken to test for the correct disinfectant (i.e., free and
total chlorine for systems using chlorine versus
monochloramine and total chlorine for systems using
chloramines; total chlorine alone can be a useful indictor
for either system).

A disinfectant residual is unlikely to persist through
water heaters, so temperature is used as a flushing diag-
nostic in hot water systems. This is more difficult than in
cold systems but has been successful (Bédard, Fey,
et al., 2015; Boppe et al., 2016). A high stable temperature
(i.e., 55 �C, recirculating temperature) may be reached
for several minutes without drawing significantly from
the water heater (i.e., 60 �C, heater set point). If the sys-
tem is not properly balanced, steady-state temperatures
can vary substantially throughout the building. Changes
in building heating and cooling or hot water system oper-
ation during shutdown may also affect flushing tempera-
ture profiles. Installation of temperature probes may
enable building managers to better understand their
building water during flushing and normal use.

Flushing duration is extremely difficult to generalize
in flushing plans. Widely issued time-based flushing pro-
tocols will be ineffective for some buildings becase of var-
iability in building water systems. For example, using
some prescribed times recommended in COVID-19 build-
ing water guidance documents (Table 2) would not suf-
fice for removing the “dead volume” from an out patient
healthcare facility, green office building, or a school in
which the authors have worked (Montagnino, Ra, Proc-
tor, & Whelton, 2020; Ra et al., 2020; Rhoads et al., 2016).
Because of nonideal and nonplug flows in pipes and
appliances, replenishing volume will require flushing
more volume than is present in the system (Hawes
et al., 2017). Even under normal scenarios, residuals can
be difficult to achieve at the POU, lengthening the neces-
sary flushing time. For example, >80 minutes of flushing
was needed to obtain a residual at distal outlets in one
green outpatient healthcare building (Rhoads et al., 2016).
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Flow rates can vary considerably by tap (i.e., attributable
to flow obstruction by scale or fittings), temperature, or
time (i.e., inconsistent pressure delivery) within a build-
ing. If relying on volume calculations alone, these varia-
tions may impact time needed to flush.

3.6 | Communication

No regulations were found that required building owners
to notify building occupants about building water quality.
However, a proactive approach to addressing and com-
municating water quality issues in buildings is generally
recommended at both the utility and facility levels
(AWWA, 2020). If a communication program is pursued,
several items should be considered. Communications
about building water health risk should be coordinated
with local public health authorities. Example communi-
cation messages for building owners, public health
authorities, and water utilities related to building water
can be found in the supplementary information section
(see SI-2).

Information developed for utilities may be informa-
tive for developing materials for building owners to
communicate with their occupants. Available materials
are focused on utilities communicating with building
owners regarding the presence and detection of
Legionella, lead, disinfection byproducts, and total coli-
forms (American Water Works Association, n.d.;
ASHRAE Standards Committee, 2018; AWWA, 2019;
CDC, 2017b, 2017c; CDC et al., 2016; EPA, 2013; Mas-
ters et al., 2018; USEPA, 2018a, 2018b). Guidance on
utility-issued boil-water notices and do-not-drink and
do-not-use notices in escalating order of severity is also
available (CDC et al., 2016), but building owners
should be aware that these warnings are focused on
meeting primary drinking water regulations and are
not necessarily protective of public health with respect
to opportunistic pathogens.

Public health communications should inform build-
ing occupants about building-specific hazards and pre-
ventative or mitigating actions being taken and the
reasons for performing those actions. These communi-
cations should follow standard approaches of: (a) being
tailored to individual building situations; (b)
addressing specific occupant concerns; (c) identifying
particular risk factors for those potentially exposed (e.
g., elderly or immune-compromised), so individuals
can make informed decisions limiting their risk; (d)
providing accessible delivery to all building occupants
(i.e., sixth to seventh grade reading level, multiple lan-
guages, and delivery modes such as email or signage);
and (e) communicating specific preventative actions (e.

g., not entering the building during flushing periods).
Communication regarding risks to Legionella exposure
has been developed (CDC, 2017a) but has not been tai-
lored for the COVID-19 situation.

Temporary water use restrictions or guidelines
targeting specific actions have been enacted in past disas-
ters. A similar approach may be relevant as COVID-19
stay-at-home orders are lifted to minimize public health
impacts from stagnant water. For example, when volatile
organic compounds were discovered in drinking water
after a wildfire, water use restrictions targeted exposures
to volatiles (PID, 2018; Proctor et al., 2020). After
extended stagnation, a temporary restriction on showers
and other aerosol-producing devices in affected buildings
could be considered. Water use could also be limited to
toilet flushing and handwashing. This could help protect
a variety of individuals who are at higher risk of opportu-
nistic pathogen infection, including critically ill or highly
immunocompromised individuals (neonates, chronic
obstructive pulmonary disease [COPD] or chronic lung
disease patients, cancer patients), as well as a large frac-
tion of the general population (>60 years old, smokers,
diabetics) and, potentially, persons who are recovering
from COVID-19. Vulnerable populations can exist in all
buildings and are not always easily identified. One large
building owner who contacted the authors has been post-
ing “drinking water out of service signs” at faucets where
no residual can be found, which also reduces touch
points for COVID-19 transmission. In extreme contami-
nation situations, building owners could perform a “lock-
out and tagout” of the affected water fixture or building
area (Sonoma State University, 2016).

4 | CONCLUSIONS

This review was conducted to inform the development of
guidance to address water quality concerns in fully or
partially shutdown buildings and the reopening/
repurposing of other buildings. Reduced or no water use
in buildings may present both chemical (lead, copper)
and microbiological (opportunistic pathogens) health
risks. However, the unprecedented nature of widespread,
long-term building closures has never been studied, and
health risks have not been quantified with respect to spe-
cific plumbing designs, plumbing features, or operational
parameters. Building water quality is the responsibility of
the building owner, although codes require that the local
health authority (generally referred to in the UPC and
IPC) (IAPMO, 2018; International Code Council
(ICC), 2018) make decisions about building water system
commissioning, and similar responsibility may be con-
ferred for recommissioning. The delivery of high-quality
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water requires the cooperation of several diverse
stakeholders.

Several efforts were recognized as requiring future
investigation, which include the need to

• Evaluate the effectiveness of specific recommissioning
actions or series of actions in reducing health risks
across plumbing configurations. Documenting success
or failure of guidance will allow for improved guidance
that minimizes risks and costs.

• Develop methods for determining the frequency, num-
ber, and location of representative water samples for a
building and the necessary chemical and microbiologi-
cal analyses needed to adequately assess health risks
and inform remedial actions.

• Investigate the factors that control chemical and
microbiological water quality characteristics under
prolonged stagnation (i.e., months) and strategies to
prevent water quality deterioration.

The COVID-19 response provides an opportunity for
health officials, building owners, and utilities to proac-
tively reduce building water system health risks. Coordi-
nation of efforts between these entities will enhance
success. Evidence-based standards and guidance are lac-
king and are needed to address routine building water
system maintenance (e.g., flushing), monitoring, and rec-
ommissioning procedures (Singh et al., 2020). In the
absence of those standards, information contained in this
review can help inform and guide health authorities and
building officials make building water system and public
health decisions. In writing guidance for buildings
impacted by the COVID-19 pandemic, several key facts
should be considered:

• Guidance must allow for site-specific variation in
buildings and allow for tailored plans and actions.

• Stagnation duration and severity will vary (e.g., by
length of stay-at-home order, type of business, and
plan for building reoccupancy), and actions may
need to be tailored. More complex building plumb-
ing, particularly for higher-risk occupants, may
require more intensive preventative or remedial
measures.

• Multiple resources have been developed regarding
COVID-19, but not all are equally reliable or relatable
to low occupancy of building closures prompted by the
pandemic.

• Clear communication with building occupants and
workers performing water system maintenance and
recommissioning actions can establish trust and better
protect public health.

• With a slow ramp-up of building occupancy, water
stagnation will continue. Repeated actions (e.g., rou-
tine flushing) may be necessary to prevent water qual-
ity degradation and plumbing damage.

• Emergency preparedness requires forethought. If pre-
ventative actions (i.e., routine flushing guidelines) are
developed now, they can be implemented now and in
response to future disasters that prompt low occupancy
or building shutdowns.
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