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Epidemiologic Assessment of the Impact of Four Hurricanes — Florida, 2004

During August 13, 2004—September 25, 2004, Florida
experienced four major hurricanes: Charley and Frances (both
Category 4) and Ivan and Jeanne (both Category 3).* An esti-
mated 20% of homes throughout Florida were damaged by
these hurricanes (7), and 124 persons died (2). In October
2004, the Florida Department of Health (FDOH) added
30 questions to the Behavioral Risk Factor Surveillance Sys-
tem (BREFSS) survey to assess the impact of the hurricanes on
state residents. This report summarizes the results of that sur-
vey, which indicated that 48.7% of Florida residents had no
evacuation plan before any of the hurricanes, portable gen-
erators were used in 17.5% of homes after electric power out-
ages, and residents of counties not in the direct paths' of the
four hurricanes had consequences similar to those who lived
in the direct paths of the hurricanes (e.g., physical injuries,
barriers to medical treatment, and loss of work days). Public
health officials should consider the needs of residents both in
and not in the direct paths of hurricanes in their
preparedness planning.

BREFSS is a state-based, random-digit—dialed telephone sur-
vey of the noninstitutionalized U.S. population aged >18 years
(3). During November—December 2004, interviews were

*On the Saffir-Simpson Hurricane Scale, Category 4 hurricanes are those with
wind speeds of 131155 miles per hour (mph), and Category 3 hurricanes are
those with wind speeds of 111-130 mph.

T Counties in the direct paths were defined as those crossed by 50-mile swaths of
the hurricanes, as plotted by FDOH from post-hurricane data of the National
Oceanic and Atmospheric Administration. The 41 counties in the direct paths
of hurricanes were as follows: Alachua, Charlotte, Citrus, Columbia, Desoto,
Dixie, Escambia, Flagler, Gadsden, Gilchrist, Hamilton, Hardee, Hernando,
Highlands, Hillsborough, Indian River, Jefferson, Lafayette, Lake, Lee, Leon,
Levy, Liberty, Madison, Manatee, Martin, Okeechobee, Orange, Osceola, Pasco,
Pinellas, Polk, Saint Lucie, Sarasota, Seminole, Sumter, Suwannee, Taylor,
Union, Volusia, and Wakulla. The 26 counties not in the direct paths of
hurricanes were as follows: Baker, Bay, Bradford, Brevard, Broward, Calhoun,
Clay, Collier, Duval, Franklin, Glades, Gulf, Hendry, Holmes, Jackson, Marion,
Miami-Dade, Monroe, Nassau, Okaloosa, Palm Beach, Putnam, Saint Johns,
Santa Rosa, Walton, and Washington.

conducted with 1,706 Florida residents. Among the partici-
pants, 919 (53.9%) lived in the 41 counties in the direct path
of at least one of the four hurricanes, and 787 (46.1%) lived
in the 26 counties not in the direct paths of the hurricanes
(Figure); participants represented all 67 counties in Florida.
Chi-square tests were used to examine differences in preva-
lence between those living in the two groups of counties.
Response rate was 42.5%; data were weighted by sex, age, and
race/ethnicity to represent characteristics of the 2000 Florida
population (4,5), with the weighted result that 52.5% of par-
ticipants were women, 69.0% were white,® and 62.3% had at
least some college education (Table 1).

Overall, 51.3% of Florida residents reported having evacu-
ation plans before the hurricanes; results were similar for resi-
dents of counties in the direct paths of hurricanes (53.5%)
and those not in the direct paths of hurricanes (48.5%)
(Table 2). More than one third (37.9%) of Floridians living
in the direct paths evacuated their homes for at least one hur-
ricane, compared with 26.7% of those not in the hurricane
paths. Among the 67 counties in Florida, 44 (65.7%) ordered
mandatory evacuations for at least one hurricane; an addi-
tional 15 counties ordered voluntary evacuations for at least
one hurricane. Evacuation orders varied; for example, during

Hurricane Charley, Hillsborough County had a countywide

S For this report, persons identified as white or black are all non-Hispanic. Persons
identified as Hispanic might be of any race.
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FIGURE. Counties in and not in the direct paths* of four
hurricanest — Florida, 2004

B

O Counties in the direct paths of hurricanes®

[0 Counties not in the direct paths of hurricanes'

*Counties in the direct paths were defined as those crossed by 50-mile
swaths of the hurricanes, as plotted by the Florida Department of Health
from post-hurricane data of the National Oceanic and Atmospheric
Administration.

Charley, Frances, Ivan, and Jeanne.

The 41 counties in the direct paths of hurricanes were as follows: Alachua,
Charlotte, Citrus, Columbia, Desoto, Dixie, Escambia, Flagler, Gadsden,
Gilchrist, Hamilton, Hardee, Hernando, Highlands, Hillsborough, Indian
River, Jefferson, Lafayette, Lake, Lee, Leon, Levy, Liberty, Madison, Mana-
tee, Martin, Okeechobee, Orange, Osceola, Pasco, Pinellas, Polk, Saint
Lucie, Sarasota, Seminole, Sumter, Suwannee, Taylor, Union, Volusia,
and Wakulla.

The 26 counties not in the direct paths of hurricanes were as follows:
Baker, Bay, Bradford, Brevard, Broward, Calhoun, Clay, Collier, Duval,
Franklin, Glades, Gulf, Hendry, Holmes, Jackson, Marion, Miami-Dade,
Monroe, Nassau, Okaloosa, Palm Beach, Putnam, Saint Johns, Santa
Rosa, Walton, and Washington.

§

mandatory evacuation order, whereas neighboring Pinellas
County had a mandatory evacuation order for nursing homes
only.

Environmental concerns associated with hurricanes cited as
most important by all respondents were drinking water qual-
ity (50.9%), sewage disposal (13.2%), and food protection
(11.8%). No statistically significant differences were observed
between residents living in counties in or not in the direct
paths of the hurricanes. Overall, 17.5% of occupied Florida
residences used a portable, gasoline-powered generator for elec-
tric power after hurricanes; no significant difference was
observed between persons living in counties in or not in the
direct paths of the hurricanes (19.3% versus 15.3%). Among
persons using generators, 4.6% reported operating them
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TABLE 1. Number of participants (N = 1,706) in survey assess-
ing impact of four hurricanes,* by selected characteristicst —
Behavioral Risk Factor Surveillance System, Florida,
November—December 2004

Characteristic No. (%) (95% CIS)
Sex
Male 634  (47.5) (44.0-51.0)
Female 1,072 (52.5)  (49.0-56.0)
Race/EthnicityT
White 1,260 (69.0) (65.5-72.5)
Black 155 (10.2) (7.9-12.6)
Hispanic 211 (20.8) (17.6-23.9)
Age group (yrs)
18-44 577  (46.1) (42.6-49.6)
45-64 596 (31.4) (28.2-34.6)
>65 513 (22.5) (20.0-25.0)
Education
Less than high school 192 (11.3) (8.8-13.9)
High school or GED** diploma 503 (26.4)  (28.3-29.5)
Some college or college graduate 1,006 (62.3) (58.8-65.7)
Annual household income
<$25,000 489 (30.2) (26.7-33.7)
$25,000-$49,999 459 (30.0) (26.5-33.5)
>$50,000 511 (39.8) (36.2-43.4)

*

Percentages weighted to represent the 2000 Florida population aged

>18 years.

T Charley, Frances, Ivan, and Jeanne.

§ Confidence interval.

7 Persons identified as white or black are all non-Hispanic. Persons iden-
tified as Hispanic might be of any race.

** General Education Development.

inside a home or garage (1.8% in the hurricane paths and
8.9% not in the hurricane paths, respectively).

Among all respondents, 51.4% reported some damage to
their homes, including 43.3% of those who were not living in
counties in the direct paths of the hurricanes. Severe or cata-
strophic damage was reported by 10.2% of persons in the
hurricane paths and 6.0% not in the hurricane paths (Table 2).
Among the 850 survey participants who reported being em-
ployed or self-employed and who responded to questions about
employment after the hurricanes, 45.8% missed work, lost
their jobs, or both because of the hurricanes, and 39.2% were
out of work for more than 5 days. Among those in the hurri-
cane paths, 47.2% missed work, lost their jobs, or both, and
39.5% missed more than 5 days of work. Among Floridians
not in the hurricane paths, 44.1% missed work, lost their jobs,
or both, and 38.8% missed more than 5 days of work.

Physical injuries caused by the hurricanes were reported by
4.6% of persons in the hurricane paths and 3.8% not in the
hurricane paths. Among persons with health conditions such
as diabetes, asthma, or cardiovascular disease, 5.4% reported
their conditions were made worse as a result of the hurricanes,
including 6.4% in the hurricane paths and 4.1% not in the
hurricane paths. Among those who said their health condi-
tions were made worse by the hurricanes, 13.6% reported
being prevented or delayed by the hurricanes from obtaining

medication, and 9.0% reported barriers to accessing essential
medical equipment (e.g., dialysis or oxygen). Persons living in
counties in the hurricane paths were more likely (12.7%) to
report difficulty in accessing essential medical equipment than
persons not in the hurricane paths (1.9%).

Emotional and mental health conditions were assessed dur-

ing the interviews to determine whether any resulted from
the hurricanes. Among all respondents, 10.7% reported feel-
ings of nervousness, worry, or anxiety at the time of the inter-
view because of the hurricanes; 6.0% reported feeling sad or
having loss of appetite or difficulty sleeping; and 3.9%
reported reduced mental ability to work or study.
Reported by: MA Bailey, MSW, R Glover, MS, Y Huang, DrPH, Bur
of Epidemiology, Div of Disease Control, Florida Dept of Health. Div
of Adult and Community Health, National Center for Chronic Disease
Prevention and Health Promotion, CDC.

Editorial Note: The results of this assessment of the 2004
hurricane season in Florida underscore the need to improve
certain areas of hurricane preparedness planning. Approxi-
mately half (48.7%) of Floridians had no evacuation plan
before any of the hurricanes, including those who resided in
counties in the direct path of a hurricane. Efforts should be
increased to educate the public regarding the need to evacuate
residences not only in the direct paths of hurricanes but also
residences away from the direct paths where hazards are posed
(e.g., flooding).

Survey results also indicated that portable generators were
used for electric power in an estimated 17.5% of occupied
Florida residences. Among persons using generators, 4.6%
reported operating them improperly inside a home or garage.
Surveillance data from this period identified 56 reported car-
bon monoxide—exposure incidents, resulting in treatment of
167 persons and six deaths (6). During the 2004 hurricane
season, FDOH periodically released notices regarding the dan-
gers of carbon monoxide poisoning, especially involving the
use of portable generators. Public education regarding the
proper use of generators and the dangers of carbon monoxide
should be increased to reduce the risk for exposures through-
out the hurricane season.

The findings in this report are subject to at least five limita-
tions. First, the sample size of 1,706 was too small for strata
analyses, particularly regarding difficulties faced by adults with
chronic conditions and treatment sought by those reporting
emotional or mental health conditions. Second, the response
rate for the survey was 42.5%. Third, the sample design for
the Florida BRESS did not provide county-level data to assess
local impact of the four hurricanes. However, other reports
have addressed local impact of specific 2004 hurricanes and
the needs of target populations, such as older adults (7-9).
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TABLE 2. Prevalence* of participants (N = 1,706) reporting consequences from four hurricanes,t by consequence and location of
residence$ — Behavioral Risk Factor Surveillance System, Florida, November—December 2004

Residents of counties Residents of counties not
Participants responding in direct path of a hurricane in direct path of a hurricane
Consequence No. (%) (95% CIT) No. (%) (95% CI) No. (%) (95% CI)
Made plans to evacuate residence
during any hurricane 1,690 (51.3) (47.8-54.7) 908 (53.5) (48.6-58.5) 782 (48.5) (43.7-53.4)
Evacuated residence during
how many hurricanes 1,696 914 782
None (67.2) (63.8-70.6) (62.1) (57.0-67.2) (73.3) (69.3-77.3)
One (18.4)  (15.4-21.4) (21.0) (16.3-25.8) (15.2) (12.1-18.2)
Two (9.4) (7.3-11.5) (10.1) (7.0-13.2) (8.6) (5.8-11.5)
Three (2.5) (1.5-3.4) (3.6) (2.0-5.1) (1.2) (0.3-2.1)
Four (2.6) (1.6-3.5) (3.2) (1.7-4.8) (1.7) (0.7-2.7)
Most important environmental
concern caused by hurricanes 1,557 834 723
Drinking water quality (50.9) (47.4-54.5) (51.5) (46.5-56.6) (50.2) (45.3-55.1)
Sewage disposal (13.2)  (10.9-15.5) (14.9) (11.3-18.5) (11.1)  (8.3-13.8)
Food protection (11.8) (9.5-14.1) (10.7) (7.4-13.9) (13.2) (9.9-16.4)
Solid waste problems (9.4) (7.3-11.5) (9.5) (6.3-12.8) (9.2) (6.7-11.8)
Mosquito control (6.6) (5.0-8.2) (4.7) (3.0-6.4) (8.8) (5.9-11.8)
Mold control (3.5) (2.0-4.9) (5.2) (2.6-7.8) (1.4) (0.5-2.3)
Carbon monoxide poisoning (2.4) (1.4-3.3) (1.1) (0.3-1.9) (3.9) (2.0-5.8)
Other (1.4) (0.6-2.1) (0.9) (0.2-1.6) (1.9) (0.5-3.3)
None (0.8) (0.2-1.4) (1.4) (0.3-2.5) (0.2) (0.0-0.4)
Used generator for electric power
because of a hurricane 1,686 (17.5)  (14.8-20.1) 912 (19.3)  (15.6-23.0) 774 (15.3) (11.4-19.1)
Where generator was operated 330 204 126
Inside the home or garage (4.6) (1.7-7.5) (1.8) (0.0-4.7) (8.9) (2.7-15.1)
Outside the home or garage (95.4) (92.5-98.3) (98.2) (95.3-100.0) (91.1) (84.9-97.3)
Damage done to residence 1,688 912 776
None (48.6)  (45.1-52.1) (42.1)  (37.2-46.9) (56.7) (51.9-61.5)
Minor (<$500 damage; livable) (32.6) (29.3-35.8) (34.5) (29.9-39.1) (30.2) (25.7-34.7)
Moderate ($500-$1,000 damage; livable) (10.5) (8.0-13.0) (13.3) (9.3-17.4) (7.0) (4.4-9.7)
Severe (>$1,000 damage; difficult
to live there during repairs) (7.5) (5.5-9.5) (9.0) (5.9-12.0) (5.7) (3.4-8.0)
Catastrophic (extensive repairs
required; not livable) (0.8) (0.3-1.3) (1.2) (0.3-2.0) (0.3) (0.0-0.7)
Experienced physical injury as a
result of a hurricane 1,690 (4.2) (2.6-5.8) 910 (4.6) (2.3-6.9) 780 (3.8) (1.7-5.8)
Health condition made worse
as a result of a hurricane 1,688 (5.4) (3.9-6.8) 910 (6.4) (4.3-8.4) 778 (4.1) (2.1-6.1)
Prevented or delayed from getting
needed medication by a hurricane 96 (13.6) (4.7-22.5) 67 (12.8) (3.7-22.0) 32 (15.0) (0.0-34.6)

Access to essential medical
equipment (e.g., dialysis or oxygen)

affected by a hurricane 93 (9.0) (1.5-16.5) 65 (12.7) (1.6-23.9) 28 (1.9) (0.0-5.4)
Missed work or lost job because

of a hurricane 850 455 395
Did not miss work or lose job (54.2)  (49.5-58.9) (52.8) (46.1-59.4) (55.9) (49.1-62.7)
Missed work (43.3)  (38.6-47.9) (44.8) (38.2-51.3) (41.4) (34.8-48.1)
1-5 days (60.8)  (53.6-68.0) (60.5) (50.7-70.3) (61.2) (50.4-71.9)
>5 days (39.2) (32.0-46.4) (39.5) (29.7-49.3) (38.8) (28.1-49.6)
Lost job (1.7) (0.0-3.6) (1.0) (0.0-3.0) (2.5) (0.0-6.0)
Missed work and lost job (0.8) (0.0-2.3) (1.4) (0.4-4.2) (0.1) (0.0-0.4)

Emotional or mental health
conditions because of a hurricane
Feelings of nervousness, worry,

or anxiety 1,684 (10.7) (8.4-12.9) 906 (10.8) (8.0-13.7) 778 (10.4)  (6.7-14.1)
Feelings of sadness, loss of appetite,

or difficulty sleeping 1,683 (6.0) (4.3-7.7) 906 (5.4) (3.6-7.2) 777 (6.8) (3.7-9.8)
Reduced mental ability to work or

study (e.g., less productive) 1,674 (3.9) (2.5-5.4) 899 (3.2) (1.7-4.7) 775 (4.8) (2.1-7.4)

* Percentages weighted to represent the 2000 Florida population aged >18 years.

Charley, Frances, lvan, and Jeanne.
§Counties in the direct paths were defined as those crossed by 50-mile swaths of the hurricanes, as plotted by the Florida Department of Health from post-
hurricane data of the National Oceanic and Atmospheric Administration.

L Confidence interval.
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Fourth, BRESS does not reach residents who are temporarily
or permanently without a land-line telephone, and interviews
by cellular telephone are prohibited. Finally, no baseline data
were available to compare the emotional and mental health
conditions reported by survey participants as a result of the
hurricanes with their conditions before the hurricanes.

The findings in this report suggest that BRESS can be used
for rapid assessment of the impact on the lives of residents
and the public health consequences of hurricanes. Timeliness
of implementing such surveys can be critical to the accurate
assessment of conditions directly related to the hurricanes.
Within 30 days after the last Florida hurricane of 2004
(Hurricane Jeanne), FDOH began collecting these data, which
might not have been captured by other means. Collaboration
among state agencies was essential to developing a compre-
hensive assessment tool. Hurricane preparedness by FDOH
now includes educating residents about the danger of carbon
monoxide poisoning, planning for mosquito control, and
making available a family preparedness guide. Additional
information is available at http://doh.state.fl.us.
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Carbon Monoxide Poisoning
from Hurricane-Associated Use
of Portable Generators —
Florida, 2004

The four major hurricanes that struck Florida during
August 13-September 25, 2004, produced electric power out-
ages in several million homes (7). After the hurricanes, the
Consumer Product Safety Commission (CPSC) investigated
six deaths in Florida attributed to carbon monoxide (CO)
poisoning (CPSC, unpublished data, 2004). The Florida
Department of Health and CDC analyzed demographic and
CO exposure data from these fatal poisoning cases and from
nonfatal poisoning cases among 167 persons treated at 10 hos-
pitals, including two with hyperbaric oxygen (HBO,) cham-
bers. This report describes the results of that analysis, which
determined that misplacement of portable, gasoline-powered
generators (e.g., indoors, in garages, or outdoors near win-
dows) was responsible for nearly all of these CO exposures.
Public health practitioners should recognize that post-
hurricane environments present challenges to the safe opera-
tion of portable generators and should educate the public on
the hazards of CO poisoning in these settings.

All medical records were reviewed from participating hos-
pitals in which a patient received a diagnosis of unintentional
CO poisoning (International Classification of Diseases, Ninth
Revision code 986) during August 13—October 15, 2004. These
dates correspond to landfall of the first hurricane (Charley)
and 3 weeks after landfall of the last hurricane (Jeanne), when
active surveillance for CO poisoning was discontinued. Nine
participating hospitals, including one with an HBO, cham-
ber, were located in landfall counties and involved in post-
hurricane surveillance; a tenth participating hospital, which
also had an HBO, chamber, was located in central Florida.
Any case involving a diagnosis of unintentional CO poison-
ing not related to a fire was included. All available informa-
tion about the patient’s exposure, clinical presentation,
laboratory testing (e.g., result of earliest available measure-
ment of blood carboxyhemoglobin [COHDb] level), and medi-
cal treatment was collected. In addition, investigations into
six deaths from five exposure incidents were reviewed for
basic demographic information and details about generator
location. Because the six persons who were fatally poisoned
died before arrival at a medical facility, no clinical informa-
tion was recorded for them.

A total of 167 persons had nonfatal CO poisoning
diagnosed during the study period, representing a total of
51 exposure incidents. The number of cases and incidents
peaked within 3 days after landfall of each hurricane (Figure 1).



http://doh.state.fl.us
http://www.ncdc.noaa.gov/oa/climate/research/2004/hurricanes04.html
http://www.doh.state.fl.us/disease_ctrl/epi/brfss/index.htm
http://factfinder.census.gov
http://factfinder.census.gov
http://www.cdc.gov/brfss/technical_infodata/weighting.htm
http://www.cdc.gov/brfss/technical_infodata/weighting.htm
http://www.doh.state.fl.us/disease_ctrl/epi/Epi_Updates/Epi_Weekly/01-07-05.htm
http://www.doh.state.fl.us/disease_ctrl/epi/Epi_Updates/Epi_Weekly/01-07-05.htm

698 MMWR

July 22, 2005

FIGURE 1. Number of cases of fatal (n = six) and nonfatal
(n =167) carbon monoxide poisoning, by date of exposure —
Florida, August—-September 2004
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* Landfall dates for Hurricanes Charley (August 13), Frances (September 5),
Ilvan (September 16), and Jeanne (September 25), respectively.

The mean number of persons poisoned per incident was 3.3
(range: one to eight persons per incident). Fifty-four (32.3%)
patients were initially treated at emergency departments (EDs)
in hospitals outside the surveillance system but were later trans-
ferred to one of the two hospitals with HBO, chambers.

Of the 167 persons with nonfatal poisoning, 87 (52.1%)
were female. The median age was 29 years; 52 (31.1%) were
aged <16 years, and 11 (6.6%) were aged >65 years. Seventy-
six (45.5%) of the persons with nonfatal poisoning were
white,* 47 (28.1%) Hispanic, 36 (21.6%) black, and six
(3.6%) Asian; the race/ethnicity of two (1.2%) persons was
not known. The percentages of those poisoned who were
Hispanic and black were approximately twice the percentages
of Hispanics (14.7%) and blacks (9.1%) reported residing in
the hurricane-affected counties by the Florida 2004 Behav-
ioral Risk Factor Surveillance System (BRESS) survey. Among
the six persons who were fatally poisoned, all were white, and
five (83.3%) were male; the median age was 45 years (range:
30-58 years).

The most frequently reported symptoms of CO poisoning
were headache (80.0%), nausea (51.5%), dizziness (50.9%),
vomiting (31.5%), shortness of breath (16.4%), and loss of
consciousness (14.5%) (Table). Among the 162 patients for
whom COHb levels were available, the mean level of COHb
was 19.8% (standard deviation: +8.7%); median was 21.1%
(range: 0.2%-45.1%). Eighty-one (48.5%) patients were

* For this report, persons identified as white, black, and Asian are all non-Hispanic.
Persons identified as Hispanic might be of any race.

TABLE. Number and percentage of patients with nonfatal
carbon monoxide poisoning and COHb* level, by symptom and
treatment — Florida, August—September 2004

Mean COHb
Symptom/Treatment No. (%) level %
Symptomt
Headache 132 (80.0) 19.9
Nausea 85 (51.5) 20.6
Dizzy or lightheaded 84 (50.9) 19.6
Vomiting 52 (31.5) 19.7
Shortness of breath or dyspnea 27 (16.4) 21.3
Loss of consciousness 24 (14.5) 25.0
Lethargy or fatigue 20 (12.1) 19.6
Confusion or altered mental status 19 (11.5) 249
Difficulty walking or ataxia 13 (7.9) 21.6
Weakness 13 (7.9) 19.1
No symptoms 8 (4.8) 14.8
Treatment
Emergency department only 81 (48.5) 16.3
Emergency department and H802§ 73 (43.7) 22.9
Hospitalization 9 (5.4) 19.4
Hospitalization and HBO, 4 (2.4) 33.5

* Carboxyhemoglobin (COHDb) levels were available for 162 patients. Infor-
mation on symptoms was available for 165 patients. Mean COHb levels
were calculated for patients with both COHb and symptom information.
Includes symptoms experienced by >5% of patients. Symptoms experi-
enced by <5% of patients included but were not limited to chest pain,
visual disturbances, diarrhea, shaking, abdominal pain, palpitations, chest
tightness, sweating, anxiety, and tingling.

§ Hyperbaric oxygen.

treated and released from the ED without HBO, treatment.
Seventy-three (43.7%) patients were released after HBO, treat-
ment. Thirteen (7.8%) patients were hospitalized; 11 of those
were discharged after one night. Of the 13 hospitalized
patients, four received HBO, treatment. Overall, 77 (46.1%)
persons were treated with HBO,.

The majority of nonfatal poisonings occurred overnight,
with patients waking in the early morning with symptoms
(Figure 2). One hundred eleven (66.5%) patients arrived at
the ED during 5:00 2.m.—10:00 a.m. Medical records indi-
cated that patients typically used generators to power
refrigerators, fans, and air conditioners while sleeping. Simi-
lar exposure patterns and types of powered appliances were
reported among the five incidents with fatalities.

Information regarding the source of CO was available for
49 (96.1%) of the 51 incidents with nonfatal poisonings. Use
of portable, gasoline-powered generators was implicated in
47 (96.0%) nonfatal incidents and in the five incidents that
resulted in the six fatalities. In two other nonfatal incidents,
exposure to CO was attributed to use of a gasoline-powered
saw and to a vehicle left idling in a garage. In the 47 nonfatal
incidents in which a generator was known to be involved,
16 (34.0%) generators were operated outdoors; 16 (34.0%)
inside a garage; six (12.8%) inside a home; four (8.5%) on an
attached porch, deck, or patio; one (2.1%) inside a business;
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FIGURE 2. Number of patients (n = 167) with nonfatal carbon
monoxide poisoning, by hour of arrival at emergency
department — Florida, August-September 2004
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and one (2.1%) as part of a recreational vehicle. Generator
location was unavailable for three (6.4%) incidents. The
majority of the 16 generators placed outdoors were report-
edly located near windows or window-mounted air condition-
ers. Medical records for certain patients indicated that
generators were placed in homes or garages to protect the
devices from the weather or to prevent them from being sto-
len. Among the five incidents with fatalities, generators were
placed inside a home in two incidents, in an office or business
in two incidents, and inside a garage in one incident. No
mention was made of a home CO detector in any of the medi-
cal records.

Reported by: /C Sniffen, DO, TW Cooper, MD, Florida Hospital,
Orlando; D Johnson, MD, C Blackmore, DVM, P Patel, MD,
L Harduar-Morano, MPH, Div of Environmental Health; R Sanderson,
MA, A Ourso, MPH, K Granger, MPH, Bur of Epidemiology, Florida
Dept of Health. ] Schulte, DO, National Center for Health Marketing;
JM Ferdinands, PhD, RL Moolenaar, MD, K Dunn, MS, S Damon,
MAIA, Div of Environmental Hazards and Health Effects, National
Center for Environmental Health; D Van Sickle, PhD, D Chertow,
MD, EIS officers, CDC.

Editorial Note: Portable, gasoline-powered generators are a
common source of unintentional CO poisoning after power
outages (2). The devices are used increasingly to provide elec-
tricity during temporary outages resulting from adverse
weather events, but the CO produced during their operation
can be a serious health hazard. The exhaust produced by the
typical 5.5 kW generator contains as much CO as that of six
idling automobiles (2,3). When used indoors or in close prox-
imity to residential dwellings, this exhaust can quickly infil-
trate living spaces and incapacitate occupants (2).

Data from the 2004 BRESS indicate that 17.5% of adult
respondents in Florida reported that their household used a
generator for power after at least one of the hurricanes; a sub-
stantial number of these generators were operated inside a
home or garage (4). This report demonstrates that CO poi-
soning, although not perceived as an important health prob-
lem by the public (4), represents an important cause of
morbidity and mortality in a post-hurricane environment. In
this study, portable generators were the source of CO for all
fatal cases and nearly all nonfatal cases of CO poisoning. Mis-
placement of portable generators indoors, in garages, or out-
doors near windows accounted for most exposures. In addition,
the majority of CO exposures occurred during overnight use
of generators to power air conditioners and appliances.

The findings in this report are subject to at least three limi-
tations. First, investigators used a sample of 10 hospitals to
collect cases of CO poisoning; therefore, the findings are not
a complete inventory of cases of CO poisoning in Florida dur-
ing the 2004 hurricane season. Second, only cases of CO poi-
soning among persons treated at hospital EDs and at two
HBO, chambers were included in the study; therefore, the
results likely reflect more severe poisonings than would occur
in a general population. Finally, because the study was limited
to data documented in hospital records, the role of previously
identified risk factors (e.g., language barriers) (5) was not ex-
amined in these cases of CO poisoning,.

Sales of portable generators have been increasing since 2000
(6), primarily because of increased affordability of the devices
and disaster preparedness campaigns. With increasing num-
bers of new generator owners, public health officials can
expect a decline in the mean level of user experience with the
devices. An above-normal hurricane season was predicted for
2005, with 12-15 tropical storms (average: 10), including
seven to nine hurricanes (average: six), with three to five
(average: two) of these rated as major (category 3-5) hurri-
canes. The majority of the storms were expected to form dur-
ing August—October (7). However, as of July 14, the season
had already produced five tropical storms, including two that
became major hurricanes. Power outages that occur after hur-
ricanes create demand for alternate electricity sources to power
air conditioning, ventilation, and refrigeration. The urgent
need for interim power supplies, coupled with fear of theft
and the risks of shock and electrocution posed by using
nonweatherized devices in wet conditions, create challenges
to the safe operation of portable generators in post-hurricane
settings. Nonetheless, public health campaigns should emph