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Abstract The purpose of the study is to evaluate the effect on medical application and convergence for
the efficient disaster responses in the massive radiological events by comparison of two types of
survey-meters(hand held survey-meter and transportable portal monitor). In the simulated radiation
disaster drill, twelve participants randomly wore a personal protective equipments (PPE) with twelve
check source. We measured participants to detect five real radioactive sources of the twelve check
sources, using two types of survey meters. The primary outcome was the measuring time. The secondary
outcome was the sensitivity and specificity of the detection of the real radioactive source. The average
time by the hand held survey meter was 231.9 + 116.6 seconds, and the time by transportable portal
monitor was statistically shorter 8.690 * 1.667 seconds. There was no difference in the sensitivity and
specificity between two survey meters. The transportable portal monitor survey meter was considered
to have medical application and play an important role in radiological disasters.
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1. Introduction

Radiation accidents are situations that include
cases of unintentional exposure to radiation and
radioactive substances and/or cases of suspected
exposure. Such accidents usually occur at nuclear
facilities, non-destructive testing sites, radiation
treatment facilities, industrial irradiation, and
isotope production plants. This events are not
frequent nor rare. There were 34 radiation
accidents in Korea in 2007 [1].

Radiation accidents surge patients with complex
damages combined with various conventional
trauma. When radiation-exposed patients occur,
they are transported to the hospital after the
prehospital rescue and prehospital primary
decontamination. In order to triage patients and
prevent the spread of radiation pollution, all
patients except hemodynamically unstable
patients should be investigated for radiological
contamination[2-6].

As a method of investigating the presence of
radiological contamination, there were two
representative type of survey meters such as the
hand held survey meter and the transportable
portal monitor Fig. 1. Hand held survey meters
are the scintillation counter, which can measure
the amount of radioactivity of alpha, beta and
neutron particles. These devices are battery
powered and lightly small sized to enable easy
operation. They wusually have an easy view
display panel, in counts or radiation dose, and an
audible sound alarm for indication of the count
rate. This survey meter is commonly used but this
method varies in detection time and rate of
contamination depending on the skill of
investigator and the exposed irradiation time.
Generally it is well known to consumes a longer
time than other methods [7]. This aspect of hand
held

efficient patient triage in a radiological disaster

survey meter can be challenging for

where receiving hospitals for disaster victim

essentially would have limited space and medical

resources when a large number of radiation
exposed patients occur. Unlike hand held survey
meter, transportable portal monitors are the
system of which the main components are two
vertical pillars containing detectors and a top
panel that connects them and provides stability.
The size of the portal are generally modifiable
according to situations. These passive radiation
detection devices are used for the screening of
individuals, vehicles, cargo or other vectors for
detection of illicit sources such as at borders or
secure facilities [8]. They can screen many
suspected contamination patients within a short
time, but its validity for medical application has
not yet been verified.

The validity of medical application can not be
of the
mechanical performance of the medical devices

but the

convergence to transform biomedicine [9,10].

verified by a simple comparison

careful evaluation of effect on

The interconnection between the concept of
disaster medicine and the technology of survey
meters in order to efficiently respond massive

radiological disaster is very insufficient in

convergence perspective [11-13]. Fundamental
data on the medical application in convergence
perspective is necessary to develop and operate
radiological

the survey meters in massive

disasters. However, few studies have been

conducted to investigate the status quantitatively.

Fig. 1. Two types of survey meter. left: Hand held
survey meter Right: transportable portal
monitor
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Therefore, we attempted to verity the validity
of medical application of two representative
types of survey meters through the convergence
of the concept of disaster medicine and measuring
technology for the efficient triage in massive
radiologiacal disasters by simulating radiation

contaminated patient in the radiological disaster drill.

2. METHODS

2.1 Study Design

This is a simulation study using a randomized

blind method.

2.2 Participants

We enrolled 12 paramedic students who
participated the radiological disaster drill as one
of a formal curriculum which was designed and
approved according to the policy of safety and
conflict of interest for students. There were 6
males and 6 females among participants and
their average age of participants was 20 (range:
19-22). The average height was 1,702 + 84.58 cm
(mean * standard deviation, SD) with average

weight of 64.23 + 12.76 kg.

2.3 Study Settings

In order to establish a simulated disaster
environment, we created a scenario that a
radiation source was accidently exposed to some
of patients in a radiotherapy medical facility,
resulting in possible external radiological
contamination. This scenario was informed the
participants who were set to simulate these
possible externally contaminated patients.

We prepared 12 check sources with the same
shape and weight, and 12 Personal Protective
Equipments (PPEs) numbered from 1 to 12. Each
PPE was assigned to one of the specific body
parts (anterior chest, axillary, lateral leg, medial

thigh, and lateral calf) and one of 12 check

sources Table 1. Of the 12 check sources, five
real radioactive sources were attached to one of
the specific body parts in 5 PPEs with adhesive
patches Table 1. In the remaining seven PPEs, a
fake check source was attached to one of the
respectively (Table 1). The
assignment of the number of PPEs and the

above regions,
radioactive source were blinded to the all
participants and all simulation assistants and
researchers except the simulation supervisor.
Then 12 participants of suspected contamination
were randomly selected to wear one of 12 PPEs.
The real radioactive source was Cobalt and the
radiation dose was average of 119.8 Counts Per
Second (CPS) * 20.86 Standard Deviation (SD).
In order to minimize other environmental
influences, the simulation was conducted indoors.
As the simulation begun, the research assistants
who played a disaster responder in the scenario
controlled the participants in the waiting area,
and the dedicated measurement researcher 4
meters away from the waiting area sequentially
measured 12 suspected contamination patients
with the hand held survey meter (FH40G series,
REMTECH, Korea) and investigated whether they

were contaminated while other research assistant

Table 1. The assignment of the check source and the
specific body part in 12 personal protective
equipments (PPEs)

The number of PPE ASSiiZiC:CZhGCK Assiggj;/j ;ggciﬁc
PPE 1 fake radioactive Right lateral arm
PPE 2 real radioactive Right axillary
PPE 3 fake radioactive Right lateral leg
PPE 4 real radioactive Left lateral arm
PPE 5 real radioactive Anterior chest
PPEt 6 fake radioactive Left Axillary
PPE 7 real radioactive | Right medial thigh
PPE 8 fake radioactive Anterior chest
PPE 9 real radioactive Left lateral leg
PPE 10 fake radioactive | Left medial thigh
PPE 11 fake radioactive Right lateral arm
PPE 12 fake radioactive Left axillary

PPE: Personal Protective Equipment
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Then,

measured by using the

recording the time Fig. 1. the same

participants were
transportable  portal monitor  (Minisentry,
Canberra, US) (Figure 1). After the first drill was
over and the PPEs were removed, 12 participants
of the drill randomly were selected to wear one
of the 12 PPEs again as the second drill

conducting in the same manner.

2.4 Data Collections and Outcome Measures

The time and the detection of the contamination
were recorded and compared between the hand
held survey meter and the transportable portal
monitor. The primary outcome was comparison
of the time in measurement. The secondary
outcome was calculation and comparison of the
sensitivity and specificity of detection rate
between two survey meters. Data were expressed
as mean =+ standard deviation (SD), median
(interquartile range) or median (range). The time
differences in measurement between the hand
held survey-meter and the transportable portal
monitor were analysed using non parametric
P-values <0.05 were

Mann Whitney test.

considered statistically significant.

3. Results

The average background radiation was 10196
+ 12251 CPS in the first drill and 10216 +
200.76 CPS in the second drill.
drill, the

measurement of 12 subjects with the hand held

In the first average time in
survey meter was 231.9 + 116.6 seconds, and the
time with the transportable portal monitor was
8.690 * 1.667 seconds, which was statistically
significantly shorter (Table 2). In the second drill,
it spent 198.3 + 104.8 seconds and 8.251 + 1.305
seconds to measure with the hand held survey
meter and the transportable portal monitor,
respectively, and similarly to the first drill, the

portal monitor performed measurements more

quickly Table 3.

The five real radioactive sources were all
detected correctly by using the hand held survey
meter and the transportable portal monitor, thus
there was no difference in sensitivity and specificity of
the two methods at a 100% sensitivity, specificity
and detection rate Table 2, Table 3.

The Table 2 and the table 3 showed the
transportable portal monitor detected the real
radioactive source in statistically shorter time
than the hand held survey meter with a 100 %

detection rate.

Table 2. The time spent in measurement in the first

simulation
Hand held Transportable
Type of survey meter portal monitor | p value
(second)
(second)
Simulation patient 1 400.00 10.15
Simulation patient 2 211.00 7.77
Simulation patient 3 144.00 8.77
Simulation patient 4 333.00 6.06
Simulation patient 5 306.00 7.17
Simulation patient 6 34.00 8.07
Simulation patient 7 283.00 8.37
Simulation patient 8 298.00 9.37
Simulation patient 9 299.00 7.91
Simulation patient 10 37.00 10.01
Simulation patient 11 286.00 8.11
Simulation patient 12 152.00 12.53
Total 2783.00 104.29
Mean + SD 231.9 £ 116.6] 8.690 + 1.667 | €.0001
SD:  Standard Deviation
p value by Mann Whitney test

Table 3. The time spent in measurement in the
second simulation

Transportable
Type of survey meter Hand held portal monitor | p value
(second)
(second)

Simulation patient 1 33.00 8.92
Simulation patient 2 184.00 8.85
Simulation patient 3 305.00 7.91
Simulation patient 4 331.00 6.54
Simulation patient 5 297.00 6.54
Simulation patient 6 133.00 8.15
Simulation patient 7 80.00 7.03
Simulation patient 8 254.00 8.95
Simulation patient 9 235.00 11.30
Simulation patient 10 236.00 8.22
Simulation patient 11 34.00 8.89
Simulation patient 12 258.00 12.53

Total 2380.00 99.02

Mean + SD 198.3 + 104.8 | 8.251 + 1.305 | 0.0005
SD: Standard Deviation
p value by Mann Whitney test
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4. Discussion

When radiation exposed patients occur, they
should be evacuated to a secondary receiving
hospital after the pre-hospital rescue and the
primary decontamination on the scene. In the
secondary hospital, all patients except those who
have unstable vital signs or need the emergency
treatment related to life threatening conditions
should be initially triaged and investigated for
contaminations to prevent the spread of them. A
hand held survey meter is commonly utilized to
detect external contamination due to the
swiftness and the convenience although it might
consume valuable times and resources in massive

drawback of this

medical device could bring an adverse impact on

radiological disasters. The

the efficient patient treatment by the possible

failure of management of limited medical
resources [14,15].

Contrary to a hand held survey meter, a
transportable portal monitor can detect radiation
contaminated patients in a short time due to the
mechanical engineering design, which have the
possibility to enhance the efficient management
of medical resources in massive radiological
disasters where a large amount of radiation-

exposed patients occurs. This might enable the

prognosis of patients to be improved by
promptly identifying radiation contaminated
patients and assigning them appropriate

priorities [16-19].

When a radiological disaster affects a large
portion of population, there are far more
worried well patients, who are worried about
actually not

radiological contamination but

contaminated, than actually radiation-

contaminated patients, and most of medical
resources are consumed to triage such worried
well patients. Therefore, it is essential to the
efficient disaster responses to effectively triage
suspected contaminated patients and provide

them medical assurance and appropriate medical

guidelines [20-26].
Thus,

efficient

the effective triage is the key for

disaster responses in the massive
radiological disasters which can be systematically
achieved by the evaluation of the effect on
medical application and the convergence of the
concept of disaster medicine and the mechanical
technology. Because the time of measurement
and detection of the contamination with the two
representative survey  meter  is innately
distinguishing between the mechanical attributes
of two devices, a study method of simple
comparison of them can not evaluate the
medical validity of them. That is the reason why
we designed the simulation study based on the
concept of disaster medicine and the
convergence of technology.

In this study, the possible external radiation
contaminated patient were measured and
compared in the setting for the evaluation of not
medical

mechanical performance but

performance for application in  massive
radiological disasters. While 100% of all radiation
sources were detected by transportable portal
monitor, the time in measuring 12 patients was
104.29 seconds in the first drill, and 99.02
which

seconds  per

seconds in the second drill, spent

approximately 10 suspected

contamination participant. Time saving of

measuring  suspected  externally radiation
contaminated victims by approximately 10 folds
is medically highly important based on the

concept of disaster medicine, because the saved

time can provide valuable moments to
decontaminate and treat more confirmed
contaminated  victims, resulting in  the

improvement of the survival rate. Thus we

considered that this results can provides

evidences for transportable portal monitor

system to have medical application in massive
radiological disasters based on the concept of
convergence  of

disaster =~ medicine and

technology.
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Nevertheless this study has several limitations.
Firstly, as a simulation study, the experiments
was conducted indoors to avoid interference
from other factors as much as possible, but this
could not reflect all conditions in which
radiation disasters occur.

Secondly, since there were only 12 participants
suspected of contamination and two repeated
times of disaster drills, both survey meter showed
100% detection rates. However, we believe this is

the
participants and the repeated time of the drill

not likely to change as number of
increase because the mechanical performance of
the transportable portal monitor were highly
outstanding as an engineering contribute.

this the

contamination was simulated by attaching a

Lastly, in study, radiological
radiation source to five parts of the human body.
This did not reflect all contaminated areas that
may occur in an actual radiation accident. When

the

diversified, the time and detection rate have the

radioactive source attached areas are

possibility of changes.

4. Conclusion

The transportable portal monitor survey meter

spent significantly shorter time to detect
contaminations than the hand held survey meter,
and the detection rate of contaminations was not
lowered compared to that of the hand held
survey in the simulated setting. This provides
evidences that the transportable portal monitor
survey meter can be considered to have medical

the
technology and play an

application based on convergence of
important role for
efficient disaster responses by monitoring and
screening suspected contamination patient in

massive radiological disasters.
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