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Why People Believe They Were Exposed to Biological
or Chemical Warfare: A Survey of Gulf War Veterans

Noel T. Brewer,1∗ Sarah E. Lillie,1 and William K. Hallman2

The study sought to understand better how people come to believe they have been exposed

to biological and chemical warfare. We conducted telephone interviews with 1,009 American

veterans (65% response rate) deployed and not deployed to the Gulf War, a conflict during

which there were credible threats that such warfare could be used. Only 6% of non-Gulf

War veterans reported exposure to biological or chemical warfare, but most of Gulf War

veterans reported exposure (64%). The majority of these were unsure whether the exposure

was chemical or biological in nature. The most commonly reported exposure indicators were

receiving an alert from the military and having physical symptoms. Veterans who were certain

of the type of exposure (biological or chemical) were more likely to recall having been told

by the military and to recall physical symptoms. Future communications with soldiers and the

general public about biological and chemical warfare may need to emphasize the uncertain

nature of such risk information. Evaluations of exposure diagnostic technologies should take

into account the problem of people initially believing, but not later discounting, false positive

results.

KEY WORDS: Biological warfare; chemical warfare; risk perception; symptom reporting; weapons of

mass destruction

1. INTRODUCTION

The events of September 2001 dramatically
changed the way that Americans see their personal
safety. The destruction of the World Trade Center
towers on September 11 raised the specter of addi-
tional attacks on American soil. Indeed, seven days
later a series of attacks began in which anthrax of in-
creasingly refined grade was mailed to unsuspecting
recipients. These two events alarmed the public and
health officials, causing them to worry that biological

1 University of North Carolina at Chapel Hill.
2 Rutgers University.
∗ Address correspondence to Noel T. Brewer, University of North

Carolina at Chapel Hill, School of Public Health, Rosenau Hall

306, CB 7440, Chapel Hill, NC 27599; tel: 919-966-3282; fax: 919-

966-2921; ntb1@unc.edu.

and chemical warfare could be used against people
living within the borders of the United States.

A serious and unanswered question is how, in the
event of another attack, Americans would know they
had been exposed to these agents, especially in the
absence of immediate on-scene physical or medical
evidence. If there were such an attack, people would
need to make rapid decisions about whether to seek
immediate care for themselves and how to help those
believed to have been exposed. The best course of ac-
tion may substantially differ for exposures to specific
biological warfare agents and chemical warfare agents
(that may or may not be contagious), yet it is unclear
whether the intuitive models held by lay people about
such exposures enable them to make such an impor-
tant distinction. The belief that one may have been
exposed to biological or chemical agents might also
impact decisions long after the immediate threat has
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passed. These might include pursuing novel or un-
proven medical treatments, the filing of class-action
suits, liability, or insurance claims, or lobbying the gov-
ernment for compensation.

To better understand how people might come to
believe they had been exposed to biological or chem-
ical warfare agents, ideally one would wish to study
a group that were either exposed or had good reason
to believe they had been. Fortunately, few Americans
have ever had to consider whether they have been ex-
posed to such agents. Yet, because of the uncertainties
surrounding the use of chemical and biological war-
fare against allied troops during the Gulf War, many
veterans of that conflict have faced this question.

Just under 700,000 American soldiers were de-
ployed to the Gulf War between 1990 and 1991. Be-
fore soldiers were deployed, during the war, and in
the time afterward, there was substantial speculation
about the use of chemical and biological weapons. A
large number of these soldiers experienced medically
unexplained symptoms when they returned from duty
or shortly thereafter.(1–4) A Centers for Disease Con-
trol and Prevention study investigating the American
veterans’ concerns identified a chronic condition most
often characterized by fatigue, mood-cognition dis-
turbances, and musculoskeletal symptoms.(5) These
symptoms became known in the popular press as Gulf
War Syndrome. The condition appears to be inde-
pendent of any medical signs, comorbid illness, or in-
creased mortality.(5–7)

Although the cause of the illness has yet to be de-
termined,(7,8) numerous explanations have been of-
fered, including proximity to Iraqi munitions being
destroyed after the war,(9) traumatic psychological
stress,(10) exposure to oil fires,(11) taking pyridostig-
mine tablets to protect against anthrax,(11) and ex-
posure to biological or chemical warfare.(3) Many
veterans believe they were exposed to biological or
chemical warfare, and studies have confirmed a cor-
relation between such exposure beliefs and symptom
reporting(1,8–10,12–14) (see also References 2 and 15).
The widespread belief in exposure to biological and
chemical agents is somewhat unexpected because the
Department of Defense has repeatedly asserted that
veterans were not exposed to these.(16) Surprisingly,
none of these studies examined how it is that soldiers
came to believe they were exposed.

1.1. Present Study

We present data from interviews with Gulf War
veterans who believe they were exposed to biologi-

cal or chemical warfare. The study was exploratory
in nature because so little is known about the ori-
gin of exposure beliefs. We sought to characterize
whether veterans were certain of the type of expo-
sure (i.e., biological warfare, chemical warfare). We
also sought to identify the indicators that veterans
used for knowing they had been exposed. Finally, we
sought to determine whether veterans used certain in-
dicators more often than others to identify a particular
type of exposure.

2. METHOD

2.1. Participants

Participants were Gulf War veterans or Gulf-
War-era veterans involved in an ongoing longitudi-
nal study. One group was a random sample from all
veterans serving in the military at the time of the
Gulf War who were not deployed to the war (“GW-
era veterans”) and a second group was a random
sample from all Gulf War veterans (“GW-a veter-
ans”).(17) A third group was a random sample from
a national registry of American veterans with con-
cerns about medical problems they believed resulted
from their Gulf War service (“GW-r veterans”).(18)

Contact and demographic information were obtained
from the U.S. Department of Defense. To increase the
number of veterans who reported chemical or biolog-
ical warfare exposure (and thus increase the power of
the study), we oversampled veterans who had health
problems resulting from their military service either
as determined by a statistical algorithm(18) or by their
self-report.

2.2. Procedure and Measures

In a computer-assisted telephone interview, veter-
ans were asked if they believed they were exposed to
biological or chemical warfare during any of their mil-
itary deployments. Veterans who agreed were asked
whether they had been exposed to biological warfare,
chemical warfare, both types of warfare, or an uniden-
tified agent. Veterans were then queried about their
exposures. Those reporting biological warfare expo-
sure were asked additional questions regarding bio-
logical agents and veterans reporting chemical war-
fare exposure were asked parallel questions about
chemical agents (Table I). Veterans who believed
themselves to have been exposed to both were asked
separate sets of questions regarding biological and
chemical agents. Those who did not know the nature
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Table I. Survey Design

Veterans Reporting This
Type of Exposure. . .

Responded to Survey Biological Chemical Unknown

Items about. . . Warfare Warfare Both Type

Biological warfare � �
Chemical warfare � �
Unknown warfare type �

of their exposures were asked further questions about
the unknown agent.

Veterans were asked, in an open-ended ques-
tion, to identify what things led them to suspect
that they had been exposed. Responses were coded
during the interview into at least one of eleven
categories:

(1) told by military personnel of exposure (ex-
cluding chemical warfare alerts) during or
after the war (“got a letter from the military
after I got stateside”);

(2) told by military personnel during the war to
wear protective gear such as a gas mask;

(3) received chemical warfare alert from the
military or from official military equipment
when exposed (“test strips that we carried for
the exposure to chemical, they were attached
to our uniforms and turned color when chem-
icals were in the air”);

(4) heard stories in the news, including on radio
or television, during or after the war;

(5) heard a rumor (unofficial information, usu-
ally from a nonmedia source) during or after
the war;

(6) heard that fellow soldiers had physical symp-
toms during the war (“entire unit became ill
[with] flu-like symptoms”);

(7) had physical symptoms when exposed or
later on (“You can just tell by your eyes.
They burn. You can just tell you have been
exposed.”);

(8) saw, smelled, or tasted the agent when ex-
posed or later on (“boots turned from black
and green to orange”);

(9) saw dead animals, people, or vegetation dur-
ing the war (“all of the vegetation was
killed”);

(10) saw a SCUD missile during the war (“SCUDs
blew up over [my] position scattering de-
bris”); and

(11) used other hints or clues during or after the
war (“was given an anthrax shot [and thought
I] might have been exposed”).

2.3. Data Analyses

To examine differences in response rates, we con-
ducted a multiple logistic regression predicting study
participation using cohort controlling for gender, race,
education, military rank, military branch, age, and in-
teractions of cohort and these variables. To examine
differences in exposure reports among the cohorts, we
conducted chi-square analyses. To examine correlates
of exposure reports, we conducted logistic regressions
that controlled for cohort, gender, race, education,
military rank, military branch, and age. We repeated
the logistic regressions controlling for interactions of
cohort and these variables, controlling for anxiety, and
controlling for physical symptoms. The regressions
compared those who reported that they had been ex-
posed to those who did not, essentially comparing the
last row of Table I separately to each of the first two.
Because preliminary analyses of Columns 1 versus
3 and 2 versus 3 did not yield any meaningful dif-
ferences, we created a composite variable for beliefs
about biological warfare exposure and another com-
posite variable for chemical warfare exposure. For ex-
ample, we combined responses about biological war-
fare from those exposed only to biological warfare
and those reporting exposure to both chemical and
biological warfare. This approach allowed us to focus
on the more interesting comparisons of those who
were unsure of what their exposure was to those who
were certain. The logistic regressions yielded odds ra-
tios (ORs) and 95% confidence intervals (CIs) that
characterized the size of the relationship.

3. RESULTS

3.1. Study Participation

Of 448 GW-era veterans who we attempted to
contact, we interviewed 289 (65% response rate). Of
599 GW-a veterans who we attempted to contact, we
interviewed 358 (60% response rate). Of 505 GW-r
veterans who we attempted to contact, we interviewed
362 (70% response rate). Characteristics of the result-
ing sample are shown in Table II. Participants were
mostly male, white, and of middle age, had modest
levels of education and were more likely to have been
enlisted rank and in the Army. GW-a veterans (OR =
0.66, CI: 0.50–0.84) and GW-era veterans (OR = 0.66,
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Table II. Characteristics of Study Participants

GW-era GW-a GW-r

Veterans1 Veterans2 Veterans3

n = 269 n = 335 n = 360

Male gender 85% 91% 92%

White race 82% 77% 83%

College education 44% 31% 30%

Enlisted rank 34% 49% 47%

Branch of military (Army) 44% 54% 69%

Age, mean years 43 40 43

1Veterans not deployed to the Gulf War but in the military at the

time.
2Veterans deployed to the Gulf War.
3From a federal registry for veterans with unexplained medical

problems resulting from Gulf War service.

Note: Some cases had missing data for education (n = 5) and

military rank (n = 6).

CI: 0.50–0.84) were less likely to respond than GW-r
veterans. Because cohort did not interact with any of
the other variables, we report here only the predic-
tors of response across the three cohorts. Older veter-
ans were more likely to respond than younger veter-
ans (OR = 1.04, CI: 1.02–1.06), black veterans were
less likely to respond than white veterans (OR = 0.60,
CI: 0.45–0.79), and officers were more likely to re-
spond than enlisted (OR = 1.66, CI: 1.01–2.72). Data
were dropped from further analyses for participants
who reported Gulf War service that differed from De-
partment of Defense records (GW-era, n = 20; GW-a,
n = 23; GW-r, n = 2) because they did not represent
the desired sample frame.

3.2. Frequency of Exposure Beliefs

Our primary research question was to examine
how Gulf War veterans came to believe they had
been exposed to biological and chemical warfare (Ta-
ble III). Our first step was to examine how common
it was to report biological or chemical warfare expo-
sure. Of the GW-era veterans not deployed to the Gulf
War, only 6% reported any exposure. Of the GW-
a veterans, 53% reported exposure and 75% of the
GW-r veterans reported exposure to biological and
chemical warfare. These differences were significant,
χ2 (4, n = 964) = 395.77, p < 0.001 (first three rows of
Table III). This is an important finding because it in-
dicates that few non-Gulf War veterans reported hav-
ing been exposed. More importantly, it also suggests
that most exposures reported by veterans deployed
to the Gulf War are likely to have happened during

Table III. Reports of Biological or Chemical Warfare Exposure

GW-era GW-a GW-r

Veterans Veterans1 Veterans2

n = 269 n = 335 n = 360

Not exposed 91% 33% 15%

Don’t know if exposed 3% 14% 10%

Exposed 6% 53% 75%

Biological warfare exposure 0.4% 1% 2%

Chemical warfare exposure 2% 12% 17%

Bio. and chem. exposure 0.4% 10% 18%

Unknown exposure 3% 30% 38%

1Veterans deployed to the Gulf War.
2From a federal registry for veterans with unexplained medical

problems resulting from Gulf War service.

Note: The underlined cells represent the data analyzed in the

remainder of the article.

this deployment and not during another deployment.
Because so few GW-era veterans (i.e., not deployed to
the Gulf) reported exposure, we dropped them from
further analyses.

Our second step was to examine the prevalence
of types of perceived exposure. We combined data
for the remaining two cohorts of GW veterans be-
cause they did not differ in their reports of different
types of exposure, χ2 (3, n = 446) = 2.47, n.s. (under-
lined cells in Table III). The majority reported expo-
sure to an agent they could not identify but believed
to be either chemical or biological (54%, n = 240).
Of the veterans who reported exposure to a known
agent, exposure to chemical warfare was more com-
mon than exposure to biological warfare (22%, n = 99
and 2%, n = 11, respectively). The remaining veter-
ans reported exposure to both chemical and biological
warfare agents (22%, n = 96).

3.3. Indicators of Exposure

We next examined the ways that veterans came to
know they had been exposed to an agent. Nearly all
respondents readily provided at least one explanation
for their exposure(s): Only 4 veterans did not offer an
indicator for biological warfare exposure, 2 for chem-
ical warfare exposure, and 22 for unknown exposure
type. Of the exposure indicators mentioned by veter-
ans, nearly all (98%) fit into one of the indicator cat-
egories shown in Table IV. Looking across all types
of reported exposure, the most commonly reported
indicators were receiving an alert (37%), having phys-
ical symptoms (23%), using hints or clues (22%), and
being told to wear protective gear (21%). The least
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Table IV. Indicators of Biological and Chemical Warfare Exposure

Biological Chemical

Warfare Warfare Unknown Bio vs. Chem. vs.

Exposure Exposure Exposure Unknown1 Unknown2

n = 107 n = 195 n = 240 OR (95% CI) OR (95% CI)

Indicator from military
Told of exposure 19% 26% 9% 3.25∗ (1.54–6.86) 4.70∗ (2.53–8.70)

Told to wear protective gear 14% 20% 22% 0.88 (0.41–1.87) 1.00 (0.57–1.75)

Chemical warfare alert 26% 42% 31% 0.73 (0.42–1.39) 1.81∗ (1.15–2.84)

Indicators from others
Heard from news media 4% 6% 4% 1.03 (0.28–3.77) 1.48 (0.55–4.03)

Heard rumor 7% 4% 4% 2.18 (0.73–6.55) 0.96 (0.32–2.84)

Heard of physical symptoms (others’) 10% 9% 6% 1.32 (0.54–3.24) 1.09 (0.49–2.43)

Indicators from own experience
Physical symptoms (own) 31% 25% 18% 2.48∗ (1.31–4.70) 2.05∗ (1.20–3.52)

Smelled, tasted, or saw agent 8% 16% 17% 0.48 (0.21–1.11) 1.21 (0.67–2.18)

Saw dead plants, animals, or persons 8% 5% 3% 3.78∗ (1.23–11.61) 1.55 (0.54–4.48)

Saw SCUD missile 16% 19% 20% 1.07 (0.53–2.17) 1.23 (0.71–2.15)

Used hints or clues 22% 21% 20% 1.28 (0.69–2.39) 1.10 (0.65–1.87)

∗p < 0 .05.
1Four participants were dropped from the analysis because of missing data for education (n = 2) and military rank (n = 2).
2Three participants were dropped from the analysis because of missing data for education (n = 2) and military rank (n = 1).

Note: Veterans who reported exposure to both biological and chemical warfare were asked separate sets of questions about each and appear

in both of the first two columns of data. OR = odds ratio. 95% CI = 95% confidence interval. Odds ratios adjusted for indicators listed in

table as well as cohort, gender, race, education, military rank, military branch, and age.

common were hearing a rumor, hearing from the me-
dia, and seeing dead people, animals, or vegetation
(5% for each).

When exposure indicators were stratified by type
of exposure, physical symptoms were more commonly
reported when veterans felt certain of the type of
agent to which they had been exposed (either biolog-
ical or chemical). Indeed, the most common indica-
tors for exposure to biological warfare were physical
symptoms (31%), an alert going off (26%), and the
use of hints or clues (22%). Similarly, the most com-
mon indicators for exposure to chemical warfare were
physical symptoms (25%), an alert going off (42%),
and being told by the military (26%). However, the
most common indicators for exposure to an indeter-
minate agent were an alert going off (31%), being
told to wear protective gear (22%), the use of hints
or clues (20%), and seeing a SCUD missile (20%).

3.4. Correlates of Exposure

Our last step was to examine the correlates of
exposure. The logistic regression analyses confirmed
that veterans used physical symptoms as an indica-
tor of exposure to biological warfare and to chemical
warfare more often than as an indicator of exposure
to an unknown agent (OR = 2.48, OR = 2.05, respec-

tively, ps < 0.05). Being told by the military was an-
other common indicator that differentiated between
exposure to a known agent (either biological or chem-
ical) and an undetermined one (OR = 3.25, OR =
4.70, respectively, ps < 0.05). The only demographic
covariate (including cohort) that predicted certainty
about chemical or biological warfare exposure was
level of education; college-educated veterans were
more likely to report an exposure of a certain than
an uncertain type (OR = 1.64, OR = 1.53, respec-
tively, ps < 0.05). However, veterans who believed
they were exposed to biological warfare used one indi-
cator more often than those unsure of the type of their
exposure: seeing dead people, animals, or vegetation
(OR = 3.78, p < 0.05). One additional indicator, an
alert going off, was used more often to identify chem-
ical agents than undetermined agents (OR = 1.81,
p < 0.05).

Because we were concerned that our findings
might differ for the two samples of veterans that we
interviewed, we examined cohort as a moderator of
the relation between indicator and type of reported
exposure. None of the interactions were statistically
significant. The findings suggest that our results hold
for both deployed cohorts.

We were also concerned that these reports, hav-
ing occurred so long after the end of the war, might
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be subject to substantial recall bias.(15) For example,
current levels of symptoms or anxiety might cause vet-
erans to be more likely to report these types of expo-
sure indicators. An examination of the bivariate cor-
relations between symptoms or anxiety and recall of
exposure indicator showed two small but statistically
significant findings. Higher levels of symptom report-
ing (a count of 48 symptoms) were correlated with the
belief that exposure was identified by symptoms (r =
0.12, p < 0.05) and greater state anxiety (an average
of four items) predicted the belief that exposure was
identified by seeing a SCUD missile (r = 0.12, p <

0.05). Although we view these as trivial findings given
their size and scarcity (2 of 20 correlations were signif-
icant), we reanalyzed our data controlling for anxiety
or symptoms but the findings were unchanged. This
result increases our confidence that our findings are
not merely an artifact of recall bias.

4. DISCUSSION

Most research involving Gulf War veterans has
attempted to identify the unknown etiology of Gulf
War illness by finding correlations between the types
of veterans’ exposure during the war and their present
medical symptoms. To our knowledge, ours is the first
study to document the ways that veterans came to be-
lieve they had been exposed. Veterans used a range
of indicators as evidence that they had been exposed
to chemical and biological warfare, primarily from
their own experience or from information provided
by the military. The findings provide health officials
and others responsible for communication to the pub-
lic with fundamental and empirically-based insights
about one way that people may come to know they
have been exposed.

One of the most common exposure indicators
was one veterans derived from their own experience:
physical symptoms. Symptoms were frequently used
to determine the presence of any type of chemical or
biological warfare agents but were also a way that
veterans distinguished between the two. This find-
ing is consistent with a large body of research show-
ing that people use symptoms as indicators of health
hazards and harm, both accurately(19,20) and inaccu-
rately.(21–24)

Another commonly cited exposure indicator—
and means to identify with certainty the specific
agent—was communication from the military. Chem-
ical alerts were, perhaps unsurprisingly, more often a
way that veterans became certain that they had been

exposed to chemical warfare. Strangely, the alerts
were also frequently used for identifying biological
warfare exposure (26% to 42%). The findings suggest
that chemical warfare alerts frequently spread misin-
formation and confusion among veterans.

Relatively few veterans reported information
from others as relevant for indicating exposure and
none of these indicators predicted their certainty
about exposure. Certainly, there is no shortage of
sources from which to gather such information. The
finding may mean that veterans privilege own expe-
riences and the information they received from the
military.

The study has several limitations that we feel
should be highlighted. First, because the Gulf War
occurred over 10 years ago, veterans’ reports maybe
subject to errors in recall that include overreporting
events covered extensively in the popular press and
underreporting others that came less easily to mind.
Post-hoc analyses suggested that the relationships we
reported are inconsistent with memory error, but the
mean levels of the reports may have systematic biases
that such analyses do not address. Second, the design
of the study was cross-sectional. The constructs we
report could be linked by a number of causal path-
ways including some via unmeasured third variables.
Last, we believe the findings will generalize to veter-
ans of the Gulf War and there is some reason to be-
lieve the findings would generalize to other military
populations who experienced similar circumstances.
It is not known whether our findings will generalize
to diverse civilian populations given that the study
sample comprised mostly white males who served
in Operations Desert Storm and Desert Shield. We
also note that oversampling ill veterans may have
caused the resulting sample to differ from the gen-
eral population of veterans. Having noted these limi-
tations, we offer the following speculations about pos-
sible implications for risk communication and disaster
preparedness.

4.1. Implications for Risk Communication
and Disaster Preparedness

Veterans’ exposure beliefs stand in contrast to
the U.S. military’s repeated statements that veterans
were exposed to neither biological nor chemical war-
fare agents.(16) The military’s communications on the
matter appear to have been particularly unsuccessful.
To make sense of why the beliefs are so prevalent,
even in the face of contrary statements by the mili-
tary, we consider several potential and not mutually
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exclusive explanations, each of which has its own im-
plications for future risk communication efforts.

First, veterans had good reason to believe in ex-
posure. There was a rich stream of media coverage
(before, during, and after the war) warning of pos-
sible exposure to chemical and biological warfare.
Furthermore, the military made concerted efforts to
train and alert soldiers to such dangers before they
traveled to Iraq. Such exposure may have primed sol-
diers to be especially receptive to believing they had
been exposed. Research suggests that perceptions of
risky stimuli are strongly colored by preexisting be-
liefs;(25,26) indeed risk perceptions and trust may be
the outcomes of more general attitudes rather than
the driver of such attitudes.(27)

A related possibility is that people may easily
come to believe chemical warfare alarms or other
public alerts and yet have a very difficult time “un-
believing” them. The ease of believing in exposure
may be facilitated by a preference for negative stim-
uli.(26,28–30) People are more likely to attend to nega-
tive stimuli and are quicker to process the ones they
perceive.(31) Furthermore, a long stream of research
has shown that once a belief is established, it can be
very difficult to counter.(32,33) Social psychological re-
search has shown that people may initially believe all
propositions and must later unbelieve them, some-
times without success.(34,35) Additionally, the official
disconfirmation of chemical warfare alerts used in the
Gulf was often unclear (e.g., did a chemical warfare
alert that was cleared indicate that chemical warfare
had come and gone or that there was never any in the
first place?) due to limitations in the technology and
the uncertainties. These factors may act in concert to
make some people especially susceptible to believing
in exposure and unlikely to later discount the belief.

A final issue is that physical symptoms provide a
uniquely credible source of information. Alerts that
are believed (and not later unbelieved) may cause
some people to incorrectly attribute experiences such
as physical symptoms to exposure. The attribution
to exposure may cause symptoms to become more
enduring, creating a vicious cycle of reinforcement
characterized by escalating symptoms and increasing
certainty about exposure.(36) What is more, a symp-
tomatic person cannot conduct the experiment re-
quired to know whether the symptoms are norma-
tively diagnostic of exposure (e.g., “I have symptoms
because I was exposed chemical exposure. Would I
have these symptoms if I hadn’t been exposed?”).(37)

Thus, the powerful “consider the opposite” interven-
tion in which people contemplate counterfactual situ-

ations may not be effective(38,39) in disentangling the
attribution and symptoms.

Policies that bear on the adoption of terrorism
and other public health alerting systems should in-
clude the potential costs of false positive results such
as somatization and its inverse, desensitization. De-
spite the public enthusiasm for medical testing,(40)

tests and alerts with a high false positive rates may
not be entirely cost-free.(41–43) As described above,
false positive alarms may cause some to somaticize the
perceived exposure. On the other hand, as shown in
the literature on cancer screening, others who do not
have salient reinforcing events may incorrectly ignore
alarms that are frequently incorrect. Qualitative inter-
views with veterans that laid the groundwork for the
present study offered support for both speculations.

The findings from the present study could have
a substantial benefit for both military and civilian
preparedness planning and policies.(44,45) One impli-
cation is that risk communications may need to be
couched in less definitive language than was com-
monly used during the buildup to the war in order
to limit the development of strongly held preconcep-
tions about exposure. A second implication is that the
alerts may be uniquely persuasive, sowing beliefs that
are difficult to uproot and creating unintended be-
havioral and policy problems. Lastly, increased medi-
cal symptoms (or at least the attribution of existing
symptoms and unrelated novel symptoms) and re-
lated health care utilization will surely result from any
widespread alert. These effects on the health care sys-
tem will need to be planned for.(46,47)

The many ways that the military might better
communicate the all clear for a false positive alert
may be an important area for future research. The
military’s myriad communications with soldiers, vet-
erans, and the public have been little studied and the
communications’ effects not well understood. For ex-
ample, neither the present study nor any other that
we are aware of address potentially differing effects
of information provided on the battlefield (whether
immediately after an alert or much later) and state-
side. It may also matter whether the information is
verbal or written and whether it comes from a senior
official or from a person closer to one’s own rank.

Additional research is needed that elaborates
on how people think about biological and chemi-
cal threats as a way to improve our emergency and
routine communications on such matters. Because
the chemical warfare alerts and other communica-
tions from the military were successful in creating a
concern over exposure but later efforts to get veterans
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to “unbelieve” the alerts were less successful, we
should be concerned about similar phenomena among
the general public. We may even see stronger effects
among a population not used to making sense of such
fluid and highly probabilistic information. Evalua-
tions of new exposure diagnostic technologies should
take into account the problem of people initially be-
lieving but not later discounting false positive results.
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