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ABSTRACT
Background: During June 2008, heavy precipitation and 500-year flood events resulted in the displacement of

thousands of families throughout eastern Iowa. The objectives of this study were to assess the effectiveness
and preferred sources of health messages communicated to the public following the disaster.

Methods: Three hundred twenty-seven households were surveyed in 4 counties hit hardest by the flooding. A
48-item questionnaire containing items on demographics, housing, health information sources, and 8 spe-
cific health issues was administered.

Results: Almost all of the participants (99.0%) received information on at least 1 of the health topics covered by
the survey. Most participants received information regarding vaccination (84.1%), mold (79.5%), safe use of
well water (62.7%), respirator use (58.7%), or stress (53.8%). Television was the primary (54.7%) and pre-
ferred (60.2%) source of health information for most people, followed by the Internet (11.0% and 30.3% as
source and preference, respectively).

Conclusions: Public health messages were received by a wide audience in the flood-affected communities. Along
with more traditional health communication channels such as television, radio, or newspapers, continued em-
phasis on the development of health information Web sites and other technological alternatives may result in
useful and effective health communication in similar situations.

(Disaster Med Public Health Preparedness. 2010;4:129-134)
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In June 2008, Iowa was hit by a sequence of storms
that resulted in more than 10 inches of rainfall in 1
week.1 Rivers and streams throughout Iowa ex-

ceeded flood levels that would be expected only once
every 500 years, and water inundated areas previously
considered to be safe from flooding. The flooding re-
sulted in the damage or destruction of more than 25 000
homes in both rural and urban areas of eastern Iowa.2

Widespread devastation, environmental degradation, and
breakdowns in communication and infrastructure may ren-
der a disaster-affected population more vulnerable to ad-
verse health effects. Effectively communicating risk and
health information following a disaster is an important
component of disaster response and protection of public
health.3 Evaluation of current health communication strat-
egies may also help future preparedness, foster develop-
ment of health messages, and encourage future utiliza-
tion of the most effective communication channels.
However, only a handful of studies have evaluated post-
disaster health communication and identified effective in-
formation sources. A study in Australia found that radio
was the most effective communication tool for general in-
formation in areas without power due to heavy storms.4

A study looking at focus group responses following a hy-
pothetical terrorist attack reported radio and television
as the preferred communication methods of people wish-
ing to receive information.5

During and immediately after the 2008 flooding, the Iowa
Department of Public Health (IDPH) prioritized health
information informing communities about health risks
associated with carbon monoxide, mold, respiratory mask
use, injury, mosquitoes, well water contamination, and
stress, and clarifying the use of vaccinations. These health
issues were communicated primarily through television,
newspapers, radio, the Internet, and community out-
reach. Although variations exist, the health messages were
each communicated to flood victims through similar in-
formation sources. The IDPH launched a study to deter-
mine which public health messages were received by the
public, which information sources were most effective in
communicating health messages, and which informa-
tion sources could be used in the future to better target
specific population subgroups following disaster events.

METHODS
Sampling
A 2-stage probability sampling design was used to select
households inthestudy.Asamplingframeof flood-affected
census blocks with at least 2 households (961 blocks) in 4
severely affected counties (Benton, Johnson, Linn, and
Louisa) in Iowa was prepared on the basis of a flood map
providedbytheIDPH.Themapusedsatellite imagerycap-
tured on June 13, 2008, from the US Geological Survey
(Figure 1). Households were stratified by urban and rural
status (Figure 2).

Disaster Medicine and Public Health Preparedness 129
(Reprinted) ©2010 American Medical Association. All rights reserved.

https://doi.org/10.1001/dmp.2010-v4n2-hre10009 Published online by Cambridge University Press

https://doi.org/10.1001/dmp.2010-v4n2-hre10009


Approximately14%ofthesmallblocksinthestudyarea(2-50house-
holds), 20%of themediumblocks (51-150households), and20%
of the large blocks (�150 households) were sampled (140 blocks)
randomly from each stratum (ie, urban and rural).

The survey sampled at least 1 household from each small block,
at least 5 households from each medium block, and at least 14
households from each large block. Field research personnel ran-
domly sampled households from selected blocks upon arrival.
If the selected household was inaccessible, refused participa-
tion, or there was no response, then the field research team se-
lected the next household in the block until the required num-
ber of households for that specific block was met. In the event
of inability to recruit from a block chosen for sampling, a field
research team recruited households from one of the adjacent
blocks, following the same selection process.

Data Collection
Datawerecollected fromJuly4 to July8,2008,viaa48-itemques-
tionnaire on demographics, housing, health information sources,
andparticipantknowledgeabout8specifichealthrisks(carbonmon-
oxidepoisoning,mold,useofrespirators, injuries,vaccinations,well
wateruse,mosquitocontrol,andstress).Thequestionnairewasface
andcontentvalidated,anditwaspilotedintheflood-affectedcom-
munitybefore implementation.Thequestionnairewascompleted
by 1 adult member (�18 years of age) in each household with suf-
ficient knowledge of the English language. The first adult to vol-
unteer for participation was interviewed directly through using
thequestionnaire.Verbalconsentwasobtainedfromallof thepar-
ticipants before administration of the survey. No personal identi-
fier information (eg, name, address) was collected.

This study was conducted by the IDPH in collaboration with the
Centers for Disease Control and Prevention (CDC). The study
was not considered to be human subject research because it was
a public health emergency response and therefore not subject to
review by CDC or IDPH institutional review boards.

FIGURE 1
Map of Iowa flooding in study areas of Benton,
Johnson, Linn, and Louisa counties.
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FIGURE 2
Study sampling design.
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Statistical Analysis
Frequenciesandproportionswerereportedforallsociodemographic
andflood-relatedcharacteristics.Missingvalueswerenot reported
in this analysis. Multivariate association between receipt of infor-
mation on specific health issues and other characteristics was de-
terminedbyusing logistic regressionanalysis.Allanalysiswascon-
ducted through using of SPSS (version 15.0, Copyright © SPSS,
Inc, 1989-2006, Chicago, IL) and SAS (version 9.1, SAS Insti-
tute, Inc, Cary, NC) software.

RESULTS
A total of 846 households were approached for inclusion in the
study. Fifty-eight (6.9%) households were vacant, with no signs
of people living in them; no one was home at 41.4% (n=350) of
households,butitwasascertainedthatsomebodywaslivingineach;
in another 2.1% (n=18) no one was at home, and it was uncer-
tain whether someone was living there at the time of the study;
7.2% (n=61) refused participation; and 3.8% (n=32) were in-
accessible due to flood water or other types of hazards. The final
analysis included 327 households. This number exceeded the tar-
geted302households.Theseadditionalhouseholdsresultedinover-
sampling of small blocks in both urban and rural areas. However,
the overall urban and rural distribution followed that of all flood-
affectedareas.Approximately78.2%and21.8%householdswere
urbanor rural (Table1), respectively, in the study sample, as com-
pared with 77.1% and 22.9% in all of the flooded areas.

More than one third of the participants (36.1%) were be-
tween 45 and 65 years of age, and almost one third (31.2%)
were between 26 and 44 years of age (Table 1). Men were slightly
over-represented in the sample (54.6%). The majority (62.4%)
of the participants had at least some college education or held
degrees, and only 4.9% were not high school graduates. More
than one third (36.1%) of the participating households were
affected by the flood, and 17.3% of all respondents reported that
they had either completed the clean-up or were still in the pro-
cess of cleaning. Although they lived near flooded areas, many
households (63.9%) were not directly affected by the flooding
and reported that no clean-up was necessary after the flood.
Twenty percent of respondents were not living in their pri-
mary residence at the time of the study.

When asked about the use of communication media, the major-
ity of respondents reported watching television, listening to the
radio, and using the Internet the previous day (Table 2). Tele-
vision was the primary source of health information for 54.7%
of the respondents after the flood. Internet Web sites and e-mail
were the second-most reported source (11.0%), and informa-
tion from friends/neighbors/community was third (9.7%). When
asked about their preferred method of receiving health informa-
tion, respondents reported that television was the preferred source
(60.2%), followed by the Internet (30.3%), newspapers (19.3%),
and radio (17.1%). There was no statistical difference in the type
of sources (television, radio, newspaper, Internet) used or
preferred between urban and rural areas (data not shown).

TABLE 1
Demographic and Housing Characteristics of the Study
Population

Variable No. (%)*

Age, y
18-25 53 (16.3)
26-44 102 (31.4)
45-65 118 (36.3)
>65 52 (16.0)

Sex, male 165 (54.6)
Education level

Less than high school graduate 16 (4.9)
High school graduate or equivalent 105 (32.3)
1-2 y of college 63 (19.4)
2-4 y of college 89 (27.4)
Graduate school/professional degree 52 (16.0)

Household affected by flood
No 209 (63.9)
Yes 118 (36.1)

Current living situation
Cleaning up 34 (11.1)
Cleanup completed 19 (6.2)
No cleanup needed 191 (62.4)
Not living at home (ie, temporarily displaced) 61 (19.9)
Other 1 (0.3)

Urban-rural status
Rural 71 (21.8)
Urban 254 (78.2)

*Numbers may not add up to total because missing values were not included.

TABLE 2
Sources of Health Information Used and Preferred by Study Participants (Percentages in Parentheses)*

Source of Information Used the Day Before Interview Primary Source of Info After Flood
Prefer to Receive Info After Flood

via Given Source of Info

TV 247 (75.5) 179 (54.7) 197 (60.2)
Radio 176 (53.8) 16 (4.9) 56 (17.1)
Newspaper 163 (49.8) 25 (7.6) 63 (19.3)
Internet—Web sites/e-mail 171 (52.3) 36 (11.0) 99 (30.3)
Pamphlet/flyer 18 (5.5) 23 (7.0)
Friends/neighbors/community 32 (9.7) 30 (9.2)
Text message 3 (0.9)
Other 17 (5.2) 46 (14.1)
Don’t know/missing 4 (1.2) 3 (0.9)

Shaded area represents questions not asked. Percentages in parentheses.
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Almost all of the participants (99%) received information on at
least 1 of the health topics discussed in the survey. Sixty-six per-
centof theparticipants reportedreceiving informationaboutmore
than 4 of the 8 health issues. Most of the participants reported re-
ceiving some information regarding vaccination (84.1%), mold
(79.5%),anduseofwellwater (62.7%)(Figure3).More thanhalf
received informationabout respiratoruse(58.7%)ormental stress
(53.8%),whereas fewerthanhalf receivedinformationaboutmos-
quitocontrol (45.3%), injury(44.3%),andcarbonmonoxidepoi-
soning(34.3%).TVwas themajor source for the informationthat
participants reporting receivingonhealth issues (Table3).News-
paperswerethesecondmajorsourceofthisinformation,andfriends/
neighbors/community and radio were significant sources for most
of these health issues as well. Approximately 10.0% participants
received informationonmoldvia theInternetand14.6%through
pamphlets or flyers posted in the community.

The results of the multivariate associations between information
received on specific health issues, sociodemographic character-
istics, and flood-affected status are presented in Table 4. Except
in the case of injury, older people were the most likely to receive
health information for most of the health issues than were 18-
to 25-year olds. Participants �65 years were most likely partici-
pants to receive information on mosquito control and well wa-
ter use, and participants aged 45 to 65 years had the highest odds
of receiving information on carbon monoxide poisoning, mold,
respirator use, vaccination, and stress. Men were less likely than
women to receive information on mosquito control. Compared
to participants with less than a high school degree education,
participants with high school degrees or more education were
more likely to receive health information on most of the health
issues; however, these associations were not statistically signifi-
cant for respirator use, vaccination, or well water health issues.

Participants fromflood-affectedhouseholdsweregreaterthanthree
timesmorelikelythanthosewhowerenot flood-affectedtoreceive
informationonmold;theyweregreaterthanseventimesmorelikely
to receive information on vaccination and almost twice as likely
to receive information on stress. They were almost twice as likely
to receive informationonrespiratoruse;however, this association
was marginally below statistical significance (P=.06). Except for
injury,participants fromflood-affectedhouseholdsweremorelikely
than households not affected by flooding to receive information
on the other health issues, although this association was not sta-
tistically significant. Participants in the rural areas were approxi-
mately 3 times more likely to receive information on well water
use than those in urban areas.

DISCUSSON
This study provided insight into communication approaches
that were most effective following the 2008 Iowa floods. Tele-
vision was the most important and preferred source of health
information that participants reported receiving. Television,
the Internet, and newspapers were more frequently reported
sources of information than radio. This outcome differs from
the results of a previous study conducted in Australia by

TABLE 3
Sources of Health Information for Specific Health Issues Among Study Participants*

Source†
CO

(N = 112)
Mold

(N = 260)
Respirator Mask

(N = 192)
Injury

(N = 145)
Vaccine

(N = 275)
Mosquitoes
(N = 148)

Well Water
(N = 205)

Stress
(N = 176)

TV 73 (65.2) 146 (56.2) 106 (55.2) 88 (60.7) 179 (65.1) 93 (62.8) 137 (66.8) 92 (52.3)
Radio 12 (10.7) 26 (10.0) 19 (9.9) 15 (10.3) 38 (13.8) 17 (11.5) 24 (11.7) 17 (9.7)
Newspaper 21 (18.8) 50 (19.2) 33 (17.2) 21 (14.5) 46 (16.7) 33 (22.3) 35 (17.1) 30 (17.0)
Internet—Web sites/e-mail 2 (1.8) 26 (10.0) 10 (5.2) 4 (2.8) 10 (3.6) 8 (5.4) 2 (1.0) 5 (2.8)
Pamphlet/flyer 4 (3.6) 38 (14.6) 19 (9.9) 11 (7.6) 9 (3.3) 1 (0.7) 8 (3.9) 13 (7.4)
Friends/neighbors/community 11 (9.8) 54 (20.8) 31 (16.1) 24 (16.6) 50 (18.2) 31 (20.9) 31 (15.1) 19 (10.8)
Other 7 (6.3) 34 (13.1) 32 (16.7) 10 (6.9) 34 (12.4) 2 (1.4) 13 (6.3) 19 (10.8)
Don’t know 3 (2.7) 2 (0.8) 6 (3.1) 2 (1.4) 5 (1.8) 2 (1.4) 5 (2.4) 3 (1.7)

*Percentages in parentheses.
†Multiple sources may be selected by participants for each health issue.

FIGURE 3
Percentage of study participants who received
messages about select health issues.
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Cretikos et al regarding an area in which heavy storms consti-
tuted a more short-term emergency featuring a widespread loss
of power and the communication of most health information
by radio.4 The situation in Iowa may be different from some di-
saster situations; in Iowa, much of the displaced population
moved in with family and friends within the community so they
were able to maintain access to television and the Internet. Fur-
thermore, the Internet and e-mail emerged as 2 of the poten-
tial health information sources that could have been used more
during the Iowa flooding; the use of the Internet and its mes-
saging capabilities was reported equally in the urban and rural
areas. Given the widespread availability of the Internet and the
accessibility of cellular telephone connections, public health
officials should explore the possibility of the Internet and e-mail
updates as a channel for communicating health information.
Other significant sources of health information reported by
households surveyed in the Iowa flooding were friends, neigh-
bors, and community meetings.

The study sample was sampled to be representative of the over-
all areas affected by the flood. It is interesting to note that ru-
ral and urban areas received health messages through the same
type of sources. Thus, public health information could be dis-
tributed to these 2 groups equally effectively by using the same
information sources.

The fact that vaccination information was widely received by the
Iowa households could be due to the emphasis placed on vacci-
nation by local county health departments and the fact that tele-
vision was widely used by the IDPH to disseminate health infor-

mation. Information on mold, respirator use, and well water use
were also well communicated. Fewer survey participants re-
ported receiving health communication messages concerning car-
bon monoxide poisoning. This lapse in communication is signifi-
cant, considering that carbon monoxide exposures from generator
use have been responsible for illnesses and deaths following such
natural disasters as hurricanes Katrina and Rita and more re-
cently Hurricane Ike.6,7 A need for postdisaster health messages
to include information about proper placement of equipment such
as generators and use of battery-powered carbon monoxide de-
tectors was also identified in Texas after Hurricane Ike.8

Although health messages were widely received by the overall
population, whether the right messages reached specific sub-
groups that were more vulnerable to certain health issues was
a major concern of the study. For example, procedures for clean-
ing up mold and the lack or use of respirators during cleaning,
along with debris removal, can pose potential health risks for
individuals in flood-affected households. The researchers found
that flood-affected participants were more likely to receive in-
formation on mold, vaccination, and stress than those whose
houses were not affected by the flooding. This finding could
be due to the fact that participants who were affected by the
flood more actively sought out health information or were more
likely to remember the messages. In addition, contamination
of well water in the rural areas was a health concern. The study
found that participants in the rural areas were approximately 3
times more likely to receive health information on well water
use than those in urban areas. Overall, the researchers found
that health messages were communicated to a large segment

TABLE 4
Multivariate-Adjusted Association Between Health Information Received and Participant Characteristics (N = 327)

Variable
CO

OR (95% CI)
Mold

OR (95% CI)
Respirator

OR (95% CI)
Injury

OR (95% CI)
Vaccination
OR (95% CI)

Mosquitoes
OR (95% CI)

Well Water
OR (95% CI)

Stress
OR (95% CI)

Age, y
18-25 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
26-44 5.5* (1.8-17.4) 2.9* (1.2-6.7) 2.9* (1.3-6.2) 0.8 (0.4-1.6) 2.8* (1.2-6.6) 2.4* (1.1-5.2) 3.5* (1.6-7.7) 3.2* (1.5-7.0)
45-65 15.7‡ (5.0-49.4) 4.2† (1.7-10.2) 6.6‡ (3.0-14.7) 1.3 (0.6-2.7) 4.9* (2.6-14.2) 5.0‡ (2.2-11.2) 5.0‡ (2.2-11.0) 4.8‡ (2.2-10.7)
>65 9.4‡ (2.7-33.3) 1.8 (0.6-4.8) 4.5* (1.8-11.5) 0.7 (0.3-1.6) 3.1 (1.0-9.9) 7.3‡ (2.7-19.6) 7.0† (2.6-18.8) 2.5 (1.0-6.3)

Sex
Female 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Male 1.1 (0.6-1.8) 0.8 (0.4-1.5) 1.0 (0.6-1.6) 0.7 (0.5-1.2) 0.7 (0.3-1.3) 0.5* (0.3-0.9) 0.6 (0.4-1.1) 0.7 (0.5-1.2)

Education level
Less than HS graduate 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
HS graduate or equivalent 2.8 (0.7-11.1) 6.2* (1.8-21.4) 1.7 (0.6-5.4) 5.2* (1.1-24.7) 1.2 (0.2-6.3) 1.9 (0.6-6.6) 2.2 (0.7-6.9) 2.3 (0.7-7.3)
1-2 y of college 3.0 (0.7-12.5) 11.6† (2.9-47.1) 2.5 (0.7-8.3) 4.7 (1.0-23.5) 2.1 (0.3-12.9) 3.9* (1.1-14.2) 1.7 (0.5-5.8) 2.9 (0.8-10.0)
3-4 y of college 4.8* (1.2-19.6) 8.2* (2.2-29.6) 1.4 (0.4-4.4) 7.3* (1.5-35.6) 2.2 (0.4-12.4) 5.9* (1.7-21.2) 2.2 (0.7-7.3) 3.3 (1.0-11.1)
Graduate school/

professional degree 3.7 (0.8-15.9) 5.8* (1.5-22.8) 2.4 (0.7-8.4) 6.0* (1.2-30.6) 0.7 (0.1-4.2) 3.4 (0.9-12.7) 2.3 (0.7-8.4) 4.5* (1.2-16.5)
Affected by flood

No 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Yes 1.0 (0.6-1.7) 3.3* (1.4-7.6) 1.7 (1.0-3.0) 0.8 (0.5-1.3) 7.1† (2.3-21.3) 0.9 (0.5-1.6) 1.5 (0.9-2.7) 1.8* (1.0-3.1)

Location
Rural 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Urban 1.7 (0.9-3.2) 0.9 (0.4-2.1) 1.1 (0.6-2.0) 1.1 (0.6-2.1) 0.7 (0.3-1.7) 1.8 (1.0-3.5) 0.4* (0.2-0.7) 0.8 (0.4-1.5)

*P� .05.
†P� .001.
‡P� .0001.
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of the affected population and that these messages reached tar-
geted subgroups.

A greater proportion of participants 26 years of age and older
reported receiving information on most of the health issues than
did participants younger than 26. The study results suggest the
exploration of novel approaches such as text messaging, the In-
ternet, or e-mail to communicate health messages to younger
individuals, because use of the Internet was significantly higher
in populations 18 to 25 years of age. The effectiveness of social
networking tools in disseminating postdisaster health informa-
tion would also be of interest. The study findings also suggest
that increased education levels, in most cases, were a factor in
the success of messages about health information; health con-
sciousness and accessibility to health information may have also
played roles.

A major limitation of the study was that a majority of the par-
ticipants were not affected by flooding; however, participants
living near flood-affected areas may still be exposed to many of
the same health risks and receive health information similar
to that received by flood-affected participants. This could lead
to an underestimation of the overall information received, be-
cause it is likely that people who are affected directly and more
severely would more actively seek out information than those
who were not affected. In our study, we could not separate those
who passively received health information through a particu-
lar health communication channel from those who actively
sought out information. Another limitation is that there was a
substantial amount of non-response in the recruitment of par-
ticipants, and some households were not accessible. It is un-
certain how these factors would affect the study estimates. A
third study limitation is that 2000 US Census housing esti-
mates were used for sampling of households in the absence of
more recent data. The study sample may therefore lack an ac-
curate representation of the overall flooded areas.

In this postdisaster population, television and the Internet were
the most widely used and preferred sources of health commu-
nication, followed by newspapers and radio. Along with using
more traditional health communication channels such as tele-
vision, radio, or newspapers, health officials who wish to com-
municate to similar postdisaster populations usefully and effec-
tively may need to place continued emphasis on the development
of health information Web sites and other technological alter-
natives, such as e-mail. Our study suggests that public health
messages were communicated effectively to the post-flood popu-
lation to a large extent in Iowa. In addition, these messages were
widely received by a variety of demographic groups.
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