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ABSTRACT
Objectives. Carbon monoxide (CO) poisoning is a leading cause of morbidity
and mortality during natural disasters. On January 26–27, 2009, a severe ice
storm occurred in Kentucky, causing widespread, extended power outages and
disrupting transportation and communications. After the storm, CO poisonings
were reported throughout the state. The objectives of this investigation were
to determine the extent of the problem, identify sources of CO poisoning,
characterize cases, make recommendations to reduce morbidity and mortality,
and develop prevention strategies.
Methods. We obtained data from the Kentucky Regional Poison Center
(KRPC), hyperbaric oxygen treatment (HBOT) facilities, and coroners. Additionally, the Kentucky Department for Public Health provided statewide emergency
department (ED) and hospitalization data.
Results. During the two weeks after the storm, KRPC identified 144 cases of
CO poisoning; exposure sources included kerosene heaters, generators, and
propane heaters. Hospitals reported 202 ED visits and 26 admissions. Twentyeight people received HBOT. Ten deaths were attributed to CO poisoning,
eight of which were related to inappropriate generator location. Higher rates of
CO poisoning were reported in areas with the most ice accumulation.
Conclusions. Although CO poisonings are preventable, they continue to occur
in postdisaster situations. Recommendations include encouraging use of CO
alarms, exploring use of engineering controls on generators to decrease CO
exposure, providing specific information regarding safe use and placement of
CO-producing devices, and using multiple communication methods to reach
people without electricity.
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Each year in the United States, carbon monoxide
(CO) poisoning is responsible for approximately 450
unintentional, non-fire-related deaths and more than
20,000 emergency department (ED) visits.1,2 It is a
primary cause of morbidity and mortality after natural
disasters, mainly because power outages lead to highrisk behaviors for CO poisoning, including improper
placement and use of portable generators, use of
alternative heating units (e.g., kerosene or propane
heaters), and use of cooking devices as heating sources
(e.g., charcoal grills or gas stoves).3–6
After hurricanes Katrina and Rita struck the U.S.
Gulf Coast in 2005, 10 deaths and 78 nonfatal injuries
were attributed to CO poisoning.4 After four major
hurricanes in Florida in 2004, six CO-related deaths
and 167 nonfatal CO-poisoning cases from 51 incidents
were reported; portable generators were the reported
source in the majority of cases.3 Outbreaks of CO
poisoning after ice storms have also been reported.5–9
Simple measures, including ventilation of heating
appliances, avoidance of indoor use of grills, and
installation of battery-powered CO alarms can prevent
unintentional CO-poisoning cases.2 Characterizing the
nature of CO exposures and identifying the population at risk is crucial to developing effective prevention
strategies.
During January 26–27, 2009, a severe ice storm
occurred in Kentucky, causing widespread, extended
power outages and disrupting transportation and communications. Kentucky residents received less than one
day’s warning before the storm, and 103 of Kentucky’s
120 counties were eventually declared disaster areas.
Damage was particularly severe in western Kentucky,
where households were without electricity for more
than two weeks. Soon after the storm, CO poisonings
were reported, which prompted an investigation to
determine the extent of the problem, identify sources
of CO poisoning in this cold-weather disaster, describe
the epidemiology of cases, make recommendations to
reduce morbidity and mortality, and develop prevention strategies.
METHODS
The definition of CO poisoning was based on Council
of State and Territorial Epidemiologists (CSTE) case
definitions,10 as described for each of the following
data sources.
Exposures
The Kentucky Regional Poison Center (KRPC) provided case reports that included demographics, symptoms, and a narrative description of the exposure,
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which included the source of CO. KRPC generated
these reports from calls to the center originating from
health-care providers and the general public. In case
of multiple calls referring to the same person, KRPC
staff de-duplicated records based on patient identifiers.
People with confirmed CO poisoning on the basis of
KRPC data had exhibited signs or symptoms of CO
poisoning, had been exposed to CO, and either had
a carboxyhemoglobin level 12% or elevated CO
found in an air sample at the exposure site; people
with probable CO poisoning had exhibited signs or
symptoms and had been exposed to CO, but had no
reported carboxyhemoglobin or environmental CO
measurements.
ED visits and hospitalizations
The Kentucky Department for Public Health (KDPH),
Office of Health Policy provided International Classification of Diseases, Ninth Revision (ICD-9) coded
outpatient hospital visit and inpatient hospitalization
data for confirmed cases (ICD-9 codes 986, E868.3,
E868.8, E868.9, and E982.1). Cases were included if
one or more ICD-9 codes were listed among the diagnoses. Data were collected from 108 hospitals, which
included all acute care hospitals in Kentucky, with the
exception of Veterans Administration hospitals and
state psychiatric hospitals. All outpatient visits were
assumed to be ED visits, although the possibility that
some were hospital walk-in clinic visits could not be
excluded.
Hyperbaric oxygen treatment
The two Kentucky hyperbaric oxygen treatment
(HBOT) facilities that treat people with emergent CO
poisoning provided HBOT data. One facility provided
data through a surveillance system operated by the Centers for Disease Control and Prevention (CDC) and the
Undersea and Hyperbaric Medical Society; the other
facility provided data directly. For data from HBOT
facilities, only probable cases were defined, requiring
a history of CO exposure and receipt of HBOT.
Mortality
County coroners provided mortality data. Confirmed
fatalities had signs of CO poisoning and either a carboxyhemoglobin level 12% or elevated CO in an air
sample with an indicative source; suspected fatalities
had signs of CO poisoning and an indicative source
of CO.
Power outages and meteorologic data
The Kentucky Public Service Commission, Kentucky
Municipal Utility Association, and Kentucky Association
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of Electric Cooperatives provided power-outage data.
Ice accumulation data were based on maps provided
by the National Weather Service. We used temperature
data for Bowling Green, Kentucky,11 a city near the
most severely affected area.
The storm affected western and central Kentucky
most severely; the far southern and far eastern Kentucky counties were affected to varying but lesser
degrees. Because the storm was essentially a statewide
event, the analysis included the entire state. Data were
collected for the period January 26–February 14, by
which time power had been restored to about 95% of
the approximately 770,000 customers experiencing
outages (Personal communications, various personnel,
Kentucky Public Service Commission, February 2009).
Intentional exposures and one exposure in Indiana
that had been treated in Kentucky were excluded.
This investigation underwent human subjects review
by CDC, was determined to represent public health
problem evaluation and control rather than research,
and was granted exempt status.
RESULTS
CO exposures
KRPC logged 115 CO exposure calls, representing
possible exposures of 275 people, compared with nine

calls during the same period in 2008. Illness among 144
people from 65 of the 115 calls met the case definition
(105 probable and 39 confirmed). The remaining 131
potentially exposed people did not represent cases,
often because they were asymptomatic family members of exposed, symptomatic people. Twenty-seven
percent of the cases were in children younger than
aged 18 years (Table 1). Of the 65 calls that included
at least one case, 20 calls representing 43 cases were
from health-care providers. The other 45 calls were
from an affected person, a friend, or a family member.
KRPC data included two of the 10 deaths. The most
common reported exposure sources among the cases
were heating devices and generators (Table 2).
ED visits, hospitalizations, and HBOT
Kentucky hospitals reported 202 ED visits and 26 hospital admissions for CO poisoning, compared with 11
ED visits and no admissions during the same period
in 2008. The median age of ED patients was 32 years
(range: six weeks to 91 years) and of admitted patients
was 63 years (range: 28 to 89 years). Although 32%
of people examined in an ED for CO poisoning were
children, no children were admitted; 50% of admitted people were aged 64 years or older (Table 1). The
number of days patients were admitted ranged from less
than one day to 14 days (mean: 2.6 days; median: 2.0

Table 1. Carbon monoxide poisoning cases after an ice storm, demographics by
data source—Kentucky, January 26–February 14, 2009
Characteristic
Age (in years)
0–17
18–44
45–64
64
Sex
Female
Male

KRPC cases
N (percent)

39 (27)
105 (73)b

ED visits
N (percent)a

64
72
42
24

(32)
(36)
(21)
(12)

Hospitalizations
N (percent)a

0
3
10
13

(0)
(12)
(38)
(50)

HBOT
N (percent)a

6
12
6
4

(21)
(43)
(21)
(14)

Deaths
N (percent)

0
2
6
2

(0)
(20)
(60)
(20)

84 (58)
60 (42)

119 (59)
83 (41)

19 (73)
7 (27)

16 (57)
12 (43)

3 (30)
7 (70)

Race/ethnicity
Black
White
Hispanic
Other/unknown

NAc
NAc
NAc
NAc

25 (12)
150 (74)
NAc
27 (13)

2 (8)
22 (85)
NAc
2 (8)

8
16
4
0

5
4
1
0

Total

144

202

26

(29)
(57)
(14)
(0)

28

(50)
(40)
(10)
(0)

10

Percentages may not total 100 because of rounding.

a

b

Includes all people aged 18 years; adult ages often not collected

Data not collected

c

KRPC  Kentucky Regional Poison Center
ED  emergency department
HBOT  hyperbaric oxygen treatment
NA  not available
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Table 2. CO sources for CO-poisoning incidents and
cases reported to the Kentucky Regional Poison
Center—Kentucky, January 26–February 14, 2009
CO source

Incidents (n65)a
N (percent)

Kerosene heater
Generator
Propane heater
Charcoal
Gas fireplace
Gas oven
Other
Unknown

29
20
11
5
3
2
6
2

(45)
(31)
(17)
(8)
(5)
(3)
(9)
(3)

Cases (n144)b
N (percent)
63
47
30
8
7
7
15
2

(44)
(33)
(21)
(6)
(5)
(5)
(10)
(1)

All incidents include at least one case; two sources were present
in 13 (20%) incidents.

a

b

Two sources were present for 35 cases.

CO  carbon monoxide

days). Twenty-eight Kentucky residents were treated
with HBOT (age range: 1 to 79 years; median: 38
years). Sixteen (57%) had been poisoned as a result of
generator use. Twelve (43%) were members of racial/
ethnic minority groups (Table 1).
Mortality
Of 36 storm-related deaths, 10 (28%) from seven incidents were attributed to CO poisoning. These deaths
included eight confirmed and two suspected cases (age
range: 26 to 76 years; median age: 58 years) (Table 1).
The first four deaths occurred less than three days
after the beginning of the storm. Eight deaths (80%)
from five incidents were associated with incorrect location of a gasoline-powered generator. The other two
deaths involved a propane heater and a charcoal grill.
Six (60%) decedents were members of racial/ethnic
minority groups, including two (20%) immigrants. One
of the immigrants had used a charcoal grill indoors;
the other had used a generator indoors.
Association between CO-poisoning cases,
power outages, and meteorologic data
The epidemiologic curves of KRPC cases (Figure 1)
and ED visits (Figure 2) demonstrate a predictable
pattern when viewed with power-outage and temperature data, with the largest numbers of cases occurring
two to four days after the storm when temperatures
were below freezing and the number of power outages
remained high. Rates of ED visits for CO poisoning by
Area Development District (Figure 3) also demonstrate
a pattern, when viewed with ice-accumulation data,
with the highest rates of ED visits occurring in the
most severely affected areas of western Kentucky. The
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maximum rate of ED visits was 21.5 visits per 100,000
people for one district in the most severely affected
area of the state.
DISCUSSION
CO-poisoning cases continue to occur despite being a
preventable and well-known consequence of disasterrelated power outages.4,6 After this ice storm, CO poisoning was the leading cause of storm-related deaths,
surpassing other common causes such as hypothermia
and cardiac events.
Kerosene heaters were the most common source
of CO poisoning; however, the majority of deaths
and severe poisoning cases during this period were
associated with generators, which is consistent with a
previous study reporting more severe poisoning with
generators.6 Even when generators were used outdoors,
CO poisoning has occurred when the generators were
placed 7 feet from the home.4 A community needs
assessment conducted in severely affected areas of
Kentucky after this storm determined that use of generators and alternative heating sources was common.
In three surveyed areas with widespread power outages, 44% to 56% of households had used a generator
since the storm, and 4% to 6% of them reported use
of a generator indoors or in a garage; 35% to 43%
of households had used a charcoal or gas grill, 21%
to 36% of whom reported using it indoors (Unpublished data, Community Assessment for Public Health
Emergency Response conducted by KDPH and CDC,
February 6–9, 2009).
Shelters in the surveyed areas offered services to the
population for varying periods after the storm. The
community needs assessment was a door-to-door survey
of people in private residences, which would eliminate
people who remained in shelters or who left the area to
stay with family or friends. This might partially explain
the high percentage of households reporting use of
generators or alternative heating sources.
Lack of education about CO poisoning might
contribute to high-risk behaviors. After four major
hurricanes in Florida in 2004, less than 50% of adult
respondents involved in CO-poisoning incidents related
to generator use reported having received instruction
in safe operation of the generator.12 Studies have also
demonstrated that people are often unaware of the
dangers of operating CO-producing devices indoors
or near homes.13,14
The number of CO-poisoning cases varied, as
expected, with temperature, power restoration, and
ice accumulation. The highest rates of CO poisoning
were observed in the western part of Kentucky, which
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e xperienced the most ice accumulation and, therefore,
the most extensive power outages. These findings
support the belief that inclement weather causing
widespread power outages increases high-risk behavior
among the affected population, thereby increasing the
number of CO exposures.
This investigation also determined that people from
minority groups disproportionately suffered from
severe CO poisoning. Eighteen (47%) of 38 people
who died or were administered HBOT were members
of racial/ethnic minority groups, whereas across Kentucky, only 10% of the population are members of
racial/ethnic minority groups.15 One death and five
HBOT cases among minority individuals were caused
from burning charcoal indoors, which has previously
been described among minority and immigrant groups
and has been attributed to language and cultural
factors.9,16,17 A study of CO-poisoning cases after a windstorm in Washington State in 2006 determined that all
eight deaths were in minority immigrant households;
six were associated with improper generator use and

two with indoor charcoal use.16 A retrospective review
of CO-poisoning patients in Washington State who had
been administered HBOT during a nine-year period
demonstrated that the relative risk of severe CO poisoning was elevated among black and Hispanic individuals,
compared with non-Hispanic white people.17
In response to the CO-poisoning cases, KDPH issued
news releases and public service announcements, distributed fact sheets, and activated a person-to-person
network to contact members of vulnerable groups such
as the elderly, people with hearing impairments, and
people living in remote areas. The Kentucky National
Guard was mobilized for house-to-house welfare checks
and other assistance. In coordination with CDC and a
mobile telephone provider, a mass text message regarding CO poisoning was sent to Kentucky customers.
Limitations
One limitation of this analysis was that certain severely
affected areas were without both landline and mobile
telephone service for days after the storm, which

Figure 1. KRPC CO-poisoning cases, with power outages and mean daily temperature—
Kentucky, January 26–February 14, 2009

KRPC 5 Kentucky Regional Poison Center
CO 5 carbon monoxide
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might have decreased the number of CO exposures
reported to KRPC. Additionally, transportation was
difficult because of icy roads and downed trees and
power lines, which might have prevented people from
seeking medical attention. Therefore, data presented
in this article might underestimate the true number of
affected people. Also, individuals might be included in
more than one dataset; therefore, the numbers of COpoisoning cases from each dataset cannot be summed
to provide a total.
Recommendations
The hierarchy of controls indicates that engineering interventions (e.g., generator emission controls
and CO-alarm installation) might be more successful
than other types of interventions at decreasing COpoisoning cases. Electronic fuel injection or catalytic
after-treatment might decrease CO-poisoning cases
from generators by reducing the level of CO in the
generator exhaust.18 Two manufacturers of marine
generators voluntarily incorporated catalytic converters to decrease CO poisonings on houseboats,19 and
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similar measures have been suggested for portable
generators.5,20 Weatherization of generators by incorporating a waterproof housing, receptacle covers, and
ground-fault circuit interrupter protection might lessen
the risk for electrocution and make outside generator
use easier.18
Because no consensus has been reached regarding
a safe distance from a home for operating a generator,
CDC recommends placing the generator as far from
the home as possible.4 A recent study by the National
Institutes of Standards and Technology determined that
generators should be placed more than 25 feet from
a one-story house to avoid CO entry related to airflow
patterns.21 Generators should be sheltered to prevent
water damage and electrocution, and connected by
using an extension cord rated for outdoor use. They
may be secured with lock and chain to prevent theft.
Vendors should be encouraged to offer these items
along with CO alarms at the point of sale; ideally
they should be displayed alongside the generators.
Even with these recommendations, people might not
comprehend the dangers of operating a generator

Figure 2. Emergency department visits for CO poisoning, with power outages and mean daily
temperature—Kentucky, January 26–February 14, 2009

CO 5 carbon monoxide
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Figure 3. Emergency department visits for carbon monoxide poisoning, by Area Development District
with ice accumulation—Kentucky, January 26–February 14, 2009

ED 5 emergency department
in. 5 inch

in a garage, on a porch, or in a basement; therefore,
unsafe practices should be specifically addressed in
prevention messages.
CDC recommendations for using generators and
other CO-producing devices include installing a CO
alarm that is battery operated or has battery backup.
Prevention messages should stress that it is critical to
adhere to manufacturer recommendations and provide
adequate ventilation for CO-producing heaters, and
should also emphasize that unconventional heating
sources (e.g., charcoal briquettes or gas stoves) are
unsafe.
Given the lack of knowledge concerning CO poisoning and use of CO-producing devices, educational
interventions might also be helpful. Evidence indicates
that intensive public education before and after a
storm can decrease CO poisonings, especially among
minority groups.22
Because of challenges in communicating with
people without electricity and because CO poisonings
have been documented as early as nine hours after a
storm,9 dissemination of prevention messages should
begin before storms whenever possible. Messages
disseminated after storms should begin immediately,
because the majority of CO-poisoning cases after storms
occur on days two and three,5 and should use multiple
forms of media to reach people without electricity (e.g.,
radio, fact sheets, door-to-door campaigns, and mobile
telephone text messages).

CONCLUSIONS
CO-poisoning epidemics are common yet preventable causes of morbidity and mortality after disasters.
Use of emission-control devices on generators might
decrease severe CO poisonings. CO alarm use should
be encouraged, and educational messages should focus
on safe generator use and avoidance of unsafe heating
and cooking practices. Vendors should be encouraged
to display CO alarms and other safety equipment
alongside generators. Prevention messaging should
begin before storms and should include components
directed toward minority populations. Forms of mass
communication that do not require electricity (e.g.,
mass public-service text messages) might be valuable
in the immediate aftermath of disasters.
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