DISPATCHES

Variance among Public Health
Agencies’ Boil Water Guidance
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We reviewed boil water guidance from 5 public health
agencies and noted differences in boil definition, duration,
and elevation adjustment. Publishing evidence-based
models could clarify the scientific rationale, promote
consensus, and minimize likelihood of incomplete water
treatment or excess use of limited fuel resources during
emergencies and in backcountry settings.

On September 27, 2024, Hurricane Helene brought
strong winds and historic rainfall to the south-
eastern United States. Powerful flood waters, falling
trees, and landslides left millions with limited access
to electricity and fuel (1). Damage to hundreds of
miles of distribution pipes risked contaminating the
drinking water supply with disease-causing microor-
ganisms. In response, drinking water utilities issued
boil water advisories, affecting >1.8 million persons
for days to weeks (2).

Boiling is an identifiable target that does not re-
quire a thermometer and occurs at 100°C (212°F) at
sea level. Although boiling cannot remove suspend-
ed particulate matter, disease-causing microbes be-
gin to die or deactivate as water temperature rises,
losing their ability to cause illness (3). Consequently,
boiling is a simple and effective way to disinfect
drinking water in emergency situations, during wa-
ter main breaks or low pressure events in drinking
water distribution systems, or in backcountry set-
tings (4-10). At higher elevations, where water boils
at a lower temperature, some guidance recommends
longer boil times (5,7,8). However, boiling water re-
quires fuel, a resource often limited in emergency
situations and backcountry settings. Variance in boil
water guidance from public health agencies might
leave the public weighing thorough water treatment
against conserving limited fuel supplies.
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The Study

We compared boil water guidance from the US
Centers for Disease Control and Prevention drink-
ing water advisories webpage (5) and Yellow Book
(6), US Environmental Protection Agency (EPA) (7),
Health Canada (8), US Department of Homeland Se-
curity Ready.gov (9), and World Health Organization
(WHO) (10,11) (Table). Our goal was to identify vari-
ances in boil water guidance, explore potential rea-
sons for differences, and describe opportunities for
future research to support the development of uni-
versally consistent guidelines.

Each guidance document includes boiling as an
endpoint, with most guidance further specifying roll-
ing boil (Table). Health Canada provides a definition
to identify rolling boil, and Yellow Book recommends
a full minute of boiling to “account for user variabil-
ity in identifying boiling points.” We speculated that
issuing conservative recommendations out of caution
might contribute to differences in guidance. Clearly
and consistently defining the target endpoint could
decrease user variability and enable agencies to rec-
ommend less cautious boil times. A concerted effort
among public health organizations to set microbial-
based targets and a universal health metric, reinforc-
ing the scientific rationale behind water-boiling safety
measures, would lay critical groundwork for a uni-
fied boil water guidance framework, as would con-
ducting meta-analyses of time-temperature microbial
inactivation. Study results from such investigations
could inform recommendations for heat time, poten-
tial elevation affects, and how the cooling period fac-
tors into guidance.

During pasteurization, thermal inactivation of
bacteria, viruses, and protozoa begins slowly at tem-
peratures well below boiling point and accelerates
as temperatures rise (3). Safety specialists perform
pasteurization studies at 60°C-85°C (140°F-185°F)
in a variety of foods and beverages and measure
pathogen inactivation in log reductions. Such studies
typically report a 23 log (299.9%) reduction of most
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enteric pathogens in times ranging from 1 second to
30 minutes (3,11). However, few studies document
log reductions achieved at or near boiling point or
the corresponding timing. Data from pasteurization
studies therefore inform estimates of how long water
should boil before it is considered potable.

After boiling, cooling time also can contribute to
thermal inactivation of pathogens. The EPA, Ready.
gov, and WHO recommend letting water cool natu-
rally (Table). During this cooling time, the water
would be above pasteurization temperatures longer
than other cooling methods, such as refrigerating
or adding ice, which could cause recontamination.
WHO advises that water may be removed from the
heat source immediately after reaching a rolling
boil, whereas other agencies recommend maintain-
ing a rolling boil for 1 minute. No guidance specifies
whether cooling is included in heat-time estimates of
pathogen inactivation.

During pasteurization, minimum pathogen reduc-
tion requirements called log-reduction targets (LRTs)
are based on initial quantity of pathogen present and
the risk the pathogen poses to human health. As for
pasteurization standards, boil water guidance aims to
make water safe for drinking and cooking (i.e., potable),
not sterile (6-8,10). Setting pathogen-specific LRTs for
drinking water is difficult because the level of source
water contamination is often unknown. In emergency
situations and backcountry settings, available water
sources may be visibly turbid, requiring higher LRTs
to make the water potable. Higher temperatures, lon-
ger thermal time, or water filters may be required to
achieve greater LRTs, highlighting the importance of
achieving a true rolling boil. The use of different LRTs

Variance among Boil Water Guidance

may contribute to variation across boil water guid-
ance. Estimating minimum, pathogen-specific LRTs
for potable water could increase transparency of boil
water guidance and foster discussion among agencies.

Pathogens require different minimum exposure
levels to cause disease and have distinct illness and
death rates (10). From a microbial perspective, health
officials generally consider water potable when
pathogens are reduced below the disease-causing
threshold. For instance, whereas bacterial spores are
highly heat resistant and may survive boiling, they
rarely cause human disease and are considered a tol-
erable risk in drinking water (6).

Health outcome metrics help estimate tolerable
risk levels. The EPA estimates a tolerable risk as a
level of exposure causing <1 illness/10,000 persons/
year (12). WHO uses disability-adjusted life-years
and defines tolerable burden of disease as 107° disabil-
ity-adjusted life-years/person/year (10). Adopting a
universal health metric for water safety standards
could assist in establishing consistent LRTs for water-
borne pathogens.

Researchers have used time-temperature mod-
els based on pasteurization data to illustrate patho-
gen inactivation time to specific LRTs. Although data
>85°C (185°F) is often lacking, those models could be
adapted to estimate pathogen-specific LRTs at boiling
or near-boiling temperatures (Figure) and highlight
pathogens lacking data points. Quantifying reduc-
tions for certain pathogens, such as norovirus and ro-
tavirus, is challenging because of the lack of reliable
methods for measuring viable units, but pathogens
with equal or greater thermal resistance can be used
as proxies to estimate inactivation (10).

Table. Comparison of guidance from 5 public health agencies for study of variance among public health agencies’ boil water guidance*

Agency Target endpoint  Endpoint definition  Duration at endpoint Elevation adjustment  Cooling guidance
CDC drinking water Full rolling boil Not defined 1 min 3 min at elevations  Allow boiled water to
advisories webpage (5) above 1,981 m cool before you use
(6,500 ft) it
Yellow Book (6) Boiling Not defined 1 min, if fuel No adjustment Not addressed
supplies are needed at common
adequate terrestrial travel
elevations.
EPA (7) Rolling boil Not defined 1 min 3 min at elevations Let water cool
1,524 m (5,000 feet) naturally
Health Canada (8) Rolling boil A vigorous boail, 1 min 2 min at elevations The water should
where bubbles above 2,000 m then be cooled
appear at the center (6,562 ft)
and do not
disappear when the
water is stirred
Ready.gov (9) Rolling boil Not defined 1 min Not addressed Let the water cool
before drinking
WHO (117) Rolling boil Not defined No additional time No adjustment at Cool naturally,

without the addition
of ice

after reaching rolling
boil

high elevation

*CDC, US Centers for Disease Control and Prevention; EPA, US Environmental Protection Agency; WHO, World Health Organization.
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Figure. Linear model of boiling time required to reduce pathogen levels, by elevation, for study of variance among public health
agencies’ boil water guidance. Model estimates time to achieve 3-5 log reductions of specified microbial groups (3,77). At boiling point
temperatures, all listed pathogens achieve the reductions in <1 minute, from sea level to 10,000 feet. Incorporating more data points at
boiling or near-boiling temperatures could enhance accuracy. Models using pathogen-specific log reduction targets may provide more

precise time estimates.

Existing time-temperature models could also
help evaluate how elevation affects boil water recom-
mendations. For every 150-m (492-ft) increase in ele-
vation, the boiling point of water decreases by ~0.5°C
(0.9°F). In Asheville, North Carolina, USA, at 640
m (2,100 ft) elevation, water boils at 98°C (207.6°F),
whereas in Denver, Colorado, USA, at 1,585 m (5,200
ft) elevation, water boils at *94°C (201°F). This inverse
relationship between elevation and boiling point con-
tributes to differences in boil water guidance at high
elevations. Heat inactivation models could estimate
when pathogen-specific LRTs are achieved at these
lower boiling points, potentially incorporating cool-
ing time to account for additional inactivation —and
possibly providing support for discounting boil time
adjustment for higher elevations.

Yellow Book and WHO guidance state that all
disease-causing pathogens, except bacterial spores,
are inactivated at boiling temperatures. Developing
and publishing models to illustrate this guidance
could clarify the scientific basis for decisions across
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agencies, identify gaps in pathogen inactivation
data, and encourage informed discussion.

Conclusions
Extreme weather events can damage water systems,
utilities, and roadways, limiting access to safe drink-
ing water and fuel. To address this concern, public
health agencies have published boil water guidance to
educate the public on preparing safe drinking water
during emergencies. Variances in boiling time and el-
evation adjustment across these guidelines may cause
confusion, however, potentially hindering efforts to
ensure water safety or leading to extra fuel use.
Although the concept of boiling water to ensure
potability is straightforward, developing evidence-
based guidance is complex. Adopting a consistent
definition of a rolling boil, publishing analyses or
models based on pathogen-specific LRTs supported
by health outcome metrics, and incorporating cool-
ing time into models could enhance clarity. This
approach could illustrate the scientific rationale
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behind current guidance, encourage informed multi-
agency discussion, and create opportunities to build
consensus on boil water recommendations.
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