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WATER TESTING

INTRODUCTION

Iron-reducing bacteria (IRB) are a group of microorganisms that play a significant role in the
biogeochemical cycling of iron. These bacteria are anaerobic, meaning they thrive in
environments where oxygen levels are low or absent. In such conditions, IRB utilize ferric iron
(Fe3*), which is an insoluble form of iron, as an electron acceptor during their metabolic
processes. Through a biochemical reaction, they reduce ferric iron to ferrous iron (Fe2*), which
is soluble in water. This reduction process not only facilitates the bacteria's energy production
but also has profound implications for the surrounding environment, particularly in aquatic
systems and soils .

The presence of IRB in natural and man-made water systems has been documented for
decades. Traditionally, these bacteria are found in groundwater and well systems, where they
have been associated with several issues, including the formation of biofilms, a slimy layer of
bacteria that adheres to surfaces such as pipes and well casings. These biofilms are
problematic because they can cause clogging, reduce water flow, and contribute to the
corrosion of metal surfaces by accelerating the breakdown of iron and other metals. This
corrosion is often referred to as mlcroblologlcally influenced corrosion (MIC) a process that can




WHITE PAPER /) Olympian”

WATER TESTING

INTRODUCTION

IRB are particularly well-known for their ability to form thick biofilms in well systems, where they can lead to
severe clogging issues. These biofilms are often difficult to remove and can persist for years, creating ongoing
maintenance challenges. Additionally, the metabolic activities of IRB result in the production of hydrogen
sulfide, which is responsible for the characteristic "rotten egg" smell often associated with contaminated well
water.

In well systems, where the water is often drawn from deep underground sources, the presence of IRB can be
somewhat expected, given the low oxygen levels and high iron content typical of these environments. However,
in recent years, there has been an alarming increase in the detection of IRB in municipal water systems—an
area where their presence was once considered rare. This shift has raised significant concerns among water
guality experts, as it suggests that the conditions within city water supplies are becoming increasingly
conducive to the growth of these bacteria .

One of the most significant impacts of IRB is their ability to alter the quality of water. As IRB reduce ferric iron to
ferrous iron, the latter dissolves into the water, often resulting in discolored water that can range from yellow to
brown.(1) This discoloration is not merely a cosmetic issue; it can signal deeper problems within the water
distribution system, such as the potential for infrastructure corrosion and the release of other harmful
contaminants.

Given the complexities associated with IRB, it is essential to understand the underlying factors that contribute
to their growth and proliferation in city plumbing systems. As urban water infrastructure continues to age and
undergo modifications, the rise of IRB presents a unique challenge that requires a multifaceted approach,

combining scientific research, engineering solutions, and public policy interventions . (2)
ek I
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THE EMERGENCE OF IRB IN CITY
PLUMBING SYSTEMS

Historically, iron-reducing bacteria were primarily a concern in rural areas where well water is the main source of
potable water. However, recent studies and field observations have revealed a troubling trend: IRB are increasingly
being detected in urban plumbing systems that rely on municipal water supplies. This phenomenon is particularly
concerning because it indicates a shift in the environmental conditions within city water systems, making them more
hospitable to these bacteria .

Several factors have contributed to the rise of IRB in city plumbing systems. One of the most significant is the
widespread use of advanced filtration systems that remove chlorine from water supplies. Chlorine, a common
disinfectant, is highly effective at killing a wide range of microorganisms, including IRB. However, the growing
demand for water that is free from chemical disinfectants has led to an increase in the use of filtration systems that
remove chlorine. While these systems improve the taste and safety of drinking water, they also reduce the water's
ability to suppress the growth of bacteria like IRB .

Another contributing factor is the design and aging of urban plumbing infrastructure. Many city water systems
include complex networks of pipes, some of which may have sections where water stagnates for extended periods.
This stagnation, combined with the presence of iron and the absence of chlorine, creates ideal conditions for IRB to
thrive. Buildings and homes that remain vacant for long periods, or parts of plumbing systems that are infrequently
used, are particularly susceptible to IRB colonization .(3)

Furthermore, as cities expand and infrastructure ages, maintenance and upgrades to water systems may
inadvertently create environments that support the growth of IRB. For example, the replacement of older pipes with
newer materials can sometimes disturb existing biofilms, allowing IRB to spread throughout the system. Similarly,
changes in water pressure and flow rates, often a result of urban development, can exacerbate the problem by
increasing the likelihood of water stagnation in certain areas of the plumbing network .

The implications of IRB presence in city plumbing systems extend beyond infrastructure concerns. Water quality
can be significantly impacted, leading to discoloration, unpleasant odors, and potential health risks. While IRB
themselves are not typically harmful to human health, their presence can indicate the potential for other harmful
microorganisms to flourish. Additionally, the aesthetic issues caused by IRB can lead to public dissatisfaction and
loss of confidence in the safety of municipal water supplies . (4)

In light of these challenges, it is crucial to develop strategies for detecting, monitoring, and controlling IRB in urban
water systems. This white paper will explore the various aspects of IRB proliferation in city plumbing, from the
underlying causes to the most effective mitigation strategies. By understanding the factors driving the rise of IRB
and implementing targeted solutions, cities can better protect their water infrastructure and ensure the continued
safety and quality of their water supplies.

OLYMPIAN WATER
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BIOLOGY AND BEHAVIOR OF IRON-
REDUCING BACTERIA

Iron-reducing bacteria (IRB) belong to a diverse group of microorganisms capable of reducing ferric iron
(Fe3*) to ferrous iron (Fe?*) under anaerobic conditions. This biological process is a form of anaerobic
respiration where iron acts as the terminal electron acceptor. Unlike other forms of bacteria that rely on
oxygen, IRB thrive in environments where oxygen is scarce or absent, such as deep groundwater,
sediments, and, increasingly, within city plumbing systems. The reduction process itself is crucial for the
bacteria’s energy production, driving their growth and proliferation in suitable environments .

The metabolic activity of IRB is closely linked to their environment. In anaerobic

conditions, IRB use organic carbon as an energy source, metabolizing it and transferring
electrons to ferric iron, reducing it to the more soluble ferrous iron. This activity results in
significant changes to the surrounding environment, including alterations in the chemical

composition of water and the structure of iron compounds within the plumbing systems.
The increased solubility of ferrous iron often leads to its mobilization into the water supply,
contributing to the discoloration and metallic taste that are common indicators of IRB
presence .

IRB are known to form biofilms—communities of bacteria embedded within a self-produced matrix of
extracellular polymeric substances (EPS). These biofilms adhere to surfaces such as the inner walls of
pipes, creating a protective environment where the bacteria can thrive. The biofilm structure not only
shelters the bacteria from environmental stresses, including disinfectants like chlorine, but also facilitates the
accumulation of ferrous iron and other by-products of IRB metabolism. Over time, these biofilms can
become highly resilient, making them difficult to remove and contributing to the long-term maintenance
challenges in affected water systems . (5)

One of the most significant impacts of IRB activity is their role in microbiologically influenced corrosion
(MIC). MIC occurs when the metabolic activities of bacteria accelerate the degradation of metal surfaces,
particularly those made of iron or steel.

In addition to their role in corrosion, IRB can also contribute to the formation of secondary minerals, such as
iron oxides and hydroxides, within the plumbing system. These minerals can precipitate out of the water and
accumulate in the pipes, further exacerbating clogging issues and reducing the efficiency of the water
distribution system. The presence of these precipitates can also hinder the effectiveness of disinfectants and
other water treatment processes, making it more challenging to maintain water quality.

OLYMPIAN WATER m
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IRB INDUCED CORROSION PROCESS
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In environments with low oxygen (Low O2), such as those found under protective iron oxide films
on carbon steel, these bacteria utilize lactate as an energy source for anaerobic respiration.
During this process, the bacteria reduce ferric iron (Fe3*), which serves as the terminal electron
acceptor, to ferrous iron (Fe2*). This reduction process weakens the protective iron oxide layer
(Fe,0s), exposing the underlying metal (Fe). As a result, the structural integrity of the carbon steel
is compromised, accelerating corrosion. The diagram effectively highlights the interaction between
the bacteria and the iron oxide layer, emphasizing the biological contribution to the corrosion
process in low-oxygen environments.

OLYMPIAN WATER
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ENVIRONMENTAL CONDITIONS
FAVORING IRB GROWTH

The proliferation of iron-reducing bacteria in city plumbing systems is heavily influenced by
environmental conditions. Key factors that contribute to the growth of IRB include:

@ ANAEROBIC CONDITIONS:

IRB thrive in low-oxygen environments. In city plumbing systems, areas with stagnant water, such as dead-
end pipes or sections of the system that are infrequently used, can create anaerobic conditions ideal for IRB
growth. The absence of oxygen allows these bacteria to dominate over other types of bacteria that require

oxygen for survival .

@ PRESENCE OF IRON:

As their name suggests, IRB require a source of
iron to carry out their metabolic processes. In
many urban water systems, iron is present in
both dissolved and particulate forms, often as a
result of corrosion of the iron pipes themselves
or from the natural iron content of the water
supply. This iron is an essential resource for IRB,
enabling them to thrive and proliferate within the
plumbing system .

LACK OF
DISINFECTANTS:

The reduction or removal of chlorine and other
disinfectants from the water supply can inadvertently
promote the growth of IRB. Chlorine is highly effective
at killing bacteria, including IRB. However, in efforts to
reduce chemical exposure and improve water taste,
many water treatment plants have implemented
filtration systems that remove chlorine. While this
improves the overall quality of the water for
consumption, it also reduces the water's ability to
suppress bacterial growth, creating an opportunity for
IRB to flourish .

@ TEMPERATURE:

IRB are known to grow more rapidly at moderate
temperatures, typically between 20°C to 30°C
(68°F to 86°F). In city water systems, these
temperatures can be reached in certain sections
of the plumbing, particularly during warmer
months or in regions with consistently high
ambient temperatures. The ability of IRB to adapt
to these temperature ranges makes them a
persistent problem in both temperate and warm
climates .

@ ORGANIC MATTER:

The presence of organic matter in the water
supply can further fuel the growth of IRB.
Organic matter serves as a carbon source for the
bacteria, providing the necessary nutrients for
their metabolism. This organic material can come
from various sources, including natural organic
compounds in the water, decaying vegetation, or
contamination from industrial or agricultural
activities. In urban water systems, even small
amounts of organic matter can support
significant bacterial growth, particularly in areas

OLYMPIAN WATER
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FAVORING IRB GROWTH
Condition Description Impact on IRB Growth

Anaerobic Conditions

Low-oxygen environments, such
as stagnant water areas in
plumbing systems.

Facilitates IRB growth as these
bacteria thrive in anaerobic
conditions, outcompeting oxygen-
dependent bacteria.

Presence of Iron

Iron is present in both dissolved
and particulate forms, often from
corroded pipes or natural iron
content in water.

Provides the essential resource
for IRB to carry out metabolic
processes, enabling their
proliferation in the plumbing
system.

Lack of Disinfectants

Reduction or removal of chlorine
and other disinfectants from
water supplies.

Reduces the water's ability to
suppress bacterial growth,
allowing IRB to colonize and form
biofilms on pipe surfaces.

Temperature

Moderate temperatures, typically
between 20°C to 30°C (68°F to
86°F).

Promotes faster growth rates of
IRB, making these bacteria a
persistent problem in temperate
and warm climates.

Organic Matter

Presence of organic carbon in the
water, from natural or
contamination sources.

Fuels IRB growth by providing a
carbon source for their
metabolism, especially in slow or
stagnant water areas within the
system.

OLYMPIAN WATER
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TYPES OF IRON REDUCING BACTERIA

<‘ GEOBACTER SPP: >

Geobacter species are perhaps the most well-known group of iron-reducing bacteria, primarily due to their
efficiency in converting ferric iron (Fe3*) to ferrous iron (Fe2*). These bacteria are commonly found in
sedimentary environments and groundwater systems, where they play a crucial role in the natural
biogeochemical cycling of iron.

« Geobacter spp. are also significant in the field of bioremediation, as they have the capability to degrade
organic contaminants, such as petroleum hydrocarbons and chlorinated solvents, through their iron-
reducing processes.

« Additionally, these bacteria have been utilized in microbial fuel cells, where their ability to transfer
electrons to electrodes is harnessed to generate electricity, making them an important focus in the
development of renewable energy technologies.

<‘ SHEWANELLA SPP: >

Shewanella species are highly versatile bacteria known for their ability to reduce a wide range of metals,
including iron, under both aerobic and anaerobic conditions. This adaptability allows them to thrive in
diverse environments, from marine and freshwater systems to contaminated soils.

« Shewanella spp. are particularly interesting due to their ability to use various electron acceptors, which
makes them pivotal in biogeochemical processes involving not just iron, but also manganese, nitrate,
and even uranium.

« Their metabolic flexibility and environmental resilience have made Shewanella spp. a key subject of
study in fields ranging from environmental microbiology to bioremediation and synthetic biology.

(‘ DESULFOVIBRIO SPPD

Desulfovibrio species are primarily known as sulfate-reducing bacteria, but they are also capable of
reducing ferric iron. These bacteria are commonly found in environments where both sulfate and iron are
present, such as marine sediments and anaerobic soils.

« The activity of Desulfovibrio spp. is of particular concern in industrial settings because they produce
hydrogen sulfide as a by-product of their metabolism, which is highly corrosive to metal infrastructure.
This can lead to severe cases of microbiologically influenced corrosion (MIC), resulting in costly
damage to pipelines, storage tanks, and other metal structures.

« The dual ability of Desulfovibrio spp. to reduce both sulfate and iron makes them a significant
contributor to the complex biogeochemical processes that influence both natural and man-made
environments. (8)

OLYMPIAN WATER m
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TYPES OF IRON REDUCING BACTERIA

<‘ ACIDIPHILIUM SPP: >

Acidiphilium species are acidophilic bacteria, meaning they thrive in environments with low pH levels. These
bacteria are capable of reducing ferric iron even under highly acidic conditions, making them particularly
problematic in environments affected by acid rain or in industrial settings where acidic effluents are common.

 Acidiphilium spp. are often found in acidic mine drainage systems, where they contribute to the
mobilization of iron and other metals into water bodies.

« Their ability to survive and function in such extreme conditions highlights the diversity and adaptability of
iron-reducing bacteria, as well as the challenges they pose in managing water quality in impacted areas.

<‘ GEOTHRIX SPP: >

Geothrix species are notable for their role in the reduction of iron and other metals in wetland environments,
aquifers, and soils rich in organic material. These bacteria are part of the larger group of iron-reducing
bacteria that contribute to the natural degradation of organic pollutants in soils, making them important
players in the bioremediation of contaminated sites.

» Geothrix spp. are anaerobic, relying on the presence of organic carbon and ferric iron to carry out their
metabolic processes. Their activity not only influences the availability of iron in the environment but also
affects the overall microbial ecology of the areas they inhabit, as they interact with other microbial
species in complex and often synergistic ways.

<‘ GEOSPIRILLUM SPP:>

Geospirillum species are iron-reducing bacteria found in anaerobic aquatic environments and sediments.
These bacteria are involved in the geochemical cycling of both iron and sulfur, contributing to the formation
of mineral deposits and influencing the chemistry of the environments they inhabit.

e Geospirillum spp. are particularly interesting due to their spirillum shape, which is relatively uncommon
among iron-reducing bacteria.

e Their role in the reduction of both iron and sulfur compounds makes them important in understanding
the complex interactions between different microbial processes in sedimentary environments,
particularly in areas where the availability of oxygen is limited.

OLYMPIAN WATER m
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TYPES OF IRON REDUCING BACTERIA

<‘ FERRIMONAS SPP: >

Ferrimonas species are iron-reducing bacteria that are predominantly found in marine environments,
particularly in sediments with high organic content. These bacteria are involved in the transformation of iron
in coastal and deep-sea sediments, playing a crucial role in nutrient cycling and the overall health of marine
ecosystems.

« Ferrimonas spp. contribute to the reduction of ferric iron in sediments, leading to the formation of
ferrous iron, which can then interact with other elements, such as sulfur, to form minerals like pyrite.

« This process is significant in the context of marine geochemistry, where the activities of Ferrimonas spp.
can influence the deposition and mobilization of iron and other metals within the ocean floor.

<‘ DEFERRIBACTER SPID

Deferribacter species are obligate anaerobes known for their ability to reduce both iron and nitrate in
extreme environments, such as deep-sea hydrothermal vents and anaerobic sediments.

* These bacteria are adapted to survive in high-pressure, high-temperature conditions, where they
contribute to the unique geochemical processes that occur in these environments.

« Deferribacter spp. are of particular interest to scientists studying the limits of life on Earth, as their
metabolic processes offer insights into how microorganisms can survive and thrive under extreme
conditions. Their role in iron and nitrate reduction also makes them key players in the cycling of these
elements in deep-sea ecosystems.

<‘ THERMODESULFOBACTERIUM SPP:>

Thermodesulfobacterium species are thermophilic bacteria that can reduce iron at high temperatures,
typically found in environments such as hot springs, hydrothermal vents, and deep subsurface ecosystems.

* These bacteria are adapted to extreme heat, with optimal growth temperatures often exceeding 60°C
(140°F). In addition to reducing ferric iron, Thermodesulfobacterium spp. are capable of reducing
sulfate, making them versatile in their metabolic capabilities.

« Their presence in extreme environments provides valuable information about the adaptability of life and
the potential for microbial life in similar extreme environments, both on Earth and possibly on other
planets.

10
OLYMPIAN WATER .



WHITE PAPER

ﬁ Olympian”™

TYPES OF IRON REDUCING BACTERIA

Type of IRB

Characteristics

Environments Found

Unique Behaviors

Geobacter spp.

Highly efficient at reducing
ferric iron (Fe3*) to ferrous
iron (Fez*).

Sedimentary
environments,
groundwater systems.

Extensively studied for
bioremediation and
microbial fuel cells.

Shewanella spp.

Versatile in reducing
various metals, including
iron.

Marine and freshwater
environments.

Can thrive in both
aerobic and anaerobic
conditions.

Desulfovibrio spp.

Primarily sulfate-reducing
but also capable of iron
reduction.

Environments with both
sulfate and iron present.

Produces hydrogen
sulfide, contributing to
severe corrosion.

Acidiphilium spp.

Acidophilic, thriving in low
pH environments.

Acidic environments,
impacted by acid rain.

Capable of reducing
iron even in highly
acidic conditions.

Geothrix spp.

Known for its role in the
reduction of iron and other
metals.

Wetlands, aquifers, and
soils rich in organic
material.

Often involved in the
degradation of organic
pollutants in soils.

Geospirillum spp.

Capable of reducing iron
and other minerals under
anaerobic conditions.

Sediments and anaerobic
aquatic environments.

Contributes to the
geochemical cycling of
iron and sulfur.

Ferrimonas spp.

Iron-reducing bacteria that
thrive in marine
environments.

Marine sediments,
particularly in areas with
high organic content.

Plays a role in the
transformation of iron
in coastal and deep-

sea sediments.

Deferribacter spp.

Obligate anaerobes that
specialize in iron and
nitrate reduction.

Deep-sea hydrothermal
vents and anaerobic
sediments.

Known for their ability
to withstand extreme
conditions.

Thermodesulfobacteri
um spp.

Thermophilic bacteria that
can reduce iron at high
temperatures.

Hot springs, hydrothermal
vents, and deep
subsurface environments.

Capable of reducing
both sulfate and iron,
often found in extreme
environments.

OLYMPIAN WATER
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

1- FILTRATION SYSTEMS AND CHLORINE REMOVAL.:

THE ROLE OF CHLORINE IN WATER TREATMENT

Chlorine has been a cornerstone of municipal water treatment for over a century due to its powerful disinfectant properties. It
is highly effective in killing a wide range of pathogens, including bacteria, viruses, and protozoa, thereby ensuring the safety of
drinking water. Chlorine is typically added to water during the treatment process in controlled amounts, where it works by
penetrating the cell walls of microorganisms and disrupting their metabolic functions, ultimately leading to their death. This
ability to inactivate harmful microbes has made chlorine an essential tool in preventing waterborne diseases and maintaining
public health .

However, chlorine is not selective in its action; it can also impact non-pathogenic organisms, including beneficial bacteria, and
react with organic matter present in the water to form disinfection by-products (DBPs), such as trihalomethanes (THMs) and
haloacetic acids (HAAs). These DBPs have been associated with various health risks, including cancer and reproductive
issues, which has led to increasing public concern and regulatory scrutiny over chlorine use in water treatment . (9)

THE SHIFT TOWARDS CHLORINE REMOVAL

In response to these concerns, there has been a growing trend towards reducing or removing chlorine from municipal water
supplies. This shift is driven by a combination of factors, including public demand for “cleaner” water free from chemicals,
advances in water filtration technology, and stricter regulations on allowable levels of DBPs in drinking water. Filtration
systems that remove chlorine, such as activated carbon filters, have become increasingly popular for both residential and
municipal applications .

Activated carbon is particularly effective at removing chlorine due to its large surface area and porous structure, which adsorbs
chlorine molecules as water passes through. These systems are often installed as point-of-entry (POE) or point-of-use (POU)
devices in homes, as well as at larger scales in water treatment plants. By reducing chlorine levels, these systems improve the
taste and odor of drinking water, making it more palatable to consumers. Additionally, chlorine removal is seen as a way to
reduce the risk of DBP formation, thus addressing public health concerns .(10)

)
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

1- FILTRATION SYSTEMS AND CHLORINE REMOVAL.:

UNINTENDED CONSEQUENCES OF CHLORINE REMOVAL

While chlorine removal offers several benefits, it also has unintended consequences, particularly
with regard to microbial growth in water distribution systems. Chlorine’s effectiveness as a
disinfectant means that its presence in water helps to control the growth of bacteria, including iron-
reducing bacteria (IRB). When chlorine is removed, this microbial control is lost, creating an
environment where bacteria can proliferate unchecked .

Iron-reducing bacteria thrive in low-oxygen environments, and the absence of chlorine, which also
acts as an oxidizing agent, can lead to conditions that are more favorable for these bacteria.
Without chlorine to suppress bacterial growth, IRB can colonize the internal surfaces of pipes,
particularly in areas where water flow is reduced or stagnant. The result is an increase in biofilm
formation, where IRB are protected within a matrix of extracellular polymeric substances, making
them even more resistant to any residual disinfectants that may remain in the water .

Moreover, the reduction of chlorine in water can alter the chemical balance within the distribution
system. Chlorine helps to maintain a higher redox potential, which discourages the reduction of
ferric iron (Fe3) to ferrous iron (Fe2*) by IRB. In the absence of chlorine, the redox potential
decreases, facilitating the iron reduction process. (11)

BALANCING CHLORINE USE WITH BACTERIAL CONTROL

The challenge for water utilities is to balance the benefits of chlorine removal with the need to
control bacterial growth within the distribution system. One approach is to optimize chlorine dosing,
maintaining enough chlorine to control microbial growth while minimizing the formation of DBPs.
This requires careful monitoring of chlorine levels throughout the distribution network and adjusting
dosing based on factors such as water demand, temperature, and the presence of organic matter .

Another strategy is the use of alternative disinfectants, such as chloramine, which is less reactive
with organic matter and therefore produces fewer DBPs. However, chloramine is also less effective
than chlorine at controlling certain types of bacteria, including IRB, which means that its use must
be carefully managed to prevent bacterial proliferation .

Additionally, there is ongoing research into new technologies and treatment methods that can
provide effective disinfection without the drawbacks associated with chlorine. These include
ultraviolet (UV) disinfection, which kills bacteria without leaving residual chemicals in the water,
and advanced oxidation processes (AOPs), which use a combination of oxidants to break down
contaminants and control microbial growth .

N
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

2- DORMANT LOCATIONS IN PLUMBING SYSTEMS

UNDERSTANDING DORMANT LOCATIONS:

Dormant locations in plumbing systems refer to areas within the water distribution network where
water flow is minimal or stagnant for extended periods. These areas can be the result of several
factors, including low usage in certain parts of a building, dead-end pipes, or sections of the
municipal water system that are rarely accessed due to their location or design. Dormant locations
can occur in both residential and commercial buildings, as well as in the broader municipal
infrastructure, and they represent a significant challenge for maintaining water quality and system
integrity.

In plumbing systems, water is meant to flow continuously to prevent stagnation, which helps
maintain water quality by keeping oxygen levels stable and preventing the buildup of sediments
and microbial growth. However, when water remains stationary for too long, it creates ideal
conditions for various problems, including the proliferation of bacteria such as iron-reducing
bacteria (IRB). These bacteria thrive in low-oxygen environments and can cause significant issues,
including corrosion of pipes and the degradation of water quality.

CAUSES OF DORMANT LOCATIONS

Several factors can lead to the formation of dormant locations within a plumbing system:

¢ Design and Layout of Plumbing Systems: The design and layout of plumbing systems can
inherently create areas where water flow is minimal. For instance, dead-end pipes—sections of
the plumbing network that do not connect to any other pipes or are at the end of a system—are
particularly prone to stagnation. These dead ends can occur in older buildings or in systems
that have been expanded or modified over time without proper consideration for water flow
dynamics.

¢ Irregular Water Usage: In buildings or parts of a city where water usage is irregular, such as
in seasonal homes, large apartment complexes with variable occupancy, or industrial facilities
with fluctuating demand, water can remain stagnant in certain sections of the plumbing system.
Infrequent usage means that water is not being regularly flushed through the pipes, allowing it
to sit for extended periods and creating an environment conducive to microbial growth.

¢ Aging Infrastructure: In older plumbing systems, pipes may have been designed without
current knowledge of microbial risks, leading to sections that are more prone to stagnation.
Additionally, as infrastructure ages, sediment buildup, corrosion, and biofilm formation can
further reduce water flow, exacerbating the problem of dormant locations.

N
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

2- DORMANT LOCATIONS IN PLUMBING SYSTEMS

N

IMPACT OF DORMANT LOCATIONS ON WATER QUALITY:

Dormant locations pose several risks to water quality and the integrity of the plumbing system. The primary
concern is the growth of microorganisms, particularly iron-reducing bacteria (IRB). These bacteria can form
biofilms on the inner surfaces of pipes, which not only protect the bacteria from any residual disinfectants but
also contribute to the formation of corrosive environments.

As IRB metabolize iron, they reduce ferric iron (Fe3*) to ferrous iron (Fe2*), which is soluble in water and can
lead to several problems:

e Corrosion: The reduction of iron by IRB can cause localized corrosion within pipes, leading to the
formation of pits and other structural weaknesses. Over time, this can result in leaks, pipe failures, and
the need for costly repairs.

¢ Metallic Taste: The increase in dissolved iron can impart a metallic taste to the water, making it
unpalatable for consumers and raising concerns about the safety of the water supply.

o Potential Health Risks: While IRB themselves are generally not pathogenic, the conditions they create
can support the growth of other harmful microorganisms, particularly in biofilms. Additionally, the
degradation of water quality can lead to public health concerns, especially if the water is used for
drinking, cooking, or bathing.(12)

STRATEGIES TO ADDRESS DORMANT LOCATIONS:

Addressing the issue of dormant locations in plumbing systems requires a multifaceted approach that
combines system design, maintenance practices, and technological solutions:

¢ Regular Flushing: One of the most effective ways to manage dormant locations is through regular
flushing of the water system. Flushing involves increasing water flow through the pipes to remove
stagnant water, sediments, and biofilms. This can be done manually or through automated systems
that periodically flush the pipes, especially in areas known to be prone to stagnation.

e System Desigh Improvements: During the design or retrofitting of plumbing systems, engineers can
minimize the creation of dead-end pipes and ensure that all sections of the system experience
consistent water flow. This may involve redesigning the layout of pipes, installing looped systems that
allow water to circulate more effectively, or using larger pipe diameters to reduce the likelihood of
stagnation.

e Water Flow Management: In buildings with irregular water usage, implementing water flow
management systems can help maintain movement within the pipes. For example, using recirculating
pumps or adjusting the timing of water use can ensure that water does not remain stagnant for
extended periods. (13)

e Use of Corrosion Inhibitors: In cases where stagnant water cannot be entirely avoided, the use of
corrosion inhibitors can help protect the plumbing system from the effects of IRB. These chemicals
form a protective layer on the inner surfaces of pipes, reducing the likelihood of corrosion and
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

3- URBAN DEVELOPMENT AND PLUMBING INFRASTRUCTURE:

N

THE IMPACT OF URBAN EXPANSION ON WATER SYSTEMS

Urban development is a dynamic process that involves the continuous expansion and modification of
city infrastructures to accommodate growing populations and evolving commercial and industrial needs.
As cities expand, the demands placed on existing water systems increase, often stretching these
systems beyond their original capacities. This expansion frequently leads to the integration of hew
developments with older water infrastructure, creating a complex and sometimes problematic network
that can be difficult to manage effectively.

The challenge is particularly pronounced in older cities where the original water systems were designed
for much smaller populations and less extensive geographic areas. As urban areas grow, new buildings,
roads, and other infrastructure are added to the network, often leading to overextended systems that
struggle to maintain consistent water quality and pressure. This overextension can result in a variety of
issues, including increased water stagnation, pressure imbalances, and a higher likelihood of pipe
corrosion—all of which create favorable conditions for the growth of iron-reducing bacteria (IRB).

In rapidly developing areas, the expansion of water systems is sometimes carried out without fully
considering the long-term implications for water quality. For instance, new developments might be
connected to the existing network without adequate planning for how this will affect water flow dynamics.
This can lead to the creation of low-flow areas and dead-end pipes where water stagnates, providing an
ideal environment for IRB to proliferate.

AGING INFRASTRUCTURE AND ITS VULNERABILITIES:

Aging infrastructure is a significant concern in many cities, particularly in those with water systems
that were built several decades or even a century ago. These systems were often constructed using
materials such as cast iron, lead, and galvanized steel, which are prone to corrosion and the buildup
of biofilms over time. As these materials degrade, they not only contribute to the leaching of metals
into the water supply but also provide a substrate for the growth of IRB.

Corrosion in aging pipes is a critical issue because it leads to the weakening of the structural
integrity of the plumbing system. As pipes corrode, they become more susceptible to leaks and
breaks, which can disrupt water service and result in costly repairs. The presence of IRB
exacerbates this problem because these bacteria accelerate the corrosion process by reducing
ferric iron (Fe3) to ferrous iron (Fe2+*), creating localized areas of intense corrosion known as pitting.
Over time, this pitting can lead to significant damage, necessitating the replacement of large
sections of the water distribution network.

In addition to the direct effects on the pipes, aging infrastructure can also impact water quality
through the release of accumulated sediments and biofilms. These sediments, which may contain
iron and other metals, can be dislodged during periods of high water flow, leading to discoloration
and a metallic taste in the water. Biofilms, on the other hand, provide a protective environment for
IRB and other microorganisms, making them more resistant to any residual disinfectants that might
be present in the water.

OLYMPIAN WATER
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

3- URBAN DEVELOPMENT AND PLUMBING INFRASTRUCTURE:

/\ CHALLENGES OF INTEGRATING NEW AND OLD SYSTEMS

e One of the major challenges in urban development is the integration of new plumbing systems with
existing, often outdated, infrastructure. This integration can create mismatches in pipe materials,
diameters, and flow dynamics, which can disrupt the overall performance of the water distribution
network.

e Moreover, the introduction of new systems can disturb existing biofilms, allowing IRB to spread more
easily throughout the network. This is particularly problematic in areas where new developments are
connected to long-standing dead-end pipes or low-flow zones, as the introduction of fresh water can
mobilize bacteria and sediments that were previously contained. The result is an increased risk of
water quality issues, including discoloration, taste changes, and the potential for bacterial
contamination.

¢ Another challenge arises from the fact that newer buildings and developments often have different
water usage patterns compared to older structures. For instance, modern buildings might be equipped
with water-saving devices and low-flow fixtures, which, while beneficial for conservation, can reduce
the overall velocity of water through the system. This reduction in flow can contribute to the formation
of dormant locations where water stagnates, further increasing the likelihood of IRB growth.

SOLUTIONS FOR MODERNIZING INFRASTRUCTURE

To address the challenges posed by urban development and aging infrastructure, cities must adopt a
proactive approach to modernizing their water systems. This involves not only replacing outdated materials
with more durable and corrosion-resistant alternatives but also redesigning the water distribution network
to improve flow dynamics and reduce the risk of stagnation.

¢ Pipe Replacement and Upgrades: One of the most straightforward solutions is the replacement of
aging pipes with new materials that are less susceptible to corrosion and biofilm formation. Modern
materials like PVC, HDPE, and ductile iron are widely used in new developments due to their durability
and resistance to chemical and biological degradation.

e System Redesign: Another important step is the redesign of the water distribution network to eliminate
dead-end pipes and improve water flow throughout the system. This can involve creating looped
systems that allow water to circulate continuously, reducing the likelihood of stagnation and the
associated risks of IRB growth.

« Regular Maintenance and Monitoring: Regular maintenance and monitoring are crucial for identifying
and addressing potential problems before they lead to significant water quality issues. This includes
routine inspections of pipes , testing for the presence of IRB and other microorganisms, and monitoring

v water chemistry to detect changes that could indicate the onset of corrosion or bacterial growth.

« Collaboration and Innovation: Finally, addressing the challenges of urban development and aging
infrastructure requires collaboration between municipal authorities, engineers, and researchers to
develop innovative solutions. This might include the use of advanced materials, such as antimicrobial
coatings that prevent biofilm formation, or the implementation of smart water management systems.
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CAUSES OF IRB INFESTATION IN CITY PLUMBING

Cause

Description

Impact on IRB
Infestation

Challenges

Filtration Systems
and Chlorine
Removal

The use of filtration
systems that remove
chlorine from water
supplies.

Reduces the water's disinfectant
capabilities, allowing IRB to
proliferate due to the lack of

microbial control.

Balancing the need for clean, chemical-
free water with the requirement to
control microbial growth in the
distribution system.

Dormant Locations
in Plumbing
Systems

Areas within plumbing
systems where water flow
is minimal or stagnant for

extended periods.

Creates low-oxygen
environments ideal for IRB
growth, leading to biofilm
formation and corrosion in these
sections of the system.

Identifying and managing all stagnant
water areas within complex plumbing
networks, especially in older buildings.

Urban Development
and Aging
Infrastructure

The expansion of cities
and the integration of new
developments with older
water infrastructure.

Increases the likelihood of water
stagnation, pipe corrosion, and
the proliferation of IRB due to
mismatched systems and
materials.

Coordinating upgrades across old and
new systems, managing budget
constraints, and preventing disruptions
during retrofits.

Inadequate
Maintenance and
Monitoring

Lack of regular flushing,
cleaning, and monitoring
of water quality in
plumbing systems.

Allows IRB to establish and grow
unchecked, exacerbating biofilm
formation and pipe corrosion
over time.

Ensuring consistent, proactive
maintenance and monitoring practices
amidst resource and budget limitations.

Water Conservation
Measures

Implementation of low-
flow fixtures and water-
saving devices.

Reduces water movement,
increasing the chances of
stagnation and creating
favorable conditions for IRB
growth in certain areas.

Balancing water conservation efforts
with the need to maintain adequate
flow to prevent bacterial growth.
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EFFECTS OF IRB ON CITY PLUMBING SYSTEMS

@ Structural Damage and Corrosion

e The Role of IRB in Pipe Corrosion
Iron-reducing bacteria (IRB) contribute significantly to the corrosion of pipes by reducing ferric iron (Fe3+) to ferrous iron
(Fez*), which leads to the weakening of pipe materials. This process accelerates the degradation of iron and steel
pipes, causing localized corrosion and structural damage. (2)

o Biofilm Formation and Its Impact on Infrastructure
IRB form biofilms on the inner surfaces of pipes, creating microenvironments that enhance corrosion. These biofilms
protect the bacteria from disinfectants and further contribute to the deterioration of the plumbing infrastructure, leading
to pitting and eventual pipe failure.

e Long-Term Consequences of IRB-Induced Corrosion
The ongoing activity of IRB can lead to long-term structural damage in city plumbing systems, necessitating frequent
repairs and potentially costly replacements of corroded pipes to prevent leaks and pipe bursts.

@ Water Quality Issues

¢ Sensory Changes in Water: Taste, Odor, and Appearance
IRB activity in plumbing systems often results in noticeable changes in water quality, including discoloration (yellow, brown,
or black), a metallic taste, and unpleasant odors caused by the bacteria’s metabolic by-products.

o Health Risks Associated with IRB Contamination
While IRB themselves are not typically harmful, the conditions they create can harbor other dangerous pathogens. The
reduced effectiveness of disinfectants in IRB-affected water systems can increase the risk of waterborne diseases,
especially in vulnerable populations.

¢ Managing Water Quality to Prevent Public Health Issues
Ensuring the safety of drinking water in the presence of IRB requires ongoing monitoring, treatment adjustments, and
public awareness to address potential health risks and maintain consumer confidence in the water supply.

@ Economic Impact

¢ The Financial Costs of Pipe Maintenance and Replacement
The presence of IRB in city plumbing systems leads to increased maintenance and replacement costs due to accelerated
corrosion and the need for frequent repairs. These costs can strain municipal budgets and impact the overall sustainability of
the water infrastructure.

e Economic Burden on Municipalities and Property Owners
Municipalities face significant financial challenges in managing IRB-related issues, including the costs of emergency responses
and infrastructure upgrades. Property owners may also incur expenses for plumbing repairs, fixture replacements, and water
treatment, along with potential decreases in property values.

¢ Long-Term Economic Strategies for Mitigating IRB Impact
To mitigate the long-term economic impact of IRB, cities must invest in modern infrastructure, adopt proactive maintenance
practices, and explore innovative technologies that reduce the risks associated with bacterial growth in plumbing systems.

OLYMPIAN WATER
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PUBLIC HEALTH STRATEGIES

‘ MONITORING AND SURVEILLANCE

Effective public health strategies for mitigating the health risks associated with IRB start with robust monitoring and
surveillance programs. Regular testing of water quality for indicators of IRB activity, such as elevated levels of ferrous
iron and the presence of biofilms, is crucial for early detection and intervention. Public health agencies should work
closely with water utilities to ensure that comprehensive monitoring programs are in place, particularly in areas with
older infrastructure or known vulnerabilities.

' RISK COMMUNICATION AND PUBLIC EDUCATION

Public education is another critical component of a successful public health strategy. Educating the public about the
potential health risks associated with IRB, as well as the importance of maintaining plumbing systems, can empower
individuals and communities to take proactive steps to protect their health. This might include providing information on
the risks of lead and copper exposure, how to identify signs of water contamination, and the importance of regular
maintenance of home plumbing systems.

Risk communication is also essential, particularly in the event of an outbreak of waterborne illness. Public health
agencies must be prepared to communicate effectively with the public, providing clear and actionable information to
reduce exposure to contaminated water and prevent illness.

‘ TARGETED INTERVENTIONS FOR VULNERABLE POPULATIONS

Given that certain populations are more vulnerable to the health risks associated with IRB, targeted interventions are
necessary to protect these groups. For example, in healthcare facilities, special attention should be paid to water
system maintenance to prevent the growth of biofilms and the spread of pathogens like Legionella. For schools and
daycares, regular testing and maintenance of plumbing systems are essential to ensure safe drinking water for children.

In socioeconomically disadvantaged communities, public health agencies should work to ensure that residents have

access to safe drinking water, either through improvements to infrastructure or by providing resources such as water
filters. These interventions should be supported by policies that prioritize the protection of vulnerable populations and
address the underlying disparities that contribute to increased health risks.

‘ COLLABORATION AND POLICY DEVELOPMENT

Addressing the health implications of IRB requires collaboration between public health agencies, water utilities,
policymakers, and community organizations. Developing policies that mandate regular monitoring, establish safety
standards for water quality, and provide funding for infrastructure improvements is essential for protecting public health.
Additionally, collaboration can help ensure that the most vulnerable populations are protected and that public health
strategies are aligned with broader efforts to improve water quality and infrastructure resilience.
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WATER TESTING

HEALTH IMPLICATIONS OF IRB

Iron-reducing bacteria (IRB) are not typically associated with causing direct diseases in humans. However, they
can contribute to conditions that indirectly affect human health by deteriorating water quality and infrastructure.
Here’s a list of health-related issues and conditions that can be linked to the presence and activity of iron-
reducing bacteria:

Iron Overload in Water:

While not directly pathogenic, high iron levels can lead to iron overload in
individuals with conditions like hemochromatosis. This can cause symptoms
such as joint pain, fatigue, and organ damage over time.

Biofilm Formation:

Biofilms can harbor pathogenic bacteria, protecting them from disinfection
processes. This can increase the risk of waterborne diseases such as
Legionnaires' disease (caused by Legionella bacteria) and gastrointestinal
infections. (3)

Corrosion and Infrastructure Damage:

Corroded pipes can lead to the release of heavy metals like lead or copper into
drinking water, potentially causing poisoning or long-term health issues such as
kidney damage, neurological disorders, and developmental problems in
children.

Odor and Taste Issues:

While primarily an aesthetic issue, water that smells like rotten eggs due to H2S
can discourage water consumption, leading to dehydration or the use of less
safe alternative water sources.

Iron-related Biofouling:

Biofouling in medical devices like catheters can increase the risk of hospital-
acquired infections, particularly urinary tract infections (UTIs) or sepsis.

While IRB themselves are not typically harmful to human health, their activities
can create conditions that promote other health risks, particularly in water
systems and infrastructure.

Increased Heavy Metal Leaching:

Elevated levels of metals such as lead, arsenic, and manganese can enter
drinking water, leading to various health issues, including neurological damage,
cancer, and cardiovascular diseases. (5)
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WATER TESTING

HEALTH IMPLICATIONS OF IRB

Microbial Corrosion and Pipe Failure:

Pipe failures can lead to contamination of water supplies with external
pathogens, increasing the risk of diseases like E. coli infections or
Cryptosporidiosis due to compromised water quality.

Reduction in Water Treatment Efficiency:

Inefficient water treatment can lead to insufficient removal of harmful
microorganisms and chemicals, raising the risk of waterborne diseases such as
cholera, typhoid fever, and other gastrointestinal illnesses.

Compromised Boiler and Cooling Systems:

Biofilm formation in these systems can harbor harmful bacteria like Legionella,
leading to outbreaks of Legionnaires' disease, a severe form of pneumonia,
particularly in facilities with vulnerable populations such as hospitals or nursing
homes.

Aesthetic Water Quality Issues:

While primarily aesthetic, discolored or cloudy water can lead to a perception of
contamination, causing individuals to avoid drinking tap water, potentially
leading to dehydration or reliance on unsafe water sources.
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CASE STUDIES AND REAL-WORLD
EXAMPLES

Examining real-world instances of iron-reducing bacteria (IRB) infestations in city plumbing systems provides valuable insights
into the challenges faced by different communities and the effectiveness of various mitigation strategies. This section presents
detailed case studies that highlight the impact of IRB on urban water systems and industrial complexes, as well as a
comparative analysis to draw broader lessons.

Case Study 1: Affected Urban Areas

Overview of the Urban Area:

In this case study, we explore a mid-sized city in the
Midwest United States that experienced significant IRB-

Identification and Diagnosis of the
Problem:

Initial investigations by the city’s water utility revealed
that the discolored water was due to elevated levels of

related issues in its municipal water system during the
early 2020s. The city’s water infrastructure, some of
which dated back over 100 years, was primarily
composed of cast iron pipes. Over time, the city began
receiving complaints from residents about discolored
water, unusual metallic tastes, and an increase in pipe

dissolved ferrous iron, a clear indication of the presence
of IRB. Further microbial analysis confirmed that IRB
were thriving in several parts of the water distribution
network, particularly in areas with older infrastructure

and lower water flow rates. These bacteria were not only
contributing to the discoloration and taste issues but

leaks. were also accelerating the corrosion of the cast iron

pipes.

Measures Implemented to Address IRB Contamination :

In response to the growing problem, the city initiated a multi-faceted approach to mitigate the impact of IRB. This
included:

o System Flushing: The city increased the frequency of flushing in affected areas to remove stagnant water and
biofilms, which helped to reduce the population of IRB and improve water quality temporarily.

e Secondary Disinfection: The water utility introduced chloramine as a secondary disinfectant to improve the long-
term control of bacterial growth within the system. Chloramine was chosen for its ability to penetrate biofilms more
effectively than chlorine alone.

¢ Infrastructure Upgrades: The city embarked on an extensive pipe replacement program, focusing on the most
severely affected areas. Old cast iron pipes were replaced with modern, corrosion-resistant materials like PVC and
ductile iron, which are less susceptible to IRB-induced corrosion.

¢ Public Communication: The city also launched a public awareness campaign to inform residents about the
ongoing efforts to address water quality issues and to provide guidance on how to manage discolored water in their
homes.

Outcomes and Lessons Learned:

The implementation of these measures resulted in a noticeable improvement in water quality, with fewer

complaints from residents about discoloration and taste issues. However, the case highlighted the
importance of early detection and the challenges associated with managing IRB in aging infrastructure. The
city’s experience underscored the need for proactive maintenance and the importance of continuous
monitoring to prevent the recurrence of similar issues in the future.
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CASE STUDIES AND REAL-WORLD
EXAMPLES

Case Study 2: Industrial Complexes

Background of the Industrial Problem Identification and Analysis:

Complex:
The facility’s engineering team conducted a thorough

investigation, which revealed that IRB were proliferating
within the water distribution system. The bacteria were
found to be particularly concentrated in sections of the
system where water flow was reduced, leading to the

formation of thick biofilms. These biofilms were
contributing to the rapid corrosion of metal pipes and the
clogging of critical water pathways, disrupting the
facility’s operations.

This case study examines a large industrial complex
located in the southeastern United States, where IRB
contamination posed significant operational challenges.
The complex, which includes several manufacturing
facilities that rely heavily on process water, began
experiencing issues with pipe blockages, equipment
corrosion, and a decline in water quality in the late
2010s. These problems led to production downtime and
increased maintenance costs.

Interventions and Solutions

To address the IRB problem, the facility implemented several key interventions:

« Advanced Water Treatment: The facility installed a water treatment system designed to remove iron
before it entered the distribution network. This included filtration systems and the use of chemical
oxidants to precipitate iron out of the water.

« Corrosion Inhibitors: The introduction of corrosion inhibitors into the water supply helped to protect
metal surfaces from further degradation. These inhibitors worked by forming a protective film on the
inside of the pipes, reducing the rate of corrosion.

« Mechanical Cleaning: The facility also increased the frequency of mechanical cleaning of the pipes to
remove biofilms and prevent the buildup of IRB. This involved the use of specialized equipment to scrub
the interior surfaces of the pipes and flush out debris.

« Regular Monitoring: A rigorous monitoring program was established to track water quality and detect
any resurgence of IRB. This included regular testing for ferrous iron levels and microbial analysis to
identify early signs of biofilm formation.

Outcomes and Lessons Learned:

The implementation of these measures resulted in a noticeable improvement in water quality, with fewer

complaints from residents about discoloration and taste issues. However, the case highlighted the
importance of early detection and the challenges associated with managing IRB in aging infrastructure. The
city’'s experience underscored the need for proactive maintenance and the importance of continuous
monitoring to prevent the recurrence of similar issues in the future.

OLYMPIAN WATER m



WHITE PAPER _‘5 Olympian™

METHODS OF DETECTION AND MONITORING

Effective detection and monitoring of iron-reducing bacteria (IRB) in city plumbing systems are
crucial for early intervention and prevention of the negative impacts associated with their
proliferation. This section outlines the various methods available for detecting and monitoring
IRB activity, including water testing, microbial analysis, advanced remote sensing technologies,
and regular maintenance protocols. (14)

7

IMPORTANCE OF WATER TESTING

Water testing is the foundational step in detecting the presence of IRB in city
plumbing systems. Regular testing allows water utilities to monitor key indicators of
IRB activity, such as elevated levels of ferrous iron (Fe2*) and the presence of
biofilms. Early detection through water testing is essential for preventing widespread
contamination and mitigating the effects of IRB on water quality and infrastructure.

Here are the different methods use for the detection and monitoring of iron levels:

CHEMICAL TESTING FOR IRON LEVELS

Infrared (IR) spectroscopy is a powerful tool for detecting and monitoring changes in the
chemical composition of water, including the presence of iron compounds. IR
spectroscopy works by measuring the absorption of infrared light by water molecules,
which can reveal the presence of specific chemical bonds associated with iron
compounds. This technique is particularly useful for detecting changes in water
chemistry that may indicate the activity of IRB, such as the reduction of ferric iron to
ferrous iron.

ADVANCED REMOTE SENSING TECHNOLOGIES

Remote sensing technologies, such as hyperspectral imaging and laser-induced
breakdown spectroscopy (LIBS), offer advanced methods for monitoring water quality
and detecting IRB-related changes in city plumbing systems. Hyperspectral imaging
can capture detailed spectral information across a wide range of wavelengths,
allowing for the identification of specific chemical signatures associated with iron
compounds and microbial activity.

N
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METHODS OF DETECTION AND MONITORING

PR

MICROBIAL CULTURING AND GENETIC ANALYSIS

Microbial culturing techniques involve growing bacteria from water samples on
selective media to isolate and identify IRB. However, traditional culturing methods can
be time-consuming and may not detect all strains of IRB, particularly those that are
slow-growing or require specific environmental conditions.

To overcome these limitations, genetic analysis techniques, such as polymerase
chain reaction (PCR), can be employed. PCR allows for the detection of specific
genetic markers associated with IRB, providing a more sensitive and rapid method for
identifying bacterial presence. Metagenomic sequencing, which analyzes the entire
microbial community within a sample, can also be used to assess the diversity and
abundance of IRB and other related microorganisms.

BIOFILM SAMPLING AND ANALYSIS

Since IRB are often embedded within biofilms, sampling and analyzing these biofilms
can provide valuable information about the extent of bacterial colonization within the
plumbing system. Biofilm samples can be collected from pipe surfaces using swabs or
specialized scrapers and then analyzed in the laboratory to assess microbial composition
and activity. Techniques such as scanning electron microscopy (SEM) and fluorescence
in situ hybridization (FISH) can be used to visualize biofilms and identify specific bacterial
species.

INFRARED SPECTROSCOPY FOR IRON DETECTION:

Infrared (IR) spectroscopy is a powerful tool for detecting and monitoring changes in
the chemical composition of water, including the presence of iron compounds. IR
spectroscopy works by measuring the absorption of infrared light by water molecules,
which can reveal the presence of specific chemical bonds associated with iron
compounds. This technique is particularly useful for detecting changes in water
chemistry that may indicate the activity of IRB, such as the reduction of ferric iron to
ferrous iron.
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MITIGATION AND CONTROL STRATEGIES

MITIGATING IRB IN CITY PLUMBING SYSTEMS INVOLVES USING CHEMICAL DISINFECTANTS
LIKE CHLORINE, REGULAR PIPE FLUSHING, AND MECHANICAL SCRUBBING TO REMOVE
BIOFILMS AND PREVENT IRON BUILDUP. CORROSION INHIBITORS AND IMPROVED SYSTEM
DESIGN, SUCH AS LOOPED NETWORKS, HELP REDUCE WATER STAGNATION AND PROTECT
PIPES. SMART WATER MANAGEMENT TECHNOLOGIES PROVIDE REAL-TIME MONITORING,
ENABLING EARLY DETECTION AND RESPONSE TO IRB, ENSURING LONG-TERM WATER
QUALITY AND INFRASTRUCTURE RESILIENCE.

Chlorine and Chloramine

. Disinfection
Reducing Water

Stagnation

Use of Corrosion Inhibitors

Material Selection
and Pipe

Replacement
Mechanical Scrubbing

Ultrasonic Cleaning

Biocides and Chemical
Cleaners
Pipe Flushing

Integrating Smart
Water Management
Improving Accessibility Technologies

for Maintenance
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WATER TESTING

MITIGATION AND CONTROL STRATEGIES

Mitigating the impact of iron-reducing bacteria (IRB) in city plumbing systems requires a
comprehensive approach that combines chemical, mechanical, and design-based strategies.
These strategies are designed to control the growth of IRB, prevent corrosion, maintain water
guality, and ensure the long-term integrity of the water distribution network. This section
outlines the most effective mitigation and control strategies currently available. (15)

CHLORINE AND CHLORAMINE DISINFECTION

One of the most common methods for controlling IRB in plumbing systems is the use of chemical
disinfectants, particularly chlorine and chloramine. Chlorine is widely used for its effectiveness in killing a
broad spectrum of microorganisms, including IRB. It works by penetrating the bacterial cell walls and
disrupting their metabolic functions, ultimately leading to cell death. However, chlorine’s effectiveness
can be reduced in the presence of biofilms, which can protect IRB from direct exposure.

To address this challenge, chloramine (a combination of chlorine and ammonia) is often used as an
alternative disinfectant. Chloramine is more stable than chlorine and can persist longer in the water
distribution system, providing ongoing disinfection that can penetrate biofilms more effectively.
Additionally, chloramine produces fewer disinfection by-products (DBPs) compared to chlorine, making it
a safer option for long-term use in drinking water systems.

USE OF CORROSION INHIBITORS

Corrosion inhibitors are chemicals that can be added to the water supply to reduce the rate of pipe
corrosion caused by IRB activity. These inhibitors work by forming a protective film on the interior
surfaces of pipes, preventing the direct interaction between the pipe material and corrosive agents, such
as ferrous iron. Commonly used corrosion inhibitors include orthophosphates and silicates, which can be
dosed into the water at controlled levels.

Orthophosphates, in particular, are effective at preventing corrosion in lead and copper pipes by creating
a stable, insoluble phosphate layer on the pipe surface. This layer not only protects the metal from
corrosion but also helps to reduce the release of harmful metals into the water. However, the use of
corrosion inhibitors requires careful management to ensure that they do not interfere with other water
treatment processes or contribute to unintended environmental impacts.

OLYMPIAN WATER
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WATER TESTING

MITIGATION AND CONTROL STRATEGIES

REDUCING WATER STAGNATION

One of the most effective long-term strategies for preventing IRB proliferation is to design plumbing
systems that minimize water stagnation. Stagnant water creates the low-oxygen conditions that IRB need
to thrive, so reducing the incidence of dead-end pipes and low-flow areas is critical. System design
improvements can include the creation of looped networks, where water is continuously circulated, and
the installation of automated flushing devices in areas prone to stagnation. Looped networks are
particularly effective in large, complex systems, such as those found in hospitals or industrial facilities,
where water demand may vary significantly throughout the day. By ensuring that water is always moving,
the risk of biofilm formation and IRB growth is greatly reduced.

MATERIAL SELECTION AND PIPE REPLACEMENT

Selecting modern, corrosion-resistant materials like PVC, HDPE, and ductile iron for new and
replacement pipes reduces the risk of IRB-related issues. These materials have smoother surfaces,
minimizing biofilm formation. When replacing infrastructure, considering long-term benefits over
immediate costs is key, and protective coatings like epoxy or cement mortar can extend the life of
existing pipes.

MECHANICAL SCRUBBING

Mechanical scrubbing, using tools like pigging devices or robotic scrubbers, physically
removes biofilms and iron deposits from pipes, often in combination with chemical treatments
for thorough IRB elimination. Pigging is particularly effective for cleaning long pipelines, while
robotic scrubbers are used for more complex or hard-to-reach areas.

ULTRASONIC CLEANING

Ultrasonic cleaning is an emerging mechanical technique that uses high-frequency sound waves to
disrupt biofilms and remove IRB from pipes. The ultrasonic waves create microscopic bubbles in the
water, which implode with enough force to dislodge biofilms from the pipe surfaces. This method is non-
invasive and can be used in conjunction with chemical treatments to enhance their effectiveness.
Ultrasonic cleaning is particularly advantageous in situations where mechanical scrubbing is impractical,
such as in pipes with complex geometries or in systems where the use of chemicals is restricted.
However, the technology is still in the early stages of adoption and may require further development to be
widely implemented in municipal water systems.
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WATER TESTING

MITIGATION AND CONTROL STRATEGIES

BIOCIDES AND CHEMICAL CLEANERS

In cases of severe Iron-Reducing Bacteria (IRB) contamination, biocides like chlorine dioxide, hydrogen
peroxide, and glutaraldehyde, along with chemical cleaners, are used to effectively remove biofilms and kill
the bacteria. These substances are applied in high concentrations for short periods to maximize their
impact. Acid-based or alkaline-based cleaners may also be employed to dissolve biofilms and remove iron
deposits from pipes. However, care must be taken to avoid damaging the pipes and ensure that treated
water is fully flushed before being reused.

PIPE FLUSHING

Regular pipe flushing is an essential method for controlling IRB in city plumbing systems by
increasing water flow to remove stagnant water, biofilms, and sediments. High-velocity flushing
is particularly effective at dislodging biofilms and preventing iron buildup, while unidirectional
flushing ensures thorough contaminant removal, especially in dead-end pipes and low-flow
areas.

INTEGRATING SMART WATER MANAGEMENT
TECHNOLOGIES

Integrating smart water management technologies improves system design by providing real-
time data on water quality and flow. Sensors monitor critical parameters like chlorine levels
and water pressure, while smart meters and automated systems optimize flow, adjust
disinfection, and trigger flushing. Data analytics and machine learning help predict and prevent
IRB contamination by identifying high-risk areas.

IMPROVING ACCESSIBILITY FOR MAINTENANCE

Finally, designing plumbing systems with accessibility in mind can facilitate regular
maintenance and reduce the likelihood of IRB-related issues. This includes incorporating
access points, such as cleanouts and inspection ports, at strategic locations throughout the
network. These access points make it easier for maintenance crews to perform inspections,
collect samples, and carry out cleaning operations.
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THE ROLE OF POLICY AND REGULATION IN
MITIGAGTING THIS ISSUE

Effective management of iron-reducing bacteria (IRB) in city plumbing systems requires a
robust policy framework and comprehensive regulatory oversight. Policies and
regulations are crucial for maintaining water quality, protecting infrastructure, and
safeguarding public health. This section discusses the current regulatory landscape,
proposes necessary regulatory changes, and emphasises the importance of public
awareness and education in addressing the challenges posed by IRB.

Current Regulations on Water Quality

—_ Overview of Existing Water Quality Standards
Current water quality standards, such as those set by the U.S. Environmental Protection Agency (EPA) under
the Safe Drinking Water Act (SDWA), focus on limiting contaminants like lead, copper, and microbial
pathogens in drinking water. Although these standards are essential for public health, there are no specific
federal regulations that directly address IRB, which are managed through general guidelines related to
disinfection, corrosion control, and biofilm management. The absence of targeted IRB regulations highlights
the need for more precise standards to manage the unique challenges they present.

—_ Regulations on Corrosion Control and Disinfection
Regulations like the Lead and Copper Rule (LCR) and the Surface Water Treatment Rule (SWTR) play a
critical role in managing the effects of IRB by setting requirements for corrosion control and disinfection in
water systems. The LCR mandates the use of corrosion inhibitors to prevent the leaching of harmful metals,
while the SWTR requires maintaining disinfectant residuals to control microbial growth, including IRB. These
regulations help mitigate IRB-related issues, but their effectiveness can be limited by the challenges of biofilm
protection and the need for more comprehensive monitoring.

—_ Monitoring and Reporting Requirements
Water utilities are required to regularly monitor water quality and report their findings to regulatory authorities.
This monitoring includes testing for indicators like disinfectant residuals, pH levels, and specific contaminants.
Although current regulations focus on general water quality parameters, the absence of mandatory testing for
IRB underscores the need for more targeted monitoring to detect and address these bacteria early,
particularly in systems with known vulnerabilities.
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THE ROLE OF POLICY AND REGULATION IN
MITIGAGTING THIS ISSUE

Proposed Regulatory Changes

— Developing Specific Standards for IRB
Given the significant impact IRB can have on water quality and infrastructure, there is a growing need for
specific regulatory standards that address these bacteria. Developing guidelines that set acceptable levels of
IRB in drinking water and require regular testing in at-risk areas could help utilities manage IRB more
effectively. These standards would provide a clearer framework for identifying and mitigating IRB-related
risks, improving overall water safety and system reliability.

— Enhancing Corrosion Control Regulations
Existing corrosion control regulations, such as those under the Lead and Copper Rule, could be expanded to
include more stringent requirements for managing IRB-induced corrosion. This could involve mandating the
use of advanced corrosion inhibitors and more rigorous monitoring of pipe conditions in areas prone to IRB
activity. Strengthening these regulations would help prevent the accelerated degradation of infrastructure
caused by IRB, reducing both public health risks and maintenance costs.

—>  Strengthening Disinfection Protocols
To better manage IRB biofilms, regulatory agencies could consider strengthening disinfection protocols by
requiring the use of more effective disinfectants, such as chloramine, in systems where biofilms are prevalent.
Additionally, regulations could mandate more frequent system flushing to disrupt biofilm formation and reduce
IRB proliferation. These enhanced disinfection protocols would help maintain water quality by addressing the
protective environments that biofilms create for IRB.

—> Incentivizing Infrastructure Upgrades
Modernizing water infrastructure is one of the most effective strategies for managing IRB long-term.
Regulatory agencies could incentivize infrastructure upgrades by offering financial support, such as grants or
low-interest loans, for projects that replace aging pipes or incorporate advanced, corrosion-resistant materials.
By tying these incentives to specific performance goals, such as reducing IRB-related water quality issues,
utilities would be encouraged to invest in sustainable improvements that enhance system resilience.
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THE ROLE OF POLICY AND REGULATION IN
MITIGAGTING THIS ISSUE

Public Awareness and Education

—>  The Importance of Educating the Public
Public awareness and education are critical for managing IRB in city plumbing systems, as many mitigation
actions involve both utilities and consumers. Educating the public about IRB risks, the importance of regular
plumbing maintenance, and how to identify water quality issues can empower individuals to take proactive
measures to protect their health and maintain the integrity of their plumbing systems. A well-informed public is
better equipped to collaborate with utilities in ensuring safe drinking water.

— Outreach Programs and Communication Strategies
Water utilities and public health agencies can play a key role in educating the public about IRB through
outreach programs and effective communication strategies. Informational campaigns that explain the causes
and consequences of IRB contamination, as well as guidance on mitigating exposure, are essential. Clear,
timely updates on water quality issues, especially during contamination incidents, help build public trust and
ensure that consumers take appropriate actions to protect themselves.

— Engaging Stakeholders in Policy Development
Engaging stakeholders in the development of IRB-related policies and regulations ensures that the concerns
of those most affected are addressed. By involving community groups, environmental organizations, and
industry representatives in the policy-making process, regulatory agencies can create more effective and
widely supported regulations. This collaborative approach not only strengthens the regulatory framework but
also fosters public trust and compliance.

—> Building a Culture of Water Quality Awareness
Building a culture of water quality awareness involves fostering a shared understanding among consumers,
utilities, and policymakers about the importance of maintaining high water quality standards. Educational
initiatives, combined with strong regulations and proactive infrastructure management, can create a resilient
water system capable of withstanding the challenges posed by IRB and other microbial threats. This collective
commitment to water quality is essential for ensuring the long-term safety and reliability of urban water
systems.
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WATER TESTING

FUTURE TRENDS AND RESEARCH DIRECTIONS

As urban water systems continue to evolve, addressing the challenges posed by iron-reducing
bacteria (IRB) will require ongoing innovation and research. Understanding future trends and
identifying research gaps are essential for developing advanced solutions that ensure the long-term
resilience and safety of city plumbing systems.

° Innovations in Water Treatment Technologies:

Emerging technologies are set to play a crucial role in the future of water treatment. Innovations like
hybrid systems that combine chemical, mechanical, and biological approaches are gaining traction,
offering more comprehensive solutions for managing IRB. Additionally, the use of artificial intelligence
and machine learning in water management is expected to optimize treatment processes, improve
detection capabilities, and enhance predictive maintenance strategies. These technologies will be
critical in addressing the complex and evolving nature of IRB contamination.

° Research Gaps and Future Studies:

Despite significant advancements, several research gaps remain in the field of IRB management.
Future studies are needed to better understand the genetic and metabolic pathways of IRB, which
could lead to the development of targeted treatments. Additionally, more research is required to explore
the long-term effectiveness and environmental impact of emerging technologies, such as
nanotechnology and advanced oxidation processes. Addressing these research gaps will be essential
for creating more effective and sustainable water treatment methods.

? The Future of Urban Water Systems:

The future of urban water systems will likely involve a shift towards more decentralized and flexible
approaches to water management. Decentralized systems, which treat water at the point of use or
within smaller, localized networks, offer the potential to reduce the spread of IRB and other
contaminants. Moreover, there will be an increased focus on integrating green infrastructure and
sustainable practices into urban water management. These trends will help cities adapt to changing
environmental conditions and ensure the long-term viability of their water infrastructure.
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CONCLUSION

As cities continue to grow and evolve, the challenges posed by iron-reducing bacteria (IRB) in urban
plumbing systems demand proactive and innovative solutions. This section summarizes the key findings of
the white paper, emphasizes the importance of addressing IRB-related issues, and calls for coordinated
action from all stakeholders involved.

The white paper has highlighted the significant impact that IRB can have on city plumbing systems,
including infrastructure degradation, water quality issues, and economic burdens. It has also explored the
factors that contribute to IRB proliferation, such as stagnant water, aging infrastructure, and inadequate
disinfection protocols. Effective management of IRB requires a multifaceted approach that includes
advanced water treatment technologies, targeted regulatory frameworks, and continuous monitoring.

Addressing the challenges posed by IRB is critical to ensuring the long-term resilience of urban water
systems. This involves not only investing in modern infrastructure and innovative technologies but also
fostering a culture of proactive maintenance and public awareness. By understanding the risks associated
with IRB and implementing comprehensive strategies to mitigate them, cities can protect their water
supply, reduce infrastructure costs, and safeguard public health.

To effectively combat the spread of IRB, it is essential for municipalities, water utilities, policymakers, and
the public to work together. Stakeholders must prioritize the development and implementation of
strategies that address the root causes of IRB contamination and invest in future-proofing urban water
systems. This collaborative effort will ensure that cities are better equipped to manage the challenges
posed by IRB and continue to provide safe, reliable water to their residents.
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