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Abstract

The coronavirus (COVID-19) pandemic prompted the closure and reopening of previously
shutdown large buildings globally. Building water stagnation has been identified as a potentially
serious chemical and microbiological health concern for occupants. Health officials, building
owners, utilities, and other entities are rapidly developing guidance. A synthesis of peer-reviewed,
government, industry, and nonprofit literature relevant to the implications of water stagnation in
plumbing systems and decontamination practices for water quality and health was conducted. A
primer of large building plumbing preventative and remedial strategies is provided to inform
ongoing efforts to develop recommissioning guidance. Preventative practices to help avoid the
need for recommissioning and specific actions, challenges, and limitations associated with
recommissioning were identified and characterized. Considerations for worker and occupant
safety were also indicated. The responsibility for building water safety was identified to be shared

between the building owner, drinking water provider, and local and state public health authorities.
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1. Introduction

Starting in late 2019, the global onset of novel coronavirus SARS-CoV-2 disease (COVID-
19) prompted “stay-at-home” advisories and orders in the U.S. These government actions
addressed closing non-essential businesses and other organizations (e.g., education, event,
worship, recreation, office, and retail buildings) [1,2]. With more than 5.6 million commercial
buildings in the U.S.[3], the shutdowns significantly altered drinking water demand patterns at
both the water distribution and building system levels. Specifically, many buildings experienced
reduced water use and increased water stagnation time(i.e., water age). This is problematic as
stagnation has been associated with development of water quality issues in routine settings (on
a time scale of hours to days) at the building [4-12] and water distribution system level [13—18].
However, the impact of such prolonged stagnation (weeks to months) has not yet been fully
quantified.

Prolonged stagnation periods associated with building closures, and partial occupancy
due to seasonal use, construction; or during response to natural disasters are not unprecedented.
These closure events have been associated with Legionnaires disease outbreaks [19-24] and
other water quality issues [25,26]. The unprecedented number of building closures related to the
COVID-19 pandemic is concerning because many impacted buildings likely do not have a water
management plan in place to preemptively or retroactively deal with water quality problems when
COVID-19 social-distancing practices are discontinued [27].

A process referred to as “recommissioning” may be necessary to mitigate public health
risks that develop during prolonged stagnation. This is distinct from commissioning, which is
required for new buildings or new additions to existing buildings. While recommissioning guidance
exists for seasonal public water supplies (startup [28,29]) or after plumbing system construction
[30-32], these documents do not explicitly pertain to prolonged stagnation in low-occupancy

buildings. Many of the existing protocols that may be adapted to recommissioning do not address
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water quality issues that can develop in building plumbing systems, including increased presence
of opportunistic pathogens. To fill this gap, many entities are rapidly developing and releasing
public guidance that may present conflicting recommendations [33—-35]. It is critical that guidance
addresses the diverse and complicated nature of building plumbing in large buildings and the
water quality issues that may develop within them.

At this point, it appears unclear (1) to what extent will water quality degrade during
extended closures or partial-closures, and (2) to what extent are remediation activities (e.g.,
flushing, disinfection) will be effective or necessary. The purpose of this study was to provide a
better understanding of challenges, current practices, and knowledge-gaps for restoring plumbing
to prior conditions after extended periods of limited water use. Several guidelines discussed in
this paper may be directly and tangentially useful in‘considering the current COVID-19 situation.
While this review is not meant to explicitly serve as.a step-by-step recommissioning procedure
for buildings, it (1) raises several concerns for water quality relevant to stagnation surrounding
the COVID-19 response based on literature _and experience; (2) highlights building water
management practices which could reduce the impact of building closure or low occupancy; (3)
summarizes recommissioning actions from various potentially relevant guidance documents; (4)
highlights potential challenges for writing general guidance for large buildings; and (5) identifies
questions over responsibility. and implementation of recommissioning actions. Results of this

study can serve as a foundation for the development of step-by-step guidance.

2. Methods

Approach. To document concerns regarding water quality deterioration that may occur
during prolonged building closures or partial-closures, the authors reviewed literature regarding
(1) water quality deterioration associated with shorter stagnation periods (days) and parallel
situations; (2) water quality in large buildings; (3) disease outbreaks associated with plumbing;

(4) issues associated with stagnant municipal water; and (4) plumbing decontamination practices.
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The authors also referenced guidance documents that may inform building owner responses to
this unprecedented event (Table S1) including plumbing standards, guidance documents from
U.S. or world authorities, and recommendations from related professional organizations [28—44].
Specific parallel situations included seasonal public water systems (e.g., campgrounds, fair
grounds); ski resort/snowbird communities with 80% reduction in water use in off-season [45];
athletic or other event centers, schools, and dormitories that have lower than design capacity
water use seasonally; and water disconnections due to non-payment that last weeks to months
[46-48]. Finally, the authors’ own firsthand experiences assisting building owners decontaminate
and restart plumbing after nonuse, conducting plumbing related disease outbreak investigations,
and answering questions received from local, state, federal agencies and nonprofit organizations
about policy were considered.

Scope. In this paper, the term building ‘recommissioning’ refers to the reopening of
buildings after extended closures and focuses on restoring water quality to baseline conditions.
The process should not be confused with the recommissioning process featuring water audits and
subsequent changes made to‘increase water and energy efficiency in buildings (e.g., changing
toilets and fixtures to low=flow) [49]. This paper focuses on large buildings closed in spring 2020
to promote social distancing. Other recommissioning actions unrelated to water quality (e.g., air
quality, heating systems) or for other building water systems (e.g., cooling towers) were not
considered. The focus of this paper is the hot and cold water systems. Other considerations will
need to be taken for alternative building types (e.g., water shut-offs impacting 15M people due to
non-payment [46]).

The intended audience of this review includes public health officials and water officials
who may be developing guidance or are responsible to investigating disease outbreaks. This may
also be of interest to plumbing engineers and building owners who must consider these potential
issues when implementing guidance. Utilities may also be interested to help coordinate their

efforts with their customers.
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3.0 Results and Discussion

3.1 Defining building plumbing

Building plumbing is all the piping, equipment, treatment devices, fixtures, and appliances
associated with providing water from the water source to the point of use for both cold and hot
systems. There is high variability in the number and type of plumbing components in a building
(Table 1), which will depend on the building’s water source, design (Figure 1 & $1), and water
use applications. Service lines convey water to the building from a public water supplier's water
main or an onsite water source (e.g., well, surface water). In-building treatment may be present
at the point-of-entry (POE) (i.e., where water pipes enter the building) and point-of-use (POU)
locations, ranging from a cartridge filter to multi-stage filtration or chemical addition. Multiple
piping systems can convey water to taps, with separate hot and cold water pipes, as well as
different systems for level of treatment (e.g., softened for drinking fountains, but untreated for
bathroom sinks) or multiple temperatures [51]. Hot water systems might include multiple
recirculation loops that circulate water back to an array of heaters to maintain high temperatures
or on demand water heaters at the POU (Figure 1 & S$1). As water is stored in and travels through
the plumbing, it may. contact ceramic, metal, plastic, and glass materials. Large buildings
sometimes have multiple pressure zones because the supplied water pressure to the building is
inadequate for the distal locations in the building (i.e., multi-story buildings, sprawling buildings
like shopping malls). Given the variability and complexity of plumbing, it is difficult to make
generalizations. The rapidly developing guidance surrounding COVID-19 responses (Table 2)

should address the practical water quality and implementation this paper raises.
3.2 Concerns for water quality during prolonged stagnation
The unprecedented amount of stagnation that is likely occurring due to COVID-19 stay-

at-home orders has never been adequately studied. As such, it is critical to understand the inter-

related factors that influence water quality deterioration during stagnation that are common in



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

large building systems (Figure 2). Discussion of recommissioning must consider the known
science on drinking water deterioration in plumbing and water management interventions before
developing new or adapted response recommendations for building owners.

Disinfectant residual stability. Disinfectant residuals are used in U.S. drinking water to

maintain microbial stability and prevent the microorganism proliferation. For buildings that rely on
a public water system, the level and stability of disinfectant residual in water delivered to the POE
can be highly variable. This is based on a multitude of factors, including type of disinfectant (free
chorine or monochloramine), amount of disinfectant typically maintained in municipal distribution
system, the location within the distribution system, pipe materials used, and corrosivity of the
water, among others [15,52-57]. During normal building operation, disinfectant residual is not
always detectable at the building POE: It was present in only 10% of 58 discrete sampling events
in a year [6]. Disinfectant residuals can dissipate rapidly within the plumbing system, especially in
hot water systems [4,6,58,59]. Residual was found to decay at highly stagnant taps >140 times
faster than in corresponding municipal water [10]. These problems may be exacerbated in green
buildings that have low water use by design [6,9,10].

Decreased effectiveness of corrosion control. Plumbing material corrosion is dependent

on water chemistry (e.g., dissolved oxygen, pH, disinfection), pipe characteristics (e.g., material,
diameters, lengths), temperature, and water flow [60]. Corrosion control treatment aims to reduce
the presence of soluble and particulate metals in water primarily by addition of corrosion inhibitors
(e.g., phosphates or silicates) and water pH/alkalinity adjustments to promote formation of stable
scales. During periods of stagnation, lead and other heavy metals can leach from plumbing
materials, and issues are common in homes, schools, and buildings with lead-bearing plumbing
(e.g., service line, brass, pre-1986 lead-tin solder). While lead equilibrium is reached fairly rapidly
(e.g., 2% inch diameter lead pipes within 24 hrs [61]), redox gradients will develop as a function
of water age and can create corrosion “hot spots” [62]. During stagnation, corrosion scales can

become destabilized and/or modified, but there has been limited research on prolonged
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stagnation. Moreover, researchers have highlighted the dynamic relationship between corrosion
and disinfection [63,64].

Microbial issues. Microbial growth during water stagnation is well documented [4,65,66],

and may result in nitrification, growth of opportunistic pathogens, and community shifts. Nitrifying
bacteria, which oxidize ammonia-nitrogen and catalyze residual destruction [67-69] may become
more prevalent in distributed and building water due to stagnation, particularly in summer months
(i.e., temperature >15 °C, 68 °F). Nitrification can also produce nitrate, a contaminant with a
regulated drinking water limit of 10 mg/L (measured as N) [70] due to its linkage to
methemoglobinemia or “blue-baby syndrome”. Some utilities may temporarily convert to a free
chlorine residual to remove nitrogen-containing ammonia nutrients and starve nitrifying bacteria
[71], which has implication for water corrosivity and ' measurements taken at the building level to
confirm disinfectant is present (i.e., free vs total chlorine (Cl2)).

Opportunistic pathogens are a_significant health concern in building water systems,
especially where water can produce aerosols. These organisms cause infections primarily in
immunocompromised persons after inhalation, aspiration, and/or dermal exposure. Legionella
pneumophila is linked to-issues with inadequate control measures (e.g., temperature too low) in
hot water systems, decreased effectiveness of corrosion control, and uncontrolled external events
in the public water distribution systems and building plumbing [72], which are anticipated to
become worse during stagnation. Other opportunistic pathogens, including non-tuberculous
mycobacteria (e.g., Mycobacterium avium complex), Pseudomonas aeruginosa, and free-living
amoeba (e.g., Acanthomoeba, Vermamoeba) have unique ecology (e.g., responsiveness to
chlorine vs. chloramine) [73], but are also likely to grow during stagnation [74—76]. To minimize
risk of pathogen growth in plumbing, healthcare facilities routinely flush outlets and POU devices
[24,77-79], maintain growth-deterrents (i.e., hot water; disinfectant residual), and hydraulically
balance systems to minimize stagnation [80-84]. For those buildings that receive water from

public water systems, stagnation may pose an additional risk [85-87].
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The impact of prolonged stagnation on microbial ecology changes are unclear, but
significant microbial community shifts have been observed in stagnant water and stagnant distal
ends on short time scales [4,65,66,88-91]. In particular, biofilm structure is influenced by flow
regime [92-94], which changes during stagnation and may have implications for biofilm
mobilization, including pathogens, when water use is resumed. Nutrients to sustain growth could
be introduced through leaks, nutrient cycling within biofilms [95], and necrotrophic growth [96].

Other issues. A number of other water quality issues have been documented with
stagnation. The concentration of some disinfectant byproducts may increase to unacceptable
levels as disinfectant residual decays during stagnation time (over several hours), especially with
high temperatures [97,98]. As these reactions may occur quickly; the significance of disinfectant
byproduct formation during prolonged stagnation is unclear. While many plumbing designs avoid
cold water heat gain from hot water pipes via spacing and insulation, heat gain in cold water
systems and heat loss in hot water systems are inevitable [80]. Ambient indoor temperatures that
control temperature in stagnant pipes [5,99,100] will be dependent on climate and indoor
temperature: During closures,/these may change relative to normal building operation and may

influence corrosion reaction rates-‘and growth conditions.

3.3 Water management practices to reduce the impact of prolonged

stagnation on water quality

Building water management plans. Water management plans are required for some

buildings [30,101,102] to help guide prevention and response to water quality issues, especially
opportunistic pathogen growth. Resources are readily available to aid in the development of the
plans [30,43,103]. While every plan should reflect the building’s unique characteristics, common
elements include regular flushing and thermal regulation. Development of water management

plans may also be considered in response to COVID-19 related stagnation [34,35].
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Periodic flushing. Periodically flushing a building’s plumbing by replacing stagnant water

within the system with “fresh” water may help prevent water quality deterioration associated with
stagnant water. Although flushing is often recommended in guidance as a preventive measure,
the efficacy of flushing has not been thoroughly documented and validation of recommendations
for how long, how often, or where to perform flushing are lacking. At a minimum, water used for
flushing should have a growth deterrent (high temperatures or disinfectant) and corrosion control
component.

Defining flushing criteria to reduce chemical and microbial contaminant exposure is
challenging, as recommendations vary based a number of parameters not always accounted for
in peer-reviewed literature. For instance, in one hospital; a flushing frequency of every two hours
was required to reduce culturable Legionella numbers to acceptable levels [104]. Yet building
water management plans often contain provisions for flushing “unused” or “unoccupied” outlets
weekly as a practical recommendation that can be implemented by building personnel [75]. There
are several variables that make weekly flushing insufficient for effective Legionella control: (1)
plumbing design and hydraulic balancing issues; (2) complexity of components such as electronic
faucets and thermal mixing valves; and (3) stored volume of water relative to water use. To
increase the chance that flushing draws fresh water into and through the plumbing, generalized
flushing protocols should include guidance on how to select a flushing frequency and duration, as
well as how to account for site-specific variability (section 3.5).

Eull closures. More significant actions might be considered for full building closures, but
these require serious consideration. Users may choose to change the operation of their water
heaters during periods of non-use. Legionella management in large buildings typically relies on
thermal control or on-site disinfection [75,80,105]. For such controls to remain efficient, hot water
systems should continue to be operated in a way to minimize the potential for Legionella growth
(i.e., maintaining hot water generation and return temperatures combined with regular flushing of

stagnant pipes). If water heaters or recirculation pumps are completely shut down to save energy,
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these controls will no longer be effective, but systems may cool to completely sub-optimal growth
ranges. This has never been studied. In both cases, regular flushing should be considered, and
if feasible, implemented.

Draining plumbing may prevent growth in water but can introduce other issues. As
plumbing is designed to maintain pressure, drainage may introduce backflows and contamination
from other water systems such as cooling towers and fire protection systems if efficient backflow
prevention is not in place. Challenges associated with draining water from plumbing include the
destabilization of sediments and biofilms when refilled and introduction of external contaminants
to the pipes. Microbial community changes may also occur in biofiims over time. Shock
disinfection may be necessary at startup after depressurization: If depressurization is thought to
have occurred in seasonal potable water systems, additional shock disinfection is recommended
[28]. While one guidance released regarding COVID-19 building closures advised for draining
plumbing [41], another guidance explicitly advises against it due to the pockets of water likely to
remain in plumbing [42].

Water utility distribution network. Building flushing protocols should consider water quality

supplied by the water utility. A disinfectant residual should be present but may be harder to
achieve with reduced system demand. Utilities may increase the concentration of disinfectant
residual in their distribution system, which has precedent in this and other emergency situations
[106,107]. This‘action must be weighed against disinfection byproduct production. Utilities may
also more closely review routine water quality monitoring data for affected areas to focus flushing
efforts, install auto-flushers, or generally increase frequency of hydrant flushing to increase

delivery of residual.
3.4 Recommissioning considerations

There are several considerations when determining whether plumbing should be

recommissioned (Figure 3). The materials reviewed (Table 3) are not all directly applicable
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(Table S1), as they apply to (1) initial building commissioning, (2) seasonal potable water systems
that adhere to specific regulatory requirements, or (3) the start-up of drained or purposefully
shutoff systems. Specific care must be taken in adapting these documents, as the complexities
and variability of large building plumbing may not be considered.

System integrity. Before taking any preventive or remedial actions, it is critical to ensure

that the building water system is working properly. This is standard practice for seasonal public
water systems. For buildings, this could involve inspection of mechanical and plumbing
components to identify leaks, depressurization, adequate backflow prevention, and assess
functionality (e.g., hot water supply and return temperatures, on-site disinfection dosing correctly).
The performance of routine maintenance or start-up procedures. if equipment was taken offline
can also be considered. Specific mechanical systems to consider are listed in Section 3.5
(Equipment; Appliances).

Recommissioning necessity. The decision regarding what actions are needed, if any,

before resuming building water use should be determined in consultation with relevant public
health authorities who oversee building water safety. The main concern is whether water poses
unacceptable chemical .and ‘microbial health risks to building occupants, which can differ
drastically in terms of building size and complexity, length of shutdown, likely integrity of the
system, type of occupants, and water uses. There is precedent for regulated seasonal public
water systems that some requirements may be waived or reduced if the buried water
infrastructure maintained pressure (Table 3). Preventative actions taken during closure (Section
3.3) may influence which recommissioning actions may be needed at building reopening (Section
3.4).

No consensus was found for the length of time a building can remain unoccupied or with
extremely low occupancy before it should be formally recommissioned. The American Society of
Heating Refrigeration and Air-conditioning Engineers Standard 188 (ASHRAE 188 [30]) outlines

that shock disinfection should occur within three weeks of planned occupancy. If occupancy is

10



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

delayed more than four weeks, another shock disinfection is required prior to occupancy. It is
unclear how this would differ for existing buildings because ASHRAE applies to new or recently
renovated buildings. Due to the lack of guidelines and scientific data to support specific
recommendations for the unprecedented COVID-19 situation, building owners and operators
should consult local public health officials, onsite personnel (e.g., building manager), and
mechanical/plumbing engineers in deciding what recommissioning actions to take and acceptable
water uses (e.g., toilet flushing and handwashing vs. consumption).

Informing occupants. Communication plans to notify building occupants of potential water

quality vary depending on the issuing organization, intended audience, and content. Notifications
regarding water quality are considered separate from notifications of outbreaks if an issue has
occurred. Communication regarding risks to Legionella exposure has been developed [103], but
has not been developed for the current situation. Building owners with concern may consider
contacting public health authorities and.distributing information to their occupants. A proactive
approach to addressing and communicating. water quality issues in buildings is generally
recommended at both the utility and facility level [108]. Further considerations for facility and utility
level communication are-includedin Section 3.6.

While communication typically follows specific pathways, communication to occupants
should be tailored to individual situations to (1) address specific concerns; (2) identify particular
risk factors; (3) be accessible to all building occupants (i.e., simple language, multiple
translations);, and (4) communicate specific risk factors to allow occupants to assess and limit
their risk. For example, after the discovery of volatile organic compounds in drinking water, the
town of Paradise, CA issued water orders specifically allowing only certain water uses to minimize
public health impacts [109]. When Legionella growth is suspected, aerosol-producing activities
might be discouraged. For opportunistic pathogens, a variety of individuals are at higher risk,
including critically ill or highly immunocompromised individuals (neonates, chronic obstructive

pulmonary disease (COPD) or chronic lung disease, cancer patients), as well as a large fraction

11
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of the U.S. population (>60 years old, smokers, diabetics), and potentially persons who are
recovering from COVID-19. Communication can also inform whether actions taken are
preventative or curative.

Flushing considerations. There is precedent for using flushing alone to restart seasonal

drinking water systems that have experienced extended stagnation but maintained pressure
[28,29]. However, this strategy is targeted at complying with state and federal drinking water
regulations (e.g., Total Coliform Rule [110]) with large diameter pipes and tanks, and does not
necessarily address opportunistic pathogens or metals discussed in Section 3.2. While some
public health agencies may recommend flushing as the primary building water system
recommissioning action, site-specific variables should be considered to ensure that the entire
volume of hot and cold water is flushed and that any dislodged sediment or biofilm is removed
(see Section 3.5 for detailed considerations).-.Due to non-ideal and non-plug flows in pipes and
appliances, replenishing volume will require flushing more volume than is present in the system
[111]. Thus, widely issued time-based flushing protocols will be ineffective for some buildings. For
example, flushing a distal tap for 10 minutes and any other water outlet for 5 minutes as
recommended in response to COVID-19 building water quality problems [33] would not suffice for
removing ‘dead volume’ from an out-patient healthcare facility, green office building, or a school
in which the authors have worked [10,112,113].

Shock disinfection considerations. Shock disinfection for plumbing introduces a high

concentration of disinfectant or high temperature for a relatively short period of time to reduce the
presence of waterborne pathogens that pose a human health risk. Disinfection practices for
commissioning new or recently renovated buildings are stipulated in Universal Plumbing Code
(UPC) and International Plumbing Code (IPC) adopted by local jurisdictions, or reference
American Water Works Association (AWWA) standards for disinfecting water mains and their
associated storage facilities (Table 4). There is also a body of literature specific to remediating

Legionella colonization in the aftermath of cases or outbreaks of Legionnaires’ disease that would

12
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also be applicable to disinfecting plumbing. Free chlorine, chlorine dioxide, chloramines, and
thermal shock have been used successfully for remediating Legionella growth [75,114]. While
partial system disinfection is less ideal, targeted approaches for high-exposure activities for
inhalation of aerosols (e.g., showering, Jacuzzis) have been used in the past, and is suggested
by the CDC regarding the COVID situation [34]. Disinfection may be paired with cleaning, which
is discussed in section 3.5.

The efficacy of any shock disinfection procedure can be increased by taking several
actions. An important consideration is to ensure that the procedure is completed so that water at
an inhibitory temperature or with disinfectants is distributed throughout the building so that all
parts of the systems are exposed for recommended durations. It.is also important to thoroughly
flush the system before and after the procedure is performed to remove loose deposits and shock
chemical disinfectants. The procedure should-be conducted in conjunction with a building water
system risk assessment to identify and.correct secondary issues with water system operation
(e.g., unbalanced hot water system [75,80,84,105]). Water quality validation testing, which
includes confirmation of delivery of the disinfectant or high temperatures to outlets, and, when
justified, microbial growth (see Section 3.6), should be considered. The procedure should be
performed by an experienced professional. It should be noted that most required validation testing
for initial commissioning or seasonal public water system startup is aimed at total bacteria
(heterotrophic plate count) or fecal coliform, rather than specific pathogens which are the source
of waterborne disease outbreaks in plumbing.

Readiness for use. In normal operation, maintaining adequate disinfectant residual and/or

sufficiently high water temperatures, can limit stagnation related water quality issues.
Confirmation that these are present throughout plumbing may be appropriate. While a surrogate
measure of temperature can help determine flushing completeness (see Section 3.6), the most
definitive way to ensure that water quality is restored is to test relevant water quality parameters

[115]. While testing water routinely in large commercial buildings is typically not required, testing

13
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for recommissioning may be desired. Requiring testing in buildings is not unprecedented: when
volatile organic carbons were discovered after a wildfire in Paradise, CA, the local health authority
required plumbing testing of large buildings prior to occupancy [116]. Moreover, some states
require testing of lead and copper in schools [117,118].

If conducted, testing should be tailored to specific water quality issues described in Section
3.2 (e.g., disinfectant residual, lead, copper, opportunistic pathogens), and specific systems (e.g.,
testing for chloramine rather than total chlorine if chloramines are used). Considerations for
testing are expanded in Section 3.6. A challenge may be that full-occupancy may not occur
immediately after the plumbing is determined acceptable, or that testing requires time and
planning before occupancy. As such, building owners will need to consider and minimize
pathogen growth risks [103] and metals during this low occupancy period (see Section 3.3). This

may precipitate the need for additional flushing, testing, or more significant actions over time.
3.5 Potential challenges in writing guidance for large buildings

Recommissioning guidance must account for site-specific variability in plumbing design,
mechanical/plumbing equipment, specific appliances, and end-use devices. The amount of water
to be flushed should be based on the overall plumbing configuration and design (e.g., adequate
to turn over full- water volume within all system components). Estimating the total volume of all
system components, including service lines, may be helpful to know how much water to flush at
each location: Alternatively, or in addition to volume estimation, the presence of disinfectant
residuals at levels representative of “fresh” water and/or steady-state temperature can also be
iteratively evaluated to determine the appropriate amount of water to flush. After a site-specific
approach is developed, flushing should begin by establishing fresh water at the POE to avoid
contaminated water entering the building (this may need to consider multiple POEs) and then

progress through the rest of the system in a “downstream” fashion, as described below.
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Service line. The service line provides water to the building for cold and hot systems as
well other property water systems (e.g., sprinkler systems [119], cooling towers). The water
volume stored in a commercial building water service line can range from 10s of gallons to more
than 1000s of gallons depending on the property design (Figure 4). It is critical that water is
flushed at the building POE prior to starting the recommissioning process to avoid drawing
stagnant or potentially contaminated water into the building plumbing. Flushing privately owned
fire hydrants (e.g., on campuses) may be considered to clear service lines [113]. Even with volume
calculations, it is advisable to confirm the presence of disinfectant residual at the POE, as
distribution system water quality may be degraded due to widespread stagnation in the area.

Equipment. An effective flushing or disinfection protocol should consider the mechanical
plumbing equipment that are typically located in mechanical spaces and “upstream” of the main
building piping network, listed in Table 1. Bacterial growth, including pathogen growth, has been
associated with this equipment and associated with subsequent disease cases [120,121]. These
devices may warrant specific and targeted recommissioning procedures in addition to replacing
the stored volume associated with them.

The routine cleaning and maintenance procedures of these devices are a starting place
for recommissioning these devices, but in the authors’ experience manufacturer guidance does
not typically cover prolonged stagnation events. Volume-based flushing may be inadequate due
to” nonideal flow through devices (e.g., water heaters [111]). Supplemental commissioning
procedures should seek approaches for these devices and equipment to fully replace water
volumes, remove sediment that may have accumulated, and be cognizant of negative effects of
exposure to recommissioning conditions (e.g., if certain pieces of equipment should be bypassed,
filters replaced, or not exposed to high chemical concentrations) [122,123]. As devices can reduce
water flowrate (e.g., filters, softeners) [124], bypassing devices may be beneficial for downstream
flushing, but should still be flushed separately. Routine maintenance, (e.g., softener resin cleaning

and disinfection; tank draining and cleaning), which may be done every year should be considered

15



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

prior to or immediately following (e.g., filter replacement) whole building flushing. Finally, since
buildings have a wide variety of devices, general guidance should require inventorying devices.
Several guidance documents recently released for homes [125,126] and buildings [33,34,127]
addressing stagnation or shutoff building water systems fail to account for all of these devices.

Plumbing configuration. Pipe length, diameter, and layout can vary greatly (Figure 1).

Thus, estimating water volume or designing sequential flushing plans can be challenging. Typical
non-residential plumbing systems in large buildings have been designed as trunk-and-branch
systems with one or more risers and headers with branches to individual outlets, but may have
much more complexity (Section 3.1). Smaller systems may also be designed as manifold
systems. Site-specific configurations will affect the water volume (and time) needed to flush each
tap and the order in which outlets should be flushed. Thus, implementing effective protocols may
require access to plumbing plans (or as-built-drawings, if available) and/or building personnel
knowledge of system design and operation. Such drawings may also be useful in inventorying
every water outlet (e.g., outdoor spigots, forgotten taps) so that every pipe and location is flushed.
Deadends (pipes that lead to nowhere) can also exist in buildings, especially if buildings have
been remodeled or had achange.in use. Deadend pipes cannot be flushed without more extreme
actions, like depressurization, and capping them or installing ball-valves as close to the beginning
of deadend lines as practical may be preferred.

Appliances. End use devices (Table 1) also have small amounts of water storage. As
pathogen issues have been associated with many of these devices [128-133], their operation
must be taken into account for recommissioning. Yet, the authors have noted the absence of
some (or any) of these devices from some COVID-19 inspired flushing guidance for buildings [33]
(further details of several guidance documents, including more comprehensive ones in Table 2).
These distal end volumes can be replenished by running them or manual action (e.g., removing
ice and the first few batches of new ice). Routine maintenance of all devices (e.g., replacement

of filters) should also be considered at the time of recommissioning. Medical and dental facilities
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with specific sterile water appliances must be particularly careful of appliance maintenance. In
particular, the use of sterile water only for medical or dental devices such as heater-coolers in
operating rooms, is always recommended [129,134-136]. Recent outbreaks have resulted from
exposures both via aerosols and medical equipment contamination from sink drain
splashes/aerosol deposition [137]. Special care should be taken with cleaning these devices
during building reoccupancy.

Eixtures. Unlike most plumbing components, fixtures such as faucets, aerators, fountains,
thermostatic mixing valves, showerheads, and shower wands can be relatively easily removed,
cleaned, and/or replaced, though it is time and labor intensive. Pathogen growth and heavy metal
accumulation (e.g., particles of copper, iron, lead) has been associated with these plumbing
components [58,91,138-147]. Thermostatic mixing valves, used in showers and faucets to mix
hot and cold water to prevent scalding, have been identified as particularly problematic for growth
of Legionella [148-150]. Cleaning such devices is recommended for normal maintenance,
particularly thermostatic mixing valves [75,123,151,152], and recommissioning may be an
opportune time for these practices. While not directly part of water delivery, sink drains can be a
source of pathogens, contaminating faucet aerators in hospitals [137], and thus cleaning and
disinfection should be considered.

Flushingissues. By flushing at high flowrates, loose deposits and biofilm may be mobilized

from pipe walls: For water mains (4 to 16 inch diameter), a water velocity of 3 ft/s for at least 30
minutes was found to achieve 2.5-log removal of sand particles [153]. To achieve a similar water
velocity in plumbing, very high flowrates would potentially be needed: 2 inch (34 gpm), 1 1/2 inch
(19 gpm), 1 inch (9 gpm), % inch (5 gpm), % inch (3 gpm). Some of these flowrates may be
achievable in the service line, plumbing trunk lines or branches by removing aerators or low flow
showerheads. Removing aerators increased flowrates by 20-80% in a hospital [111], but these
devices can also be difficult to remove with scale build-up or require special tools. At the same

time, water velocity below 10 ft/s is recommended to minimize the water hammer effect [154].
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In order to achieve a high flowrate in a pipe, guidance documents often recommend
opening all faucets at once (i.e., lead service line flushing guidance, designed to maximize
flowrate in a service line after disturbance during construction [155]). In the large buildings
addressed here, removing water and sediment from plumbing branches is a concern and requires
several considerations. Opening only a subset of faucets (i.e., by pressure zones) can be
considered, as opening all faucets can be logistically challenging, and have drawbacks if pressure
cannot be maintained. Pressure may be particularly problematic in large buildings with improper
design or plumbing corrosion. If pressure is not sustained, then the resulting reduced flow
(velocity) in individual distal plumbing pipes could result'in the deposition of particles (i.e., lead)
that were dislodged from trunks or service lines. To avoid sediment deposition, the service line
can be flushed first at the POE, without drawing water through plumbing. Pressure drops can also
lower water velocity in the building pipes, suchthat flushing is ineffective. Depressurization, which
could trigger a need for disinfection, and-back-siphonage, the reversal of flow direction [111] can
also occur.

Flowrates are likely to vary, even within a building, for cold and hot systems, particularly if
many fixtures are opened one at a time. Pressure delivered by the water utility or onsite pump
may not be consistent, especially if many local buildings are engaging in simultaneous flushing.
The flow obstruction caused by scale and plumbing fittings like elbows, irremovable aerators,
tees, elbows, valves, faucets and showerheads could also cause variability within a building.
Understanding building pressure is critical to designing effective flushing guidance compatible
with the buildings’ specifications.

Ensuring complete flushing. Incomplete flushing could result in contaminated water

remaining in the system or not deliver the intended benefits (i.e., growth deterrent doesn’t reach
all taps, dirty water moved through building). Even under normal scenarios, residuals can be
difficult to achieve at the POU even if present at the POE to the building. For example, >80

minutes of flushing was needed to obtain a residual at distal outlets in one green outpatient
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healthcare building [10]. To understand where water is originating from during flushing, the EPA
measures water quality parameters such as turbidity, pH, temperature, specific conductance,
disinfectant residual [156]. Temperature stabilization (<0.1 °C or <0.2 °F change in temperature)
may be used as a criterion in cold water systems, but local climate considerations should be taken
into account.

Using flushing diagnostics for hot water systems is much more difficult, but has been
successful [80,84]. If hot water systems are properly balanced, steady state temperatures will
remain at setpoint and recirculation temperatures, depending on the heating capacity of the water
heater(s) and number of outlets flushing simultaneously. For example; 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 system is not properly
balanced, steady-state temperatures can vary substantially throughout the building. Change in
operation of building heating and cooling during shutdown may also affect flushing temperature
profiles.

Pipe material. Piping material can vary widely within a building, and service line materials
may differ from plumbing materials in the building (e.g., copper service line and plastic plumbing).
These materials can contribute changes in water quality that has implications for public health
(e.g., copper and lead concentrations [5]) as well as biofilm structure and composition (e.g., iron
as a nutrient) [89,157,158]. Thus, initial stagnation and recommissioning procedures will vary from
building to building. Material compatibility must also be considered when selecting
recommissioning processes, as damage can be caused to plumbing materials. Shock disinfection
with chemicals or heat is often used without issue, but sometimes can be potentially problematic.
For example, free chlorine shock disinfection has previously been associated with hospital
plumbing leaks [159], chloramines are known to accelerate gasket mechanical degradation
resulting in leaking toilets, faucets, and other fixtures [160], and high temperatures can damage

certain plastics. Copper pipes, metal connections, and lead bearing plumbing fittings may also be
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damaged by shock disinfection practices [161,162]. Comprehensive resources about this are not
readily available but building owners may need professional help or further advice (i.e., lower

dosage limits combined with increased contact time) if shock disinfection becomes required.
3.6 Responsibility, implementation, and care

Responsibility. From existing guidance, the responsibility for building water quality and
safety is largely the responsibility of the building owner. Codes require that the local health
authority (generally referred to in the UPC and IPC [31,32]) make decisions about plumbing
commissioning. However, given that (1) COVID-19 building closures can affect water main water
quality (Section 3.2), and (2) many buildings may be flushing in similar time-frames, it may be
necessary to coordinate actions with the local water utility. Building owners may benefit from
utilities temporarily and locally providing higher levels of disinfectants than normal. Building
owners may also avoid low pressure or depressurization by staggering flushing activities in the
area. If water quality in water mains is of low quality due to stagnation, drawing this low-quality
water into the plumbing may initiate-new problems or exacerbate ongoing issues. Thus, the
building owner and health authority will want to communicate with the water authority regarding
distribution water quality.

Resources. Building owners will be responsible for the cost of recommissioning: the
volume needed for flushing and cost associated with that water (i.e. local municipal water rates
[117]) will vary considerably. Inexpensive hand-held disinfectant residual monitors or temperature
probes could enable building managers to quickly begin better understanding their building water.
Testing, treatment, and other costs may also be necessary based on the health authority’s
guidance to better ensure safe water delivery to occupants.

Flushing implementation issues. Worker safety while flushing may need to be considered.

Initial flushes of stagnant water and associated transient pressure events can release high

concentrations of chemical and microbiological contaminants due to high shear stress associated
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with flushing protocols, combined with in-situ reactions (Section 3.2). One study reported
increases in iron, copper, particles, and turbidity, and bacteria (as much as 19X) following a
pressure shock [163]. To reduce exposure risk during flushing water with chemical and microbial
contaminants, workers can be screened for preexisting conditions that may make them vulnerable
(e.g., to opportunistic pathogens), and/or use personal protective equipment (PPE) (Table 2). The
Occupational Safety and Health Administration (OSHA) recommends that “if Legionella
contamination is possible, but a Legionellosis outbreak is not necessarily known or suspected,
consider encouraging voluntary use of respirators in accordance with” their criteria [44]. Both N95
and N100 respirators are mentioned, but OSHA requires that workers wear respirators with an
N100 cartridge in the event of a known or suspected Legionella contamination with aerosolization
is possible [44]. In response to building water stagnation prompted by the COVID-19 outbreak,
the American Industrial Hygiene Association recommends a higher level of respiratory protection
with P100 HEPA filters when sampling building water and Legionella may be present [36]). On
April 1, 2020, the CDC explained to the authors that local health authorities should determine
appropriate personal protective equipment [164]. However, during the COVID-19 outbreak, there
are global shortages in critical PPE (e.g., gloves, masks) [165]. PPE supply chains may improve
once reoccupancy is being explored. To further reduce exposure, flushing should be conducted
in a manner that reduces water splashing and aerosolization [166] (e.g., use of hoses to connect
difficult spigotsdirectly to drains).

Building owners should also consider waste during flushing. If the building utilizes an
onsite septic system, special care must be taken not to overload and flood the system with water.
Such an action can permanently damage the tank and leaching field. To accomplish the building
recommissioning tasks, the building owner may consider enlisting building water system experts
such as a plumber or an engineer to design or complete flushing plans, in addition to requesting

advice from the local health authority.

21



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Preprint. Version Uploaded April 8, 2020

Shock disinfection implementation issues. Shock disinfection, if performed, likely requires

the assistance of professionals. Extra caution is needed to avoid dermal and inhalation exposure.
Warnings and signage during shock chlorination or temperature shock can warn occupants
against water use; these practices are easier to perform while the building is unoccupied and
entrance is barred. Given the vulnerability of some materials to high concentrations of chemicals,
systems should be inspected for loose or cracked joints, fittings, and leaks after shock
chlorination. Disposal of water with high chemical concentrations may require pretreatment or
coordination with local wastewater authorities.

Testing. Water testing is required in some guidance documents after disinfection to
confirm the efficacy of disinfection and subsequent flushing (Table 3). Regulated seasonal public
water systems, for example, must test for fecal coliform and disinfectant residual to confirm
system integrity. Disinfectant residual testing.is relatively easy to conduct to confirm delivery of
disinfectants during flushing, even when shock disinfection is not performed. However, the
specific tests to be conducted should be determined after consultation with the water supplier as
they use different disinfectants (i.e., chlorine vs. chloramine).

The relevance of fecal coliform testing in buildings is relatively low, as fecal pathogens are
not thought to grow readily in building water systems and plumbing integrity should be high if
depressurization was avoided. General bacteria testing (e.g., heterotrophic plate count) may be
more relevant to determine the success of shock disinfection, but (1) heterotrophic plate count
data from buildings may be difficult to interpret, since normal use results in high and variable
counts in buildings [5,11,66,167—169] and (2) heterotrophic plate counts levels have no known
health impact. As the growth of opportunistic pathogens is of highest concern with extended
stagnation, water testing for opportunistic pathogens may be most relevant in some
circumstances. However, choosing which one(s) to test for can be difficult, testing can be

expensive, and analysis results are not available for more than 7 days.
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Guidance for building commissioning after construction does not give advice for
determining where, how, or how often to sample water. This gap is problematic in that variability
in water quality within a building is well-documented [4,6,169]. The different pipe lengths, legs,
and materials make deciding how to design a testing plan challenging. Advice for regular
Legionella sampling in other countries may be a useful start point [75].

Communicating risk. No explicit regulatory requirements were found that required building

owners to notify building occupants about building water quality. Communications about building
water health risk should be coordinated with the public health authority. A temporary restriction
on some uses to either all, or just showers and other aerosol producing devices could be
considered. In extreme contamination situations, building owners could perform a “lockout and
tagout” of the affected water fixture or building area [170]. Progressive re-occupation of buildings
raises a special challenge as it could mean multiple corrective actions and notices to building
occupants may be needed.

There is a lack of instructional material available for building owners to communicate
building water health risk to occupants, but some information has been developed for utilities.
There is precedent that public water systems must notify building owners about the quality of
water they are delivering and issue do not drink and do not use orders [171]. Available materials
for utilities are focused on communicating by utilities to building owners regarding the presence
and detection of legionella, lead, disinfection byproducts, and total coliforms [30,123,172-178].
Guidance on utility issued boil water notices, as well as do not drink, and do not use notices in
escalating order of severity [176] is available. Prior research has revealed key aspects of
messaging and communication. Public health communications are best tailored at the 6-7" grade
reading level [123,176,179,180]. Consideration is needed for populations including those with
limited English proficiency, the blind or visually impaired, persons who are deaf or hard of hearing,
older adults and frail elderly, children, pregnant women, physically and mentally impaired, and/or

people with compromised immune systems [123,176]. Example communications messages for
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building owners, public health authorities, and water utilities related to building water can be found

in the Sl section (SI-1).
4.0 Conclusions

This study was conducted to inform guidance documents that are rapidly being developed
to address COVID-19-related water quality concerns regarding full or partial building shutdowns,
or reopening/repurposing other buildings for expanded local medical capacity. Reduced or no
water use in buildings during COVID-19 responses may present both chemical (in particular, lead)
and microbiological (in particular, opportunistic pathogens)- health risks. However, the
unprecedented nature of widespread, long-term building closures has never been studied. While
some resources exist, none apply directly to the current situation. and have limitations in their
application or adaption to COVID-19 recommendations. This paper provides an overview of the
challenges, current practices, and knowledge-gaps for maintaining stable water quality during and
after extended periods of limited or no‘water use. The intended audiences of this review were
public health officials, building owners; and water utilities who may seek to avoid or reduce public
exposure to chemically and microbiologically degraded water.

Until more information is available, building owners and health officials should consider all
of the actions identified. Several efforts were recognized as requiring future investigations:

o~ Evaluate the effectiveness of specific recommissioning actions or series of actions in
reducing health risks across plumbing types, configurations, and in the context to types of
occupants and building use. Documenting success or failure of guidance will allow for
improved guidance that minimizes risks and costs.

o Develop methods for determining the frequency, number, and location of representative
water samples for a building and the necessary chemical and microbiological analyses

needed to adequately asses health risks.
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e Investigate the factors that control chemical and microbiological water quality
characteristics under prolonged stagnation (i.e., months).

The COVID-19 response provides an opportunity for health officials, building owners, and
utilities to proactively reduce health risks building occupants may encounter. Evidence-based
standards are needed to address routine plumbing maintenance (e.g., flushing) and
recommissioning procedures. In absence of those standards, information contained in this review

can help inform and guide health authorities and building officials make those decisions.
Funding
Funding for this work was partially supported by each organization as well as a U.S. National

Science Foundation award CBET 202749, the Lillian Gilbreth Fellowship Program at Purdue
University, and U.S. National Science Foundation award CBET 1706733.
Acknowledgement

The authors appreciate insights provided by Pete Demarco (IAPMO), Billy Smith (ASPE), Dr.
David Dyjack (NEHA), Dr. Sheldon Masters (ESPRI), Elise Deshommes (Polytechnique
Montreal), Elizabeth Montagnino and Kyungyeon Ra (Purdue University), and Chris Radziminski
and Phil White (City of Vancouver). Feedback provided by several other public health and water

utility professionals is also appreciated.
Conflicts of Interest
The authors declare no competing interest.
Biographies:
A. Caitlin R. Proctor is a Lillian Gilbreth Postdoctoral Fellow at Purdue University. She
holds a PhD from ETH Zurich, and an MS from Virginia Tech.

B. William J. Rhoads is a Research Scientist at Virginia Tech, where he also earned his

PhD.

25



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Preprint. Version Uploaded April 8, 2020

C. Tim Keane is a consulting engineer with Legionella Risk Management. He has over 40

years experience in various field engineering positions including the past 20 years
focused on controlling waterborne pathogens in building water systems. He is a
coauthor of ASHRAE 188 and a key contributor to upcoming revised ASHRAE Guideline

12.

. Maryam Salehi is an Assistant Professor of Civil Engineering at the University of

Memphis.

. Kerry Hamilton is an Assistant Professor in the School of Sustainable Engineering and

the Built Environment with a joint appointment at the Biodesign Institute Center for

Environmental Health Engineering, Arizona State University

. Kelsey J. Pieper is an Assistant Professor of Civil and Environmental Engineering at

Northeastern University.

. David Cwiertny is a Professor of Civil and Environmental Engineering at the University of

lowa (Ul) and the Director of the Center for Health Effects of Environmental
Contamination and the Environmental Policy Research Program through the Ul Public

Policy Center.

. Michele Prévost is Professor and Principal Chair Holder in Civil, Geological and Mining

Engineering at Polytechnique Montreal. She holds and NSERC Industrial Chair on
Drinking Water.
Andrew J. Whelton (to whom correspondence may be addressed) is an Associate

Professor at the Lyles School of Engineering at Purdue University.

26



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

References

1

Lee, A. (2020, March 30) Stay-at-Home Orders: Which States Are Implementing Them -
CNN. CNN. https://www.cnn.com/2020/03/23/us/coronavirus-which-states-stay-at-home-
order-trnd/index.html.

Jiang, I. (2020, March 24) What Is a Nonessential Business, Essential Business during
Coronavirus? - Business Insider. Business Insider.
https://www.businessinsider.com/what-is-a-nonessential-business-essential-business-
coronavirus-2020-3.

CBECS 2012. (2015) A Look at the U.S. Commercial Building Stock: Results from EIA’s
2012 Commercial Buildings Energy Consumption Survey (CBECS).CBECS 2012:
Building Stock Results.
https://www.eia.gov/consumption/commercial/reports/2012/buildstock/.

Bédard, E., Laferriere, C., Déziel, E. and Prévost, M. (2018) Impact of Stagnation and
Sampling Volume on Water Microbial Quality Monitoring in Large Buildings. PLoS ONE.
https://doi.org/10.1371/journal.pone.0199429.

Salehi, M., Abouali; M., Wang, M., Zhou, Z., Nejadhashemi, A.P., Mitchell, J., Caskey, S.
and Whelton, A.J. (2018) Case Study: Fixture Water Use and Drinking Water Quality in a
New Residential Green Building. Chemosphere, Pergamon, 195, 80—89.
https://doi.org/10.1016/J.CHEMOSPHERE.2017.11.070.

Salehi, M., Odimayomi, T., Ra, K., Ley, C., Julien, R., Nejadhashemi, A.P., Hernandez-
Suarez, J.S., Mitchell, J., Shah, A.D. and Whelton, A. (2020) An Investigation of Spatial
and Temporal Drinking Water Quality Variation in Green Residential Plumbing. Building
and Environment. https://doi.org/10.1016/j.buildenv.2019.106566.

Elfland, C., Paolo, S. and Marc, E. (2010) Lead-Contaminated Water from Brass
Plumbing Devices in New Buildings. Journal / American Water Works Association.

https://doi.org/10.1002/j.1551-8833.2010.tb11340.x.

27



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

10

11

12

13

14

15

16

17

Lytle, D.A. and Liggett, J. (2016) Impact of Water Quality on Chlorine Demand of
Corroding Copper. Water Research. https://doi.org/10.1016/j.watres.2016.01.032.
Rhoads, W.J., Pearce, A., Pruden, A. and Edwards, M.A. (2015) Anticipating the Effects
of Green Buildings on Water Quality and Infrastructure. Journal - American Water Works
Association. https://doi.org/10.5942/jawwa.2015.107.0058.

Rhoads, W.J., Pruden, A. and Edwards, M.A. (2016) Survey of Green Building Water
Systems Reveals Elevated Water Age and Water Quality Concerns. Environmental
Science: Water Research and Technology. https://doi.org/10.1039/c5ew00221d.
Nguyen, C., Elfland, C. and Edwards, M. (2012) Impact of Advanced Water Conservation
Features and New Copper Pipe on Rapid Chloramine Decay and Microbial Regrowth.
Water Research. https://doi.org/10.1016/j.watres.2011.11.006.

Rhoads, W., Chamber, B., Pearce, A. and Edwards, M. (2015) Green Building Design:
Water Quality Considerations. Water Research Foundation Project 4383, Denver, CO.
American Water Works Association. (2002) Effects of Water Age on Distribution System
Water Quality Background and Disclaimer.
http://www.epa.gov/safewater/disinfection/tcr/regulation_revisions.html.

Arnold, R.B. and Edwards, M. (2012) Potential Reversal and the Effects of Flow Pattern
on Galvanic Corrosion of Lead. Environmental Science and Technology.
https://doi.org/10.1021/es3017396.

Dias, V.C.F., Besner, M.C. and Prévost, M. (2017) Predicting Water Quality Impact after
District Metered Area Implementation in a Full-Scale Drinking Water Distribution System.
Journal - American Water Works Association.
https://doi.org/10.5942/jawwa.2017.109.0099.

AWWA. (2009) Manual of Water Supply Practices, M36 (3rd Ed.). 3rd ed., AWWA Water
Audits and Loss Control Programs, Denver, CO.

Brandt, M., Clement, J., Powell, J., Casey, R., Holt, D., Harris, N. and Tuan Ta, C. (2005)

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

18

19

20

21

22

23

Managing Distribution Retention Time to Improve Water Quality- Phase | (AwwaRF
Report 91006F). Denver, CO.
https://www.iwapublishing.com/books/9781843399018/managing-distribution-retention-
time-improve-water-quality.

Walksi, T., Chase, D., Savic, D., Grayman, W., Beckwigh, S. and Koelle, E. (2003)
Advanced Water Distribution Modeling and Management. 1st ed., Haestad Methods Inc.,
Waterbury, CT.

Bekker, J. (2017, November 14) 7 Cases of Legionnaires’ Disease Tied to Las Vegas’
Rio Hotel . Las Vegas Review-Journal, Las Vegas, NV.
https://www.reviewjournal.com/local/local-las-vegas/7-cases-of-legionnaires-disease-tied-
to-las-vegas-rio-hotel/.

Georgia Department of Public Health. (2019, July 29) Legionella Outbreak Investigation
Update . State of Georgia Government. https://dph.georgia.gov/press-releases/2019-07-
29/legionella-outbreak-investigation-update.

Smith, S.S., Ritger, K., Samala, U., Black, S.R., Okodua, M., Miller, L., Kozak-Muiznieks,
N.A., Hicks, L.A., Steinheimer, C., Ewaidah, S., Presser, L. and Siston, A.M. (2015)
Legionellosis Qutbreak Associated With a Hotel Fountain. Open Forum Infectious
Diseases, 2. https://doi.org/10.1093/ofid/ofv164.

Mamolen, M., Breiman, R.F., Barbaree, J.M., Gunn, R.A., Stone, K.M., Spika, J.S.,
Dennis, D.T., Mao, S.H. and Vogt, R.L. (1993) Use of Multiple Molecular Subtyping
Techniques to Investigate a Legionnaires’ Disease Outbreak Due to Identical Strains at
Two Tourist Lodges. Journal of clinical microbiology, American Society for Microbiology
Journals, 31, 2584-8. http://www.ncbi.nlm.nih.gov/pubmed/8253953.

Hampton, L.M., Garrison, L., Kattan, J., Brown, E., Kozak-Muiznieks, N.A., Lucas, C.,
Fields, B., Fitzpatrick, N., Sapian, L., Martin-Escobar, T., Waterman, S., Hicks, L.A.,

Alpuche-Aranda, C. and Lopez-Gatell, H. (2016) Legionnaires’ Disease Outbreak at a

29



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

24

25

26

27

28

29

30

Resort in Cozumel, Mexico. Open forum infectious diseases, Oxford University Press, 3,
ofw170-ofw170. https://doi.org/10.1093/ofid/ofw170.

Garrison, L.E., Kunz, J.M., Cooley, L.A., Moore, M.R., Lucas, C., Schrag, S., Sarisky, J.
and Whitney, C.G. (2016) Vital Signs: Deficiencies in Environmental Control Identified in
Outbreaks of Legionnaires’ Disease-North America, 2000-2014. Morbidity and Mortality
Weekly Report. https://doi.org/10.15585/mmwr.mm6522e1.

Lytle, D.A. and Schock, M.R. (2000) Impact of Stagnation Time on Metal Dissolution from
Plumbing Materials in Drinking Water. Journal of Water Supply: Research and
Technology - AQUA. https://doi.org/10.2166/aqua.2000.0021.

Doré, E., Deshommes, E., Andrews, R.C., Nour, S. and Prévost, M. (2018) Sampling in
Schools and Large Institutional Buildings: Implications for Regulations, Exposure and
Management of Lead and Copper. Water Research.
https://doi.org/10.1016/j.watres.2018.04.045.

Gander, K. (2020, March 25) China Appears to'Have Eased Coronavirus Social
Distancing Measures Without Covid-19 Returning, Report Suggests. Newsweek.
https://www.newsweek.com/china-eased-coronavirus-social-distancing-covid-19-
1494129.

US EPA Region 8.(2020, March 20) Revised Total Coliform Rule Seasonal Startup
Checklist . US EPA. https://www.epa.gov/region8-waterops/revised-total-coliform-rule-
seasonal-startup-checklist.

ADEQ. (2015) (Arizona Department of Environmental Quality. Revised Total Coliform
Rule Seasonal Start Up Procedures Certification Form.
https://legacy.azdeq.gov/environ/water/dw/download/rtcr_seasonal_startup_cert.pdf.
ASHRAE Standards Committee. (2018) ANSI/ASHRAE Standard 188-2018.
Legionellosis: Risk Management for Building Water Systems. Atlanta, GA.

www.ashrae.org/technology.

30



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

31

32

33

34

35

36

37

38

39

40

41

42

IAPMO. (2018) Uniformed Plumbing Code (UPC), 28th Edition. Ontario, CA USA.
International Code Council (ICC). (2018) International Plumbing Code. Washington, D.C.
Demarco, P. (2020) Rehabilitating Stagnant Building Water Systems-A Timely Reminder
from the IAPMO Group. www.iapmo.org.

CDC. (2020, April 3) Guidance for Building Water Systems | CDC.
https://www.cdc.gov/coronavirus/2019-ncov/php/building-water-system.html.

ESPRI, AH Environmental Consultants, Bartrand, T., Masters, S., Hargy, T., Mccuin, R.,
Clancy, J., Theiss, R., Pommerenk, P., Mcnamara, S. and Hiltebrand, D. (2020) Building
Water Quality and Coronavirus: Flushing Guidance for Periods of Low or No Use.
Esprinstitute.Org.

AIHA. (2020) Recovering from COVID-19 Building Closures Guidance Document .
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2.
AWWA. (1992) American Water Works Association ANSI/AWWA C652-92 AWWA
STANDARD FOR DISINFECTION OF WATER-STORAGE FACILITIES.

AWWA. (2014) ANSI/AWWA C651-14. AWWA Standard Disinfecting Water Mains.
American Water Works Association. https://doi.org/10.12999/AWWA.C651.14.

WHO. (2011)WHO | Water Safety in Buildings. WHO, World Health Organization.
USEPA. (2013) Revised Total Coliform Rule (RTCR) 78 FR 10269, February 13, 2013,
Vol. 78, No. 30. USA.

PHE. (2020, March 30) Public Health England. RE: COVID-19 and Food Water and
Environmental Microbiology Services. https://www.cieh.org/media/4103/covid-19-and-
food-water-and-environmental-microbiology-services-phe.pdf.

ESGL. (2020) European Society of Clinical Microbiology and Infectious Disease Study
Group for Legionella Infections. ESGLI Guidance for Managing Legionella in Building
Water Systems during the COVID-19 Pandemic. https://www.pwtag.org/guidance-on-

temporary-pool-closure/.

31



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

43

44

45

46

47

48

49

50

ASHRAE. (2000) Guideline 12-2000 -- Minimizing the Risk of Legionellosis Associated
with Building Water Systems . ASHRAE Standard.
https://www.techstreet.com/ashrae/standards/guideline-12-2000-minimizing-the-risk-of-
legionellosis-associated-with-building-water-systems?product_id=232891.

OSHA. Safety and Health Topics | Legionellosis (Legionnaires Disease and Pontiac
Fever) - Control and Prevention | Occupational Safety and Health Administration.
https://www.osha.gov/SLTC/legionnairesdisease/control_prevention.html#collapse1.
Hasit, Y.J., Anderson, J.L., Parolari, A.J., Rockaway, T.D. and French, M.L. (2006)
Distribution Water Quality Issues Related to New Development Or Low Usage. Awwa
Research Foundation. Denver, CO USA.

Food & Water Watch. (2018) America’s Secret Water Crisis: NATIONAL SHUTOFF
SURVEY REVEALS WATER AFFORDABILITY EMERGENCY AFFECTING MILLIONS.
Kurth, J. (2019, August 19) Detroit Shut off Water to 11,800 Homes This Year. Most Are
Still off. | Bridge Magazine. Bridge. https://www:bridgemi.com/urban-affairs/detroit-shut-
water-11800-homes-year-most-are-still.

Swain, M., McKinney, E. and Susskind, L. (2020) Water Shutoffs in Older American
Cities: Causes, Extent, and Remedies. Journal of Planning Education and Research.
https://doi.org/10.1177/0739456X20904431.

Natural Resources Canada. (2018, May 9) Recommissioning for Existing Buildings.
https://www.nrcan.gc.ca/energy/efficiency/energy-efficiency-buildings/energy-efficiency-
existing-buildings/recommissioning-existing-buildings/20705.

Lindahl, P.A., Patton, M.P., Cerra, H.R., Asay, S., Azzolin, K.L., Becker, H.A., Broadbent,
C.R., Cohen, J.J., Cunningham, R.J., Cutter, S.D., Demarco, P. V, Dickey, L.L., Dorgan,
C.E., Dziewulski, D.M., Flamm, K.K., Greeley, D.G., Gulledge, C.E., Ince, J.J., Johnson,
T.W., Lucas, C., Mccoy, W.F., Myers, E.R., Myers, F., Nichols, A., Pearson, R.J., li,

W.E.P., Root, P., Rosenblatt, A.A., Sigler, M., Smith, B., Stewart, E., Stout, J.E., Ward, A.

32



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

51

52

53

54

55

56

57

58

and Humble, J. (2018) Legionellosis : Risk Management for Building Water Systems
(ANSI/ASHRAE 188-2018). ANSI/ASHRAE Standards, 2018.
https://www.techstreet.com/ashrae/standards/ashrae-188-2018?product_id=2020895.
Gupta, L.C. and Thawari, S. (2016) Plumbing System in High Rise Building. IJIRST-
International Journal for Innovative Research in Science & Technology|, 2. www.ijirst.org.
Hallam, N.B., West, J.R., Forster, C.F., Powell, J.C. and Spencer, |. (2002) The Decay of
Chlorine Associated with the Pipe Wall in Water Distribution Systems. Water Research.
https://doi.org/10.1016/S0043-1354(02)00056-8.

Clark, R.M. and Haught, R.C. (2005) Characterizing Pipe Wall Demand: Implications for
Water Quality Modeling. Journal of Water Resources Planning and Management.
https://doi.org/10.1061/(ASCE)0733-9496(2005)131:3(208).

Clark, R.M. (2011) Chlorine Fate and Transport in Drinking Water Distribution Systems:
Results from Experimental and Modeling Studies. Frontiers of Earth Science.
https://doi.org/10.1007/s11707-011-0194-x.

Munavalli, G.R., Kumar; M.S.M..and Kulkarni, M.A. (2009) Wall Decay of Chlorine in
Water Distribution System. Journal of Water Supply: Research and Technology - AQUA.
https://doi.org/10.2166/aqua.2009.048.

Tamminen, S., Ramos, H. and Covas, D. (2008) Water Supply System Performance for
Different Pipe Materials Part |I: Water Quality Analysis. Water Resources Management.
https://doi.org/10.1007/s11269-008-9244-x.

Masters, S., Wang, H., Pruden, A. and Edwards, M.A. (2015) Redox Gradients in
Distribution Systems Influence Water Quality, Corrosion, and Microbial Ecology. Water
Research. https://doi.org/10.1016/j.watres.2014.09.048.

Bédard, E., Laferriére, C., Charron, D., Lalancette, C., Renaud, C., Desmarais, N.,
Déziel, E. and Prévost, M. (2015) Post-Outbreak Investigation of Pseudomonas

Aeruginosa Faucet Contamination by Quantitative Polymerase Chain Reaction and

33



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

59

60

61

62

63

64

65

66

Environmental Factors Affecting Positivity. Infection Control and Hospital Epidemiology.
https://doi.org/10.1017/ice.2015.168.

Charron, D., Bédard, E., Lalancette, C., Laferriere, C. and Prévost, M. (2015) Impact of
Electronic Faucets and Water Quality on the Occurrence of Pseudomonas Aeruginosa in
Water: A Multi-Hospital Study. Infection Control and Hospital Epidemiology.
https://doi.org/10.1017/ice.2014.46.

Triantafyllidou, S. and Edwards, M. (2012) Lead (Pb) in Tap Water and in Blood:
Implications for Lead Exposure in the United States. Critical Reviews in Environmental
Science and Technology. https://doi.org/10.1080/10643389.2011.556556.

Schock, M.R. (1989) Understanding Corrosion Control Strategies for Lead. Journal of the
American Water Works Association. https://doi.org/10.1002/j.1551-8833.1989.tb03244 .x.
Masters, S., Parks, J., Atassi, A. and Edwards, M.A. (2015) Distribution System Water
Age Can Create Premise Plumbing Corrosion Hotspots. Environmental Monitoring and
Assessment. https://doi.org/10.1007/s10661-015-4747-4.

Speth, T., DeSantis, M.; Schock;, M. and Lytle, D. (2019) Potential Corrosion Issues
Resulting from Extreme Weather Events. 13th CECIA-IAUPR Biennial Symposium on
Potable Water Issues in Puerto Rico, Bayamon, PUERTO RICO. February 14 - 16, 2019.
Rhoads, W.J., Garner, E., Ji, P., Zhu, N., Parks, J., Schwake, D.O., Pruden, A. and
Edwards; M.A. (2017) Distribution System Operational Deficiencies Coincide with
Reported Legionnaires’ Disease Clusters in Flint, Michigan. Environmental Science and
Technology. https://doi.org/10.1021/acs.est.7b01589.

Ling, F., Whitaker, R., LeChevallier, M.W. and Liu, W.-T. (2018) Drinking Water
Microbiome Assembly Induced by Water Stagnation. The ISME Journal, Nature
Publishing Group, 1. https://doi.org/10.1038/s41396-018-0101-5.

Lautenschlager, K., Boon, N., Wang, Y., Egli, T. and Hammes, F. (2010) Overnight

Stagnation of Drinking Water in Household Taps Induces Microbial Growth and Changes

34



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

67

68

69

70

71

72

73

74

in Community Composition. Water Res, 44, 4868-4877.
https://doi.org/10.1016/j.watres.2010.07.032.

Wong-Chong, G.M. and Loehr, R.C. (1975) The Kinetics of Microbial Nitrification. Water
Research. https://doi.org/10.1016/0043-1354(75)90108-6.

Charley, R.C., Hooper, D.G. and McLee, A.G. (1980) Nitrification Kinetics in Activated
Sludge at Various Temperatures and Dissolved Oxygen Concentrations. Water
Research. https://doi.org/10.1016/0043-1354(80)90002-0.

WILD, H., SAWYER CN and MCMAHON TC. (1971) Factors Affecting Nitrification
Kinetics. Journal of the Water Pollution Control Federation.

EPA. National Primary Drinking Water Regulations | Ground Water and Drinking Water |
US EPA. https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-
water-regulations.

Zhang, Y., Love, N. and Edwards, M. (2009) Nitrification in Drinking Water Systems.
Critical Reviews in Environmental Science and Technology.
https://doi.org/10.1080/10643380701631739.

Scanlon, M.M., Gordon, J.L., McCoy, W.F. and Cain, M.F. (2020) Water Management for
Construction: ‘Evidence for Risk Characterization in Community and Healthcare Settings:
A Systematic Review. International journal of environmental research and public health,
NLM (Medline), 17. https://doi.org/10.3390/ijerph17062168.

Falkinham, J.O., Hilborn, E.D., Arduino, M.J., Pruden, A. and Edwards, M.A. (2015)
Epidemiology and Ecology of Opportunistic Premise Plumbing Pathogens: Legionella
Pneumophila, Mycobacterium Avium, and Pseudomonas Aeruginosa. Environmental
health perspectives, 123, 749-58. https://doi.org/10.1289/ehp.1408692.

Haig, S.J., Kotlarz, N., Lipuma, J.J. and Raskin, L. (2018) A High-Throughput Approach
for Identification of Nontuberculous Mycobacteria in Drinking Water Reveals Relationship

between Water Age and Mycobacterium Avium. mBio.

35



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

75

76

77

78

79

80

81

82

https://doi.org/10.1128/mBio.02354-17.

NASEM. (2019) (National Academies of Sciences Engineering and Medicine).
Management of Legionella in Water Systems. Washington, DC: The National Academies
Press. https://doi.org/10.17226/25474.

Bédard, E., Prévost, M. and Déziel, E. (2016) Pseudomonas Aeruginosa in Premise
Plumbing of Large Buildings. MicrobiologyOpen. https://doi.org/10.1002/mbo3.391.
Marciano-Cabral, F., MacLean, R., Mensah, A. and LaPat-Polasko, L. (2003)
Identification of Naegleria Fowleri in Domestic Water Sources by Nested PCR. Applied
and Environmental Microbiology. https://doi.org/10.1128/AEM.69.10.5864-5869.2003.
Bartram, J., Chartier, Y., Lee, J. V., Pond, K. and- Surman-Lee, S. (2007) Legionella and
the Prevention of Leginoellosis. World Health Organization.

Ciesielski, C.A., Blaser, M.J. and Wang; W.L.L. (1984) Role of Stagnation and
Obstruction of Water Flow in Isolation of Legionella Pneumophila from Hospital Plumbing.
Applied and Environmental Microbiology. https://doi.org/10.1128/aem.48.5.984-987.1984.
Bédard, E., Fey, S., Charron, D, Lalancette, C., Cantin, P., Dolcé, P., Laferriére, C.,
Déziel, E. and Prévost, M. (2015) Temperature Diagnostic to Identify High Risk Areas
and Optimize Legionella Pneumophila Surveillance in Hot Water Distribution Systems.
Water Research, 71, 244—256. https://doi.org/10.1016/j.watres.2015.01.006.

Rhoads, W.J., Ji, P., Pruden, A. and Edwards, M.A. (2015) Water Heater Temperature
Set Point and Water Use Patterns Influence Legionella Pneumophila and Associated
Microorganisms at the Tap. Microbiome, 3, 67. https://doi.org/10.1186/s40168-015-0134-
1.

Darelid, J., Loéfgren, S. and Malmvall, B.E. (2002) Control of Nosocomial Legionnaires’
Disease by Keeping the Circulating Hot Water Temperature above 55°C: Experience
from a 10-Year Surveillance Programme in a District General Hospital. Journal of

Hospital Infection. https://doi.org/10.1053/jhin.2002.1185.

36



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

83

84

85

86

87

88

89

90

Liu, Z., Lin, Y.E., Stout, J.E., Hwang, C.C., Vidic, R.D. and Yu, V.L. (2006) Effect of Flow
Regimes on the Presence of Legionella within the Biofilm of a Model Plumbing System.
Journal of Applied Microbiology. https://doi.org/10.1111/j.1365-2672.2006.02970.x.
Boppe, |., Bédard, E., Taillandier, C., Lecellier, D., Nantel-Gauvin, M.A_, Villion, M.,
Laferriére, C. and Prévost, M. (2016) Investigative Approach to Improve Hot Water
System Hydraulics through Temperature Monitoring to Reduce Building Environmental
Quality Hazard Associated to Legionella. Building and Environment.
https://doi.org/10.1016/j.buildenv.2016.08.038.

LeChevallier, M.W. (2019) Occurrence of Culturable Legionella Pneumophila in Drinking
Water Distribution Systems. AWWA Water Science, Wiley, 1, e1139.
https://doi.org/10.1002/aws2.1139.

Pierre, D., Baron, J.L., Ma, X., Sidari, F:P., Wagener, M.M. and Stout, J.E. (2019) Water
Quality as a Predictor of Legionella Positivity of Building Water Systems. Pathogens.
https://doi.org/10.3390/pathogens8040295.

Keane, T. (2012) Case Studies of Legionnaires’ Disease Outbreaks Related to Municipal
Water Disruptions: AWWA WQTC Toronto.

Ji, P., Parks, J., Edwards, M.A. and Pruden, A. (2015) Impact of Water Chemistry, Pipe
Material and Stagnation on the Building Plumbing Microbiome. PloS one, Public Library
of Science, 10, e0141087. https://doi.org/10.1371/journal.pone.0141087.

Proctor, C.R., Gachter, M., Kbétzsch, S., Rdlli, F., Sigrist, R., Walser, J.-C. and Hammes,
F. (2016) Biofilms in Shower Hoses — Choice of Pipe Material Influences Bacterial Growth
and Communities. Environ. Sci.: Water Res. Technol., The Royal Society of Chemistry, 2,
670-682. https://doi.org/10.1039/C6EWO00016A.

Inkinen, J., Jayaprakash, B., Santo Domingo, J.W., Keindnen-Toivola, M.M., Ryu, H. and
Pitkanen, T. (2016) Diversity of Ribosomal 16S DNA- and RNA-Based Bacterial

Community in an Office Building Drinking Water System. Journal of Applied Microbiology,

37



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

91

92

93

94

95

96

97

120, 1723-1738. https://doi.org/10.1111/jam.13144.

Proctor, C.R., Reimann, M., Vriens, B. and Hammes, F. (2018) Biofilms in Shower Hoses.
Water Research, Pergamon, 131, 274-286.
https://doi.org/10.1016/J.WATRES.2017.12.027.

Fish, K., Osborn, A.M. and Boxall, J.B. (2017) Biofilm Structures (EPS and Bacterial
Communities) in Drinking Water Distribution Systems Are Conditioned by Hydraulics and
Influence Discolouration. Science of the Total Environment.
https://doi.org/10.1016/j.scitotenv.2017.03.176.

Douterelo, I., Sharpe, R.L. and Boxall, J.B. (2013) Influence of Hydraulic Regimes on
Bacterial Community Structure and Composition in an Experimental Drinking Water
Distribution System. Water Res, 47, 503-516.
https://doi.org/10.1016/j.watres.2012.09:053.

Manuel, C.M., Nunes, O.C. and Melo, L.F. (2009) Unsteady State Flow and Stagnation in
Distribution Systems Affect the Biological Stability of Drinking Water. Biofouling, Taylor &
Francis, 26, 129-139. https://doi.org/10.1080/08927010903383448.

Pruden, A. and Wang, H. FIGURE 3-1 The Influence of Water Chemistry and Flow on the
Microbiome of Bulk Water Pipes. as Cited in National Academies of Sciences,
Engineering, and Medicine. 2017. Microbiomes of the Built Environment: A Research
Agenda for Indoor Microbiology, Human Health, and Buildings. Washington, DC: The
National Academies Press.

Temmerman, R., Vervaeren, H., Noseda, B., Boon, N. and Verstraete, W. (2006)
Necrotrophic Growth of Legionella Pneumophila. Applied and environmental
microbiology, American Society for Microbiology, 72, 4323-8.
https://doi.org/10.1128/AEM.00070-06.

Dion-Fortier, A., Rodriguez, M.J., Sérodes, J. and Proulx, F. (2009) Impact of Water

Stagnation in Residential Cold and Hot Water Plumbing on Concentrations of

38



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

98

99

100

101

102

103

104

Trihalomethanes and Haloacetic Acids. Water Research.
https://doi.org/10.1016/j.watres.2009.04.019.

Liu, B. and Reckhow, D.A. (2015) Impact of Water Heaters on the Formation of
Disinfection By-Products. Journal - American Water Works Association.
https://doi.org/10.5942/jawwa.2015.107.0080.

Zhang, H.-H., Chen, S.-N., Huang, T.-L., Shang, P.-L., Yang, X. and Ma, W.-X. (2015)
Indoor Heating Drives Water Bacterial Growth and Community Metabolic Profile Changes
in Building Tap Pipes during the Winter Season. International journal of environmental
research and public health, Multidisciplinary Digital Publishing Institute (MDPI), 12,
13649-61. https://doi.org/10.3390/ijerph121013649.

Zlatanovi¢, L., Moerman, A., van der Hoek, J.P., Vreeburg, J. and Blokker, M. (2017)
Development and Validation of a Drinking Water Temperature Model in Domestic
Drinking Water Supply Systems. Urban Water Journal, Taylor & Francis, 1-7.
https://doi.org/10.1080/1573062X.2017.1325501.

CMS. (2017) SUBJ: Requirement to Reduce Legionella Risk in Healthcare Facility Water
Systems to Prevent Casesand Outbreaks of Legionnaires’ Disease (LD).
www.ashrae.org.

VHA. (2014) Veterans Health Administration (VHA) Directive 1061. Prevention of
Healthcare-Associated Legionella Disease and Scald Injury from Potable Water
Distribution Systems. 1-4.

CDC. (2017) Developing a Water Management Program to Reduce Legionella Growth
and Spread in Buildings A PRACTICAL GUIDE TO IMPLEMENTING INDUSTRY
STANDARDS. www.cdc.gov/legionella.

Totaro, M., Valentini, P., Costa, A.L., Giorgi, S., Casini, B. and Baggiani, A. (2018) Rate
of Legionella Pneumophila Colonization in Hospital Hot Water Network after Time Flow

Taps Installation. Journal of Hospital Infection. https://doi.org/10.1016/j.jhin.2017.08.021.

39



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

105

106

107

108

109

110

111

112

113

Bédard, E., Boppe, I., Kouamé, S., Martin, P., Pinsonneault, L., Valiquette, L., Racine, J.
and Prévost, M. (2016) Combination of Heat Shock and Enhanced Thermal Regime to
Control the Growth of a Persistent Legionella Pneumophila Strain. Pathogens.
https://doi.org/10.3390/pathogens5020035.

Connexion. (2020, April 5) Extra Chlorine in Tap Water in France Due to Covid-19. The
Connexion . https://www.connexionfrance.com/French-news/Extra-chlorine-added-to-tap-
water-in-France-due-to-stagnant-water-and-Covid-19-confinement.

Branz, A., Levine, M., Lehmann, L., Bastable, A., Ali, S.1., Kadir, K., Yates, T., Bloom, D.
and Lantagne, D. (2017) Chlorination of Drinking Water in Emergencies: A Review of
Knowledge to Develop Recommendations for Implementation and Research Needed.
Waterlines. https://doi.org/10.3362/1756-3488.2017.002.

AWWA. (2020) Sample Utility Communications Plan. https://www.awwa.org/Policy-
Advocacy/Communications-Outreach/Public-Communications-Toolkit/Sample-Utility-
Communications-Plan.

PID. (2018) Paradise Irrigation District (PID) Advises Bottled Water Only for Drinking,
Cooking and Brushing Teeth - December 20, 2018. Paradise, California.
https://pidwater.com/wgadvisory/101-paradise-irrigation-district-pid-advises-bottled-water-
only-for-drinking-cooking-and-brushing-teeth.

Code of Federal Regulations. (2011) 40 CFR 261.24 - Toxicity Characteristic.

Hawes, J.K., Conkling, E.A., Casteloes, K.S., Brazeau, R.H., Salehi, M. and Whelton,
A.J. (2017) Predicting Contaminated Water Removal From Residential Water Heaters
Under Various Flushing Scenarios. Journal - American Water Works Association, 109,
E332-E352. https://doi.org/10.5942/jawwa.2017.109.0085.

Montagnino, E., Ra, K., Proctor, C. and Whelton, A. (2020) Example Flushing Procedure
for a Three Floor Office Building. Purdue University, West Lafayette, IN USA.

Ra, K., Montagnino, E., Proctor, C. and Whelton, A. (2020) Example Flushing Procedure

40



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

114

115

116

117

118

119

120

121

122

for a School Building. Purdue University, West Lafayette, IN USA.

US EPA. (2016) Technologies for Legionella Control in Premise Plumbing Systems:
Scientific Literature Review.

Whiley, H. (2017) Legionella Risk Management and Control in Potable Water Systems:
Argument for the Abolishment of Routine Testing. International Journal of Environmental
Research and Public Health. https://doi.org/10.3390/ijerph14010012.

BCHD. (2019) Environmental Health Issues Guidelines for Business Planning to Open in
the Camp Fire Affected Areas - Butte County Recovers.
https://buttecountyrecovers.org/environmental-health-issues-guidelines-for-business-
planning-to-open-in-the-camp-fire-affected-areas/:

NY State. (2015) NY State Senate Bill S8158. New Your State Senate, Albany, NY.
https://www.nysenate.gov/legislation/bills/2015/s8158.

Indiana General Assembly. (2020) House Bill 1265 - Drinking Water Testing - Indiana
General Assembly, 2020 Session. Indiana General Assembly, Indianapolis, IN.
http://iga.in.gov/legislative/2020/bills/house/1265.

AWWA. (2018) Residential Fire Sprinkler Systems Guidance for Water Utilities.

Borella, P., Montagna, M.T., Romano-Spica, V., Stampi, S., Stancanelli, G., Triassi, M.,
Neglia, R., Marchesi, |., Fantuzzi, G., Tatot, D., Napoli, C., Quaranta, G., Laurenti, P.,
Leoni, E4, De Luca, G., Ossi, C., Moro, M. and D’Alcala, G.R. (2004) Legionella Infection
Risk from Domestic Hot Water. Emerging Infectious Diseases.
https://doi.org/10.3201/eid1003.020707.

Stamm, J.M., Engelhard, W.E. and Parsons, J.E. (1969) Microbiological Study of Water-
Softener Resins. Applied microbiology, American Society for Microbiology (ASM), 18,
376-86. http://www.ncbi.nlm.nih.gov/pubmed/5373675.

Rhoads, W.J., Bradley, T.N., Mantha, A., Buttling, L., Keane, T., Pruden, A. and Edwards,

M.A. (2020) Residential Water Heater Cleaning and Occurrence of Legionella in Flint, MI.

41



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

123

124

125

126

127

128

129

130

Water Research. https://doi.org/10.1016/j.watres.2019.115439.

Clancy, J. and et al. (2019) Customer Messaging on Opportunistic Pathogens in
Plumbing Systems | The Water Research Foundation. Water Research Foundation
Project #4664. https://www.waterrf.org/research/projects/customer-messaging-
opportunistic-pathogens-plumbing-systems.

Baranovsky, S., Jumas-Bilak, E., Lotthé, A., Marchandin, H., Parer, S., Hicheri, Y. and
Romano-Bertrand, S. (2018) Tracking the Spread Routes of Opportunistic Premise
Plumbing Pathogens in a Haematology Unit with Water Points-of-Use Protected by
Antimicrobial Filters. Journal of Hospital Infection.
https://doi.org/10.1016/j.jhin.2017.07.028.

EGLE. (2020) Michigan Department of Environment, Great Lakes, and EnergyFLUSHING
YOUR HOUSE PLUMBING SYSTEM WHEN WATER SERVICES ARE RESTORED.
www.Michigan.gov/EGLE.

Ohio Environmental Protection Agency. (2020) Flushing Your Home When Water Service
Is Restored. Columbus, OH.

Ohio Environmental Protection Agency. (2020) Guidance for Premise Plumbing Water
Service Restoration Water Quality Issues in Closed or Vacant Buildings. March 2020.
Columbus, OH.

Callewaert, C., Van Nevel, S., Kerckhof, F.-M., Granitsiotis, M.S. and Boon, N. (2015)
Bacterial Exchange in Household Washing Machines. Frontiers in Microbiology, 6, 1381.
https://doi.org/10.3389/fmicb.2015.01381.

Garvey, M.l., Bradley, C.W., Tracey, J. and Oppenheim, B. (2016) Continued
Transmission of Pseudomonas Aeruginosa from a Wash Hand Basin Tap in a Critical
Care Unit. Journal of Hospital Infection. https://doi.org/10.1016/j.jhin.2016.05.004.
Beach, M. and et al. (2003, October 11) Naegleria Fowleri in a Drinking Water System:

Two Fatal Cases of Primary Amebic Meningoencephalitis, Arizona, 2002. IDSA, 2003,

42



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

131

132

133

134

135

ldsa.

Graman, P.S., Quinlan, G.A. and Rank, J.A. (1997) Nosocomial Legionellosis Traced to a
Contaminated Ice Machine. Infection Control and Hospital Epidemiology.
https://doi.org/10.2307/30141491.

Ortolano, G.A., McAlister, M.B., Angelbeck, J.A., Schaffer, J., Russell, R.L., Maynard, E.
and Wenz, B. (2005) Hospital Water Point-of-Use Filtration: A Complementary Strategy to
Reduce the Risk of Nosocomial Infection. American Journal of Infection Control.
https://doi.org/10.1016/j.ajic.2005.03.014.

Sacchetti, R., De Luca, G., Guberti, E. and Zanetti, F. (2015) Quality of Drinking Water
Treated at Point of Use in Residential Healthcare Facilities for the Elderly. International
Journal of Environmental Research and Public Health.
https://doi.org/10.3390/ijerph120911163.

Muscarella, L.F. (2004) Contribution of Tap Water and Environmental Surfaces to
Nosocomial Transmission of Antibiotic-Resistant Pseudomonas Aeruginosa . Infection
Control & Hospital Epidemiology. https://doi.org/10.1086/502402.

van Ingen, J., Kohl; T.A., Kranzer, K., Hasse, B., Keller, P.M., Katarzyna Szafranska, A.,
Hillemann, D.; Chand, M., Schreiber, P.W., Sommerstein, R., Berger, C., Genoni, M.,
Ruegg, C., Troillet, N., Widmer, A.F., Becker, S.L., Herrmann, M., Eckmanns, T., Haller,
S., Holler, C., Debast, S.B., Wolfhagen, M.J., Hopman, J., Kluytmans, J., Langelaar, M.,
Notermans, D.W., ten Oever, J., van den Barselaar, P., Vonk, A.B.A., Vos, M.C., Ahmed,
N., Brown, T., Crook, D., Lamagni, T., Phin, N., Smith, E.G., Zambon, M., Serr, A,
Gétting, T., Ebner, W., Thirmer, A., Utpatel, C., Sproer, C., Bunk, B., Nibel, U.,
Bloemberg, G. V., Béttger, E.C., Niemann, S., Wagner, D. and Sax, H. (2017) Global
Outbreak of Severe Mycobacterium Chimaera Disease after Cardiac Surgery: A
Molecular Epidemiological Study. The Lancet Infectious Diseases.

https://doi.org/10.1016/S1473-3099(17)30324-9.

43



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

136

137

138

139

140

141

142

Allen, K.B., Yuh, D.D., Schwartz, S.B., Lange, R.A., Hopkins, R., Bauer, K., Marders,
J.A., Delgado Donayre, J., Milligan, N. and Wentz, C. (2017) Nontuberculous
Mycobacterium Infections Associated With Heater-Cooler Devices. Annals of Thoracic
Surgery. https://doi.org/10.1016/j.athoracsur.2017.04.067.

Parkes, L.O. and Hota, S.S. (2018) Sink-Related Outbreaks and Mitigation Strategies in
Healthcare Facilities. Current Infectious Disease Reports. https://doi.org/10.1007/s11908-
018-0648-3.

Verweij, P.E., Meis, J.F.G.M., Christmann, V., Van Der Bor, M., Melchers, W.J.G.,
Hilderink, B.G.M. and Voss, A. (1998) Nosocomial Outbreak of Colonization and Infection
with Stenotrophomonas Maltophilia in Preterm Infants Associated with Contaminated Tap
Water. Epidemiology and Infection. https://doi.org/10.1017/S0950268898008735.

Cohen, R., Babushkin, F., Shimoni, Z., Cohen, S., Litig, E., Shapiro, M., Adler, A. and
Paikin, S. (2017) Water Faucets as a Source of Pseudomonas Aeruginosa Infection and
Colonization in Neonatal and Adult Intensive Care Unit Patients. American Journal of
Infection Control. https://doi.org/10.1016/j.ajic.2016.05.029.

Sydnor, E.R.M., Bova, G., Gimburg, A., Cosgrove, S.E., Perl, T.M. and Maragakis, L.L.
(2012) Electronic-Eye Faucets: Legionella Species Contamination in Healthcare Settings
< Infection Control & Hospital Epidemiology. https://doi.org/10.1086/664047.

Whiley, H., Giglio, S. and Bentham, R. (2015) Opportunistic Pathogens Mycobacterium
Avium Complex (MAC) and Legionella Spp. Colonise Model Shower. Pathogens, 4, 590—
598. https://doi.org/10.3390/pathogens4030590.

Shaw, E., Gavalda, L., Camara, J., Gasull, R., Gallego, S., Tubau, F., Granada, R.M.,
Ciercoles, P., Dominguez, M.A., Mafiez, R., Carratala, J. and Pujol, M. (2018) Control of
Endemic Multidrug-Resistant Gram-Negative Bacteria after Removal of Sinks and
Implementing a New Water-Safe Policy in an Intensive Care Unit. Journal of Hospital

Infection. https://doi.org/10.1016/j.jhin.2017.10.025.

44



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

143

144

145

146

147

148

149

Weber, D.J., Rutala, W.A., Blanchet, C.N., Jordan, M. and Gergen, M.F. (1999) Faucet

Aerators: A Source of Patient Colonization with Stenotrophomonas Maltophilia. American

Journal of Infection Control. https://doi.org/10.1016/S0196-6553(99)70077-5.

Huang, W.-K. and Lin, Y.E. (2007) A Controlled Study of Legionella Concentrations in
Water from Faucets with Aerators or Laminar Water Flow Devices . Infection Control &
Hospital Epidemiology. https://doi.org/10.1086/516797.

Takajo, I., Iwao, C., Aratake, M., Nakayama, Y., Yamada, A., Takeda, N., Saeki, Y.,
Umeki, K., Toyama, T., Hirabara, Y., Fukuda, M. and Okayama, A. (2019) Pseudo-
Outbreak of Mycobacterium Paragordonae in a Hospital: Possible Role of the
Aerator/Rectifier Connected to the Faucet of the Water Supply System. Journal of
Hospital Infection, W.B. Saunders Ltd. https://doi.org/10.1016/j.jhin.2019.11.014.
Wang, J.L., Chen, M.L., Lin, Y.E., Chang, S.C. and Chen, Y.C. (2009) Association
between Contaminated Faucets and Colonization or Infection by Nonfermenting Gram-
Negative Bacteria in Intensive Care Units in Taiwan. Journal of Clinical Microbiology.
https://doi.org/10.1128/JCM.00034-09.

Kappstein, I., Grundmann, H., Hauer, T. and Niemeyer, C. (2000) Aerators as a
Reservoir of Acinetobacter Junii: An Outbreak of Bacteraemia in Paediatric Oncology

Patients. Journal of Hospital Infection. https://doi.org/10.1053/jhin.1999.0648.

Van Hoof, J., Hornstra, L.M., Van Der Blom, E., Nuijten, O.W. and Van Der Wielen, P.W.

(2014) The Presence and Growth of Legionella Species in Thermostatic Shower Mixer
Taps: An Exploratory Field Study. Building Services Engineering Research and
Technology. https://doi.org/10.1177/0143624414527097.

van der Lugt, W., Euser, S.M., Bruin, J.P., Den Boer, J.W., Walker, J.T. and Crespi, S.
(2017) Growth of Legionella Anisa in a Model Drinking Water System to Evaluate
Different Shower Outlets and the Impact of Cast Iron Rust. International Journal of

Hygiene and Environmental Health. https://doi.org/10.1016/j.ijheh.2017.08.005.

45



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

150

151

152

153

154

155

156

157

158

Niedeveld, C.J., Pet, F.M. and Meenhorst, P.L. (1986) EFFECT OF RUBBERS AND
THEIR CONSTITUENTS ON PROLIFERATION OF LEGIONELLA PNEUMOPHILA IN
NATURALLY CONTAMINATED HOT WATER. The Lancet.
https://doi.org/10.1016/S0140-6736(86)92486-4.

Health and Safety Executive (HSE). (2013) Legionnaires’ Disease: Technical Guidance.
Part 2: The Control of Legionella Bacteria in Hot and Cold Water Systems. HSE Books,
United Kingdom.

Castex, J., Houssin, D. and Editors. (2005) L'eau Dans Les E’tablissements de Sante’.
rance: Ministére de la Sante” et des Solidarite’s.

HDR Inc. (2014) Effective Microbial Control Strategies for Main Breaks and
Depressurization. Water Research Foundation, Denver, CO, USA.
https://www.waterrf.org/research/projects/effective-microbial-control-strategies-main-
breaks-and-depressurization.

Angers, J. (2002) Why Should We Avoid Dead Ends? Opflow.
https://doi.org/10.1002/j:1551-8701.2002.tb01678.x.

Water Works Association, A. (2017) Replacement and Flushing of Lead Service Lines.
ANSI/AWWA C810-17. AWWA Standard. https://doi.org/10.12999/AWWA.C810.17.
EPA Region 4. (2019) Potable Water Supply Sampling.

Rogers, d., Dowsett, A.B., Dennis, P.J., Lee, J. V and Keevil, C.W. (1994) Influence of
Temperature and Plumbing Material Selection on Biofilm Formation and Growth of
Legionella Pneumophila in a Model Potable Water System Containing Complex Microbial
Flora. Applied and environmental microbiology, 60, 1585-92.
http://www.ncbi.nlm.nih.gov/pubmed/8017938.

van der Kooij, D. and Veenendaal, H.R. (2001) Biomass Production Potential of Materials
in Contact with Drinking Water: Method and Practical Importance. Water Science and

Technology: Water Supply, IWA Publishing, 1, 39-45.

46



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

159

160

161

162

163

164

165

166

167

168

https://doi.org/10.2166/ws.2001.0052.

Christensen. (2003) An Overview of Oxcide: The Definitive Solution to Disinfection in
Facility Water Distribution Systems & Equipment. February 2003.

Rochaway, T. and et al. (2007) Performance of Elastomeric Components in Contact With
Potable Water. Water Research Foundation Project #2932.

Mead, P.B., Lawson, J.M. and Patterson, J.W. (1988) Chlorination of Water Supplies to
Control Legionella May Corrode the Pipes. JAMA: The Journal of the American Medical
Association. https://doi.org/10.1001/jama.1988.03410150064019.

Raetz, M.A. (2010, August 5) Lead and Copper Corrosion Control in New Construction:
Shock Chlorination, Flushing to Remove Debris & In-Line Device Product Testing.
Masters Thesis. Virginia Tech.

Lehtola, M.J., Miettinen, I.T., Hirvonen,A., Vartiainen, T. and Martikainen, P.J. (2007)
Effects of Water Flow Regime on Water Quality in Copper and Plastic Pipes. Proceedings
of Clima 2007 WellBeing Indoors.

CDClnfo. (2020) Necessary PPE for Flushing Legionella Contaminated Water from
Plumbing for Large Buildings. Personal Communication. April 1, 2020. Atlanta, GA USA.
Parshley, L. (2020, April 3) N95 Mask Shortage Forces Health Workers to Disregard
Infection Control - Vox. Vox. https://www.vox.com/2020/4/3/21206726/coronavirus-
masks-n95-hospitals-health-care-doctors-ppe-shortage.

CDC. Reduce Risk from Water | HAIl | CDC.
https:/lwww.cdc.gov/hai/prevent/environment/water.html.

Zlatanovi¢, L., van der Hoek, J.P. and Vreeburg, J.H.G. (2017) An Experimental Study on
the Influence of Water Stagnation and Temperature Change on Water Quality in a Full-
Scale Domestic Drinking Water System. Water Research, 123, 761-772.
https://doi.org/10.1016/j.watres.2017.07.019.

Siebel, E., Wang, Y., Egli, T. and Hammes, F.A. (2016) Correlations between Total Cell

47



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Preprint. Version Uploaded April 8, 2020

169

170

171

172

173

174

175

176

177

178

Concentration, Total Adenosine Tri-Phosphate Concentration and Heterotrophic Plate
Counts during Microbial Monitoring of Drinking Water. Drinking Water Engineering and
Science, 1, 1.

Inkinen, J., Kaunisto, T., Pursiainen, A., Miettinen, |.T., Kusnetsov, J., Riihinen, K. and
Keinanen-Toivola, M.M. (2014) Drinking Water Quality and Formation of Biofilms in an
Office Building during Its First Year of Operation, a Full Scale Study. Water Research, 49,
83-91. https://doi.org/10.1016/j.watres.2013.11.013.

University, S.S. (2016) Drinking Water: Monitoring Program, Bacteriological Site
Sampling Plan & Emergency Notification Plan. http://library.sonoma.edu/default.php.
CDC. (2017) Developing a Water Management Program to Reduce Legionella Growth &
Spread in Buildings: A Practical Guide to Implementing Industry Standards. Centers for
Disease Control and Prevention.
www.cdc.gov/legionella.%0Ahttps://www.cdc.gov/legionella/wmp/toolkit/index.html.
CDC. (2017) Developing a Water Management Program to Reduce Legionella Growth &
Spread in Buildings A PRACTICAL GUIDE TO IMPLEMENTING INDUSTRY
STANDARDS. www.cdc.gov/legionella.

American Water Works Association. Sample Utility Communications Plan .
https://www.awwa.org/Policy-Advocacy/Communications-Outreach/Public-
Communications-Toolkit/Sample-Utility-Communications-Plan.

AWWA. (2019) Trending in an Instant. A Risk Communication Guide for Water Utilities .
EPA. (2013) Water Security Initiative: Interim Guidance on Developing Risk
Communication Plans for Drinking Water Utilities. www.epa.gov/watersecurity.

CDC, USEPA and AWWA. (2016) Drinking Water Advisory Communication Toolbox—
2016. http://www.cdc.gov/healthywater/emergency/dwa-comm-toolbox/index.html.
USEPA. (2018) Prepared for Contamination in Your Distribution System?

USEPA. (2018) Guidance for Responding to Drinking Water Contamination Incidents

48



Preprint. Version Uploaded April 8, 2020

179

180

Disclaimer. https://www.epa.gov/sites/production/files/2018-
12/documents/responding_to_dw_contamination_incidents.pdf.

Bartrand, T., Masters, S., Clancy, J., Ragain, L., Whelton, A.J. and Casteloes, K. (2016)
Flushing Guidance for Premise Plumbing and Service Lines to Avoid or Address a
Drinking Water Advisory.

Ragain, L., Masters, S., Bartrand, T.A., Clancy, J.L. and Whelton, A.J. (2019) Analysis of
Building Plumbing System Flushing Practices and Communications. Journal of Water and

Health, 17, 196—-203. https://doi.org/10.2166/wh.2019.024.

49



OCoONOOBRWDN -

Preprint. Version Uploaded April 8, 2020

Figures and Tables

Figure 1. 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.

Figure 2: Potential chemical and microbial water quality impacts associated with prolonged
stagnation in chlorine (Clz) and chloramine-based (NH2Cl) disinfectant drinking water systems.

Figure 3: Considerations for recommissioning guidance in six major categories: system
integrity, recommissioning necessity, informing occupants, flushing considerations, disinfection
considerations, and finally, readiness of water for use. '"ASHRAE 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; “multifamily residential, >10 stories tall, healthcare facility, patient
stays >24 hours, housing or treating immunocompromised-individuals, housing =65 years old
occupants.

Figure 4. Example variation in the length of an actual service line from water main to an actual
building water system

Table 1. Types of building plumbing components

Table 2. Comparison of disinfection methods from plumbing codes, AWWA standards for water
utility infrastructure, and ASHRAE guideline 12-2000’

Table 3: Attributes of actions suggested or required for building start-up, commissioning, and
recommissioning in referenced documents, codes, and standards

Table 4. Comparison of disinfection methods from plumbing codes, AWWA standards for water
utility infrastructure, and ASHRAE guideline 12-2000’
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Figure 1. 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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Figure 2: Potential chemical and microbial water quality impacts associated with prolonged
stagnation in chlorine (Cl;) and chloramine-based (NH2Cl) disinfectant drinking water systems.
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[ System Integrity ] Reasons for action Issues for action

Has system integrity been maintained? Checking equipment increases success Difficult without an
Act: Inspect system of other recommissioning actions understanding of the system

o Inventories and checklists are useful. These could include: (1) point of entry devices (e.g., backflow
. ) preventers, strainers), (2) alternative services and back up equipment, (3) water treatment devices
Considerations (e.g., softener), (4) water heaters, (5) storage tanks, (6) pressure tanks, (7) non-steam aerosol-
generating humidifiers, and other site-specific mechanical plumbing equipment
® Preventative and routine maintenance can be completed prior to recommissioning

[ Recommissioning Necessity ] Reasons for action Alternative action

Is recommissioning necessary? More than 4 weeks no water use! Normal water use maintained
Act: Make and implement a plan

“At risk” building per ASHRAE 1882 Regular flushing already done

e Any reduction in water use could contribute to and worsen building water quality issues

. . o If distribution networks are affected, incoming water may not have been “fresh”
Considerations . ) q ik

e Occupants vary by building, but immunocompromised or “at-risk” people can be found anywhere
L]

If not already in use, water management plans can be made3

[ Informing Occupants ] Reasons for action Issues for action
How should occupants be informed? Provide information to occupants for  Clarity difficult to achieve
Act: Inform occupants about water making informed decisions about

Legal issues may exist

quality issues their health risks

e Water management plans may already contain notification and communications plans

® Local and state health authorities can provide guidance on communication, including answering:
What are the legal implications of informing or not informing? Are there any types of water uses
that should be avoided or limited until further notice?

e If notification is needed, identify target audiences, formulate core messages, use multiple modes of
delivery, ensure accessibility, and post signage or restrict access where needed
e Guidance should be understood by all (consider simple language, translations)

[ Flushing Considerations ] Reasons for action Issues for action

May avoid need for shock disinfection Engineers might be required
How should flushing be done? i . i in complex building
Act: Overturn water in building Relatively easy implementation

completely

Considerations

High flowrates may remove biofilms/scale Exposure during flush

® Flushing is only effective with “fresh” water. Simple measurements can verify this
® Flushing order matters. Understanding plumbing configuration and volumes is critical. An inventory
of plumbing components and plumbing schematics drawings can help
Considerations ® Flushing some plumbing components can restrict flowrates. Removing aerators/showerheads and
bypassing filters can increase flowrate. Bypassed components should still be cleaned
® Some components need special considerations, including tanks and various mechanical equipment.
® Personal protective equipment may be required for flushing. Health authorities can advise

[ Shock Disinfection ] Reasons for action Issues for action
Considerations More than 4 weeks no water use?! Effort to implement
Is disinfection going to be performed and At risk populations for opportunistic Not effective long-term alone
how? pathogens exist everywhere i
Act: Shock-disinfection of plumbing Care for disposal water

® Water quality engineers can be consulted regarding method(s) and chemical(s) used. They can ensure

methods are compatible with existing plumbing materials
Considerations °® Water users could be exposed to chemicals or high temperature water. Signage, access restriction,

and/or evacuation may be necessary

o A thorough flush of the system before and after shock-disinfection may improve results and remove
disinfectant

® Validate disinfectants reached outlets and remained for specified time with onsite measurements

e Disinfection is best implemented together with other water management best practices

[ Readiness for use ] Reasons for action Issues for action

Is water ready for use? Ensures that actions have worked Effort and cost of testing
Act: Test to check water quality and/or water is ready for occupants

® Ensure all faucets receive growth deterrent (residual and/or temperature) with routine use
Considerations e Testing for relevant parameters (e.g., chlorine, copper, lead, specific opportunistic pathogens).
® Local health departments can direct how, where, and what to test, and can connect building owners
with certified labs

Figure 3: Considerations for recommissioning guidance in six major categories: system integrity, recommissioning
necessity, informing occupants, flushing considerations, disinfection considerations, and finally, readiness of water for
use. "ASHRAE 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; 2 multifamily residential, >10 stories tall, healthcare facility, patient stays >24 hours, housing or treating
immunocompromised individuals, housing >65 years old occupants.
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Service Line Example
+ The shortest path to the water main is not necessarily taken

Service Line 1: 110 ft from roadway

Segment 2: 75 feet Segment 3: 10 feet

Segment 1: 25 feet 35 feet from roadway

Water main under street

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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Table 1. Types of building plumbing components

Components Description

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

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

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

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

Various material types have been used to include acrylonitrile butadiene
styrene (ABS), brass, cast iron (Cl), chlorinated polyvinyl chloride
Water service and (CPVC), copper, crosslinked polyethylene (PEX), ductile iron (DI), high
distribution piping and | density polyethylene (HDPE), lead, lead lined steel, multilayer pipes,
faucet connectors polyethylene raised temperature (PERT), polypropylene (PP),
unplasticized polyvinyl chloride (uPVC), polyvinylidene fluoride (PVDF),
black steel, stainless steel.

Primary and secondary water heater loops, which serve different building
zones with different temperatures and have to be hydraulically balanced.
Equipment includes master mixing valves, local mixing valves, flow
balancingvalves; pressure reducing valves. Hot water return pumps and
water heaters.

Hot water
recirculation system

Aerator, air washers, atomizers, bathtub, bidet, decorative fountains,
dishwasher, drinking fountain, eyewash stations, manual faucet,

Fixtures and fixture electronic faucet, faucet flow restrictors, hoses, point of use mixing

fittings valves, hot tubs, humidifiers, ice machines, misters, shower head, shower
wand, sink, tub spout, toilet, urinal, washbasin, thermostatic mixing valves
Pumps are often used for pressure boosting within the building (i.e., for

Pumps multi-story 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.

Stand water heater, on-demand water heater, hydropneumatic tanks, cold
Tanks 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.

* ASHRAE 188 defines the delivery system for hot and cold water as the “potable” water system [50], 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, 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), synthetic rubber.
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Table 2: Guidance developed since COVID-19 for building water management

Documents Listed in
Order of Most Recent Date
Issued

Specific health risks explicitly
identified

Action during building
closures

Inspection

Flushing (amount, speed)

Actions Suggested Prior to Building Use

Other cleaning

Shock disinfection

Other step

Worker safety
mentioned

Testing

Expert Report (This Study) &
Key Messages In Sl Section

Legionella, mycobacteria,
Pseudomonas aeruginosa, and free-
living amoeba; high lead and copper
concentrations; disinfectant
byproducts.

Flush hot and cold
water outlets at least
weekly; Consult public
health authority

Consult public
health authority

Consult public health authority

Consult public health authority

Consult public health
authority

Consult public health
authority

Workers and building
occupants must be
protected from
exposure to
contaminated water,
aerosols with
pathogens, shock
disinfection water, and
scalding.

Consult public health
authority

PHE (2020): COVID-19 and
Food Water and
Environmental Microbiology
Services [41]

Legionella

Hot and cold water
system outlets should
be used at least weekly
to maintain a degree of
water flow and to
minimize stagnation.
Consider implementing
a flushing regime or
other measures such as
draining the system if it
is to remain vacant for
long periods.

Recommends
reviewing ESGLI
(2020)

Recommends reviewing ESGLI
(2020)

Recommends reviewing ESGLI

(2020)

Recommends reviewing
ESGLI (2020)

Recommends
reviewing ESGLI
(2020)

Recommends
reviewing ESGLI (2020)

Recommends reviewing
ESGLI (2020)

CDC (2020): Guidance for
Building Water Systems [34]

Legionella and other biofilm-
associated bacteria. Minimize the risk
of Legionnaires’ disease and other
diseases associated with water.

Develop a
comprehensive water
management plan and
perform manufacturer
maintenance on
equipment

Identify slime on
decorative water
features, hot
tubs/spas, cooling
towers; Ensure
water heater
working

Flush hot and cold water through
all points of use.

Flushing may need to occur in
segments. The purpose of
building flushing is to replace all
water inside building piping with
fresh water.

Flush until the hot water reaches
its d temperature.

Follow manufacturer

recommendations for draining

the water heater after a
prolonged period of disuse.
Clean all decorative water
features. clean fire sprinkler
systems, eye wash stations,
and safety showers.

Recommended for hot
tubs/spas

Regularly check water
parameters. Follow
water management
plan. Contact local
water authority.

No warning about
exposure and health
risks during flushing.

Measure disinfectant
levels in refilled water
features. Request that
disinfectant residual
entering the building
meets expected
standards.

ESPRI (2020) v1: Coronavirus
Building Flushing Guidance
[no differences found in
version 2] [35]

Disease causing (specifically L.
pneumophila) microorganisms
Toxic metals such as lead. Harmful
substances such as disinfection
byproducts.

Do not turn off water
heaters. On-going
flushing (see flushing).
Create water
management plan:
Shock disinfection can
be considered.

Inspect mechanical
equipment and
examine function.

Flush from building entry to
periphery of building. Identify all
places water is stored in the
building. Sketch building design.
Flush zone by zone according to
design (start with zone nearest.
the building entry and then move
outward). Open faucets in the
zone from nearest to entry to
furthest and flush for 5 minutes
AND cold water temperature at
final tap is steady. Do cold water
and then hot water. [Other
suggestions for homes]

Flush, clean and maintain
treatment systems. Clean
showerheads, faucets and

other fixtures. Flush and clean
any water systems that store

water. Replace/ maintain POU
filters. Aerators and other flow

restrictors removed.

Disinfect building water
systems with concentrated
chlorine If building is
occupied by people more
susceptible to infections like
legionnaires' disease.

Conduct on going
flushing for 12 weeks
to stabilize lead
scales. Once per
week.

Concentrated chlorine
could be dangerous to
handle.

Collect water samples for
analysis at a qualified
laboratory (only
recommended for
buildings with specific at-
risk populations like
children in childcare and
elderly people) Ongoing
testing when flushing.
Measure concentration of
disinfectant at point of
entry and the furthest tap
of the cold water system.
Recommend against any
measurements, other than
for chlorine, unless there
is a compelling reason and
the owner can understand
what the results mean and
what to do about them.

ESGLI (2020): Guidance for
Managing Legionella in
Building Water Systems
during the COVID-19
Pandemic [42]

Legionella

Building closed for <1
month: Inspect the
system. Maintain hot
water temperatures.
Flush hot and cold
water weekly. Monitor
in-building disinfectant
residual levels.

Not mentioned

Flushing to remove biocide from
shock disinfection

Follow advice for other

additional water systems and

equipment.

Carry out a full system
disinfection of the cold
water system in accordance
with their guidance. Provide
hot water to hot water tanks
and plumbing

Flush cold water
through every outlet.
Refill and reheat
water heater, then
flush outlets.

Take care to avoid
scalding risk..

Monitor temperature and
biocide levels for at least
48 hr. Collect Legionella
samples from the sentinel
outlets (microbiological
samples collected before
48 hr may give false
negative results)

IAPMO (2020):
Rehabilitating Stagnant
Building Water Systems [33]

Legionella and other pathogens

Building closed >1
month: close down with
or without draining

Not mentioned

See instructions for a building
being closed for < 1 month

See instructions for a building

being closed for < 1 month

Carry out a full system
disinfection

Before reopening
follow the
procedures
recommended if the
building had been
closed for <1 month.

Take care to avoid
scalding risk..

Monitor temperature and
biocide levels for at least
48 hr. Collect Legionella
samples from the sentinel
outlets (microbiological
samples collected before
48 hr may give false
negative results)

56




1
2

Preprint. Version Uploaded April 8, 2020

Table 3: Attributes of actions suggested or required for building start-up, commissioning, and
recommissioning in referenced documents, codes, and standards

Startup/Commissioning/Recommissioning actions suggested/Required

outlets.

Documents, i
standards, and : Y
Inspection Flushlng Al Shock disinfection explicitly Testing
codes cleaning :
mentioned
The system shall Upon completion
UPC (2018): . be flushed with The system mustbe the system should
Prescriptive clean, potable disinfected with specific )
Chapter 6 Water . . : . be tested with water
actions for each | water until potable methods after flushing Not mentioned )
Supply and . . or air. Test
LT installation step | water appears at potable water appears at
Distribution [31] . . pressures are
the points of the the points of the outlet. mentioned

IPC (2018):
Chapter 6 Water
Supply and
Distribution [32]

Prescriptive
actions for each
installation step

After construction,
the system should
be purged of
deleterious material

The system must be
disinfected with specific
methods after flushing
potable water appears at
the points of the outlet.

Not mentioned

"Bacteriological
examination" after
disinfection

Flushing stagnant
volume required
even if system

Add disinfectant w/
directed dosage, details
provided vary across

system to be stagnant at
least 1 hr for 50 mg/L and
2 hr 50 mg/L. Then flush
the taps to obtain the
normal free chlorine level.

Revised Total Inspection of remains states. Fill system with
Coliform Rule source, pressurized. chlorinated water Not mentioned Coliform bacteria
Checklist (2016) storage, and Flushing completely. Let sit 24 sample
[28,29,40] pipes recommended after | hours. Flush. Keep
disinfection. chlorinated water away
Clean/Flush out from septic tanks and
tanks. surface water.
Concerns for
AWWA 651: the safety of Coliform bacteria
Disinfecting Recommended | Recommended Required. See Table 2 workers and samole
Water Mains [38] the public is P
mentioned.
Not mentioned.
AWWA 652: ugg;‘;zssure Concens for
Disinfecting Recommended | swieeping, Required. See Table 2 the safet}/ of Coliform bacteria
Water Storage ) workers is sample
L scrubbing, or .
Facilities [37] . mentioned.
equally effective
means.
Adding chlorine
compound to the storage
tank to have 20-50 mg/L
free residual chlorine .
. Free chlorine
concentration. Run all Concerns for measurement to
WHO (2011): taps to smell the chlorine
. Recommended for . the safety of make sure super-
Water Safety in Recommended ) at all fixtures, then close T : .
Buildings' [39] routine use all taps and allow the building chlorinated water if
occupants flushed out of the

system.

" Additional relevant consideration of WHO (2010) guidance: It is important to keep all finished parts of the water installation dry until
the whole system is commissioned for routine operation. If this is not possible, sections that remain stagnant for extended periods
should be thoroughly drained and disinfected prior to the system being commissioned; keep all finished parts of the water installation
dry; Water-using devices, end of plumbing devices and point of-use devices should be maintained to minimize microbial growth.
These devices should be decommissioned when not in use and where possible drained. Water-using devices will often require
decontamination prior to being returned to service; As part of remediation contaminated drinking water will need to be flushed from
the entire distribution system including water-using devices, POU and end of pipe devices. Treatment systems such as water
softeners and filtration systems will need to be regenerated, backwashed or re-commissioned before being returned to service. Small
filters at PoU could harbor contamination and may need replacing.; At the time of commissioning, water quality should be documented
by hygienic testing of microbial and chemical quality in an adequate set of drinking water samples. Initial higher intensity monitoring
(additional samples and parameters) might be necessary depending on intended use of the facility, outcomes of inspection, any
irregularities during construction or commissioning and delays in beginning of regular use. In these cases, a water quality expert
should be consulted.
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Table 4. Comparison of disinfection methods from plumbing codes, AWWA standards for water
utility infrastructure, and ASHRAE guideline 12-2000’

Method name

Initial chlorine level
| Temperature to be
maintained

Minimum contact time

Required level
after contact

Uniform Plumbing Code (2018) [31]; International Plumbing Code (2018) [32]

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 (2014)?[38]
0.2 mg/L

Tablet 25 mg/L 24 hr after 24 hr

. 10 mg/L
Continuous Feed 25 mg/L 24 hr 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 (1992) [37]

Method 1 (Full storage)

Achieve10 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

0.5hr

Not applicable

Method 3 (Full storage)

24 hr

50 mg/L

2 mg/L

ASHRAE Guideline 12-2000"[43]

Chemical shock

To discretion of building owner; Indicates that AWWA C651-14

should not be used (5.

5.1)

Thermal shock

270 °C

20 minutes at all outlets®

During flushing

'based on public draft review February 2018; ?These guidelines are not intended for building use. 3use
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.
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