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The National Response Plan (NRP) establishes the framework for the
nation’s response to major disasters. We offer seven recommendations
related to surveillance of workers who respond to events under the NRP.
These recommendations address the rationale for and principles of
medical surveillance in the context of large-scale disasters and the NRP;
means of identifying and registering the populations that should be
included in surveillance activities; the role of exposure assessment in
medical surveillance; behavioral health issues; and principles regarding
the communication and use of surveillance data. (J Occup Environ
Med. 2007;49:922–927)

T he National Response Plan (NRP)
establishes “a comprehensive, na-
tional, all-hazards approach to do-
mestic incident management across a
spectrum of activities, including pre-
vention, preparedness, response, and
recovery.”1 In case of a major disas-
ter (either natural or manmade) or
threat of an event, the NRP estab-
lishes the framework for federal in-
teraction with state, local, and tribal
governments; the private sector; and
nongovernmental organizations in
managing the response. The NRP
also provides for worker safety and
health during the response, in the
form of a support annex.2 During an
event of national significance, the
US Department of Labor Occupa-
tional Safety and Health Administra-
tion (OSHA) coordinates Federal
and worker safety and health activi-
ties, including a specific responsibil-
ity, not assigned to any other entity
in the NRP, to “implement a system
to capture and manage incident ex-
posure data in a centralized location
to enable data-sharing among agen-
cies with a responder health and
safety focus.”2

OSHA has identified a number of
standards relevant to emergency pre-
paredness, though not specifically to
disasters under the NRP.3 One, the
hazardous waste operations and emer-
gency response (HAZWOPER) stan-
dard, requires surveillance for certain
categories of workers who may be
exposed to hazardous substances or
health hazards at or above the estab-
lished permissible exposure limit for
30 days or more a year; wear a respi-
rator for 30 days or more; are injured,
become ill or show signs or symptoms

From the Department of Environmental Health Sciences (Dr Mitchell), Johns Hopkins Bloomberg
School of Public Health, Baltimore, Maryland; Department of Environmental and Occupational
Medicine (Drs Gochfeld, Kipen, Udasin, Wartenberg, and Paulson), UMDNJ-Robert Wood Johnson
Medical School, Piscataway, New Jersey; US Environmental Protection Agency (Dr Shubert),
Washington; Department of Community and Preventive Medicine (Dr Moline), Mt. Sinai School of
Medicine, New York, New York; Department of Psychiatry (Dr Langlieb), Johns Hopkins University
School of Medicine; and Johns Hopkins Center for Public Health Preparedness (Dr Everly), Baltimore,
Maryland.

The views expressed in this article are the views of the authors and do not necessarily reflect the
views of the US Centers for Disease Control and Prevention, US Environmental Protection Agency,
Maryland Department of Health and Mental Hygiene, or any other federal or state agency.

Address correspondence to: Clifford S. Mitchell, MS, MD, MPH, Maryland Department of Health
and Mental Hygiene, 201 West Preston Street, Room 321, Baltimore, MD 21201; E-mail:
CMitchell@dhmh.state.md.us.

Copyright © 2007 by American College of Occupational and Environmental Medicine

DOI: 10.1097/JOM.0b013e318145b2b0

922 Worker Surveillance in Disasters • Mitchell et al



from possible exposures involving
hazards from an emergency response
or hazardous waste operation; and
are members of HAZMAT teams. The
standard also partially specifies the
structure and content of the surveil-
lance examinations. They must include
a medical and work history “with spe-
cial emphasis on symptoms related to
the handling of hazardous substances
and health hazards, and to fitness for
duty including the ability to wear any
required PPE (personal protective
equipment) under conditions (ie, tem-
perature extremes) that may be ex-
pected at the worksite.”4

Unlike typical workplaces, a disas-
ter requiring activation of the NRP
could involve exposures to chemical,
biological, radiological, nuclear, or
high explosive (CBRNE) agents, as
well as more conventional hazards
such as falls and fire.5 The nature
and extent of the hazards will evolve
over time, with exposures from acute,
uncontrolled, and unpredictable to
more predictable and controlled (as the
recovery phase proceeds). By contrast,
a typical workplace involves fixed and
predictable hazards that can be mea-
sured and controlled. Thus, the design
and implementation of surveillance
programs for a major disaster will be
different from a usual workplace ca-
lamity. We discuss here the hazards
involved in disaster response; the ra-
tionale for surveillance of workers
who respond under the NRP; and rec-
ommendations for the structure and
content of responder surveillance in
disaster response under the NRP, in-
cluding the incorporation of psycho-
logical surveillance within a medical
surveillance program. The recommen-
dations are a collaborative effort
growing out of the September 2005
conference, “Protecting the Protec-
tors: Medical, Psychological & En-
vironmental Surveillance Needs for
Workers Involved in Incident Re-
sponse Under the National Response
Plan,” sponsored by the Centers for
Public Health Preparedness of the
School of Public Health of the Univer-
sity of Medicine and Dentistry of

New Jersey, and the Johns Hopkins
Bloomberg School of Public Health.

Principles of Medical
Surveillance Under the NRP

Under the NRP, OSHA establishes
policies for medical surveillance and
medical monitoring of response
workers, and for any longer term
monitoring and surveillance. The
agency is also supposed to collect
and manage exposure, safety, and
health outcomes data; communicate
with labor unions and other organi-
zations regarding worker safety and
health; coordinate incident-specific
responder training; provide psycho-
logical first aid during and after re-
sponse and recovery activities; and
identify appropriate immunization
and prophylaxis for responders and
recovery workers.2

Traditionally, medical surveillance
of workers was intended to identify
exposures and clinical effects of expo-
sures in populations and individuals
with regular and repeated probabilities
of exposure over time.6,7 In the case of
workers exposed to multiple hazards in
a disaster, it may be very expensive to
measure all of the possible exposures
and health outcomes.8

Principle 1. The purpose of medi-
cal surveillance is to identify expo-
sures or early symptoms or both of
disease, and to link those findings to
individual care and preventive inter-
ventions to 1) prevent and mitigate
adverse physical and mental health
outcomes and 2) assess and maintain
worker functionality. By functional-
ity, we mean the ability of the worker
to attend and respond effectively to
both personal and professional re-
sponsibilities. Mental health and
physical health must be integrated to
enhance functionality.

A primary goal of surveillance
associated with response under the
NRP is to maintain the physical and
mental health and functionality of
the responders. One potential out-
come of a surveillance program is
the identification of unanticipated
new clinical entities (eg, World

Trade Center cough).9,10 In addition,
although environmental and biologi-
cal monitoring are important for ex-
posures to many chemical, physical,
and biological agents, there are still
clinical outcomes (including mental
health outcomes and injuries) for
which traditional medical and expo-
sure monitoring are insufficient.11

Therefore, it is important to establish
comprehensive surveillance systems
that examine a broad range of ill-
nesses, injuries, and mental health
outcomes.12

Another purpose of surveillance is
to demonstrate whether protective
measures are adequate to prevent
detrimental exposures and health ef-
fects. Thus, in the WTC disaster, a
comparison of pulmonary function in
firefighters at the site with a refer-
ence group of nonexposed, off-duty
firefighters showed that there were
significant symptoms and pulmonary
function effects in the exposed pop-
ulation.13 A similar comparison was
used to determine whether firefight-
ers had been exposed to certain met-
als and organic chemicals while
involved in the WTC response.14 In
the 2005 Gulf Coast disasters, sur-
veillance of workers has focused on
injuries, dermatologic conditions, and
infectious diseases. The results have
been used to develop targeted pre-
vention messages for workers.15,16

Surveillance also plays an important
role in mental health symptoms asso-
ciated with disaster response.17,18

There is an extensive literature on
mental health sequelae of previous nat-
ural and manmade disasters for various
working populations, including re-
sponders.19–22 In a study of 1138
WTC rescue/recovery workers con-
ducted between July 2002 and August
2004, 51% of the workers met criteria
on at least one screening instrument
indicating the need for a more in-depth
clinical mental health evaluation dur-
ing the first 6 months of the study.
However, only 3% reported they had
ever used mental health services be-
fore the study began.23 Another recent
report recommended the consider-
ation of critical incident stress
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management in response planning,
including its application for nontra-
ditional responder groups such as
construction and trade workers and
the families of responders. The re-
port noted the importance of con-
sidering responder stress levels
before, during, and after deploy-
ment, as well as the history of prior
deployments.24

Integrating psychological and med-
ical surveillance requires an under-
standing of the relationship between
the types of disaster exposures and
how they can serve as “triggers” for
severe trauma responses among peo-
ple who are vulnerable because of
previous exposures.25–27 Incorporat-
ing mental health screening into the
medical component of surveillance is
a challenge, however. A number of
instruments have been developed to
screen for PTSD and other disorders
specifically associated with disasters
(including some for non–English-
speaking populations), but there is a
need for research to validate the in-
struments and determine the optimal
method of screening as part of a com-
prehensive surveillance program.28–31

In addition, there is considerable liter-
ature regarding appropriate methods
for ameliorating the mental health
effects of disaster response experi-
ences and the effectiveness of these
methods, including critical incident
stress management.32–36

Principle 2. Participation in sur-
veillance should be confidential and
voluntary, to the extent feasible. In
the context of the NRP, surveillance
should be an ongoing process, occur-
ring all the way from predeployment,
to the field, to the postdeployment
period and beyond.

Surveillance programs, like other
programs in occupational health, re-
quire buy-in by both the employer
and worker. While surveillance un-
der the NRP may never be com-
pletely voluntary, workers will be
more likely to participate if they feel
that they are not going to be penal-
ized either for their participation or
as a result of findings generated by
the surveillance (although in some

cases workers could be disqualified
from duty or reassigned to other duties
if surveillance shows exposures or
effects). In this regard, confidential-
ity is particularly important, since
part of the data collection process
may involve personal data of a sen-
sitive nature.

The surveillance program should
also be of sufficient duration to de-
tect latent conditions caused by ex-
posures to chemical, biological, or
physical agents. Therefore, responsi-
ble agencies may need to ensure
continuation of surveillance even af-
ter the NRP is no longer in effect.

Surveillance in traditional work-
places has raised several ethical is-
sues. These include the nonvoluntary
nature of many surveillance pro-
grams; the possibility that the results
will be used to discipline or dismiss
workers found to have had exposures
or preexisting health conditions; the
threat that workers who are found
to have an increased risk of health
effects will be terminated or other-
wise discriminated against; and con-
cerns about the confidentiality of
results.37–41 A further consideration
is whether and under what circum-
stances it is ethical to use medical
and psychological surveillance data
obtained during disaster responses
for research purposes. Although the
research might not benefit the cur-
rent responders; it could potentially
benefit others in the future. The issue
is further complicated where sur-
veillance data is obtained from re-
sponders exposed to an infectious
agent who are quarantined to pro-
tect others. Both the autonomy and
privacy of these workers has to be
weighed against potential public
health benefits.42

Principle 3. On activation of the
NRP, there should be a centralized
mechanism to capture data related to
individual and collective exposures
to facilitate individual treatment, pre-
ventive interventions and future long
term public health needs.

There is a specific need to share
data between groups assessing expo-
sure and those providing health care

at the disaster. This helps to ensure
that health care providers are aware
of the latest information on hazards
detected, while exposure assessment
professionals can focus measure-
ments on areas and hazards indicated
by clinical reports from health care
professionals (eg, worker reports of
specific types of symptoms might
indicate exposures to particular types
of chemical agents).

Information management is criti-
cally important in effective surveil-
lance programs to track employees,
job assignments, exposure records,
health records, and in some cases in-
surance information. The Department
of Defense has made significant
progress in the design and implemen-
tation of integrated information sys-
tems to aid in surveillance.43 However,
the challenges of assembling such in-
tegrated systems in the civilian sector
are considerable, given a multiplicity
of employers, preexisting, incompati-
ble systems, and concerns about data
sharing and confidentiality.

Identifying and Registering
Affected Populations

Principle 4. Creation of a registry
of workers at the site is critical for
effective surveillance. Once a disas-
ter site is identified and the Incident
Command System (ICS) is estab-
lished, access to the site should be
controlled and entering workers reg-
istered. Appropriate on-site surveil-
lance should then be initiated.

One of the most important determi-
nants of success for any surveillance
program is the ability to identify all
those who need to be enrolled. In a
large-scale disaster, effective surveil-
lance absolutely requires a system to
identify workers entering the site. This
could be done in conjunction with
training, so that workers entering a site
for the first time would be required to
have appropriate training and to be
enrolled in a database with, if appro-
priate, an initial surveillance encounter
to collect baseline data. This serves
several purposes: 1) it ensures that
untrained workers do not enter the site;
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2) it controls access to the site; 3) it
identifies all entrants to the site who
might be at risk for purposes of a
surveillance system; 4) it can be used
to ensure that workers have been
trained and can use appropriate PPE;
and 5) it ensures that workers meet any
established requirements for site entry.

Many first responders (particularly
firefighters and hazardous materials
response teams) are already enrolled
in surveillance programs under the
HAZWOPER standard and before
being deployed under the NRP.44

This is not true for many other re-
sponders. For those deployed early in
a disaster zone, predeployment
screening may be impractical. How-
ever, with adequate planning many
secondary responders (security, con-
struction workers etc.) could undergo
a short but valuable predeployment
screening/surveillance examination
before being admitted to the disaster
site. Given the need to train workers
who are responding to the disaster
before they start, the predeployment
(baseline) surveillance examination
could be coupled with training on-
site-specific hazards, PPE, commu-
nications, emergency procedures,
site-specific responsibilities and
other required training elements.45

A particular concern in this re-
gard is the self-employed worker.
Many large employers (including
the Federal government) have little
difficulty carrying out surveillance
or identifying their workers. Unfor-
tunately, there are few mechanisms
to effectively capture or register
self-employed workers, despite the
fact that they are often found in
abundance once the disaster has
progressed to the recovery/recon-
struction phase.

Non–English-speaking workers
also are difficult to reach and thus
may not be included in surveillance.
This can be especially important be-
cause these workers may have par-
ticularly high exposures in some
cases, may have limited access to
health care, and may have had little
previous training in health and safety
in their own language.46

Exposure Identification and
Dose Quantification

Principle 5. Exposure assessment
strategies should be developed and
implemented under the ICS as a way
to protect workers on the job, and
should be integrated with medical/
psychological surveillance to help
guide interventions.

Exposure assessment can have
many different purposes. Some ex-
posure assessment focuses on identi-
fying risks to the general population
and preventing health effects. Yet,
there is a specific need for exposure
information focused on workers
who are responding to the disaster.
The collection and analysis of these
data require different assessment
strategies than community expo-
sure sampling. Although these rec-
ommendations pertain primarily to
workers who are full-time profes-
sional responders responding under
the NRP, there are large numbers
of community members (including
Red Cross volunteers, volunteer fire-
fighters, and others) who may have
responded in some capacity and have
been potentially exposed within the
disaster site. Exposure assessment and
surveillance strategies should recog-
nize this fact.

Anything approaching even a
semiquantitative estimate of dose is
not likely in the first hours or even
the first few days of a disaster, with
the possible exception of radionu-
clide exposures (unless, of course,
individuals manifest acute symptoms
of exposure).47 Dose estimation is
often imprecise for chemical and bi-
ological agents and even for airborne
particulate matter. Where there is no
reliably valid quantitative biological
marker of exposure, exposure can
sometimes be estimated using mod-
els that incorporate exposure zones,
concentrations in the zones, and in-
dividual time and activity in the zone.
It also may include the use of physio-
logically based pharmacokinetic mod-
els and is usually performed when
there is no opportunity for field testing
or validation.48

Biological monitoring can be used
to estimate dose as well as early
biological effects. For example,
blood lead reflects recent exposure,
whereas free erythrocyte protopor-
phyrin is a biomarker of lead effect
in the hematopoietic system. The
advantages of biological markers of
exposure include their ability to in-
tegrate all sources and routes of ex-
posure (cumulative exposure) and to
account for differences in absorp-
tion, metabolism, and distribution.
The use of biological markers of
exposure is likely to be limited in
disasters; however, because such
biomarkers typically require a so-
phisticated understanding of the
hazard and its biology, prior devel-
opment of a well-validated marker,
and ready access to a laboratory
that is proficient in the assay. None
of this is likely to be available in
the case of most disasters involving
the NRP. However, part of the
justification for including biologi-
cal monitoring as part of surveil-
lance might be to bank specimens
for future use.14,49 The investiga-
tive and speculative purposes of
this new form of exposure assess-
ment may call for more detailed
explanations to the participants.
The evolving experience of the De-
partment of Defense in establishing
registries and exposure assessment
methodologies for Gulf War veter-
ans potentially exposed to depleted
uranium may be helpful in this
regard.50

Communication
Principle 6. Each individual

worker should receive detailed and
interpreted biomedical and exposure
data. All de-identified surveillance
and exposure data should be publicly
available, provided to all workers,
and interpreted appropriately.

A primary ethical tenet of occupa-
tional health is the right of each
worker to his/her own personal ex-
posure and health information. This
requirement is recognized under the
law and under regulation, along with
privacy rights.51 The interpretation
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of these exposure and health data
must be done by appropriately
trained health and safety profession-
als. Because the exposures are unique,
and the health implications are poten-
tially complicated, effective risk
communication is absolutely essen-
tial and should provide workers with
opportunities to ask questions and
receive answers.

In the context of a large disaster
under the NRP, particularly one in
which the threat of unusual expo-
sures exists, it is essential that appro-
priately de-identified surveillance
and exposure data also be available
to the general public health and
health care communities. Although it
is understandable in some cases to
restrict data access for either security
or law enforcement considerations,
public health needs ordinarily should
trump these justifications, except in
the rarest of circumstances.

Principle 7. Risk communication
needs to be an integral part of the
entire worker protection program, in-
cluding surveillance.

As noted above, the unique as-
pects of a large-scale disaster re-
quire that considerable thought go
into the design and implementation
of the communication components
of the surveillance system. Workers
are more likely to participate and
more likely to continue participating,
if they understand and support the
reasons for the program.

Conclusion
Surveillance in the context of the

NRP is complicated by the nature of
disasters, the workforces responding
to the disaster, the unique gover-
nance of the disaster under the NRP,
and the structure of occupational
safety and health delivery in the
United States. Surveillance, how-
ever, is essential to guarantee that
workers are adequately protected un-
der the auspices of the NRP. The
elements of a surveillance pro-
gram— exposure assessment, the
clinical component, and program
management—should be integrated

under the ICS and should not be an
afterthought.
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