
Eur. Phys. J. Plus         (2021) 136:490 
https://doi.org/10.1140/epjp/s13360-021-01442-8

Regular Art icle

In vivo public monitoring in emergency exposure
scenarios

Luca Ciciani1,a , Ignazio Vilardi1, Alessandro Rizzo1, Giuseppe Antonacci1,
Paolo Battisti2, Carlo-Maria Castellani2, Luciano Sperandio1

1 Radiation Protection Institute, Italian Agency for New Technologies, Energy and Sustainable Economic
Development (ENEA), Casaccia Research Centre, Via Anguillarese 301, 00123 Rome, Italy

2 Radiation Protection Institute, Italian Agency for New Technologies, Energy and Sustainable Economic
Development (ENEA), Bologna Research Centre, Via Martiri di Monte Sole 4, 40129 Bologna, Italy

Received: 11 January 2021 / Accepted: 15 April 2021
© The Author(s) 2021

Abstract In a nuclear or radiological accident scenario, where members of the public can
potentially take up anthropogenic radionuclides released in atmosphere, verified methods to
fast screen for internal contamination a large number of individuals directly on the field can
play a major role to adopt appropriate countermeasures. At the ENEA Casaccia Research
Centre (Rome, Italy), a spectrometric monitoring method, based on a portable HpGe detector
Trans-Spec-DX-100, has been developed. In this work, the results of the 2019 measurement
campaign, where the method sensitivity was tested, in terms of detection limits (DL) for
common fission and (some) activation products by acquiring gamma spectra on 102 uncon-
taminated volunteers (57 adults, 45 children between 7 and 12 years of age) are presented.
The spectra, collected with acquisition time of 180 s, have been analysed according to the
Standard ISO 28218 for the activity detection limit (Bq) calculations and according to ICRP
Publications 134, 137, and 141 for the related minimum measurable committed effective
dose. The measurements were taken in open field on a paved surface, in the presence of an
environmental radiation background, given in term of ambient dose equivalent rate, Ḣ*(10),
equal to 0.230±0.020 μSv/h, in order to study both the potentiality and the limitation of
the technique with a significant statistic. The results are presented and discussed particu-
larly focusing on the specific characteristics of the technique, in respect to features reported
by the European Council Directive 2013/59/Euratom and the International Atomic Energy
Agency (IAEA) document STI/PUB/1708 (2015), and to techniques described in the current
literature.

1 Introduction

Several radiological and nuclear threats, spanning from the progressive ageing of the nuclear
power plants (some of the European nuclear reactors are about 40 years old) to the possibility
of deliberate terrorist attacks, even on nuclear power plants themselves, can potentially affect
the population with the exposition to the harmful effects of ionising radiation. In these
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scenarios, consolidated methods to carry out measurements in a short time on a large number
of individuals eventually internally contaminated can play a major role in saving human lives.

Several systems for internal contamination measurement, based on different portable
detectors (spectrometric and non-spectrometric devices), are currently reported in the lit-
erature [1–6]. Due to the possible release of fission products, that can be taken up and
retained in the entire body included the thyroid, a good advantage for such systems relies on
the capability of performing both whole body and thyroid scans. Measurements presented in
this work have been acquired in open field with the technique developed at ENEA Casaccia
Research Centre [4, 6], which uses a portable Trans-SPEC-DX-100 [6] spectrometer. The
spectrometer is based on a High-Purity Germanium (HPGe) detector, electrically cooled,
allows to perform spectrometric measurements in both Whole Body Counting (WBC) and
thyroid scanning configuration. The possibility to perform spectrometric measurement in
both configurations allows to quantify the single radionuclides intakes, a feature not avail-
able for non-radiometric measurements. In particular, regarding thyroid measurements, the
rate meters offer a simple opportunity to assess equivalent dose to thyroid due to 131I, if
measurements are performed 2 or more days after the inhalation [5], whereas the use of
gamma-ray spectrometer allows to evaluate 131I content in the tyroid, as well as that of other
short-living iodine radioisotopes (132I, 133I, 134I, and 135I), if measurements are performed
within 2 days from inhalation.

The possibility to recognise and quantify the different gamma emitting radionuclides,
present at the same time in the human body, given by a spectrometric measurement is a feature
particularly important for WBC measurements. A first measurement campaign to assess the
method potential and characteristics has been performed in 2017 [4], in collaboration with
the Italian Army. Tests were conducted in a Collective Protection apparatus (a military tent)
deployable in open field, in the presence of an average environmental radiation background,
quantified by Ḣ∗(10), equal to 0.092±0.009 μSv/h, by measuring 10 adults (soldiers). The
lowest measurable effective committed dose, due to a single inhalation of common fission
products taking place 5 days before the measurement, was evaluated to be of about 2 mSv.
The same spectrometer was also used to perform thyroid scans, obtaining a minimum thyroid
equivalent dose, due to a single inhalation of 131I 5 days before the measurement, equal to
0.3 mSv. Both dose values have been obtained by applying the retention function and dose
coefficient values based on the ICRP Publication 60 [7].

The effective committed dose value of 2 mSv is comparable with the annual effective
dose limit for the public reported on the Council Directive 2013/59/Euratom [8], equal to
1 mSv, and considerably lower than 100 mSv (in a month), the value reported in the IAEA
document STI/PUB/1708 [9] above which medical actions must be undertaken to treat health
effects induced by the radiation. In order to enhance the acquired statistics and to evaluate the
impact on the method when measurements are performed in a higher radiation background (a
condition that may well happen in radiological emergency scenarios), a second measurement
campaign was performed in 2019, by carrying out measurements in open field over a paved
surface during a Casaccia Research Centre opening to the public. The method performance
has been assessed by collecting WBC spectra of 102 uncontaminated volunteers (adults and
children between 7 and 12 years old age). These spectra are essentially blanch spectra for the
measurement, which allow to study both the potential and the limitation of this technique.
Results of this measurement campaign are hereby presented and discussed.
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Fig. 1 Detector calibration with
BOMAB phantom in seated
geometry. The main distances and
angle characterising the geometry
are drawn in cyan colour

2 Materials and methods

2.1 Instrumentation and calibration

The method is based on a portable High-Purity Germanium detector, the trans-SPEC®-DX-
100 [10], used for in vivo and also in situ gamma spectrometry measurements. The detector
uses a p-type coaxial crystal (66.4[φ] × 50.5[L] mm2), almost totally depleted with a negative
working voltage of −4.2 kV. The crystal working temperature is reached and kept by a high-
reliable, miniaturised Stirling cooler that, as the crystal itself, can be powered by battery cells
providing about 3 h of autonomy. The detector shows a nominal resolution (FWHM) equal
to 1.1% at 122 keV (57Co line) and 0.15% at 1332 keV (60Co line). The peak shape factor,
evaluated as the ratio between the Full Width Tenth Maximum (FWTM) and the FWHM, is
equal to 1.84. The relative efficiency, according to the Trans-SPEC Manual [10], is equal to
41%.

For in vivo measurements in a nuclear-radiological emergency scenario, when potentially
a large number of persons needs to be screened in a short time, the ENEA Radiation Pro-
tection Institute developed a dedicated measurement geometry, that allows to reduce the
measurement time for a given measurement sensitivity. The person to be measured seats in
front of the detector, which is placed on a variable height tripod (110–180 cm), at 120 cm
from the ground (detector tip) and tilted at an angle of 36°, in a configuration where the
spectrometer points towards the patient navel (see Fig. 1) at a distance (between the crystal
and the subject navel) of 87 cm. The correct relative distance detector-person is kept with the
help of a specifically designed portable plastic floor, where both the tripod and the seat are
interlocked.

This measurement geometry presents several practical advantages, in particular respect
to the one where the person stands up in front of the detector. The first advantage is a
better reproducibility of the measurement, as the seated position guarantees almost the same
measurement position for each person screened. Secondly, such geometry is less sensitive to
the effects on the measurement due to height and body mass of the scanned person, allowing to
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Fig. 2 Absolute efficiency ε[cps/emission] for the TRANS-SPEC®-DX-100, as obtained with the BOMAB
for the described seated geometry

keep the same detector position for tall and short persons. Thirdly, since no detector position
adjustments are required between measurements, these can be performed in a faster sequence,
without adding any extra delay (of few minutes) between two consecutive measurements. A
separate discussion for the case of injured person, for which the measurement is carried out
in supine position, can be found in Vilardi et al. [6].

The seated position has also some advantages from the internal contamination point of
view. First, for radionuclides that are mainly in the blood at the time of the WBC measurement,
the contributions from the different body parts is more uniform when the person is in the
seated position, due to the body symmetry with respect to the navel [11]. On the other hand,
for radionuclides with moderate (M) or slow (S) blood absorption, since in radiological
accident normally the main intake would take place through inhalation, the seated geometry
allows to improve the sensitivity for the chest zone. The third reason is related to the solid
angle subtended by the detector, that for a coaxial crystal is maximised when the source
is distributed around the detector, not only in front of it. The seated position satisfies this
condition, allowing to enhance this solid angle and consequently the collection statistics. For
these reasons, it was decided to not use collimators for this kind of measurements.

The spectrometer was calibrated for WBC measurements in the seated geometry using a
BOMAB (BOttle Mannequin Absorption) phantom, that represents a reference man of 70 kg
weight and 170 cm height [12]. The phantom was spiked with a known amount of 241Am,
133Ba, 137Cs, and 60Co gamma emitting radionuclides, and placed in the required seated
geometry (see Fig. 1).

The gamma energy lines used for obtaining the calibration and the efficiency (in terms
of cps/emission) functions are shown in Fig. 2. A total of 8 energy lines has been used for
this study, with a good coverage for the low and the high energy range of the spectrum. For
efficiency curve, the data were fitted with a fifth-degree polynomial in energy.

The absolute efficiency function, in terms of cps/emission, has a maximum at about
130 keV equal to 8.73E−05, and values of 4.06E−05 and 2.59E−05, respectively, for 137Cs
(667 keV) and 60Co (1332 keV).
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Fig. 3 Definition of peak and
sidebands regions according to
ISO 28218:10 [13]

2.2 Detector and method performances

The detector performance is evaluated in terms of sensitivity using the detection limit (DL) for
different radionuclides, calculated on the spectra acquired from uncontaminated volunteers
(adults and children).

The DL value is calculated according to the following equation [13]:

DL(Bq) �
k 1
t ·ε
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where k is the coverage factor, equal to 1.645 for a confidence level of 95%, t the acquisition
time (equal to 180 s),P the number of channels for the peak region, nm the number of channels
in the sidebands regions, n0 the total number of counts in the sidebands regions (see Fig. 3),
ε the measured efficiency and u(ε) the efficiency uncertainty, which is taken equal to 20%
for all energies [14].

The DL values are calculated for several radionuclides, including common fission prod-
ucts as 99Mo/99mTc, 141Ce, 132Te/132I, 103Ru, 140Ba, 137Cs, 95Zr, 95Nb, 140La and other
radionuclides as 60Co 134Cs and 192Ir [15, 16]. The last three are activation products, and in
particular 60Co can be used in dirty bombs [17] while 192Ir, since largely used in medical
and industrial gammagraphy, can potentially be stolen and then released in the environment
[17].

For the calculation of the DL values, for each radionuclide it is chosen the gamma key
line (the one with the highest yield and/or the minimum interference from other gamma
emissions) or the one with the highest detector efficiency, in terms of cps/Bq. For the pair
132Te/132I the chosen line is that at 228 keV, belonging to the father 132Te, because the detector
efficiency is higher for that line with respect to the line at 667 keV of the daughter 132I. Given
the short half-life of 132I (2.3 h), this radionuclide reaches the secular equilibrium with 132Te
in less than a day. The 140Ba and 140La radionuclides are considered separately, since the
140La half-life of 1.7 days does not allow to reach the transient equilibrium (with the father
radionuclide 140Ba) in the 5 days between the supposed intake and the time of measurement.
Similar consideration can be done for the pair 95Zr/95Nb, as the 95Nb daughter half-life of
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35 days implies an even longer time to reach equilibrium. Regarding 60Co, between the two
main lines the one at higher energy (1332 keV) is chosen, since the Compton continuous is
typically slightly lower at higher energy.

The DL value for a given radionuclide is calculated on each spectrum and then averaged
(separately for adults and children) to obtain the final DL value for the specific radionuclide.
The WBC method performance is then evaluated in terms of minimum intake and minimum
effective committed dose detectable with the previously calculated DL, that is using the
detection limit for intake (DL Intake [Bq]) and Effective Committed Dose (DL E(50) [mSv])
defined in the following.

The DL Intake is calculated according to the following formula:

DL Intake(Bq) � DL(Bq)

mwbc(t)
(2)

where mwbc(t) is the WBC retention function.
The DL E(50) is calculated according to the following formula:

DL E(50)(Sv) � DL Intake(Bq) · einh(50) � DL(Bq)

mwbc(t)
· einh(50) (3)

where einh(50) is the dose coefficient (committed effective dose per intake, Sv/Bq). For
children, the DL E(70) [mSv], obtained by using the appropriate dose coefficient einh(70)
instead of einh(50), is considered.

For adults, the retention function mwbc(t) and the einh(50) dose coefficient values are
taken from the new Occupational Intake of Radionuclides (OIR) Data Viewer reporting data
from the latest ICRP Publications 134 [18], 137 [19], and 141 [20], which in turn follow the
consideration presented in the ICRP Publication 103 [21], for all the radionuclides previously
indicated. For children, the retention functionmwbc(t) and the einh(70) dose coefficient values
are taken from the MONDAL3 database [22, 23], which is based on the previous ICRP
Publication 60 [7]. In MONDAL3 database, the mwbc(t) and the einh(70) values are reported
only for 141Ce, 140Ba, 134Cs, 137Cs, 95Zr, and 60Co.

As previously mentioned, in the chosen contamination scenario it is assumed that mea-
surements are carried out 5 days after an acute inhalation. The particle AMAD (Activity
Median Aerodynamic Diameter) of 1 μm is chosen, as this value is recommended by ICRP
for person of the public [24]. The absorption type is taken, as suggested by ICRP Publica-
tion 103 [21] for inhalation, as that for irradiated fuel fragments. In the absence of this, the
absorption type related to all unspecified forms is taken. This corresponds to type S for 141Ce
and type M for the other radionuclides [18–20]. Only for 140La, no behaviour is indicated
for either irradiated fuel fragments or all unspecified forms, therefore the absorption type
M, which corresponds to the most common Lanthanum Chloride is then chosen [20]. For
children, the absorption type is taken as that labelled as default in the MONDAL3 database:
this means type F for Caesium isotopes and type M for all the other radionuclides.

2.3 Data acquisition campaign

The measurement campaign was conducted in 2019 at ENEA Casaccia Research Centre on
volunteer individuals. Spectra were acquired on 102 individuals, 57 adults (22 females, 35
males, age range 20–75 years old) and 45 children (19 girls and 26 boys, age range 7–12 years
old). Such measurements allow to enrich the statistical significance of the measurement as
they include a wider body size variability and women, in respect to 2017 when only adult
males with comparable body size were measured, and also to directly evaluate the method
performance on children.
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Fig. 4 Photographs of spectra acquisition during the 2019 measurement campaign at ENEA Casaccia Research
Centre. An adult (left) and a child (right) are shown

The location chosen for spectra acquisition was in open field over a paved surface, and
some photographs for the spectra acquisition are shown in Fig. 4. The environmental radi-
ation background, quantified by the ambient dose equivalent rate Ḣ∗(10) and measured by
scintillator rate meter, is equal in average to 0.230±0.020 μSv/h. All spectra were acquired
for 180 s and analysed using the Ortec GammaVision software [25].

3 Results

The results for adults (based on ICRP Publication 103 [21]) are presented in Table 1 and
those for children (based on ICRP Publication 60 [7]) in Table 2.

Regarding the adults results, it can be seen from Table 1 that the DL values range from few
to some tenths of kBq, while the DL Intake values range from some tenth to few hundreds
of kBq. The corresponding DL E(50) values are all below 1 mSv with the only exception of
140Ba, for which DL E(50) is just above 1 mSv. This is further discussed in the next section.

The DL values for children in Table 2 are the same, within the number rounding-up, or very
close to those for adults. The DL Intake values, calculated only for the radionuclides reported
in the MONDAL3 database, as for adults case, range from some tenth to few hundreds of
kBq. As for the adult case, the corresponding DL E(70) values are below or around 1 mSv,
with the only exception once again of 140Ba, for which DL E(70) is equal to 2.6 mSv.

4 Discussion

Returning to the adults results (Table 1), it was observed that the DLE(50) values are all below
1 mSv, which is the dose limit for a person of the public [8], with the only exception of 140Ba
for which DLE(50) is 1.1 mSv. The reason for this is essentially the lower yield of the gamma
line for this radionuclide, which implies a lower efficiency (expressed as cps/Bq). If only the
fission products are considered (i.e. 134Cs is included, 60Co and 192Ir are excluded), the total
DLE(50) is equal to 3.65 mSv. This value represents a good estimate of the method sensitivity
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Table 1 Results for adults, based on OIR data viewer [18–20] and ICRP Publication 103 [21]

RN Eγ (keV) Yield (%) Eff.
(cps/(γ /s))

DL (kBq) Abs. type DL intake
(kBq)

DL E(50)
(mSv)

99Mo/99mTc 140.5 89.6 8.72E-05 15.3 M 373 0.15
141Ce 145.4 48.3 8.71E-05 27.9 S 253 0.33
132Te/132I 228.3 88.1 7.77E-05 12.0 M 325 0.40
192Ir 316.5 82.7 6.55E-05 10.6 M 96.3 0.30
103Ru 497.1 89.5 4.90E-05 9.22 M 92.2 0.10
140Ba 537.3 24.6 4.65E-05 33.3 M 417 1.1
134Cs 604.7 97.6 4.30E-05 8.13 M 45.2 0.39
137Cs 661.7 85.0 4.06E-05 9.40 M 55.3 0.45
95Zr 756.7 54.4 3.72E-05 14.0 M 127 0.39
95Nb 765.8 99.8 3.69E-05 7.78 M 77.8 0.08
60Co 1332.5 100 2.59E-05 6.31 M 57.4 0.61
140La 1596.2 95.4 2.30E-05 5.48 M 365 0.22

The mean environmental radiation background was equal to 0.230±0.020 μSv/h. Gamma energy and yield
values are taken from Laboratoire National Henri Becquerel [27] and rounded up to the first decimal digit

Table 2 Results for children, based on MONDAL3 database [21, 22] and ICRP Publication 60 [7]

RN Eγ (keV) Yield (%) Eff.
(cps/(γ /s))

DL (kBq) Abs. type DL intake
(kBq)

DL E(70)
(mSv)

99Mo/99mTc 140.5 89.6 8.72E-05 15.3 – – –
141Ce 145.4 48.3 8.71E-05 27.9 M 247 1.1
132Te/132I 228.3 88.1 7.77E-05 12.2 – – –
192Ir 316.5 82.7 6.55E-05 10.6 – – –
103Ru 497.1 89.5 4.90E-05 9.29 – – –
140Ba 537.3 24.6 4.65E-05 33.4 M 347 2.6
134Cs 604.7 97.6 4.30E-05 8.27 F 27.8 0.15
137Cs 661.7 85.0 4.06E-05 9.41 F 31.6 0.12
95Zr 756.7 54.4 3.72E-05 14.0 M 122 0.83
95Nb 765.8 99.8 3.69E-05 7.79 – – –
60Co 1332 100 2.59E-05 6.28 M 52.8 0.79
140La 1596 95.4 2.30E-05 5.63 – – –

The mean environmental radiation background was equal to 0.230±0.020 μSv/h. Gamma energy and yield
values are taken from Laboratoire National Henri Becquerel [27] and rounded up to the first decimal digit

for contamination originating from a nuclear power plant accident, when the release mainly
consists of the considered fission products [15]. The DL E(50) related to radiological, or
dirty, bombs is, respectively, 0.30 mSv and 0.61 mSv for 132Ir and 60Co. The total DL E(50)
for nuclear accidents and those for radiological bombs are both much lower than 100 mSv
(in a month), the generic criteria reported on the IAEA document STI/PUB/1708 [9] for
taking longer term medical actions to effectively treat radiation induced health effects. In
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Table 3 Comparison of whole body measurement results for children (Table 2) and adults (Table 1)

RN Children Adults

Abs. type DL (kBq) DL intake
(kBq)

DL E(70)
(mSv)

Abs. type DL (kBq) DL intake
(kBq)

DL E(50)
(mSv)

141Ce M 27.9 247 1.1 S 27.9 253 0.33
140Ba M 33.4 347 2.64 M 33.3 417 1.1
134Cs F 8.27 27.8 0.15 M 8.13 45.2 0.39
137Cs F 9.41 31.6 0.12 M 9.40 55.3 0.45
95Zr M 14.0 122 0.83 M 14.0 127 0.39
60Co M 6.28 52.8 0.79 M 6.31 57.4 0.61

this context, it is important to remind that measurements were taken in an environmental
radiation background Ḣ*(10) � 0.230±0.020 μSv/h.

The DL values for children (Table 2) are very close to those for adults, and small differences
are cancelled by the number rounding-up. Indeed, this is expected since the efficiency used
for the children measurements is the same as that used for adults (i.e. obtained using the same
BOMAB phantom), and the DL is essentially due to the environmental background radiation
because the individuals measured are not contaminated. Regarding this second aspect, in
fact the measured person body acts as a shield and, given the distance from the detector, the
shielding power provided by an adult or a child body is very close, almost identical. The
DL E(70) values are below or around 1 mSv, with 140Ba being again the only exception, for
which DL E(70) is equal to 2.6 mSv, due to the same reason discussed for the adult case. If
once more only the fission products are considered (i.e. 134Cs included and 60Co excluded),
the total committed effective dose, due to the radionuclides whose DL E(70) values are
indicated in Table 2, is equal to 4.8 mSv. Since retention curve and dose coefficient are not
available for all radionuclide for the children case, in order to obtain a rough estimate for
the total minimum detectable committed dose for nuclear accident, the contribution from the
radionuclide for which children data are not available can be estimated by a proportion with
the adult values. In this manner, an estimate for the method sensitivity to a contamination
originating from a nuclear power plant accident is around 7–8 mSv. As for adults, once more,
this value is much lower than 100 mSv (in a month), the generic criteria reported on the
IAEA document STI/PUB/1708 [9].

The children and adults whole body results are compared in Table 3. As previously men-
tioned, the DL values are basically the same. Therefore, the difference in DL Intake and DL
E(50) are basically due to the different values for the retention function and dose coefficient.
Those for children are taken from the MONDAL3 database, and are based on the earlier
ICRP publication, as children specific values are not provided in the latest ICRP issues.

Recalling the DLE(50) (and DLE(70)) expression in Eq. 3, it is interesting to compare the
retention function and dose coefficient values for adults and children. If the 134Cs and 137Cs
are set aside for a moment, from the data shown in Fig. 5 it can be seen that the retention
function values are very close. On the other hand, the dose coefficient (Fig. 6) is always
higher for children, leading to have higher effective committed dose for children in respect to
adults. Returning to 134Cs and 137Cs, the retention function values are higher for adults than
for children, leading to have lower DL Intake values for the former. Also the dose coefficient
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Fig. 5 Comparison between retention function mwbc(t � 5) values for children (MONDAL database [23])
and adults (ICRP 134 [18], 137 [19] and 141 [20])

Fig. 6 Comparison between dose coefficient values for children (e(70) from MONDAL database [23]) and
adults (e(50) from ICRP 134 [18], 137 [19] and 141 [20])

values are higher for adults than for children, so the combined result is that the DL E(70)
values for children are about 1/3 than the DL E(50) for adults.

Since the presented method was previously tested in 2017, it is interesting to compare the
results obtained in the presence of different radiation backgrounds. Indeed, the 2017 data
acquisition campaign was conducted in collaboration with the Italian CBRN emergency team
of “Cremona” Army Regiment [4, 6]. Spectra were acquired on ten adults (soldiers) inside a
military tent, the Collective Protection System, with an environmental radiation background
Ḣ*(10) equal to 0.092±0.009 μSv/h. The peculiarity of this tent is that it is equipped to
perform decontamination procedures on individuals under investigation. As in this campaign
the spectrometer efficiency calibration was performed with a BOMAB not containing 133Ba,
the efficiency calibration curve, in a conservative manner, was taken to be equal to that of
137Cs for all energy below 662 keV and that of 60Co for energies above it. Furthermore,
the method performance for this campaign was still assessed in terms of DL Intake and DL
E(50) and in the same exposure scenario (i.e. intake by acute inhalation 5 days before the
measurement), but such values were calculated using retention function and dose coefficient
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taken from the MONDAL3 database and RPhyKo German regulation [26], both based on
ICRP Publication 60 [7].

The impact of the environmental radiation background can be evaluated by comparing
the DL values. However, since the results from the 2017 campaign were calculated using
an efficiency calibration obtained without 133Ba, just for comparison purposes, the 2017 DL
values are recalculated using the present efficiency curve. This is reasonable because the
detector is the same in both measurement campaigns and the accuracy of the efficiency curve
has been verified by participating in a national intercomparison [6] after 2017. To perform a
full comparison, which also includes the DL Intake and DL E(50), these are also recalculated
from the update DL values using retention function and dose coefficient values from the OIR
data viewer (based on ICRP Publication 103 [21]). The comparison is carried out in Table 4.

It can be seen that as the environmental radiation background dose rate Ḣ*(10) increases
from 0.092±0.009 to 0.230±0.020 μSv/h, that is of about a factor 2.6, also the DL values
increase of about a factor 2. The effect is somewhat less prominent for 140La, which gamma
emission is at 1596 keV, because the Compton continuum due to environmental background
is lower at high energy.

If Eq. 1 is recalled, it can be seen that such finding indicates that for WBC measurement
performed with the method here described, the loss of sensitivity due to an increment of the
environmental radiation background can be compensated by increasing the acquisition time
by the same factor. For example, if the environmental background for the 2017 campaign
is approximated for simplicity to Ḣ*(10) � 0.100 μSv/h, and the background for when the
measurement are then performed (e.g. during a radiological emergency) is higher (or lower)
of a factor F, if the acquisition time is multiplied by the same factor F then it is achieved the
same method sensitivity of the 2017 campaign, expressed in terms of effective committed
dose E(50) by the DL E(50) in Table 4. Indeed, since an increment in background radiation
of a factor 2.6 corresponds to an increment for the DL of a factor 2, actually the sensitivity
achieved by increasing the acquisition time should be slightly better.

5 Conclusion

A method to be employed in nuclear or radiological emergency scenario has been developed
at the ENEA Radiological Protection Institute of the Casaccia Research Centre, based on
the portable HPGe detector Trans-Spec-DX-100. The method was initially tested in 2017 on
10 individuals, but large testing was conducted in 2019 on about 100 individuals, including
women and children. In respect to the 2017 data, the new data benefit of a higher statistics and
a wider variability among the subjects measured. The new measurements were also taken in
the presence of a higher radiation background, as these were performed on a paved surface,
with a more accurate efficiency calibration, and considering retention function and effective
dose coefficient values from the latest ICRP Publications.

The latest results confirmed the method suitability to be employed in the scenarios hereby
mentioned, due to its operational simplicity, easy deployment, and good sensitivity. Indeed,
as the overall minimum detectable effective committed dose, for the main fission products
possibly released, is of few mSv for adults and less than 10 mSv for children, the method
allows to identify those individuals who suffered an important intake of radionuclides (i.e.
dose in the order of tenth of mSv) and are in need of specific medical attention. Specifi-
cally, the method sensitivity depends on the background environmental radiation level, and
acquisition time. The 2019 measurements show that with an environmental dose Ḣ*(10)
� 0.230±0.020 μSv/h and an acquisition time of 180 s, the overall minimum detectable
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effective committed dose is 3.65 mSv for adults and about 7–8 mSv for children, when
measurements are performed 5 days after acute inhalation. The method sensitivity, if mea-
surements are performed within a shorter time from the inhalation, is better since the retention
function values decrease with time.

Comparing the 2019 results with those from 2017 campaign (updated with the more accu-
rate efficiency curve and data from the latest ICRP publications), which were taken with
lower radiation background, allows to assess the impact of the radiation background on the
method sensitivity. Indeed, if measurement are conducted in an open field after a radiolog-
ical emergency, it is well possible that environmental radiation level are above the normal
values. The loss of sensitivity due to such effect can be compensated by increasing the acqui-
sition time by the same factor of which the environmental radiation background increases.
Notwithstanding that the measurement sensitivity is better in lower radiation background,
and that these are better performed within a closed environment (e.g. the military tent of the
2017 campaign), and that it is still necessary to remove external contamination on individuals
(removing cloths, taking a decontamination shower) for achieving meaningful measurement
results for internal contamination, the method can be adapted to different situations still
satisfying the screening needs for which it has been implemented.

Finally, it is worth to mention that the method presented here was tested also for thyroid
measurement [6], providing good sensitivity in this case too, because the possibility to use the
same apparatus for both whole body and thyroid measurements provides an extra advantage
in terms of practicality.
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