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For the past several years Dr. Krause has
worked in cooperation with 3M (now
Solventum) to evaluate a novel approach for
controlling Legionella and other waterborne
pathogens in building water systems. The
patented method (Patent No. US 10,913,663
B2), based on rapidly reducing dissolved
oxygen in premise plumbing systems, uses
the 3M Liqui-CelTM Membrane Contactor to
achieve levels that keeps Legionella from
growing in hot water tanks and circulating
lines. 

A research study was carried out to
determine the feasibility of maintaining low
dissolved oxygen levels in hot water and if
there was a threshold level below which
Legionella and other pathogens cannot grow.
Working with 3M and PowerFlow Fluid
Systems of Lee’s Summit, MO to construct a
working system. Dr. Krause carried out studies
under controlled conditions that achieved
research goals. A gas transfer membrane
contactor was used to reduce dissolved
oxygen levels in a hot water model system
that had been inoculated with Legionella
pneumophila, the species that causes ~90% of
Legionnaires’ disease.

Message from
DR Krause
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 While outbreaks of this lethal disease
are not common, the number of cases
have grown over 650% in the past 15
years. Hospitals and long-term care
facilities are bearing the brunt of the
burden according to a recently
published CDC report. Since 2016
Legionella has caused more outbreaks
and fatalities associated with drinking
water systems than all other
waterborne pathogens combined.
Outbreaks in healthcare facilities have
far surpassed those in hotels,
apartments, resorts, or private
residences.

https://multimedia.3m.com/mws/media/1412460O/3m-liqui-cel-exf-428-series-membrane-contactor.pdf


Continued

Reducing dissolved oxygen in
water inhibits Legionella in hot
water systems.
Using the 3M Liqui-CelTM
Membrane Contactor to achieve
Legionella inhibition was
demonstrated in recent study.
Healthcare facilities will benefit by
using this novel pathogen control
method to protect patients and
staff from Legionnaires’ disease.
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This new approach to pathogen control has
the advantage of not requiring the injection
of hazardous chemicals or raising water
temperatures to dangerously high levels.
Legionella inhibition by reducing dissolved
oxygen, referred to as LIDO, offers a non-
toxic and low intensity way of preventing
patient exposures to L. pneumophila and
possibly Non-Tuberculosis Mycobacteria
(NTM), based on findings of the recently
published article in theJournal of
Occupational and Environmental Health
(JOEH).

Healthcare facilities will
benefit by using this novel
pathogen control method to
protect patients and staff
from Legionnaires’ disease.
CMS and The Joint
Commission require
healthcare facilities to
implement programs and
methods to manage and
prevent waterborne pathogen
infections.

Takeaways

https://multimedia.3m.com/mws/media/1412460O/3m-liqui-cel-exf-428-series-membrane-contactor.pdf
https://multimedia.3m.com/mws/media/1412460O/3m-liqui-cel-exf-428-series-membrane-contactor.pdf


In two recently published articles, Dr. J. David Krause
describes a novel method of controlling Legionella
pneumophila in one of the most high-risk sources, building
hot water systems. Current approaches used to control
pathogens in building water often involve injecting toxic
and corrosive chemicals, albeit at low levels, to inactivate
pathogens in drinking water. This new approach works
instead by removing a critical and necessary substance
these pathogens need…Oxygen. 

Deaths and hospitalizations from Legionnaires’ disease
(LD) in the United States have increased significantly
between 2015 and 2020, according to a report recently
published by the Centers for Disease Control and
Prevention (CDC).    The number of outbreaks in healthcare
and long term care facilities were rising before the COVID-
19 pandemic and records during the pandemic are most
likely inaccurate. Health risks from waterborne pathogens
in drinking water systems throughout the US have
drastically shifted from enteric pathogens
(Campylobacter, Cryptosporidium, Giardia, norovirus, and
Shigella) to biofilm associated pathogens such as
Legionella, Pseudomonas, and Non-Tuberculosis
Mycobacteria (NTM). Efforts to control and manage these
deadly pathogens in drinking water, premise plumbing,
and other building water systems have so far been
ineffective based upon the continuing rise of reported
cases.

Introduction
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https://www.cdc.gov/mmwr/volumes/73/ss/ss7301a1.htm#:~:text=Results%3A%20During%202015%E2%80%932020%2C,1%25)%20chemical%20or%20toxin.
https://www.cdc.gov/mmwr/volumes/73/ss/ss7301a1.htm#:~:text=Results%3A%20During%202015%E2%80%932020%2C,1%25)%20chemical%20or%20toxin.
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DISOLVED GASES

It’s not always recognized, but water
isn’t just a liquid. It normally contains a
number of dissolved gases that we
sometimes see as bubbles or
effervescence that rises to the top of a
glass filled from a faucet. All aerobic
microbes, as well as fish, need oxygen
to fuel cellular respiration, metabolism,
and to live. When oxygen that is
dissolved in water (DO) is absent, or so
low that it cannot sustain microbial life,
then aerobic pathogens cannot
replicate, consume nutrients, or remain
infectious. 

Normally, water in municipal drinking
water systems contains between 4 and
15 mg/L (ppm) of DO, plenty to sustain
Legionella and other obligatory aerobic
pathogens. When DO in water is
reduced to less than 0.3 mg/L (ppm)
using a gas transfer membrane
contactor Legionella and other
pathogens that thrive in similar
environments cannot survive and
amplify. Preventing amplification is key
to preventing diseases associated with
building water systems. Achieving this
level of DO removal in a safe and
efficient manner was accomplished by
using a 3M Liqui-CelTM Membrane
Contactor. 

https://multimedia.3m.com/mws/media/1412460O/3m-liqui-cel-exf-428-series-membrane-contactor.pdf
https://multimedia.3m.com/mws/media/1412460O/3m-liqui-cel-exf-428-series-membrane-contactor.pdf


Removing dissolved oxygen from drinking water poses no health risks to
humans and actually lowers the risk of plumbing system and equipment
corrosion that chlorine normally accelerates. In a study published in the
Journal of Occupational and Environmental Health (JOEH) Dr. Krause
describes how Legionella and NTMs were significantly inhibited. The
experiment used a model hot water system operated under controlled
conditions in a laboratory that was inoculated with Legionella pneumophila.
After letting L. pneumophila and NTMs had colonized and were allowed to
grow unimpeded under ideal conditions the DO levels were incrementally
lowered until data showed the pathogen levels in the system were 10X
lower than what was being introduced to the system in feed water. An
earlier article published in the Journal Water (2022) reviewed the scientific
literature and history of Legionella research that suggested lowering
dissolved oxygen as a possible control method. 

Dr. Krause and his team are continuing to develop the equipment and
operations needed to deploy this low-cost, non-toxic, and highly effective
Legionella control method in building water systems. A follow on study to
operate a pilot system in a large building with a history of Legionella
contamination has been performed, but not yet published. Because
reducing dissolved oxygen does not involve adding any chemicals to
drinking water this low-impact treatment method does not trigger
regulatory compliance requirements under the Federal Safe Drinking
Water Act (SDWA). The uncertainty, complexity, and costs necessary to
comply with the SDWA are recognized as barriers to implementing
effective prevention and control measures before an outbreak of disease
occurs. 
To learn more about the details of this research and its applications in
building water management you can access the original articles (at no
cost) using the links provided below and you can contact the author
directly at www.HC3FL.com. 
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