BEYOND THE WATER HEATER
Centralized Storage Water Heaters and Reducing Risk of Legionella
throughout the Building Domestic Hot Water Piping System
An Evidence‐Based Discussion

Legionella is not new. Valuable research began more than 40 years ago
In the past few years, the topic of Legionella in building plumbing systems has received a great deal of
attention in the media and in marketing channels due in no small part to the release of the new ASHRAE
188 Legionella control standard. Despite the amount of recent discussion, the subject of Legionella is
more than 40 years old and many hundreds of Legionella‐specific and related laboratory and site
research projects have been conducted since the late 1970s. As early as the mid‐1990s, the UK
Department of Health published a Legionella guideline, followed by consensus guidelines from the
World Health Organization, the United States Department of Labor through OSHA, ASHRAE, and the
health departments of many countries. These guidelines are very similar in recommendations and,
although research continues, the information remains pertinent and accurate.

The concept of “old water”
Legionella contamination in sections of a building’s hot water distribution system can all be traced back
to one thing: the continual occurrence of “old water.” This phrase describes water that no longer has
chlorine residual and, as a result, microbial growth can no longer be controlled. Those areas of the
building’s domestic hot water system that are repeatedly exposed to “old water” for extended time, and
especially concurrent with warm water temperatures, are prime candidates for microbial contamination
and biofilm formation.
Water that leaves a treatment plant is safe to consume but is not sterile. It contains small numbers of
microbes whose growth is kept under control by free chlorine or chloramines as water leaves the
treatment facility. Some amount of free or residual chlorine remains when the water enters a building’s
piping system. Whether or not this remaining free chlorine will decay before the water is used is
affected by a number of characteristics that are unique for every building.
Characteristics contributing to chlorine decay and eventually “old water” include:
‐
‐
‐

The level of existing bacterial contamination; determined by the level of accumulated and
distributed sediment and biofilms
The level of corrosion (particularly iron) in the system due primarily to system age
A high ratio of surface area to water volume and the rate of water circulation across these
surfaces. The greater the surface area relative to the water volume, the greater the rate of
chlorine decay due to surface decay kinetics

‐
‐
‐

High water temperature. Elevated water temperature increases chlorine reaction and
chlorine decay
The initial level of residual chlorine
Extended residence time of water in the system and inadequate replacement with fresh
water; either universally or localized in low‐use zones or dead end piping

Water volume by itself has no relation to the creation of “old water” and presence of Legionella
Provided the residence time of the water is short enough to avoid an “old water” condition, the amount
of stored water in a domestic hot water system is completely irrelevant. Concerning the water heater,
“old water” is prevented by proper sizing; specifically matching hot water demand with an appropriate
storage volume and BTU input to provide regular water turnover in the tank while maintaining the
necessary outlet water temperature. Proper sizing is easily calculated.
In numerous building surveys, multivariate analysis of salient water heater and building characteristics
has failed to show a statistically meaningful link between the gallon capacity of the hot water storage
tanks and the presence of Legionella in the tanks or in the building 1,2,4,10,28. Whether or not Legionella
was present, the range of hot water tank capacities in either case was so similar to be purely
coincidental; suggesting that something far more meaningful was occurring in the buildings to cause or
prevent Legionella. Further evidence is that Legionella has also been found in building domestic hot
water systems equipped with centralized instantaneous water heaters 2,12,24.
Of course, the irrelevance of stored water volume to the presence of Legionella only holds true if the
water heaters are properly sized and maintained. There have certainly been occasions where Legionella
contamination occurred in water heating systems that were massively over‐sized in tank volume for the
application 5,9. So oversized in fact, that numbers of storage water heaters were unused and isolated
from the piping system but still filled with water. The opposite is also true. Some contaminations can be
explained by heaters that were too small in both stored water volume and Btu input to maintain the
proper 140°F temperature under the experienced demand conditions allowing warm water to flow into
the building plumbing system 1. Such examples are not the fault of storage water heaters; they are
caused by error in water heater system design and sizing.

The Role of Sediment
In 1982, researchers first made the connection between the detection of Legionella in water samples
drawn from the bottom of storage tanks and the fact that these water samples contained sediment 29.
This same study showed that after the initial water draw, additional samples drawn only three minutes
later (with conceivably less or possibly no sediment) failed to culture Legionella or cultured considerably
lower numbers of the bacteria. This Legionella/sediment connection was further supported when
secondary tests of tanks that had originally been positive for Legionella were negative two months later.
It was discovered that two weeks prior to the second test, the tanks in question were flushed from the
bottom, effectively eliminating all the sediment and yielding no Legionella as a result. This evidence was

not lost on the researchers and in the conclusion of the report they stated that the simple occasional
flushing of the tanks may appreciably decrease or eliminate Legionella contamination of the tanks and
the buildings.
A 1984 laboratory study confirmed that sediment amplified Legionella by offering an ideal environment
for the growth of biofilms 27. Formation of biofilm by bacteria is a survival mechanism in a low‐nutrient
environment; such as drinking water. The diverse biofilm community provides protection from chlorine
and temperature, and provides food sources for a number of microorganisms, including Legionella. The
tests confirmed that in water with sediment and the accompanying microbes, Legionella survived and
multiplied. In sterilized sediment in the absence of the other microbes, the Legionella began to die off.
In further support, another study found that Legionella could not be cultured from tank‐type, bottom‐
fired, residential gas water heaters where the accumulated sediment at the tank bottom was rendered
inhospitable to biofilm and Legionella due to the regular sterilizing temperature that occurred with each
burner firing cycle 1,11,29. Conversely, in the same water district, the sediment in the cooler bottom head
of electric water heaters was found to harbor Legionella 1,11.
When sediment is taken out of the equation, whether rendered inhospitable to biofilm growth or
eliminated from the tank by flushing, the threat of Legionella contamination of the tank and the building
appears to be greatly reduced.
The clear advantage to a storage tank is that it’s a lower‐water‐turbulence environment where sediment
falls to the tank bottom allowing regular flushing through the drain and elimination of sediment from
the domestic water system. In instantaneous, low‐water volume heaters, the higher flow environment is
capable of carrying sediment into the piping where it can be difficult, if not impossible, to locate and
eliminate. Sediment in the piping provides the same prime Legionella breeding ground as it would in the
bottom of a storage tank.
Eliminating sediment from the storage tank is neither time consuming nor difficult. Requirements will
vary, but generally flushing the tank through the bottom drain valve for a few seconds every three or
four weeks should be sufficient. The process can be easily automated using motorized and timed valves,
if desired.
In regularly ridding the tank of sediment and the potential biofilm, the chlorine residual in the tank
water is conserved and available in maximum quantity to disinfect other areas of the tank and building
piping system.

The essential roles of temperature and time in killing Legionella and amoebae
Perhaps the most corroborated information regarding Legionella is that a water temperature of 140°F is
highly effective at killing the bacteria and keeping the building piping system free of contamination
4,10,19,22,28
. For this reason, every consensus Legionella control guideline recommends that water leaving

the water heater be 140°F regardless of whether the water heater is a storage type or instantaneous
33,34,35,36
.
As illustrated in the table below, killing Legionella with water temperature is a time AND temperature
relationship. Temperature of 140°F is recommended because it kills Legionella 50 to 100 times faster
than 120°F in open water 23.

Time and Temperature Required to Kill Legionella Pneumophila sg. 1 (unchlorinated water)
Kill rate
140°F water
130°F water
120°F water
90% (1 log)
2.7 minutes
27 minutes
4.3 hours
99% (2 log)
5.4 minutes
54 minutes
8.6 hours
99.9% (3 log)
8.1 minutes
1.35 hours
14 hours

Water temperature is of greatest concern when considering the presence of amoebae in the building
water system. Amoebae ingest Legionella and other bacteria as food. However, Legionella can reverse
the enzyme process and consume an amoeba from within, using the energy and protective environment
to multiply. When the amoeba dies, hundreds of replicated Legionella bacteria spread into the biofilm.
This process is considered the primary replication method of Legionella in domestic water systems
3,8,15,20,30
. While Legionella are susceptible to relatively low levels of chlorine in open water, amoebae are
highly resistant to chlorine and unaffected by the residual chlorine levels normally found in a building’s
water system 6,13. Therefore, water temperature is crucial for killing amoebae. The time needed to kill
amoeba at 140°F is virtually identical to the death of Legionella with a 99.8% kill occurring with 5
minutes exposure 26. Similar to Legionella, at 120°F death of amoebae can take hours 3.
In the 1960s, 70s and 80s, it was routine for water heaters to be operated with temperatures of 120°F or
lower to prevent scalding and save energy. It’s not surprising, therefore, that a high percentage of the
older buildings surveyed were found to have Legionella contamination throughout the domestic hot
water system.

Using the storage water heater as a water sterilizing device
The concept of using a water heater as a water sterilizer was first promoted by Legionella researchers in
the mid‐1980s 28. The initial recommendation was instantaneous, blend‐down, steam‐fired water
heaters that generate 180°F to 200°F water temperatures. The heat exchangers contain about one
gallon of water and, due to the high flow‐through rates under normal demand, the time/temperature
relationship for Legionella kill required the extreme set point temperature to instantly sterilize the
water. The sanitizing temperature outlet water is then blended with cold before introduction into the
building piping system at the desired temperature.
Other “instantaneous” water heaters types, not designed or installed to achieve the “sterilizing
temperature/blend down” process, have circumvented this method for Legionella control and should be

reviewed for their effectiveness as part of a legionella control program. Under normal hot water
demand conditions, water can travel through the entire instantaneous water heater in 30 to 60 seconds.
Due to their very low water volume and high flow‐through rates, the dwell time at design temperature
falls short for an effective kill rate. To achieve an effective kill rate, this style of water heater must have
elevated set points (160°F to 170°F) to ensure a complete kill of Legionella before water is released to
the hot water plumbing system. A stark contrast to the time/temperature relationship dilemma occurs
in a storage water heater, where a Legionella kill can be accomplished without the extreme water
temperatures. In a properly sized storage water heater (both storage and input), there is ample
residence time in the volume of 140°F water to kill Legionella.

Water stagnation and circulation
Circulating water through the building hot water piping system is essential for Legionella control.
Without circulation, during periods of low demand the temperature in the building loop will drop and
may fall to the ideal growth range for Legionella (90°F to 100°F). Additionally, the free chlorine will
decay faster due to the initial elevated temperature of the water and the amount of surface area
relative to water volume that occurs in the smaller diameter building piping. Circulation of the building
loop back to through the water heater helps to maintain temperature and can replenish chlorine,
although circulation itself also increases chlorine demand.
During these low or no‐demand periods, storage water heaters can provide a reservoir of residual
chlorine for circulation into the building piping. Low‐volume, instantaneous water heaters have no
chlorine storage, which can quickly lead to loss of all residual chlorine and the circulation of “old water”
throughout the building. If this occurs, the only thing preventing Legionella contamination is
temperature.
While water circulation clearly benefits the building piping system by maintaining temperature, there
are some claims made about circulation that are simply not true.
Claims are made that the constant flow condition common to that Instantaneous water heaters is
superior in defeating Legionella when compared to the lower flow or the standing water environment
that occurs at times in storage water heaters. While the claim seems obvious enough, it has actually
been proven false by no fewer than five independent research studies, the first conducted in 1999
7,16,17,21,25
. It is now known that due to mass transfer of nutrients and microorganisms, higher and even
turbulent flow rates increase the growth of biofilms and Legionella when compared to a no‐flow
condition.
Claims that water circulation is sufficient to completely shear biofilm from water heater surfaces are
also questionable. While it is possible to introduce flow rates with high enough turbulence to shear
biofilm, these flow rates, beginning at an estimated 9 feet per second through small diameter pipe, are
well above what is recommended and normally experienced in a water heater or building piping system.

Clearly, a long‐term no‐flow or stagnant condition is bad because it can lead to an “old water” condition.
However, it doesn’t occur instantly. We have already established that a properly sized and maintained
storage water heater will not generate “old water” due to adequate water turnover with replenishment
of residual chlorine and the elimination of sediment 5. Being first in line with the water main into the
building hot water system, the water heater experiences the greatest amount of free chlorine. For
Legionella control, it is not necessary to continuously circulate the water heater storage tank.

Stratification in a hot water storage tank: Does warm water at the bottom mean Legionella?
In 1982, laboratory researchers discovered that Legionella would survive and grow in tap water at
temperatures between 90°F and 108°F, with the highest growth rates occurring at 98°F 32. This study has
been cited in other peer‐reviewed research papers at least 108 times. It’s the foundation for the wide‐
spread belief that the warmer temperatures found at the bottom of hot water storage tanks is a primary
and unavoidable cause of Legionella growth and, as a result, storage tanks serve as Legionella
“amplifiers.”
Taken to its extreme, this argument would quickly indict all hot water storage tanks because all of these
tanks stratify to some degree. But why don’t all storage tanks have Legionella contamination, even after
many years of operation?
A closer look into this research study provides some insight.
This and subsequent laboratory tests to determine the effect of water temperature on the growth of
Legionella were all conducted with no free chlorine or chloramines in the test water samples 31, 32.
Elimination of variables is commonly done to ensure the test outcome reflects only changes caused by
the variable being tested; in this case, temperature.
Additionally, the water samples for the tests were taken from biofilm contaminated point sources;
including hot water tanks, and contained Legionella and other microbes that had populated the biofilm.
The amount of other microbes in the samples was an estimated 16,000 colony forming units (individual
bacteria) per milliliter, suggesting a well‐established biofilm contamination. As described earlier, a
separate research study discovered that Legionella survives and grows prolifically in the presence of the
additional microbes populating sediment biofilm. However, when Legionella is isolated from the
supportive microbes, it perishes. The study that made the sediment‐Legionella connection was
conducted at 98°F, which is the reported ideal temperature growth range.
It is incorrect to merely assume this warm water Legionella growth outcome outside of the laboratory.
The bottom of a properly maintained hot water storage tank (no or low sediment) is not a zero‐chlorine
environment. Absent an existing biofilm and a significant contamination by Legionella bacteria, the
continual presence of even modest amounts of free chlorine would largely prevent such a situation to
begin with. Laboratory tests using a “severe” Legionella contamination level of 3000 bacteria per
milliliter indicated a susceptibility to moderate levels of free chlorine 14. In another laboratory test,

drinking water with 0.04 to 0.05 ppm free chlorine was shown to prevent the formation of bacterial
biofilms in piping 16.
Clearly, this temperature research has been taken out of context. The environment created in the
laboratory mimics an already “run‐away” condition, including existing sediment, an established highly
populated biofilm and no chlorine residual. The results do not support the theory that Legionella will
grow prolifically merely because of warm water located at the bottom of a hot water storage tank. It
only further supports the fact that Legionella will grow prolifically in the warm water at the bottom of a
hot water storage tank ONLY IF sediment and biofilm are also present and without a free chlorine level.
The laboratory created environment does resemble contaminated tanks from site studies but this
should not be considered normal or unavoidable. These conditions resulted from poor maintenance,
where sediment was allowed to accumulate and biofilms were allowed to grow unabated.
If the sediment is routinely removed from the bottom of a storage water heater, there will be far less
biofilm and microbes that support Legionella growth and there will be a greater amount of residual
chlorine. Given this, the temperature at the bottom of the tank is irrelevant and there will not be prolific
Legionella growth due to this fact alone.

Maintenance does work despite what some people say
One multiple‐site study concluded that maintenance of water heating systems was not effective in
preventing Legionella contamination of the tanks and building piping. Unfortunately, there was no
evaluation of the quality and effectiveness of the so‐called maintenance, and all maintenance programs
were given equal value. There were two categories of maintenance in the statistical analysis; a building
either had a maintenance program or it did not. Among those that had a program, very effective
approaches; including flushing the bottom of the tank every few weeks, were included with far less
effective approaches; such as flushing tanks only annually or “occasionally” checking the operating set
point. It’s ludicrous to suggest that all maintenance is ineffective based upon a statistical analysis of such
a broad category. It’s also unfortunate that this research study and this observation have been repeated
in subsequent published research reports.

Conclusion
Decades ago when little or nothing was known about Legionella, storage water heating systems were
operated in a manner that amplified the growth of Legionella and increased the risk of contaminating
the domestic hot water system piping. Sediment was allowed to collect for years in the bottom of tanks,
temperatures were maintained at 120°F or lower, building loops were not recirculated, heat exchangers
were often undersized and tanks were often grossly oversized allowing water to sit unused for
sometimes months at a time. As a result, the reputation of storage water heaters still suffers from these
mistakes of the past.

Today we know better. Forty years of research and numerous consensus Legionella control guidelines
have provided valuable information to properly design and operate these water heating systems. Using
this information and some common sense water heater sizing methods, a storage water heater presents
no larger risk to building Legionella contamination than other water heating approaches. Nor does a
storage water heater require an onerous maintenance program to control Legionella.
There are tens of thousands of centralized storage‐type water heating systems serving the entire gamut
of building types around the world that are installed and operated in accordance with the Legionella
guidelines and are Legionella‐free as a result. The fear of stored water causing an imminent Legionella
problem in a domestic hot water system is entirely unfounded.

Final Note
In an existing building with extensive Legionella contamination of the entire water distribution system,
the water heater cannot be expected to correct the problem regardless of type of heater. These issues
require comprehensive solutions; including temperature elevation, supplemental residual chlorination,
copper/silver ionization, and, as needed, chlorine and thermal shock eradication.
No one can guarantee that one or any combination of procedures or pieces of equipment will eliminate
Legionella growth in a building plumbing system; including water heaters. In centralized water heating
systems, there is no definitive superiority in whole building Legionella control of any one type of water
heating equipment compared to any other when these systems are properly maintained and operated.
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