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Abstract

Introduction: Since the 11 September 2001 terrorist attacks in the United
States, concerns have been raised regarding the threat of a radiological terror-
ist weapon. Although the probability of the employment of a nuclear device
is remote, the potential of a radiological dispersal device (RDD) or “dirty
bomb” is of concern. While it is unlikely that such a device would produce
massive numbers of casualties, it is far more likely that it would result in pub-
lic panic and perhaps even disable the local healthcare system. The utility of
surveillance with radiation detectors in the healthcare setting has not been
fully evaluated.

Objective: The objective of this study was to characterize the prevalence of
radioactive sources entering an urban emergency department (ED).
Methods: A retrospective review of data obtained from a radiation detector
positioned to detect radioactive people entering an ED of an urban academ-
ic hospital that serves 45,000 patients/year was performed. Graphical outputs
of radioactivity were recorded in Microsoft Excel™ (Microsoft, Redmond,
WA, US) spreadsheets in mictoREM/hour. Data were collected continuous-
ly from 22 December 2003 to 22 January 2004. An event was defined as any
elevation in radiation levels >95% confidence interval from the mean level of
background radiation over 72 hours (h).

Results: A total of 215 events were observed over a 28-day period, with a
mean value of 7.7 events/day, and a maximum of 15 events/day. During the
28-day period, the baseline mean level of background radiation was 2-4
microREM/h. Readings ranged from 2,148.28-17,292.25 microREM/h with
a maximum sustained detector exposure of 684.37 microREM. Distinct sig-
nal patterns were seen at both detectors including tonic, phasic, dual, and
short duration spikes.

Conclusion: The number of radioactive signals detected from persons enter-
ing the ED was much higher than expected. While the vast majority of these
signals pose no health threat, they may make routine screening for a radio-
logical terrorist event difficult. Further study is needed to determine this correlation.
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Introduction

Since the 11 September 2001 terrorist attacks in the United States, concerns
have been raised regarding the threat of radiological attacks. Although the
probability for the use of a nuclear device is remote, the potential for the
employment of a radiological dispersal device (RDD) or “dirty bomb” is of
greater concern. Radiological dispersal devices combine readily available radi-
ological materials with conventional explosives.! The materials used in an
RDD or clandestine source emit some combination of gamma (high energy
photons), alpha, and beta (particulate) radiation. Neutron sources require
access to rare materials and are not likely to be encountered. While it is
unlikely that such a device would produce massive numbers of casualties, it is
far more likely that it would result in public panic and perhaps even disable
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Figure 1—Ambulatory Radiation Detector Placement

(Model 375 Digital Area Monitor, Ludlum
Measurement, Sweetwater, TX US)

the local healthcare system. Elcock et al state, “a RDD
could produce significant social and economic damage, the
extent of which would depend largely on how quickly and
effectively cleanup levels were established and on public
acceptance of those levels.” If it were to occur, the conta-
mination of local hospitals and EDs could be incapacitat-
ing. The possibility of healthcare facility contamination is
real, as the injured patients likely would present prior to
decontamination, and the presence of radioactive material
may not be known immediately. Current plans to detect
and treat such patients would require screening of individ-
ual patients with a Geiger-Muller counter after a threat
already had been recognized.? This is problematic because
the screening requires a large amount of manpower.
Furthermore, for every victim with a legitimate concern
regarding their exposure risk, it is anticipated that 5-10
additional people will seek treatment despite insignificant
exposure. Ring suggests the risks for most people are small:
“For most people directly involved, the exposure would
have an estimated lifetime health risk that is comparable to
the health risk from smoking five packages of cigarettes or
the accident risk from taking a hike.”* Furthermore, in
contrast to a “dirty bomb”, the clandestine dispersal of
highly radioactive material without an explosive mecha-
nism is more difficult to identify, and ED personnel would
not be aware of the contamination hazard until several
patients already had entered the ED with symptoms of
radiation poisoning.

In order to prevent such disabling events, it may be pru-
dent to monitor the entrances to EDs with radiation detec-
tion devices. Currently, the US Department of Homeland
Security (DHS) is deploying radiation detection equip-
ment at portals of entry into the US in order to identify the
presence of illicit radioactive materials entering the coun-
try.> These screening devices are designed to detect gamma
or neutron emissions from vessels that then can be scanned
to identify the isotope and its source. In the same fashion,
patients emitting radiation could be stopped, surveyed, and,

Guyette © 2006 Prehospital and Disaster Medicine

Figure 2—Trauma Entrance Radiation Detector

if necessary, decontaminated, prior to entering the ED. The
number of events would be infrequent, allowing time to eval-
uate these sources and protect the facility from contamina-
tion without disrupting ED operations. These simple actions
could prevent harm to patients and staff while preserving the
function of the healthcare institution. Presently, EDs lack
even the most rudimentary plans for dealing with radiologi-
cal events. However, an article from the Journal of
Emergency Department Management has suggested that all
patients be screened for radiation following any explosion and
that ED staff be trained for and drill “dirty bomb” scenarios.®

The utility of surveillance with radiation detectors in
the healthcare setting has not been evaluated fully. This
study was designed to describe the use of the ED radiation
detectors in one urban hospital setting.

Methods

This is a retrospective review of data obtained from radiation
detectors intended to identify radioactive people entering an
ED. These data were described using simple statistics and
graphic representations. Interpretations were made based on
information known about patient flow through the ED.

Two radiation detectors (Model 375 Digital Area
Monitor, Ludlum Measurement, Sweetwater, TX, US),
placed at the entrances to an urban, academic ED, detect-
ed gamma radiation. This information was recorded. The
ED staff evaluates 45,000 patients per year and is a Level-1
Trauma Center. The detection devices were wall-mounted
and located several feet from the ambulatory (Figure 1) and
trauma (Figure 2) entrances to the ED. The devices mea-
sure gamma radiation in microREM/h and are designed to
detect the presence of radioactive material. Patients who
present after being irradiated (exposed to a radioactive
source without contamination) will not be detected.

Data were collected from 22 December 2003 to 22
January 2004. The data collected for 32 consecutive days were
analyzed. The detector signal was monitored using Visual
Designer (Intelligent Instrumentation, Tucson, AZ) computer
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Signal Frequency Maximum Signal Output Average Signal Output
(per day) (microRem/h) (microRem/h)
Ambulatory Detector 2,148.3 2.2
EMS Detector 17,292.3 27
Combinded Detectors 7.7 £3.6

Table 1—Detector findings
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Counts in microREM/hour
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Figure 3—Graphical representation of the events
recorded by the radiation detection devices over a 36-
hour period at the triage enterance. Several spikes are
observed during this observation period.

program, which compiled the data in Microsoft Excel™
spreadsheets (Microsoft, Incorperated, Redmond, Washington)
in microREM/h. Data were collected in four-second intervals,
as that is the sampling rate of the detector. These data were dis-
played in a graphical format to facilitate recognition of patterns
of events detected by the instruments. Data were analyzed using
descriptive statistics to compare the data obtained for individual
days and events. Graphic representations of certain events were
used to demonstrate patterns identified over the course of the
study period. The mean values and standard deviation for the
exposures were calculated. Events were determined as readings
>95% confidence interval of values in a 72-hour time period.

Results

Data were collected in a continuous fashion with exception
of four non-contiguous days when all or parts of the data
were lost due to equipment failures. Complete data are avail-
able for 28 days, and a total of 215 events were recorded dur-
ing this period. The average amount of radiation detected
from the devices mounted in the ambulatory triage area and
over the trauma bay doors was 2.18 and 2.73 microREM/h
respectively. The maximum output from each detector was
2,148.28 microREM/h and 1,7292.25 microREM/h respec-
tively. The average number of daily events was 7.7 with a
standard deviation +3.58. (Table 1) The maximum number
of events per day was 15, with a minimum of one; none of
the days during the observation period were without an
event. The maximum number of events witnessed in one
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Figure 4—Brief periods of elevated radiation levels

were observed several times within a 36-hour interval.

hour was five. The maximum sustained exposure was 684.37
microREM over two minutes. Events varied in length from
four seconds to nine min and 58 sec.

Distinct patterns were seen at both detectors including
tonic, phasic, dual, and short duration spikes. Examples of
these particular patterns are represented graphically and
defined as:

1. Tonic—Observations made over long periods of
time (24-48h) demonstrate a background level of
radiation recorded at 2—4 microREM/h with little
variation as represented by the ambulatory detector
(Figure 3) and trauma detector (Figure 4);

2. Phasic—An average of 7.67 events per 24-hour peri-
od was observed in which the signal levels were ele-
vated >2 standard deviations above background levels.
These events are the result of radiation sources pass-
ing in front of the detectors during the observation
period. When these events are analyzed individually,
they demonstrate patterns lasting for several minutes,
which are thought to be representations of radiation
sources, possibly individuals or materials passing near
the area monitors (Figure 5) and remaining in the
vicinity of the detectors (Figure 6). Variation in the
signal intensity is thought to represent the sources
movement toward and away from the detector;

3. Dual—Occasionally, events were observed at one
areca monitor and then, in a time-locked fashion,
observed at the second monitor. It is believed that
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Figure 5—Phasic Wandering Signal: The variations
in amplitude may represent movement towards and
away from the detector as well as movement behind
structural elements such as walls, door, and partitions

Guyette © 2006 Prehospital and Disaster Medicine
Figure 7—Dual Signal: A representation of a single
time locked event detected by both area monitors.
The black histogram represents the triage detector
and the gray the trauma detector
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Figure 6—Phasic Persistent Signal: This event,
lasting approximately five minutes represents an
emission source approaching the rear door and

remaining in place for several minutes

these events represent movement of the source down
the main corridor of the ED thus, triggering both
detectors (Figure 7); and

4. Short duration spikes—Brief events lasting less than
four seconds were observed but not counted in the
analysis. These events may represent some type of
electronic interference (Figure 8).

Discussion

The detection of radioactive patients or materials prior to
entering the ED may prevent widespread contamination of
the hospital and unnecessary exposure of hospital person-
nel. Radiation detectors may not be the panacea to this
problem. However, radiation detectors are susceptible to
false positive alarms from individuals treated with radio-
pharmaceuticals or who had undergone nuclear testing.” In
the healthcare setting, the task of monitoring incoming
patients is complicated by the frequent relatively presenta-
tion of patients who have recently undergone diagnostic or
therapeutic nuclear medicine procedures. Anecdotally, the
nuclear medicine and nuclear cardiology departments at

Guyette © 2006 Prehospital and Disaster Medicine
Figure 8—Spike: This figure represents a single
recorded spike lasting four seconds or less recorded by
the detector. This spike represents a total exposure of
>1 microRem.

this facility conduct approximately 600 diagnostic and
therapeutic procedures per month.® Patients who have
undergone diagnostic or therapeutic nuclear medicine pro-
cedures normally are not discharged through the ED. Since
these patients emit radiant energy well above background
radiation, protocols must be created to allow these patients
to pass freely into the ED without evoking a full response when
their elevated ambient levels of radioactivity are detected.

In the current experience, the number of persons pass-
ing into the ED who emit a detectable level of radiation
was much higher than expected. As many as 15 events per
day had levels of radioactivity well above that of back-
ground radiation. Fortunately, the maximum sustained
exposure detected only was 0.69 REM. This is above the
500 microREM exposure allowed for pregnant women, but
well below the 5 Rad limit for occupational exposure, and
25 Rad maximum exposure allowed for emergency work-
ers.” While these levels do not represent an immediate
health hazard, they do complicate the task of detecting
patients exposed to radioactive materials in a terrorist
event. Patients coming from such a scene would have a
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wide range of contamination levels based on the differences
in radioactive materials, dispersal devices, and their dis-
tance from the source material. In addition, the quantity of
the radiation determined by the detector would vary with
the amount of time the patient spent in proximity to the
detection device.

While none of the observed events are likely to repre-
sent a health hazard, they may represent a risk to the facil-
ity. In the case of a hospital serving as the receiving facility
in a terrorist event, the protection of the facility may be
challenging. The low level of contamination that may result
from these events is unlikely to threaten patients and staff,
but may necessitate extensive clean-up, and could decrease
the ability of the ED to continue functioning.
Furthermore, the International Atomic Energy Agency
and the World Health Organization, through the publica-
tion Generic Procedures for Medical Response during a
Nucdlear or Radiological Emergency, stress the importance
and utility of radiation detection equipment in order to
identify and triage contaminated patients.!

Distinct patterns of exposure were observed in the ED.
These observations are demonstrative of background levels
of radiation with the appearance of events lasting for min-
utes that have readings >95% confidence interval of values
in a 72-hour time period. When these events are examined
more closely, phasic patterns of increased radiation are
observed. The two representative patterns shown in Figures
5 and 6 are suggestive of individuals moving in proximity
to the area monitors. The event seen at the triage detector
has a high degree of variability and may represent a patient
moving about in the waiting room within view of the area
monitor. The second pattern has less variability and might
represent a source remaining stationary near the rear mon-
itor over our trauma entrance. Notably, this area near the
trauma entrance detector is used to board patients briefly,
prior to being transported to the floors. A dual event,
involving a similar and temporally related event pair
observed at both detectors, also was noted. In these events,
a source was registered at one area monitor and a short time
thereafter at the second monitor. This could be caused by
patients arriving in for invasive cardiac procedures. They
must pass the first detector at triage, and then again on
their way to the cardiac catheterization lab. As many of
these patients have had recent cardiac stress tests, these
patients probably register on both detectors within a peri-
od of minutes, as they were seen in triage and then trans-
ported to the cardiac catheterization lab. Finally, frequent,
brief signals were recorded by both detectors. While these
are unlikely to represent patients, they may be indicative of
electrical interference or portable radiographs taken near
the detectors. These events were not counted in the analysis.

For healthcare facility-based radiation detectors, thresh-
olds for concern could be set at levels above those seen with
nuclear medicine patients. However, this may result in
missing contaminated patients. There is a broad range of
patients who receive radioactive agents that may emit
detectable radiation. Detection may depend on the type of

procedure, the half-life of the medical isotope, and the
length of time since the procedure. Accurate detection of
radioactive contamination may be complicated further by
the type of contaminant. Due to the increased number of
radiation detectors deployed for homeland security mea-
sures, the sensitivity of common radiation detectors and
their ability to identify patients undergoing nuclear medi-
cine studies and therapy varies. Some isotopes, such as
Flourine-18, are poorly detectable while others, such as
Todine-131, can be detected at a distance of one meter for
up to 95 days after administration.!!

These findings coincide with the concerns expressed by
the DHS regarding the high frequency of false positive
detection of radiological sources in the community. The
concerns of DHS are amplified in the hospital setting given
the extensive use of nuclear medicine and radiopharmaceu-
ticals. Furthermore, while radiation thresholds for life safety
and occupational exposure have been described, these levels
may be too high to provide adequate protection to person-
nel. Levels of detection set too low would result in an unac-
ceptable commitment of time and resources, as frequent
alarms would be disruptive to activities in the ED.

Limitations

This study has several limitations, including a brief study
period, the limitations of the detection equipment, and the
limitations in understanding of how best to interpret the
available data. The study consisted of data available for a
single urban ED for a period of only one month. This is
likely to be an insufficient sample to make generalizations
about the number of radioactive events in all EDs. The
detection equipment used in this study was unsophisticated,
and could not differentiate the type of radioactive source
(person, object, isotope, quantity). However, this is offset by
the fact that the equipment is inexpensive and easy to main-
tain. In addition, this exercise is descriptive and although
distinct patterns exist within the data, this remains to be
validated. As this method of surveillance is novel, it is
unknown how best to interpret the data obtained. Optimal
strategies for determining which “hot” patients to sequester
for questioning and possible decontamination are being
investigated. Furthermore, the actual number of people in
the general population who have had some exposure to
nuclear medicine and potentially are able to set off the
detectors is thought to be large, but is unknown.” Patients
with positive stress tests at other facilities are reffered to the
study hospital for invasive fluoroscopic procedures. In this
institution alone, nearly 7,000 nuclear medicine and nuclear
cardiology procedures are conducted per year.?

Conclusion

The number of radioactive signals detected from persons
entering this ED is much higher than expected. While the
vast majority of these sources pose no immediate threat to
heath, they may make detection of radiological terrorist
events difficult. Further study is needed prior to full imple-
mentation of radiation detectors in the healthcare setting.
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