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ACCESS TO CLEAN WATER IS FUNDAMENtal to good health.1 During January 2010,
approximately 18,000 residents of two
predominantly rural counties in Alabama lost access to municipal water for
up to 12 days after below-freezing temperatures led to breaks in water mains
and residential water pipes and caused
widespread systemic mechanical failures. To assess potential health impacts, use of alternative water sources,
and effectiveness of the emergency response, the Alabama Department of Public Health (ADPH) invited CDC to assist in an investigation that included a
survey of 470 households representing
1,283 residents and a qualitative investigation (i.e., focus group discussions and
interviews with key informants). This report summarizes the results of that investigation, which found a significantly
higher prevalence of acute gastrointestinal illness (AGI) among residents of
households that lost both water service
and water pressure (adjusted odds ratio
[AOR]=2.6), that lost water service for
ⱖ7 days (AOR=2.4), and that lost water pressure for ⱖ7 days (AOR=3.5). Significant dose-response relationships were
observed between increased duration of
lost water service or pressure and AGI.
The survey and qualitative investigation revealed that households, communities, water utilities, and institutions
were not adequately prepared for water
emergencies in areas of communication and notification, planning for alternative water sources, and interagency coordination. Health effects from loss of
water supply or water pressure might be
mitigated by public health involvement
in fostering household, community, and
interagency preparedness, and develop1294

ing communication strategies that will
reach the majority of citizens in a timely
manner.
Community A and community B are
located in two contiguous, predominantly rural counties in southwestern
Alabama, served primarily by three interconnected public water utilities. Because freezing conditions are rare in this
area, few building code regulations require burial or insulation of residential
water pipes. During January 4-11, 2010,
overnight low temperatures ranged from
12°F to 22°F (-11°C to -6°C), causing
many utility water mains and residential water pipes to break. The resulting
systemic water loss and related mechanical failures forced water utilities to cut
off service to most households in the two
communities. Local ADPH offices did not
learn about the water shortages until
January 10 in community A, when a resident complained about restaurants operating without water, and January 11 in
community B, when an ADPH nurse
found a school operating without water. Subsequently, ADPH issued boil water advisories for both communities.
Three agencies were involved in supplying emergency water to the affected communities: the Alabama Emergency Management Agency provided five truckloads
of bottled water to community A and one
truckload to community B; the National Guard delivered nonpotable water to community A; and ADPH deployed water filtration/UV disinfection
units to both communities.
Household Survey

During February 26–March 9, 2010,
CDC and ADPH conducted a household survey to assess the extent of the water emergency and its effect on public
health. A stratified random sample of addresses was drawn from community A,
community B, and two additional communities in the same area that were presumed to be unaffected by the water
emergency.* Each of the sampling areas
included a mixture of unaffected and affected households. The entire population was analyzed together in a crosssectional survey, and results in this report
are in aggregate unless otherwise noted.
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In-person interviews were conducted
with one adult who resided in each home
throughout January, normally received
municipalwaterservice,andprovidedoral
consent.Eachrespondentansweredquestions regarding normal household water
service and January water service interruptions, including loss of service,† loss
of pressure,‡ and availability and use of
emergency water sources. Each respondent also provided data regarding every
household member, regardless of age, including information on demographics,
chronic health conditions, and whether
or not household members had experiencedacuteillnessesduringJanuary4-31,
2010. The primary outcomes of interest
were AGI§ and acute respiratory illness㛳
(ARI). Data on skin and eye complaints
also were collected.
Prevalence of self-reported illness by
self-reportedwaterservicedisruptioncategory was calculated, as were odds ratios
(ORs), AORs, and 95% confidence intervals to evaluate the association between
waterservicedisruptionsandillness.Using
the chi square test, associations between
durationofwaterserviceinterruptionsand
illness outcomes were tested for linear
trends. Of 900 randomly selected households, approximately one third were excluded (e.g., because of a vacant home or
no municipal water service), leaving 610
(68%) that were eligible for inclusion. Of
those, a respondent in 470 (77%) households completed the survey, providing
data on 1,283 persons. Median age of the
1,283 was 36 years (range: 0-94 years),
and54%werefemale;55%wereblack,and
44%werewhite.Demographiccharacteristics of respondents were similar to census data for both counties.
Among households with no loss of water service or pressure, AGI was reported
for 13 (4.3%) residents during January
4-31. AGI was associated with combined
lossofwaterserviceandpressure(67residents [12.4%], AOR=2.6), loss of service
ⱖ7 days (46 [13.2%], AOR=2.4), and
loss of pressure ⱖ7 days (23 [15.6%],
AOR=3.5) and 3-6 days (30 [12.7%],
AOR=2.8). Dose-response relationships
were evident for the duration of both loss
of service and loss of pressure (P for
trend=0.03 and 0.002, respectively).
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The prevalence of ARI among unafafected households was 13.9%. Although
individualAORswerenotstatisticallysignificant, reporting of ARI increased with
increasingdurationoflossofpressure(1-2
days, 12.8%; 3-6 days, 20.5%; ⱖ7 days,
22.8%; P-value for trend=0.04). Loss of
waterservicewasnotassociatedwithARI.
A total of 25 persons (1.6%) reported skin
complaints, and 15 (1.0%) reported eye
complaints; these outcomes were not significantly associated with loss of service
or pressure.
Of the 470 surveyed households, 108
(23%) reported water pipe breaks as a result of the January freeze. A total of 210
(45%) of the 470 households had any waterstoredforemergencies,and⬍10%had
stored ⬎5 gallons. Among households in
community A and community B, which
wereunderaboilwateradvisory,residents
in90%ofthehouseholdshadheardabout
theadvisory.However,⬍50%heardabout
itatthebeginningofthewateremergency,
and 30% reported drinking unboiled tap
water. In community B, residents in 40%
of the households said they heard about
the boil water advisory from family,
friends, or neighbors, and not from official sources. In both community A and
community B, residents preferred to hear
emergency information via telephone
(73.4% and 59.1%, respectively), television (37.4% and 42.4%), or radio (42.4%
and 24.2%), compared with informal
sources such as friends and neighbors
(15.1% and 9.1%) (preferences were not
mutually exclusive).
Qualitative Investigation

Aconcurrentqualitativeinvestigationwas
conducted,includingfocusgroupdiscussions with members of the community,
emergency responders, and government
officials, as well as interviews with key informants from institutions (e.g., restaurants, schools, and health-care facilities).
No health-care facilities or public health
agencies identified any clusters of illness,
and focus group participants did not attribute illnesses to the water emergency.
Like respondents in the household survey, focus group participants described
insufficient household preparedness and
said they preferred receiving emergency

CDC recommendations for public health agency involvement
in water emergency preparedness
Develop a water emergency response protocol
• Develop notification procedures between agencies, utilities, and associations
(including up-to-date rosters).
• Establish a prioritization of facilities during water shortages.
• Identify all institutions (e.g., businesses, schools, and hospitals) that need to
be notified in emergencies and maintain current contact information.
• Assess protocols and interagency responses through periodic drills and exercises.
Develop a water distribution plan
• Identify vulnerable populations and provide for their aid during water shortages.
• Develop a tiered hierarchy of preferred emergency sources of potable water
(e.g., bottled, approved bulk water supply, or portable treatment devices).
• Specify proper procedures and equipment for treating, transporting, and distributing potable water.
• Identify options for providing the community with nonpotable water during longerterm shortages (with a clear distinction in packaging from potable sources).
Develop a community communications toolkit for water emergencies
• Provide draft language for water emergencies and advisories (e.g., how long
to boil water or how to obtain alternative water sources) using basic language (e.g., fifth grade comprehension level).
• Use modes of communication that are locally preferred and effective (e.g., most
frequently viewed TV channels or radio stations, telephonic community notification system when possible, notification through schools, and signage).
• Provide targeted emergency messages for key facilities such as medical facilities, schools, and businesses.
Provide guidance for household preparedness
• Increase emphasis on the need for a minimum 3-day supply of potable water
for emergencies.
• Supply information on how to protect pipes and identify vulnerabilities to
freezing, targeting rural areas that lack building codes and owners of vacation homes who might not be present to detect burst pipes.
• Evaluate effectiveness of current emergency preparedness campaigns (e.g.,
complexity of messaging and application to year-round preparedness).
Provide guidance for institutional preparedness
• Provide guidance and training to ensure that health-care facilities, schools,
and businesses know how to maintain their operations to protect the public’s
health during a loss of water service.
• Consider developing tools and templates or sample emergency plans that can
be downloaded from the public health agency’s website and adapted to individual facilities. Make these available to all institutions, regardless of whether
a public health agency normally oversees their operations.

information via telephone from official
sources. Emergency responders and government officials indicated that the two
communities were not sufficiently prepared for the intensity and duration of the
water emergency; many officials said they
thoughttheircommunitieswouldbemost
effectivelyservedbyword-of-mouthcommunication.Ingeneral,communityemergency preparedness planning had not included collaboration with water utilities,
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plans had not outlined a clear chain-ofcommand structure and boil water notification procedures, and emergency water distribution did not meet the needs of
vulnerablepopulations,suchasseniorcitizens, persons with disabilities, and those
with limited financial or transportation
resources. As a result of this investigation,
CDCpreparedrecommendationsforpublichealthinvolvementinwateremergency
preparedness (see BOX).
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What is already known
on this topic?
Studies in other countries have identified an association between low pressure events in water distribution systems and gastrointestinal illness; the
aging water infrastructure in the
United States might increase the risk
for similar health effects during main
breaks or water-related emergencies
that cause loss of pressure throughout the water distribution system.
What is added by this report?
In January 2010, in two Alabama communities, persons in households that
experienced extended water service interruption were more likely to report
acute gastrointestinal illness (AGI)
than members of unaffected households; this association was particularly significant among persons in
households that experienced ⱖ7 days
of loss of water pressure (15.6% reporting AGI), compared with those
unaffected by the water emergency
(4.3% reporting AGI).
What are the implications
for public health practice?
Public health agencies might help to
prevent or mitigate the health effects from future water emergencies
through efforts to improve community and household preparedness and
to develop and implement effective
communication strategies to reach diverse communities before and during such emergencies.

Reported by: B Etheridge, T Porter, J Holliday, R Underwood, MS, C Woernle, MD, Alabama Dept of Public Health. L Zajac, MD, Montefiore Medical Center,
New York City, New York. M Morrison, MPH, Office
of Public Health Preparedness and Response, J Brunkard, PhD, Div of Foodborne, Waterborne, and Environmental Diseases, National Center for Emerging and
Zoonotic Infectious Diseases; M Miller, MPH, C Otto,
MPA, Div of Emergency and Environmental Health
Svcs, National Center for Environmental Health; A
Hightower, PhD, A Wolkon, MPH, Div of Parasitic Diseases and Malaria, Center for Global Health; J Gargano, PhD, A Freeland, PhD, EIS officers, CDC.

CDCEditorialNote:Inthisinvestigation,
the prevalence of AGI in households unaffected by the January 2010 water emergency (4.3%) was similar to the national
1-month background prevalence (5.1%)
of acute diarrheal illness identified in
1296

FoodNetpopulationsurveys,2 whereasthe
prevalence of AGI in the most affected
households was significantly higher
(12.4%-15.6%). Of 780 drinking water—
associated outbreaks reported in the
United States during 1971-2006, 10%
were associated with water distribution
system deficiencies.3 Although a limited
number of epidemiologic studies have investigated the association between low
water pressure and illness, some have
identified increased AGI in populations
experiencing low water pressure.4-6 Even
without loss of water service, brief periods of low pressure lasting only seconds
(pressure transients) can draw contaminantsintothedistributionsystemthrough
numerous cracks and leaks in water
pipes7 orback-siphonagefromhousehold
plumbing systems that lack adequate
backflow prevention devices. The findings from this investigation suggest that
additional studies are needed to assess the
prevalence of waterborne disease attributable to water distribution systems.
The findings in this report are subject
to at least three limitations. First, because
the investigation began approximately 6
weeks after the onset of the water emergency,detailedinformationregardingthe
periods of loss of water service or water
pressure and the dates of illness onset
could not be collected; thus, their temporal order is uncertain. Second, no clinical specimens or environmental samples
werecollectedtocorroborateillness,identifyresponsiblepathogens,anddetermine
the precise cause of increased AGI in affected households. Although consuming
contaminated water might have been responsible, altered hygiene and sanitary
practices related to household water
shortages8 or changes in activities could
have contributed to increased incidence
of AGI. Finally, because the household
survey relied on self-report for both water service events and illnesses, some of
thefindingsmightbesubjecttorecallbias.
However, concerns regarding bias are
mitigated somewhat by the specificity of
the associations with AGI and the doseresponse relationships observed.
Households, institutions, and communities were not adequately prepared
for the water emergency that affected Ala-
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bama communities in January 2010. In
part because of an aging water infrastructure, approximately 240,000 water main
breaks, which can allow contaminants to
enter the drinking water supply, occur
in the United States each year.9,10 Public
investment in improved drinking water
infrastructure is critically important to
protecting public health. Health effects
from loss of water service or low water
pressure might be mitigated by public
health involvement in fostering household, community, and interagency preparedness, and developing communication strategies that will reach the majority
of citizens in a timely manner. Additional information regarding preparedness and communications during water
emergencies is available at http://www
.cdc.gov/healthywater/emergency
/preparedness/before.html.
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*Although the two additional communities were
thought to be unaffected by the water emergency and
were not subject to boil water advisories, survey results indicated that 17.4% and 43.3% of households
in the additional sampling areas reported low water
pressure, compared with 76.7% of households in community A and 71.0% of households in community B,
and 7.0% and 13.3% of households in the additional sampling areas reported loss of water service,
compared with 56.5% of households in community
A and 89.4% of households in community B.
†Defined as a period during which the household’s
water supply completely ceased.
‡Defined as a period when the household’s water pressure was lower than usual, but water service did not
completely cease.
§Defined as new onset of diarrhea or vomiting, with
diarrhea defined as three or more loose stools in a 24hour period during January 4–January 31, 2010.
㛳Defined as a new onset of cold or flu symptoms during January 4–January 31, 2010.
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