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WATER TESTING

INTRODUCTION

Total coliform bacteria are a diverse group of microorganisms that are widely distributed in the
environment. They inhabit soil, water, and vegetation, and can also be found in the intestines of
humans and animals. This group of bacteria includes several genera, most notably Citrobacter,
Enterobacter, Escherichia, Hafnia, and Klebsiella. These bacteria are typically non-pathogenic;
however, their presence in drinking water is of significant concern as it indicates possible
contamination from external sources, including pathogens that could pose serious health risks. (1)

The detection of total coliforms in drinking water
serves as a critical indicator of water quality. While
these bacteria themselves are generally not harmful,
they act as a warning sign that the water supply may
be compromised. Their presence can suggest that the
water system has been exposed to environmental
contaminants, such as fecal matter, or that there has
been a breach in the water treatment process. This
makes total coliform testing a standard practice in
water quality monitoring, as it helps in the early
detection of potential hazards before they can lead to
widespread public health issues.

Among the total coliform group, Escherichia coli (E.
coli) is particularly significant. E. coli is a well-known
bacterium that is commonly found in the intestines of
warm-blooded animals, including humans. Most
strains of E. coli are harmless and play a crucial role
in the digestive system. However, some strains, such
as E. coli 0157, are pathogenic and can cause severe
illness. (2)

The presence of E. coli in drinking water is especially
alarming as it directly indicates fecal contamination.
This not only raises concerns about the safety of the
water supply but also about the potential presence of

other harmful microorganisms, such as viruses and
parasites, that are often found in fecal matter. The
detection of E. coli triggers immediate investigation
and remedial actions to prevent outbreaks of
waterborne diseases, which can have devastating
effects on public health.
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WATER TESTING

INTRODUCTION

Purpose and Scope of the White Paper:

This white paper is designed to provide a comprehensive exploration of the hazardous effects associated
with total coliform bacteria in drinking water, with a special emphasis on the species Citrobacter,
Enterobacter, Escherichia (E. coli), Hafnia, and Klebsiella. The document will delve into the origins and
pathways of contamination, examining how these bacteria find their way into drinking water systems and
the conditions that allow them to proliferate. Additionally, it will discuss the health risks that these bacteria
pose, particularly when they are found in conjunction with pathogenic strains like E. coli, which can lead to
severe gastrointestinal illnesses and other health complications.

Beyond the immediate health risks, the presence of total s
coliforms in drinking water can also have broader

economic and environmental impacts. Contaminated ‘
water can lead to costly public health interventions,

damage to infrastructure, and a loss of public confidence

in the safety of the water supply. This white paper will

examine these broader implications, providing a holistic 4 =

; : R
view of the challenges posed by total coliform . @S‘\” |
contamination. %\ :@

. . . "7;”" S LN %ﬁfr—/

To address these challenges, the white paper will outline %h ;e
current methods for detecting and monitoring total s ?ﬂ AR ;,;g
coliforms in drinking water. It will review standard f,j’ff&; ,\g‘:ﬁ
practices, such as membrane filtration and multiple-tube :;;?:v; ¥ ‘\ﬁ
fermentation, as well as emerging technologies that offer i ' @‘ég" -'-._‘,'\,»: \Q e
more precise and timely detection. The document will ,571-,.;9 ﬁ = :;*'"
also provide best practices for mitigating and controlling "’fg}a ' ‘E; A
coliform contamination, including water treatment : 7 ?‘",ﬂ}.{{ﬁ_\b
options, infrastructure improvements, and public health '
strategies.

Finally, this white paper will explore the regulatory
frameworks that govern water quality standards,
focusing on how these regulations can be strengthened
to better protect public health. By providing detailed
analysis and practical recommendations, this document
aims to equip policymakers, water utility managers, and
public health professionals with the knowledge and tools
they need to effectively manage the risks associated with
total coliform bacteria in drinking water. The goal is to
ensure that drinking water remains safe, reliable, and
free from harmful contaminants, thereby safeguarding
public health and well-being.
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WATER TESTING

BIOLOGY AND BEHAVIOR OF COLIFORM BACTERIA

Coliform bacteria are a diverse group of microorganisms that share several common characteristics,
making them significant indicators of water quality and potential fecal contamination. Understanding
the biology and behavior of coliform bacteria is essential for effectively managing and mitigating their
presence in drinking water systems. This section delves into the key biological traits of coliform
bacteria, their environmental behavior, and the factors that influence their growth and survival in water
systems.

Biological Characteristics of Coliform Bacteria:

Coliform bacteria belong to the family Enterobacteriaceae, a large group of Gram-
negative, rod-shaped bacteria. The coliform group is primarily defined by its ability to
ferment lactose with the production of acid and gas within 48 hours at 35°C. This

group includes several genera, most notably Escherichia (e.g., Escherichia coli),
Klebsiella, Enterobacter, Citrobacter, and Hafnia. E. coli, in particular, is often used as
a specific indicator of fecal contamination due to its origin in the intestines of warm-
blooded animals. (3)

Coliform bacteria are typically rod-shaped and measure about 1-3 micrometers in length. They
possess a cell wall composed of peptidoglycan and are surrounded by an outer membrane containing
lipopolysaccharides, which contribute to their structural integrity and pathogenicity. Many coliform
bacteria are motile, using flagella to move through their environment, although some, like Klebsiella
pneumoniae, are non-motile.

Coliform bacteria can tolerate a broad pH range, typically between 4.5 and 9.0, with an optimal range
around neutral pH (7.0). However, extremes in pH can inhibit their growth or survival. Water
chemistry, including the presence of disinfectants, salts, and other chemicals, also affects coliform
behavior. For instance, the presence of chlorine can significantly reduce coliform populations, but
bacteria within biofilms may be protected from such treatments. (4)

In natural and engineered water systems, coliform bacteria coexist with a wide range of other
microorganisms. Competition for nutrients and space can limit the growth of coliform bacteria, while
predation by protozoa and bacteriophages (viruses that infect bacteria) can reduce their numbers.
However, in some cases, coliform bacteria can outcompete other organisms, particularly in nutrient-
rich environments, leading to their dominance in contaminated water systems.

OLYMPIAN WATER
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THE EMERGENCE OF COLIFORM BACTERIA IN
DRINKING WATER SYSTEMS

The presence of coliform bacteria in drinking water systems has been a growing concern over the past
several decades. These bacteria, which include Citrobacter, Enterobacter, Escherichia (E. coli), Hafnia, and
Klebsiella, are not typically harmful themselves, but their detection is a strong indicator of potential
contamination. The emergence and persistence of coliform bacteria in water supplies can be attributed to
several factors, including environmental changes, aging infrastructure, and increased human activities.

/0

INCREASED DETECTION IN MUNICIPAL AND RURAL WATER SUPPLIES

In recent years, there has been an increase in the detection of coliform bacteria in both
municipal and rural water supplies. This rise is partly due to improved testing methods
and more stringent regulatory requirements that mandate regular monitoring of water
quality. However, it also reflects the growing challenges faced by water systems,
particularly those in areas with outdated or inadequately maintained infrastructure. Rural
areas, which often rely on private wells or small community water systems, are
particularly vulnerable to contamination due to the lack of advanced treatment facilities
and regular monitoring.

SHIFTS IN WATER QUALITY DUE TO AGING INFRASTRUCTURE

Aging water infrastructure is one of the primary contributors to the emergence of coliform
bacteria in drinking water. Many municipal water systems were constructed decades ago
and are now deteriorating, leading to increased incidents of leaks, pipe breaks, and other
failures that allow contaminants to enter the water supply. Cracks in pipes or joints can
create pathways for coliform bacteria to infiltrate the system, especially if these pipes run
near sources of pollution, such as sewage lines or agricultural runoff. Additionally, older
pipes are more susceptible to biofilm formation, which can harbor coliform bacteria and
protect them from disinfection efforts.

The replacement and maintenance of aging infrastructure present significant challenges
for municipalities, particularly in terms of cost and logistical complexity. However, without
these efforts, the risk of coliform contamination will continue to rise, posing a threat to
public health.

OLYMPIAN WATER
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THE EMERGENCE OF COLIFORM BACTERIA IN
DRINKING WATER SYSTEMS

)

IMPACT OF AGRICULTURAL RUNOFF, SEPTIC FAILURES, AND
INDUSTRIAL WASTE

Agricultural activities, septic system failures, and industrial discharges are major sources of
coliform bacteria in drinking water systems. Agricultural runoff, which can contain manure,
fertilizers, and other organic materials, often carries coliform bacteria into surface and groundwater
sources. This runoff is particularly problematic after heavy rains, which can wash large amounts of
bacteria-laden material into nearby water bodies.

Septic system failures also contribute significantly to the contamination of groundwater, especially
in rural areas where these systems are prevalent. Poorly maintained or improperly designed septic
systems can leak untreated waste into the surrounding soil and groundwater, leading to the
introduction of coliform bacteria into drinking water sources. This is a common issue in areas with
high water tables or porous soils, where contaminants can easily migrate into the water supply.

Industrial waste is another source of contamination. Industries that discharge waste into rivers,
lakes, or directly into the ground can introduce a variety of pollutants, including coliform bacteria,
into water supplies. Even with regulations in place, accidental spills, illegal dumping, and
inadequate treatment of industrial effluents can lead to significant contamination events.

RECENT TRENDS IN WATERBORNE PATHOGEN CONTAMINATION

The rise in global temperatures and changes in precipitation patterns due to climate change have
also contributed to the increased detection of coliform bacteria in water supplies. Warmer water
temperatures can promote the growth of bacteria, including coliforms, in both natural and man-
made water bodies. Additionally, extreme weather events, such as floods and hurricanes, can
overwhelm water treatment systems, leading to breaches that allow contaminants to enter drinking
water supplies.

There is also a growing concern about the development of antimicrobial resistance among some
coliform bacteria, particularly E. coli. The widespread use of antibiotics in agriculture and healthcare
has led to the evolution of resistant strains of bacteria, which can be more difficult to eliminate from
water systems. These resistant bacteria pose a significant challenge to public health, as they can
survive standard water treatment processes and spread through contaminated water supplies.
Overall, the emergence of coliform bacteria in drinking water systems is a complex issue influenced
by a combination of environmental, infrastructural, and human factors.

Addressing these challenges requires a multifaceted approach, including improvements in water
treatment technology, stricter enforcement of environmental regulations, and ongoing research into
the impacts of climate change on water quality. By understanding the root causes of coliform
v contamination, water utilities and policymakers can better protect public health and ensure the
safety of drinking water supplies.

OLYMPIAN WATER m
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ENVIRONMENTAL CONDITIONS FAVORING
COLIFORM GROWTH

Coliform bacteria thrive under specific environmental conditions, which can increase the likelihood of their
presence in drinking water systems. The key environmental factors that favor the growth of coliform

bacteria include
<‘ WARM TEMPERATURES: >

« Coliform bacteria, including E. coli, typically thrive in moderate to warm temperatures. Water
temperatures between 20°C to 37°C (68°F to 98.6°F) are particularly conducive to bacterial growth.
These temperatures are common in surface waters during the warmer months and in some water
distribution systems, especially in regions with warm climates. (5)

<‘ NUTRIENT-RICH ENVIRONMENTS: >

« Environments that are rich in organic material, such as decaying plant matter, animal waste, or sewage,
provide a substantial nutrient source for coliform bacteria. This nutrient availability supports bacterial
proliferation, leading to higher concentrations in water bodies that receive runoff from agricultural areas
or untreated sewage discharges.

<‘ STAGNANT OR LOW-FLOW WATER CONDITIONSD

« Coliform bacteria are more likely to grow in areas of stagnant or slow-moving water. In drinking water
systems, dead-end pipes, storage tanks, or sections of the system with low water flow can create
favorable conditions for bacterial growth. These areas often have lower oxygen levels, which further
supports the growth of certain coliform bacteria. (6)

<‘ PRESENCE OF ORGANIC MATTER:>

« The presence of organic carbon in water systems can fuel the growth of coliform bacteria. Organic
matter from agricultural runoff, decaying vegetation, or pollution contributes to the growth of biofilms,
which are slimy layers of microorganisms that adhere to surfaces in water distribution systems. Biofilms
protect coliform bacteria from disinfectants and make them more difficult to eliminate.

(‘ INADEQUATE DISINFECTION: >

« Insufficient levels of disinfectants like chlorine in water systems can allow coliform bacteria to survive
and multiply. Chlorine and other disinfectants are crucial for maintaining water quality and preventing
bacterial growth. If disinfection practices are not properly managed, or if water systems experience
disruptions in disinfection, coliform bacteria can persist and spread within the system.

<‘ CONTAMINATION FROM EXTERNAL SOURCES: >

« Coliform bacteria can enter water supplies through various contamination pathways, including surface
runoff, sewage overflows, leaks in water distribution systems, and cross-connections with non-potable
water sources. Environmental events such as heavy rainfall or flooding can exacerbate these
contamination risks by introducing bacteria into groundwater or surface water sources.

OLYMPIAN WATER m
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ENVIRONMENTAL CONDITIONS FAVORING

Environmental
Condition

Description

COLIFORM GROWTH

Impact on Coliform
Growth

Warm Temperatures

Optimal growth temperature for
coliform bacteria is between 20°C
to 37°C (68°F to 98.6°F).

Encourages rapid bacterial growth,
especially in warm climates and during
summer months.

Nutrient-Rich Environments

High levels of organic material such
as decaying plants, animal waste,
or sewage provide nutrients.

Supports bacterial proliferation, leading to
higher concentrations in water bodies
with agricultural runoff or untreated
sewage.

Stagnant or Low-Flow Water

Water systems with low flow or
stagnant areas, such as dead-end
pipes and storage tanks.

Creates pockets where coliform bacteria
can thrive and multiply, increasing the risk
of contamination in these parts of the
system.

Presence of Organic Matter

Organic carbon from pollution,
decaying vegetation, or agricultural
runoff fuels biofilm formation.

Biofilms protect coliform bacteria from
disinfectants, making them harder to
eliminate and allowing them to persist in
the system.

Inadequate Disinfection

Insufficient levels of chlorine or
other disinfectants in water
systems.

Allows bacteria to multiply unchecked,
leading to potential widespread
contamination within the water distribution
network.

Contamination from External
Sources

Runoff from agriculture, sewage
overflows, leaks, or cross-
connections introduce bacteria into
water.

Increases the risk of coliform
contamination during environmental
events like heavy rainfall or flooding,
leading to potential outbreaks.

OLYMPIAN WATER
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TYPES OF COLIFORM BACTERIA

Total coliform bacteria are a diverse group of microorganisms commonly found in the environment. This
group includes several genera that are of particular concern when detected in drinking water due to their
potential health implications. The most relevant bacteria within this group include Citrobacter, Enterobacter,
Escherichia (E. coli), Hafnia, and Klebsiella. Each has unique characteristics, sources, and associated risks,
making it essential to understand their role in water quality monitoring. (7)

CITROBACTER SPP.: ENVIRONMENTAL PRESENCE AND

HEALTH IMPLICATIONS

) ENVIRONMENTAL PRESENCE

Citrobacter spp. include species such as
Citrobacter freundii, Citrobacter koseri, and
Citrobacter amalonaticus. These bacteria are
commonly found in soil, water, and human
waste. They thrive in various environments,
including both aerobic and anaerobic conditions,
making them widespread and resilient. (8)

() HEALTH IMPLICATIONS:

Citrobacter freundii is known for causing
opportunistic infections, particularly in
hospitalized or immunocompromised individuals.
These infections often involve the urinary tract,
respiratory system, and wounds, raising
concerns when these bacteria are detected in
drinking water.

ENTEROBACTER SPP.: COMMON SOURCES AND PUBLIC

HEALTH RISKS

() COMMON SOURCES:

Enterobacter spp. include species such as
Enterobacter cloacae, Enterobacter aerogenes
(now reclassified as Klebsiella aerogenes), and
Enterobacter asburiae. These bacteria are
typically part of the natural gut flora in humans
and animals but can also be found in the
environment, including soil and water. Their
presence in drinking water often indicates
contamination from soil or fecal matter. (9)

() PUBLIC HEALTH RISKS:

Enterobacter cloacae and Enterobacter
aerogenes are the most notable species within
this genus, known for causing hospital-acquired
infections. These infections can affect the
respiratory system, urinary tract, and
bloodstream. Their detection in water suggests
potential exposure to environmental or fecal
contaminants, necessitating further investigation.

OLYMPIAN WATER
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TYPES OF TOTAL COLIFORM BACTERIA

ESCHERICHIA COLI (E. COLI): SPECIFIC STRAINS AND THEIR

POTENTIAL DANGERS

@ KEY CHARACTERISTICS:

Escherichia coli (commonly known as E. coli)
includes various strains, most of which are
harmless, such as E. coli K-12. However, some
strains, like E. coli O157, are pathogenic and can
cause severe illness.

() PATHOGENIC STRAINS:

E. coli O157 is particularly dangerous, leading to
serious gastrointestinal illnesses, including severe
diarrhea, abdominal cramps, and potentially life-
threatening conditions like hemolytic uremic
syndrome (HUS). The presence of E. coli in
drinking water is a strong indicator of fecal
contamination, requiring immediate action to
prevent outbreaks of waterborne diseases.

HAFNIA SPP.: ASSOCIATION WITH GASTROINTESTINAL

DISORDERS

() ENVIRONMENTAL PRESENCE:

Hafnia spp. include species such as Hafnia alvei.
These bacteria are found in the environment,
including soil, water, and the human gut. They
are less commonly detected in water quality
testing but remain a part of the total coliform
group.

() HEALTH IMPLICATIONS:

Although not a primary pathogen, Hafnia alvei
has been associated with gastrointestinal
disorders, especially in individuals with
compromised immune systems. Its presence in
drinking water can indicate contamination from
fecal sources, necessitating further testing to rule
out the presence of more harmful pathogens.

KLEBSIELLA SPP.: RESPIRATORY AND URINARY TRACT
INFECTIONS FROM WATER EXPOSURE

() COMMON SOURCES:

Klebsiella spp. include species such as
Klebsiella pneumoniae, Klebsiella oxytoca, and
Klebsiella granulomatis. These bacteria are
found in both the environment and the intestines
of humans and animals. They can enter water
supplies through environmental contamination,
such as runoff from soil or sewage leaks.

() HEALTH RISKS:

Klebsiella pneumoniae is a significant pathogen
known for causing severe respiratory and urinary
tract infections. Its presence in drinking water is
particularly concerning due to its association with
healthcare-associated infections and its known
resistance to multiple antibiotics. This resistance
makes infections difficult to treat and underscores
the importance of preventing its spread through

OLYMPIAN WATER
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TYPES OF TOTAL COLIFORM BACTERIA

Bacteria Genus

Common Species

Environmental
Presence

Health Implications

Citrobacter spp.

- Citrobacter
freundii-
Citrobacter koseri-
Citrobacter
amalonaticus

- Commonly found in
soil, water, and human
waste.- Thrives in both
aerobic and anaerobic
environments.

- Opportunistic infections,
particularly in hospitalized or
immunocompromised individuals.-
Infections involve urinary tract,
respiratory system, and wounds.

granulomatis

through runoff or
sewage leaks.

- Enterobacter
cloacae- . o .
. - Hospital-acquired infections,
Enterobacter - Found in natural gut . .
affecting the respiratory system,
Enterobacter aerogenes flora of humans and .
. . urinary tract, and bloodstream.-
spp. (Klebsiella animals.- Also present . -
. : Indicator of contamination from
aerogenes)- in soil and water. .
environmental or fecal matter.
Enterobacter
asburiae
- Found in the
intestines of warm- .
. - E. coli O157causes severe
. blooded animals.- : L
- . | - E. coliK-12- E. . gastrointestinal illnesses.- Strong
Escherichia coli . Common in both oo L
coli 0157 indicator of fecal contamination in
natural and .
. drinking water.
contaminated
environments.
- Found in soil, water, | - Associated with gastrointestinal
and the human gut.- disorders, especially in individuals
Hafnia spp. - Hafnia alvei Less commonly with compromised immune
detected in water systems.- Indicates possible fecal
quality testing. contamination in water.
- Present in the
- Klebsiella environment and - Causes severe respiratory and
pneumoniae- intestines of humans urinary tract infections.- Known for
Klebsiella spp. Klebsiella oxytoca- | and animals.- Can antibiotic resistance, complicating
Klebsiella enter water supplies treatment.- Associated with

healthcare-associated infections.

OLYMPIAN WATER
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CAUSES OF COLIFORM INFESTATION IN DRINKING
WATER SYSTEMS

The presence of total coliform bacteria in drinking water systems is a significant concern as it indicates potential
contamination and compromises the safety of the water supply. Understanding the causes of coliform infestation
is crucial for preventing contamination and ensuring that water remains safe for consumption. Several factors
contribute to the presence and proliferation of coliform bacteria in drinking water systems:

1.Water Source Contamination:

Surface vs. Groundwater

Surface Water Contamination:

Surface water sources, such as rivers, lakes, and reservoirs, are particularly vulnerable to contamination by total coliform
bacteria. These bodies of water are directly exposed to environmental factors, including agricultural runoff, stormwater,
and wastewater discharges. During heavy rains, runoff from agricultural fields and urban areas can carry coliform
bacteria into surface water sources. Inadequate treatment of these water sources before distribution can lead to coliform
bacteria entering the drinking water system. (10)

Groundwater Contamination:

Although groundwater is generally considered to be less susceptible to contamination than surface water, it is not
immune to coliform infestation. Contamination can occur when groundwater sources are located near sources of
pollution, such as septic systems, landfills, or agricultural areas. Leaks from septic systems or improperly sealed wells
can allow coliform bacteria to infiltrate groundwater, particularly in areas with high water tables or porous soil. Once
contaminated, groundwater can serve as a persistent source of coliform bacteria in the drinking water supply.

2. Infrastructure-Related Issues:

Aging Pipes, Leaks, and Cross-Connections

Aging Infrastructure:

e Many drinking water systems in both urban and rural areas rely on infrastructure that is decades old. Aging pipes and
distribution systems are more prone to leaks, cracks, and breaks, which can provide entry points for coliform bacteria.
Corrosion in old pipes can also create conditions that support the growth of biofilms, where coliform bacteria can
thrive and persist. Additionally, aging infrastructure may not be equipped to handle modern water demands, leading
to reduced water pressure and increased stagnation, which further encourages bacterial growth.

Leaks and Cross-Connections:

o Leaks in water distribution systems, whether due to aging infrastructure or damage, can introduce contaminants into
the water supply. Cross-connections, where potable water lines are improperly connected to non-potable water
sources, are another significant risk factor. These connections can allow coliform bacteria from non-potable sources,
such as irrigation systems or industrial processes, to enter the drinking water supply. Inadequate maintenance and
monitoring of these systems increase the likelihood of coliform contamination.

OLYMPIAN WATER
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CAUSES OF TOTAL COLIFORM INFESTATION IN
DRINKING WATER SYSTEMS

3. Environmental Conditions Leading to Bacterial

Growth (Stagnation, Warmth)

Stagnation in Water Systems:

Stagnant water is a breeding ground for coliform bacteria. In drinking water systems, areas with low or no flow, such as
dead-end pipes or storage tanks, can create conditions that favor bacterial growth. When water remains still for extended
periods, disinfectant levels (such as chlorine) can dissipate, reducing the system's ability to control bacterial growth. This
allows coliform bacteria to multiply and form biofilms, which can then spread throughout the system when water flow
resumes.

Warm Temperatures:

Coliform bacteria grow best in warm conditions, with optimal temperatures ranging from 20°C to 37°C (68°F to 98.6°F). In
warm climates or during summer months, water temperatures can rise, creating ideal conditions for coliform bacteria to
thrive. Additionally, water storage facilities exposed to direct sunlight or poorly insulated pipes can experience
temperature increases that promote bacterial growth. The combination of warmth and stagnation in water systems
significantly heightens the risk of coliform infestation.

4. Impact of Water Treatment

Failures and Chlorine Reduction

Water Treatment Failures:

Effective water treatment is essential for removing or inactivating coliform bacteria and other pathogens. However,
failures in the water treatment process, such as inadequate filtration, improper dosing of disinfectants, or equipment
malfunctions, can result in coliform bacteria passing through the treatment facility and entering the distribution system.
Temporary interruptions in treatment processes due to maintenance, power outages, or operator error can also lead to
periods of increased contamination risk.

Reduction in Chlorine Levels:

Chlorine is commonly used as a disinfectant in drinking water systems to control microbial contamination, including
coliform bacteria. However, if chlorine levels are insufficient or not maintained consistently throughout the distribution
system, coliform bacteria can survive and proliferate. Factors such as high organic matter in the water, long distribution
networks, or excessive water age can lead to reduced chlorine

effectiveness. Additionally, over time, biofilms can develop resistance to chlorine, making it more difficult to control
bacterial growth.

OLYMPIAN WATER
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EFFECTS OF TOTAL COLIFORM BACTERIA ON
DRINKING WATER SYSTEMS

The presence of total coliform bacteria in drinking water systems has significant
implications for both the infrastructure and the quality of the water being supplied. While
total coliform bacteria themselves are generally not harmful, their presence is an indicator
of potential contamination and poses risks to both public health and the integrity of the
water distribution system. The effects of coliform bacteria on drinking water systems can
be observed in several key areas:

Biofilm Formation and Its Consequences

—>  Development of Biofilms:
Biofilms are slimy layers of microorganisms, including bacteria, that adhere to surfaces within water
distribution systems. When coliform bacteria are present in a water system, they can contribute to the
formation of biofilms on the inner walls of pipes, storage tanks, and other infrastructure components. These
biofilms can protect the bacteria from disinfectants like chlorine, making it difficult to eliminate them from the
system. Over time, biofilms can grow thicker and more resilient, harboring not only coliform bacteria but also
other pathogens, leading to ongoing contamination issues. (11)

—>  Impact on Water Quality:
The presence of biofilms in drinking water systems can lead to a decline in water quality. As biofilms
accumulate, they can release bacteria and other contaminants into the water, causing periodic spikes in
bacterial levels. This can result in taste and odor issues, as well as the potential for waterborne diseases.
Additionally, biofilms can contribute to the corrosion of pipes, leading to the release of metals such as iron and
lead into the water, further degrading its quality.

Corrosion of Pipes and Infrastructure Due to Coliform Activity

—>  Corrosive Effects of Bacterial Activity:
Coliform bacteria, particularly when embedded in biofilms, can accelerate the corrosion of pipes and other
water system components. The metabolic activities of these bacteria can produce acidic byproducts that
corrode metal surfaces, leading to the deterioration of pipes. This corrosion can weaken the infrastructure,
resulting in leaks, breaks, and other failures that compromise the integrity of the water distribution system.

—>  Economic Costs of Corrosion:
The corrosion of pipes and infrastructure due to coliform activity can lead to significant economic costs.
Repairing or replacing corroded pipes is expensive and can disrupt water service, causing inconvenience to
consumers. In addition, the corrosion of pipes can lead to increased maintenance costs and the need for
more frequent water quality testing to monitor for contamination. The long-term impact of corrosion can also
reduce the lifespan of water distribution infrastructure, necessitating costly upgrades or replacements.

OLYMPIAN WATER
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EFFECTS OF TOTAL COLIFORM BACTERIA ON
DRINKING WATER SYSTEMS

Long-Term Consequences of Coliform Presence in Drinking Water

—_—_ Aesthetic Issues:
The presence of coliform bacteria and the biofilms they help form can lead to aesthetic issues in drinking
water, such as discoloration, unpleasant taste, and foul odors. Discoloration often occurs when biofilms
release particles or when corroded pipes introduce rust or other materials into the water. Consumers may
notice a metallic or musty taste, or an earthy or sulfurous odor, which can be off-putting and lead to concerns
about the safety of the water.

—_ Consumer Confidence:
Aesthetic issues related to water quality can significantly affect consumer confidence in the safety of the water
supply. Even if the water is not harmful, discoloration, bad taste, and odors can lead consumers to question
the quality of their drinking water, potentially leading to increased reliance on bottled water or home filtration
systems. This can undermine public trust in the water utility and prompt calls for increased monitoring and
improvement of water treatment processes.

Corrosion of Pipes and Infrastructure Due to Coliform Activity

—>  Public Health Risks:
While total coliform bacteria are generally not harmful on their own, their presence indicates that the water
system may be vulnerable to contamination by pathogens that can cause illness. Prolonged or repeated
detection of coliform bacteria in a water system increases the likelihood that harmful bacteria, viruses, or
parasites may also be present. This poses a significant risk to public health, particularly for vulnerable
populations such as young children, the elderly, and individuals with weakened immune systems. (12)

—_ Regulatory and Legal Implications:
The presence of coliform bacteria in drinking water can have regulatory and legal consequences for water
utilities. Regulatory agencies, such as the U.S. Environmental Protection Agency (EPA), have established
strict standards for the presence of coliform bacteria in drinking water. Exceeding these standards can result
in fines, enforcement actions, and mandatory public notifications. In cases where coliform contamination leads
to illness, water utilities may also face legal liability and the potential for costly litigation.

—_ Economic and Social Impact:
The long-term presence of coliform bacteria in drinking water can have broader economic and social impacts.
Communities that experience frequent water quality issues may suffer from reduced property values,
increased public health costs, and a decline in overall quality of life. Addressing these issues requires
significant investment in infrastructure improvements, water treatment upgrades, and public health initiatives,
which can strain local budgets and resources.
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HEALTH IMPLICATIONS OF TOTAL COLIFORM
BACTERIA IN DRINKING WATER

The presence of total coliform bacteria in drinking water systems is not just an indicator of potential
contamination but also a significant concern for public health. While coliform bacteria themselves are
generally not pathogenic, their detection in drinking water suggests that the water may be contaminated
with other harmful microorganisms. The health implications of total coliform bacteria in drinking water can
be severe, particularly for vulnerable populations. Here’s a detailed look at the health risks associated
with coliform contamination:

GASTROINTESTINAL SYSTEM:

Diarrhea:

Diarrhea is one of the most common symptoms of waterborne illnesses caused by coliform bacteria,
particularly Escherichia coli (E. coli). Pathogenic strains like E. coli O157 can cause severe, often bloody
diarrhea, which can lead to dehydration, especially in young children and the elderly.

Hemolytic Uremic Syndrome (HUS):

This condition is a severe complication primarily associated with E. coli 0157 infection. HUS can lead to
the destruction of red blood cells, kidney failure, and in extreme cases, death. It is most common in
children under five years old and can have long-lasting health impacts.

Gastroenteritis:

Gastroenteritis, an inflammation of the stomach and intestines, can result from consuming water
contaminated with coliform bacteria. Symptoms include nausea, vomiting, stomach cramps, and
diarrhea. In severe cases, it can lead to dehydration and require hospitalization.

URINARY SYSTEM

Urinary Tract Infections (UTlIs):

Enterobacter, Klebsiella, and Citrobacter species are known to cause urinary tract infections, especially
in individuals with compromised immune systems or those in healthcare settings. These infections can
range from mild cystitis (bladder infection) to more severe pyelonephritis (kidney infection).

Recurrent Infections:
Individuals exposed to coliform bacteria in contaminated water may experience recurrent UTIs, which can

lead to chronic kidney issues over time. This is particularly concerning for elderly patients and those with
underlying health conditions.
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HEALTH IMPLICATIONS OF TOTAL COLIFORM
BACTERIA IN DRINKING WATER

RESPIRATORY SYSTEM

Pneumonia:

Klebsiella pneumoniae is a major cause of bacterial pneumonia, especially in healthcare settings. This
bacterium is particularly dangerous because of its ability to cause severe lung infections, which can lead
to respiratory failure if not treated promptly.

Nosocomial Infections:

Healthcare-associated infections (HAIs) involving coliform bacteria can lead to serious respiratory
conditions, particularly in patients who are already weakened by other ilinesses or surgical procedures.
These infections are often resistant to multiple antibiotics, making them difficult to treat.

CARDIOVASCULAR SYSTEM

Septicemia (Bloodstream Infections):

Coliform bacteria, particularly Klebsiella, Enterobacter, and Citrobacter species, can enter the
bloodstream and cause septicemia, a life-threatening condition characterized by widespread
inflammation, blood clotting abnormalities, and organ failure. Septicemia requires immediate medical
intervention and is particularly deadly in immunocompromised patients.

CENTRAL NERVOUS SYSTEM
Meningitis:
Certain strains of Klebsiella and Enterobacter can cause bacterial meningitis, an infection of the

protective membranes covering the brain and spinal cord. Meningitis is a medical emergency and can
lead to long-term neurological damage or death if not treated promptly.

16
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HEALTH IMPLICATIONS OF TOTAL COLIFORM
BACTERIA IN DRINKING WATER

SKIN AND SOFT TISSUE

Wound Infections:

Coliform bacteria can cause infections in open wounds, particularly in hospital settings where surgical
wounds or pressure ulcers are exposed to contaminated water or surfaces. These infections can be
challenging to treat, especially if the bacteria involved are resistant to antibiotics.

Cellulitis:

This is an infection of the skin and underlying tissues caused by bacteria, including coliform species.
Cellulitis can spread rapidly, leading to severe complications such as necrotizing fasciitis (flesh-eating
disease) if not promptly treated.

IMMUNE SYSTEM

Opportunistic Infections:

Individuals with weakened immune systems, such as those undergoing chemotherapy, transplant recipients, or
people with HIV/AIDS, are particularly vulnerable to opportunistic infections caused by coliform bacteria. These
infections can occur in various parts of the body and are often more severe, requiring aggressive treatment.

REPRODUCTIVE SYSTEM

Bacterial Vaginosis:

While not as commonly discussed, certain coliform bacteria can disrupt the normal vaginal flora, leading
to bacterial vaginosis. This condition can cause discomfort, discharge, and an increased risk of
contracting other sexually transmitted infections.

17
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HEALTH IMPLICATIONS OF TOTAL COLIFORM
BACTERIA IN DRINKING WATER

PEDIATRIC HEALTH RISKS

Infantile Diarrhea:

Infants and young children are particularly susceptible to severe diarrhea caused by coliform bacteria.
This can lead to rapid dehydration, requiring hospitalization for intravenous fluids and electrolyte
replacement.

Developmental Delays:

Chronic exposure to contaminated water and recurrent infections in early childhood can contribute to
developmental delays, including growth retardation and cognitive impairments.

GERIATRIC HEALTH RISKS

Increased Mortality Risk:

Elderly individuals exposed to coliform bacteria face a higher risk of severe complications, including
septicemia and pneumonia, which can lead to increased mortality. The presence of underlying health
conditions often exacerbates these risks.

Complications from Chronic Conditions:
In older adults, infections caused by coliform bacteria can exacerbate chronic conditions such as

diabetes, heart disease, and chronic obstructive pulmonary disease (COPD), leading to more frequent
hospitalizations and a decline in overall health.

18
OLYMPIAN WATER .



WHITE PAPER

ﬁ Olympian”™

HEALTH IMPLICATIONS OF COLIFORM

Gastrointestinal System

- Diarrhea

- Escherichia coli (E. coli),
particularly E. coli 0157

- Severe, often bloody diarrhea leading to
dehydration, particularly dangerous for children and
the elderly.

- Hemolytic Uremic
Syndrome (HUS)

- Escherichia coli 0157

- Kidney failure, life-threatening condition, most
common in children under five years old.

Urinary System

Respiratory System

Cardiovascular System

Central Nervous System

Skin and Soft Tissue

Immune System

Reproductive System

Pediatric Health Risks

Geriatric Health Risks

- Gastroenteritis

- General coliform bacteria

- Inflammation of stomach and intestines, leading to
nausea, vomiting, and diarrhea.

- Urinary Tract
Infections (UTISs)

- Enterobacter spp.,
Klebsiella spp., Citrobacter

Sspp.

- Ranges from mild bladder infection to severe
kidney infection, risk of chronic kidney issues with
recurrent UTIs.

- Severe lung infections, can lead to respiratory

- Pneumonia - Klebsiella pneumoniae failure, particularly dangerous in healthcare
settings.

- Nosocomial - Enterobacter spp., - Severe respiratory conditions in patients with

(Healthcare- Klebsiella spp., Citrobacter |weakened immune systems, often resistant to

Associated) Infections

Spp.

multiple antibiotics.

- Septicemia - Klebsiella spp., - Life-threatening condition with widespread
(Bloodstream Enterobacter spp., inflammation and organ failure, requires immediate
Infections) Citrobacter spp. medical intervention.
. - Infection of the brain and spinal cord membranes,
L - Klebsiella spp., .
- Meningitis can lead to long-term neurological damage or

Enterobacter spp.

death.

- Wound Infections

- Klebsiella spp.,
Enterobacter spp.,
Citrobacter spp.

- Infections in surgical wounds or pressure ulcers,
challenging to treat, especially with antibiotic
resistance.

- Infection of the skin and underlying tissues, can

- Cellulitis - General coliform bacteria |lead to severe complications like necrotizing
fasciitis.
- - Enterobacter spp., - Severe infections in immunocompromised
- Opportunistic . . L e . .
Infections Klebsiella spp., Citrobacter |individuals, difficult to treat, requires aggressive

spp.

medical intervention.

- Bacterial VVaginosis

- General coliform bacteria

- Disruption of normal vaginal flora, leading to
discomfort, discharge, and increased risk of other
infections.

- Infantile Diarrhea

- Escherichia coli (E. coli),
general coliform bacteria

- Rapid dehydration, potentially requiring
hospitalization for fluid and electrolyte replacement.

- Developmental
Delays

- Chronic exposure to
coliform-contaminated
water

- Can result in growth retardation and cognitive
impairments in children.

- Increased Mortality
Risk

- General coliform bacteria

- Higher risk of severe complications, including
septicemia and pneumonia, leading to increased
mortality.
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METHODS OF DETECTION AND MONITORING

The choice of detection and monitoring methods depends on the specific needs and resources of the
water utility or public health authority. Standard testing protocols like membrane filtration and multiple-
tube fermentation remain widely used for routine monitoring, while advanced techniques like PCR and
remote sensing offer rapid and precise detection for more critical applications. Here are some of the
detection methods:

> Coliform Presence in Drinking Water: Standard Testing Protocols

‘ Membrane Filtration (MF):

In the membrane filtration method, a water sample is passed through a membrane filter with pores
small enough to capture bacteria. The filter is then placed on a selective growth medium, which
supports the growth of coliform bacteria. After an incubation period, typically 24 hours, colonies that
grow on the filter are counted to determine the concentration of coliform bacteria in the sample.(13)

‘ Multiple-Tube Fermentation (MTF):

Multiple-tube fermentation, also known as the Most Probable Number (MPN) method, involves
adding water samples to a series of tubes containing a growth medium conducive to coliform
bacteria. The tubes are incubated, and the presence of gas production or color change indicates
coliform bacteria. The results are then used to estimate the concentration of bacteria in the water
sample, typically after 48 hours.

> Quantitative Polymerase Chain Reaction (qPCR) for Early Detection

Quantitative Polymerase Chain Reaction (qPCR):

gPCR is a molecular technique that amplifies specific DNA sequences associated with coliform
bacteria in water samples. This method enables the detection and quantification of coliform bacteria
by measuring the amount of amplified DNA, providing results within a few hours. (14)

> Enzyme Substrate Testing (e.g., Colilert Test)

Enzyme Substrate Testing:

Enzyme substrate tests, such as the Colilert test, involve adding a water sample to a medium
containing substrates that react with enzymes produced by coliform bacteria and E. coli. A color
change or fluorescence under UV light indicates the presence of total coliforms or E. coli,
respectively, with results typically available within 24 hours.
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METHODS OF DETECTION AND MONITORING

> Biofilm Sampling and Detection Techniques

Biofilm Sampling:

Biofilm sampling involves collecting material from surfaces within water distribution systems, such
as pipes or storage tanks. The samples are then analyzed in a laboratory to detect the presence of
coliform bacteria and other microorganisms that may be harbored within the biofilm.

> Advanced Remote Sensing Technologies

Remote Sensing and Real-Time Monitoring:

Advanced remote sensing technologies use sensors and automated systems to continuously
monitor water quality, detecting changes that may indicate the presence of coliform bacteria. These
systems provide real-time data, enabling rapid response to potential contamination events.

> Colilert Test

The Colilert test is a widely used method for the rapid and accurate detection of total coliforms and
Escherichia coli (E. coli) in drinking water. This test employs enzyme substrate technology, which
targets specific enzymes produced by coliform bacteria and E. coli, providing a reliable indication of
contamination.

Test Principle:

The Colilert test utilizes two substrates: ONPG (o-nitrophenyl--D-galactopyranoside) and MUG (4-
methylumbelliferyl-3-D-glucuronide). These substrates react with enzymes produced by coliform
bacteria (3-galactosidase) and E. coli (B-glucuronidase). When these enzymes are present, the
substrates are hydrolyzed, resulting in a color change (yellow) for coliforms and fluorescence under
UV light for E. coli.
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METHODS OF DETECTION AND MONITORING

Limitations

Description

Water is passed
through a membrane

Advantages

Highly sensitive;

Requires specialized

Multiple-Tube
Fermentation
(MTFIMPN)

added to tubes with
growth medium; gas
production or color
change indicates
bacterial presence.

Typically 48 hours

sophisticated
equipment needed;
useful for small
systems.

Membrane Filtration | filter that captures Tvpically 24 hours allows for equipment and trained
(MF) bacteria, which are then yp y quantification of ergnnel
incubated on a growth bacteria. P '
medium.
Water samples are .
P Simple, no

Less precise; more labor-
intensive and longer
detection time.

Quantitative
Polymerase Chain
Reaction (qPCR)

Molecular technique
that amplifies DNA
sequences associated
with coliform bacteria
for detection and
quantification.

Within a few
hours

Highly sensitive and
specific; rapid results.

Expensive; requires
specialized equipment
and technical expertise.

Enzyme Substrate
Testing (e.g.,
Colilert)

Water sample is added
to a medium with
substrates; color
change or fluorescence
indicates bacterial
presence.

Typically 24 hours

Simple and rapid; no
specialized
equipment required.

Less sensitive; provides
qualitative rather than
guantitative results.

Material is collected
from surfaces within

Varies, based on

Helps identify hidden
contamination

Labor-intensive; not

Monitoring

potential coliform
contamination.

rapid response.

Biofilm Sampling water systems (e.g., laboratory L suitable for routine
. . sources within water o
pipes, tanks) and analysis monitoring.
: systems.

analyzed for bacteria.

Sensors and automated
Remote Sensing systems continuously Provides immediate High initial cost; requires
and Real-Time monitor water quality for | Real-time detection, allowing for [ ongoing maintenance and

calibration.

Immunological
Detection Methods
(e.g., ELISA, Lateral
Flow Assays)

Utilizes antibodies
specific to coliform
bacteria to detect their
presence, resulting in a
measurable signal.

Typically within
hours

Highly selective; rapid
on-site testing
possible.

May require specific
antibodies; limited
sensitivity compared to
molecular methods.

Enzyme Substrate
Testing (e.g., Colilert)

Water sample is added
to a medium with
substrates; color
change or fluorescence
indicates bacterial
presence.

Typically 24 hours

Simple and rapid; no
specialized
equipment required.

Less sensitive; provides
qualitative rather than
guantitative results.
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MITIGATION AND CONTROL STRATEGIES

THE DETECTION OF TOTAL COLIFORM BACTERIA IN DRINKING WATER NECESSITATES
IMMEDIATE ACTION TO MITIGATE AND CONTROL THE POTENTIAL CONTAMINATION.
EFFECTIVE MITIGATION STRATEGIES ARE CRUCIAL FOR MAINTAINING WATER QUALITY,
ENSURING PUBLIC HEALTH, AND PREVENTING THE SPREAD OF WATERBORNE DISEASES. THE
FOLLOWING ARE KEY STRATEGIES USED TO MANAGE AND CONTROL COLIFORM BACTERIA IN
DRINKING WATER SYSTEMS:

Water Treatment Methods
for Coliform Bacteria

. Removal
Best Practices for Regular

System Flushing and
Maintenance

Use of Disinfectants

Reducing Water Stagnation
in Distribution Systems

Selection of Materials
and Pipe Replacement

Implementation of

Corrosion Inhibitors
Mechanical

Scrubbing and
Ultrasonic Cleaning

alNaNaoa¥Nae

Integration of Smart
Water Management
Technologies
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MITIGATION AND CONTROL STRATEGIES

The detection of total coliform bacteria in drinking water necessitates immediate action to
mitigate and control the potential contamination. Effective mitigation strategies are crucial for
maintaining water quality, ensuring public health, and preventing the spread of waterborne
diseases. The following are key strategies used to manage and control coliform bacteria in
drinking water systems:

WATER TREATMENT METHODS FOR COLIFORM
BACTERIA REMOVAL

Chlorination

Chlorination is one of the most common methods used
to disinfect drinking water and eliminate coliform
bacteria. Chlorine is added to the water in controlled
amounts, effectively killing bacteria and other
pathogens. Chlorination is widely used due to its
effectiveness, low cost, and the residual disinfecting
effect that continues to protect water as it travels through
the distribution system.

Ozonation

Ozonation involves the use of ozone gas as a powerful
oxidizing agent to disinfect water. Ozone effectively
destroys coliform bacteria and other pathogens by

breaking down their cell walls. This method is
particularly effective in eliminating chlorine-resistant
organisms and does not leave any harmful residues in
the water. However, ozonation requires careful control to
ensure safety and effectiveness.

Ultraviolet (UV) Disinfection

UV disinfection is a physical method that uses
ultraviolet light to inactivate coliform bacteria and other
microorganisms. When water passes through a UV
disinfection unit, the bacteria's DNA is disrupted,
rendering them unable to reproduce and cause
infections. UV disinfection is a chemical-free method that
does not leave any residual taste or odor in the water.

Filtration

Filtration systems, including granular activated
carbon (GAC) filters and sand filters, are used to
physically remove coliform bacteria from drinking water.
Filtration can be part of a multi-barrier approach to water
treatment, often used in combination with disinfection
methods like chlorination or UV treatment. Filtration is
especially effective in removing particulate matter and
biofilms that may harbor bacteria.

Reverse Osmosis (RO)

Reverse osmosis is a highly effective filtration method
that removes coliform bacteria and other contaminants
by forcing water through a semipermeable membrane.

The membrane blocks the passage of bacteria, viruses,
and other particles, resulting in purified water. RO
systems are commonly used in both residential and
industrial applications where high-quality water is
required. (15)
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MITIGATION AND CONTROL STRATEGIES

BEST PRACTICES FOR REGULAR SYSTEM
FLUSHING AND MAINTENANCE

Regular Flushing

Pipe and Storage Tank Cleaning

Regular flushing of water distribution systems helps Routine cleaning of pipes, storage tanks, and other
prevent the buildup of stagnant water, which can components of the water distribution system is
harbor coliform bacteria. Flushing involves the crucial for preventing the accumulation of biofilms
periodic release of water from hydrants or other and other organic materials that can support
points in the system to remove sediment, biofilms, bacterial growth. Cleaning can be accomplished
and other materials that may contribute to bacterial through mechanical scrubbing, chemical treatments,
growth. This practice is essential for maintaining or a combination of methods. Regular maintenance
water quality, especially in areas with low water flow ensures that the infrastructure remains in good
or dead-end pipes. condition and minimizes the risk of contamination.

Corrosion Control

Implementing corrosion control measures is important
for preventing the leaching of metals and the formation
of biofilms in pipes. Corrosion inhibitors, such as
orthophosphate, can be added to the water to create a
protective layer on the inner surfaces of pipes, reducing
corrosion and the subsequent release of metals.
Maintaining proper pH levels and water chemistry is also
key to controlling corrosion and minimizing its impact on
water quality.(16)

USE OF DISINFECTANTS CHLORINE AND
CHLORAMINE

Chloramine Chlorine

. . . Chlorine is the most widely used disinfectant in water

Chloramlne I5a d@nfeptant formed by comblnmg. treatment. It effectively kills coliform bacteria and other

chlorine Wlth- am‘mo.nla. .It is often used as an altgrnatlve pathogens, providing a residual disinfecting effect that
to chlorine in situations where a longer-lasting

. : = e - helps protect the water throughout the distribution
d|smfef:tant |s.needed. Chloramine |§ less rggctlve Fhan system. The dosage of chlorine must be carefully
chiorine, which reduces the formation of disinfection controlled to ensure that it is effective without causing
byproducts (DBPs) that can be harmful. However, it is nrsEsiERR Eee 6 eeler i fhe WEED.
also less effective against certain types of pathogens, so
its use must be carefully managed. (17)
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REDUCING WATER STAGNATION IN
DISTRIBUTION SYSTEMS

Automatic Flushing Devices

Installing automatic flushing devices at strategic
points in the distribution system can help maintain water
quality by periodically flushing out stagnant water. These

devices can be programmed to operate at regular

intervals, ensuring that water is continuously refreshed
and that any potential contaminants are removed before
they can accumulate.

System Design Improvements

Modifying the design of water distribution systems to
minimize areas of low flow or stagnation can significantly
reduce the risk of coliform bacteria growth. This may
involve re-routing pipelines, eliminating dead-end pipes,
or installing looped systems to ensure continuous water
circulation. These design improvements help maintain
water quality and prevent the buildup of contaminants.

SELECTION OF MATERIALS AND PIPE
REPLACEMENT

Material Selection

Choosing the right materials for pipes and other
components of the water distribution system is critical for
preventing bacterial growth and corrosion. Materials
such as PVC (polyvinyl chloride) and HDPE (high-
density polyethylene) are less prone to corrosion and
biofilm formation compared to traditional materials like
iron or steel. When upgrading or expanding water
systems, selecting materials that resist bacterial growth
can help maintain water quality.

Pipe Replacement Programs

Implementing a proactive pipe replacement program is
essential for addressing aging infrastructure that may be
contributing to coliform contamination. Replacing old,
corroded, or damaged pipes with newer, more resilient
materials can help prevent leaks, reduce the risk of
contamination, and improve overall water quality.
Prioritizing the replacement of pipes in areas with known
contamination issues is key to minimizing public health
risks.

IMPLEMENTATION OF CORROSION
INHIBITORS

Orthophosphate Addition

Adding orthophosphate to the water supply is a
common method of corrosion control. Orthophosphate

forms a protective coating on the inner surfaces of pipes,

reducing corrosion and preventing the leaching of metals

into the water. This protective layer also helps inhibit the
growth of biofilms that can harbor coliform bacteria.

pH Adjustment

Maintaining the proper pH balance in the water is critical
for controlling corrosion. Adjusting the pH to slightly
alkaline levels (typically between 7.5 and 8.5) can help

minimize the corrosiveness of the water and reduce the
risk of metal leaching and biofilm formation. pH
adjustment is often used in conjunction with other
corrosion control measures to enhance their
effectiveness.
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MECHANICAL SCRUBBING AND
ULTRASONIC CLEANING

Mechanical Scrubbing

Mechanical scrubbing involves physically cleaning the
inner surfaces of pipes to remove biofilms, sediment,
and other materials that can contribute to bacterial
growth. This method is often used in conjunction with
chemical treatments to ensure that pipes are thoroughly
cleaned and that any remaining contaminants are
effectively removed.

Ultrasonic Cleaning

Ultrasonic cleaning uses high-frequency sound waves to
create microscopic bubbles in the water. These bubbles
implode, producing powerful cleaning action that can
dislodge biofilms, sediment, and other contaminants
from the inner surfaces of pipes and other water system
components. Ultrasonic cleaning is a non-invasive
method that can be used to maintain water quality
without the need for harsh chemicals.

INTEGRATION OF SMART WATER
MANAGEMENT TECHNOLOGIES

Smart Sensors and Monitoring

Systems

Integrating smart sensors and monitoring systems
into the water distribution network can provide real-time
data on water quality, including the detection of coliform

bacteria. These technologies allow water utilities to
monitor key parameters such as chlorine levels, pH, and
temperature, enabling rapid response to potential
contamination events. Smart systems can also automate
flushing and other maintenance activities, ensuring
consistent water quality.

Predictive Analytics

Predictive analytics uses data from smart sensors and
historical water quality records to forecast potential
contamination risks. By analyzing trends and patterns,

water utilities can proactively address issues before they
escalate, improving overall system resilience. Predictive
analytics can also optimize maintenance schedules,
ensuring that resources are used efficiently and
effectively.
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ROLE OF POLICY AND REGULATION IN
MITIGATING

The role of policy and regulation in mitigating coliform contamination in drinking water is critical in ensuring
that water systems maintain high standards of safety and quality. Effective policies and regulations provide
the framework for monitoring, detecting, and responding to contamination, and they establish the
responsibilities of water utilities, government agencies, and other stakeholders. This section outlines the
key regulatory frameworks and policies that govern coliform contamination in drinking water, as well as
proposed enhancements to these frameworks.

U.S. Environmental Protection Agency (EPA) Regulations:

e The Safe Drinking Water Act (SDWA), enforced by the U.S. Environmental Protection Agency
(EPA), is the primary federal law that ensures the quality of Americans' drinking water. Under this
act, the Total Coliform Rule (TCR) and the Revised Total Coliform Rule (RTCR) set standards for
the monitoring and control of coliform bacteria in public water systems. The RTCR, implemented
in 2016, requires water systems to regularly test for total coliform bacteria and mandates
corrective actions if contamination is detected. It emphasizes a proactive approach to preventing
contamination through monitoring, assessment, and timely response.

e The EPA also sets the Maximum Contaminant Level (MCL) for total coliforms in drinking water.
According to the RTCR, no more than 5.0% of samples in a month can be positive for total
coliforms in systems that collect 40 or more samples per month. For smaller systems, the
presence of any coliforms requires immediate action. (18)

World Health Organization (WHO) Guidelines:

e The World Health Organization (WHO) provides global guidelines for drinking water quality, which
include recommendations for monitoring and managing microbial contaminants such as coliform
bacteria. The WHO'’s Guidelines for Drinking-water Quality emphasize the importance of a multi-
barrier approach to water safety, including source water protection, effective water treatment, and
robust distribution system management. The guidelines serve as a reference for countries
developing or updating their national drinking water standards.

European Union (EU) Drinking Water Directive:

e The European Union (EU) Drinking Water Directive sets stringent standards for water quality,
including the monitoring of coliform bacteria. The directive requires member states to ensure that
drinking water is free from any microorganism that could pose a potential health risk. It mandates
regular testing for coliform bacteria, with an emphasis on preventive measures and rapid response
to contamination events. The directive also includes provisions for public reporting and
transparency, ensuring that consumers are informed about the quality of their drinking water.
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FUTURE TRENDS AND RESEARCH DIRECTIONS

As the world faces increasing challenges in ensuring safe and reliable drinking water, the future of
water quality management, particularly in controlling coliform contamination, will rely on
advancements in technology, evolving research, and adaptive regulatory frameworks. This section
explores the emerging trends and research directions that are likely to shape the future of coliform
management in drinking water systems.

@ 1. Innovations in Water Quality Monitoring Technology

' ¢ Real-Time Monitoring Systems:

One of the most significant trends in water quality management is the development of real-time
monitoring systems. These systems use advanced sensors to continuously track water quality
parameters, including the presence of coliform bacteria.

Real-time data allows for immediate detection of contamination events, enabling water utilities to
respond swiftly and prevent the spread of contaminants throughout the distribution system. The
integration of Internet of Things (loT) technology with these sensors can provide centralized
monitoring and management, offering a more responsive and proactive approach to water quality.

‘ + Remote Sensing and Artificial Intelligence (Al):

Remote sensing technologies, coupled with artificial intelligence (Al), are being increasingly
employed to predict and identify potential contamination sources in water bodies. Al algorithms can
analyze vast amounts of data collected from remote sensors, identifying patterns and predicting
areas at high risk of contamination.

This predictive capability is invaluable for early intervention and for guiding water treatment
strategies in real time, reducing the reliance on traditional, labor-intensive testing methods.

’ « Portable and Low-Cost Testing Kits:
The development of portable, low-cost testing kits for detecting coliform bacteria is another trend
that could revolutionize water quality management, especially in rural and low-resource settings.
These Kits are designed to be user-friendly, providing rapid results without the need for extensive
laboratory infrastructure. Their widespread use can improve water quality monitoring at the
community level, empowering local stakeholders to take charge of their water safety.
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FUTURE TRENDS AND RESEARCH DIRECTIONS

2. Exploring New Water Treatment Solutions for Total
Coliform Bacteria

' « Advanced Oxidation Processes (AOPs):

Advanced oxidation processes represent a cutting-edge approach to water treatment, capable of
effectively eliminating coliform bacteria and other pathogens. AOPs use powerful oxidants like
ozone, hydrogen peroxide, and ultraviolet light to produce hydroxyl radicals, which can break down
organic contaminants and inactivate microorganisms. These processes are particularly effective in
treating water with high levels of organic matter, which can otherwise shield bacteria from traditional
disinfection methods.

‘ + Nanotechnology in Water Treatment:

The application of nanotechnology in water treatment is an emerging field with significant potential
for improving the removal of coliform bacteria. Nanomaterials, such as nanoparticles and
nanofibers, can be engineered to target and destroy bacterial cells more effectively than
conventional methods. For example, silver nanoparticles are known for their antimicrobial properties
and can be incorporated into filtration systems to enhance bacterial removal. Nanotechnology also
offers the possibility of creating highly selective membranes that can filter out specific contaminants
while allowing clean water to pass through.

’ « Electrochemical Disinfection:
Electrochemical disinfection is another innovative method that uses electric current to generate
reactive species, such as chlorine or ozone, directly in the water to inactivate coliform bacteria. This
method can be particularly effective in decentralized water treatment systems, offering a low-
energy, chemical-free alternative to traditional disinfection processes. As technology advances,
electrochemical systems are expected to become more efficient and widely adopted.

@ 3. The Future of Decentralized Water Treatment Systems

' ¢ Point-of-Use (POU) and Point-of-Entry (POE) Systems:

Decentralized water treatment systems, such as point-of-use (POU) and point-of-entry (POE)
systems, are gaining popularity as a way to ensure water quality at the consumer level. These
systems are installed either at the tap (POU) or where water enters a building (POE), providing an
additional layer of protection against coliform contamination. Advances in filtration technology, UV
disinfection, and smart monitoring are making these systems more effective and easier to maintain,
offering a reliable solution for households and small communities, particularly in areas with
unreliable central water supplies.

‘ + Mobile Water Treatment Units:

Mobile water treatment units are becoming an increasingly viable option for emergency response
and remote areas. These units are equipped with advanced water treatment technologies, such as
reverse osmosis, UV disinfection, and ultrafiltration, and can be deployed rapidly to provide clean
drinking water in disaster-stricken or underserved regions. The portability and flexibility of these
units make them an essential tool for addressing coliform contamination in situations where
traditional infrastructure is unavailable or compromised.
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FUTURE TRENDS AND RESEARCH DIRECTIONS

@ 4. Emerging Research on the Genetic Profiles of Coliforms
and Pathogen Resistance

' « Genomic Sequencing and Metagenomics:

Advances in genomic sequencing and metagenomics are opening new avenues for understanding
the genetic makeup of coliform bacteria and their interactions with the environment. These
technologies allow researchers to analyze the entire genome of bacteria, identifying genes
associated with virulence, antibiotic resistance, and survival in various conditions. Metagenomics,
which involves sequencing the DNA of entire microbial communities, can provide insights into the
microbial ecosystems within water systems, helping to identify potential sources of contamination
and the dynamics of biofilm formation.

‘ « Understanding Antibiotic Resistance:

The issue of antibiotic resistance in coliform bacteria is becoming a critical area of research. As the
use of antibiotics in agriculture and healthcare increases, resistant strains of bacteria, including
coliforms, are becoming more prevalent in the environment. Research is focused on understanding
the mechanisms of resistance, how resistant genes are transferred between bacteria, and the
impact of these resistant strains on public health. This knowledge is crucial for developing strategies
to mitigate the spread of antibiotic-resistant bacteria in water systems and ensuring the
effectiveness of water treatment processes.

‘ « Bioinformatics and Big Data Analytics:
Bioinformatics and big data analytics are increasingly being used to process and analyze the vast
amounts of data generated by genomic studies. These tools can identify trends, predict outbreaks,
and develop models for understanding the behavior of coliform bacteria in different environments.
By integrating data from various sources, including environmental monitoring, public health records,
and genetic studies, researchers can gain a more comprehensive understanding of coliform
contamination and its impacts.
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CASE STUDIES

These real-world examples illustrate the effectiveness of different strategies, the importance of proactive
monitoring, and the impact of regulatory compliance on public health. Below are several case studies that
highlight key lessons learned from various incidents of coliform contamination.

* 1. Case Study: Walkerton, Ontario, Canada (2000)

 Incident Overview:
o In May 2000, the small town of Walkerton in Ontario, Canada, experienced one of the most
=— devastating waterborne disease outbreaks in Canadian history. The contamination was
caused by Escherichia coli (E. coli) 0157 and Campylobacter bacteria entering the town's
water supply, which was drawn from a well vulnerable to surface water contamination. Heavy
rainfall led to the runoff of cattle manure into the well, introducing the bacteria into the drinking
water system.

¢ Impact:

o The outbreak resulted in 7 deaths and over 2,300 cases of illness in a community of just 5,000
people. The consequences were severe, with long-term health effects reported among those
affected, including cases of hemolytic uremic syndrome (HUS) and chronic gastrointestinal
issues.

2. Case Study: Milwaukee, Wisconsin, USA (1993)

¢ Incident Overview:
¢ In 1993, Milwaukee, Wisconsin, faced one of the largest documented waterborne disease
outbreaks in U.S. history, caused by the protozoan parasite Cryptosporidium. Although not
directly related to coliform bacteria, this case study is relevant because it demonstrates the
vulnerabilities in water treatment processes and the critical role of effective disinfection.

¢ Impact:

e The outbreak resulted in over 400,000 cases of gastrointestinal illness and at least 69 deaths.
The source of the contamination was traced to the city's Howard Avenue Water Treatment
Plant, which had failed to adequately filter and disinfect the water supply. The event
overwhelmed local healthcare facilities and had a significant economic impact on the
community.
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CASE STUDIES

3. Case Study: Washington, D.C., USA (2004)

 Incident Overview:
¢ In 2004, Washington, D.C., experienced widespread lead contamination in its drinking water,
which was linked to changes in the water treatment process. The introduction of chloramines
as a disinfectant, in place of chlorine, resulted in the corrosion of old lead pipes, causing lead
to leach into the water supply. Although this case primarily concerns chemical contamination,
it is relevant to coliform bacteria management because it demonstrates the unintended
consequences of altering water treatment practices.

¢ Impact:

e The lead contamination affected thousands of homes in the D.C. area, leading to elevated
blood lead levels in children and increased public health concerns. The incident prompted
extensive water testing, the replacement of lead service lines, and a reevaluation of the city’s
water treatment methods.

4. Case Study: Flint, Michigan, USA (2014-2016)

¢ Incident Overview:
¢ The Flint water crisis began in 2014 when the city of Flint, Michigan, switched its water source
from treated Detroit water to the Flint River in a cost-saving measure. The new water source
was highly corrosive, and without proper corrosion control, it caused lead from aging pipes to
leach into the drinking water. In addition to lead contamination, the change in water source
also led to elevated levels of coliform bacteria and outbreaks of Legionnaires' disease.

¢ Impact:

e The crisis resulted in widespread public health issues, including elevated blood lead levels in
thousands of Flint residents, particularly children. The outbreak of Legionnaires' disease,
linked to the contaminated water supply, led to the deaths of at least 12 people. The crisis
drew national attention to the challenges of maintaining safe drinking water in the face of aging
infrastructure and inadequate regulatory oversight.

5. Case Study: Havelock North, New Zealand (2016)

¢ Incident Overview:

e In August 2016, the small town of Havelock North in New Zealand experienced a significant
waterborne disease outbreak caused by Campylobacter bacteria. The contamination was
traced to the town’s untreated groundwater supply, which became contaminated following
heavy rainfall and flooding that likely introduced fecal matter from nearby livestock into the
aquifer.

¢ Impact:

e The outbreak affected over 5,000 of the town’s 14,000 residents, causing widespread
gastrointestinal iliness and contributing to the deaths of at least four people. The incident
overwhelmed local healthcare facilities and raised serious concerns about the safety of New
Zealand's drinking water supply, particularly in rural areas.
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CONCLUSION

Ensuring the safety and quality of drinking water is a paramount concern for public health, and the presence
of total coliform bacteria serves as a critical indicator of potential contamination. This white paper has
explored the biology, detection, and control of coliform bacteria in drinking water systems, providing a
comprehensive understanding of the challenges and strategies involved in maintaining water safety.

Coliform bacteria, particularly strains like Escherichia coli (E. coli), pose significant health risks when
present in drinking water. Their detection signals the possible presence of more harmful pathogens,
emphasizing the need for rigorous monitoring and timely intervention. The methods of detection, ranging
from traditional techniques like Membrane Filtration (MF) and Multiple-Tube Fermentation (MTF) to
advanced molecular approaches like gPCR and Immunological Detection Methods, offer varying levels of
sensitivity, specificity, and practicality. Each method plays a crucial role in identifying contamination early
and accurately, allowing for appropriate remedial actions to be taken.

Mitigation and control strategies are essential for preventing and addressing coliform contamination. These
include advanced water treatment processes such as chlorination, UV disinfection, and ozonation, as well
as proactive infrastructure management practices like regular system flushing, biofilm control, and corrosion
inhibition. The integration of smart water management technologies, including real-time monitoring systems
and predictive analytics, further enhances the ability to maintain safe drinking water.

Regulatory frameworks play a critical role in setting standards for water quality and ensuring compliance
across water systems. The experiences from various case studies, such as the incidents in Walkerton, Flint,
and Havelock North, demonstrate the severe consequences of regulatory failures and the importance of
robust oversight. Strengthening regulations, improving public awareness, and fostering collaboration among
stakeholders are vital for safeguarding public health.

Looking ahead, future trends and research directions will continue to shape the field of water quality
management. Innovations in monitoring technologies, new water treatment solutions, and advancements in
genomic research offer promising avenues for enhancing the detection, control, and prevention of coliform
contamination. As water systems face evolving challenges, from emerging contaminants to the impacts of
climate change, ongoing research and adaptive management will be crucial in ensuring the continued
safety and reliability of drinking water.

The fight against coliform contamination in drinking water is an ongoing effort that requires a multifaceted
approach involving science, technology, policy, and public engagement. By leveraging the latest
advancements in detection and treatment, adhering to stringent regulatory standards, and fostering a
culture of continuous improvement, we can protect public health and ensure that safe, clean drinking water
remains accessible to all communities.
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