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Abstract

In the event of an accident involving radioactivatemial, there could potentially be a large numtifer
people who require monitoring for internal contaation. If the release contains radionuclides which
emit high-energy gamma rays then the most suitaelens of providing this monitoring is whole body
counting. The advantage of a mobile system ovedfir vivo monitoring facilities is that the latter may
be to a considerable distance from the accidergidBs, the mobile system will allow members of the
public who may have been exposed because of th@iinpity to the accident to be monitored with the
minimum of delay and inconvenience. As already &ixigld for medical surveillance, rapid monitoring is
also important because many radionuclides which beagresent are short-lived and the seriousness of
the accident will need to be quickly assessed.

To answer this challenge, the IRSN, the Frenchtutstfor radiological protection and nuclear sgafet
has developed a fleet of mobile unit, unique indpet able to monitoring on-site up to 2500 peogle p
day. This paper describes the development of tineseévo mobile laboratories. The specificities,
calibration procedures and performances of thesteisg will be presented.
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| Introduction

The medical surveillance of workers exposed teh of internal contamination by radionuclides by in
vivo monitoring will be generally preferred for Xh@ gamma emitters of relatively short period while
the analysis of 24 hour urines or the 72 hour faedd often represent the examination of choice fo
alpha and beta emitters. Nevertheless, becausénthi?vo measurements require the patient to be
physically present during the measurement, theyaisabf urines is often preferred by the profesaisn

of nuclear medicine, although it is not always dddgo exposures by short-lived emitters (Fragicil.
2012). On the other hand, in the event of an aatidevolving radioactive material, there could
potentially be a large number of people who reqoiomitoring for internal contamination. If the rate
contains radionuclides which emit high-energy gammays then the most suitable means of providing
this monitoring is whole body counting. The advagetaf a mobile system over fixéavivo monitoring
facilities is that the latter may be to a consib@adistance from the accident. Besides, the mobile
system will allow members of the public who may édeen exposed because of their proximity to the
accident to be monitored with the minimum of debayd inconvenience. As already explained for
medical surveillance, rapid monitoring is also imtpat because many radionuclides which may be
present are short-lived and the seriousness aldtident will need to be quickly assessed.

To answer this last challenge, the IRSN, the Frenshtute for radiological protection and nuclear
safety, has developed since 2007 a fleet of malrile unique in Europe, able to monitoring on-site

to 3500 people per day and capable to answer toradiplogical emergencies involving internal
contamination of gamma emitters:



- 4 light emergency body counting mobile units: targeout a fast trial of contaminated / non
contaminated people

- 4 heavy emergency body counting mobile units: fbetier management of the psychosocial phase
of the crisis

- 2 expertise body counting mobile units: to carry tial of contaminated individuals in case of
complex contamination and expertises for nucleakers.

The presentation and performances of these sysieengresented below in function of the urgency of

the situation.

Il General Presentation
A) The 4 light emergency mobile units

The goal of these mobile units is to carry out s faal (contaminated / non contaminated) of peopl
The unit has been built on standard Peugeot Boxeivam (figure 1). The carossery is insulated and
equipped with air conditioning, electric and diesedaters making all year usage possible. The
monitoring unit uses 230 V AC, which is usually éakfrom the nearest wall. This external mains is
backed up by a light electric generator of 3,75 kiEAJ30IS from Honda) located in a trailer providing
a self-contained standby power supply for up ttv@drs of continuous operation unattended.

This minivan is equipped with four seats type meament geometry (figure 2), as it requires much les
space than a bed geometry and is easier for thecssitho access. Each vivo monitor consists of two
Nal(Tl) detectors and digital electronics (Unisp®p from Canberra. Both Nal(Tl) detectors are
independently adjustable to allow movement up awlndand at various distances from the subject, and
may be used concurrently for most subjects. Thelavhody detector (3"x 3”) is positioned so that the
detector centre is on the subject’s thorax. Thtfmm can be used for all adults and for childvgm

are older than about 4 vy (i.e. taller than 100 dray. smaller children, a special baby seat candeel.u
The thyroid detector (2"x 1") is positioned overetlower neck and can be accurately placed for all
adults up to 200 cm tall and for children greakemt 100 cm in height. An example of whole body and
thyroid measurement of a subject is shown in fig8reAs the system is designed to be readily
transported, it was not possible to use the masgiiedding often used for fixed whole body counters
Instead, a shadow shield arrangement has been wééch places the shielding where it is most
effective, i.e. around both detectors and in theklad the seat. The counting time is fixed at 1@unes

but can be adjusted in function of the urgencythechumber of people to be controlled.

Besides, the minivans are equipped with a videderence system and satellite antenna in order to
communicate independently within any phone netwiwordase of interventions during crisis.

Figure 1: thelight emergency mobile units Figure2: Inner view of thelight emergency
mobile unit.



Figure 3: whole body and thyroid measurement of a subject in the emergency minivan
B The 4 emergency heavy mobile units

In emergency situations it will be also necessaryperform direct measurements on people for
reassurance of the public, even if such measuramgotld not be necessary from a strict radiation
protection point of view. As a matter of fact, thdditional emergency means based on shelters have
been developed. A general view of the shelter plame its truck for road transportation is shown in
figure 4. Their goal, in addition to help the tradlpeople, will be to perform a better managenaérihe
psychosocial phase of the crisis.

As shown in figure 5, ten seats have been instatledshelters, equipped with the saime&ivo systems

as the minivans as presented above, in order atpwiperators to both means (light and heavy
emergency systems) without any difference and #llewing a very fast stake in operation. They are
also entirely self-contained and then very well@dd for interventions during a crisis. These ghslt
are also equipped with a same video conferencersyahd satellite antenna in order to communicate
independently within any phone network in casentdriventions during crisis.

The major difference of these mobile units is thgEssibility in addition of be transported by trumk
train is the possibility of aero-transportabilitijosving them a very fast travelling by military plas
everywhere in France or in the world if require¢@se of important crisis (figure 6).

-

Figure4: General view of the heavy emergency Figure5: Inner view o_f the heavy emer gency mobile
mobile unit (the shelter isplaced on itstruck for unit (shelter)

road transportation)



Figure6: Trial of aero-transportation of the shelter

C The 2 expertise mobile units

To complete this fleet, 2 expertise mobiles unaserdeveloped equipped with more sophisticated
vivo systems able to answer to crisis involving more emcontaminations (such as actinides or multi-
gamma contaminations) (Franekal., 2012). A general view of this expertise truckyirgen in Figure 1.
This vehicle is organized as a fixedvivo laboratory with two main rooms: a first room withilets
serves as an office and is equipped with a benchdioditioning samples if urinary excreta if requir
and a second room fom vivo monitoring. The truck is also equipped with a dieg room with paper
jackets to be used fom vivo measurements

All equipment operates with 220 V power suppliednirinternal or external power sources. Primary
power is provided from an externally connected 50flaxible ground cable connected into a
weatherproof receptacle located in the right sidthe truck. The receptacle feeds a 100 A distrdut
panel serving the truck. An air-cooled gasolineieagenerator of 8 kW- 10 kW (Voyager 9DM - 10DT
from Mase) located in the receptacle provides facegitained standby power supply for up to 48 hours
of continuous operation unattended. This poweresysillows the laboratory to operate in any location
regardless of available services.

Moreover the truck is equipped with a video confiese system and satellite antenna in order to
communicate independently within any phone netviloidase of interventions during crisis.

Figure 7: General view of the expertise mobile unit



To gain optimum sensitivity and obtain a large &g energy, two Broad Energy high purity
Germanium (BEGe) detectors equipped with ElectsicRlefrigerated Cryostat (Cryo-Pulse®) from
Canberra are used which can be independently adijust six degrees in all directions for the 3
geometries: whole body, thyroid and lung (Figure 8)

- whole body detectors are positioned so that thet@otor centres are 25 cm above the subject's chest
and thigh. This position can be used for all adalid for children over the age of four (i.e. taller
than 100 cm). For smaller children this verticasipon can not be maintained and the detectors are
placed as low as possible ;

- only one detector is used for the thyroid measurgneis positioned over the lower neck and can
be accurately placed for all adults and children ;

- for lung monitoring the 2 detectors are placed dhersubject's lungs and in uniform contact with
the subject's upper chest ;

The counting time is fixed respectively at 20 masutn case of expertise respectively for whole body

and lung measurement and 15 minutes for thyroidsoreanent but can be adjusted in function of the

urgency and the number of people to be controlled.

Figure 8: Inner view of the expertise mobile unit. Left: thyroid measurement, middle: whole body
measur ement, right: lung measurement

4 Calibration

The different systems were calibrated for efficensing the phantoms shown in figure 9.

- For whole body activity in the 88 keV to 1460 keheegy range using a mixed radionuclide standard
uniformly distributed in a block phantom (Kovtwh al., 2000). The mixed radionuclide standard
contains the following nuclides™Ba, **Mn, *'Cs, and®Co. Phantoms were constructed from
phantom blocks to represent children and adulessefage height and weight: 12 — 24 — 50 — 70 — 90
and 110 kg.

- Calibration factors for determining iodine radioldes activities in the thyroid were obtained using
two mock plastic thyroids loaded witi°Ba and'* respectively placed in the neck phantom
developed by Radiology Support Devices (ICRU, 198pwing us to derive calibration factors for
the short-lived iodine nuclidédd, *3, **3 as well as for the longer-lived!.

- For lung monitoring, the expertise truck system waléorated using the anthropomorphic Livermore
torso phantom (Griffithet al. 1978). The phantom is loaded with 2 sets of lungsiogeneously
distributed with ***Am and **%Eu throughout the tissue equivalent material priogdphoton
emissions with energies between 13 keV and 1400 Re$et of five plates over the torso phantom
was used to cover a Chest Wall Thickness (CWT)edrgn 1.67 to 4.27 cm.



St Petersburg Phantom ; UP-02T Family Lawrence Livermore National Laboratory
12 -110 kg BLOCK PHANTOMS (LLNL) Torso phantom
Kovtun et al. (1990) Griffith et al. (1970)

Thyroid Phantom
(Radiology Support Devices )

16.6x11x85 cm

1-129

Ba - 133

tubes loaded with different FAP
(133Ba, %Mn, ¥7Cs, 59Co) Sets of lungs loaded with actinide

(241Am , 239py s Uenr)

Figure 9: Different types of phantomsused for the efficiency calibration

5 Performances

One of the design criteria to check the performasfdbe different systems was that it should be &bl
detect intakes of individual nuclides which cormasp to committed effective doses of 1 mSv.

Thus, for typical radionuclides found in case otliodogical accident, corresponding to different
counting geometries, the approximate Detection tSnfDLs) of the emergency and the expertise
systems have been compared for a reference maafiaedito ICRP 89 (2003) to (i) those obtained with
our fixedin vivo system and to (ii) the activities remaining 24 tsoand 7 days after acute inhalation at a
level corresponding to a 1 mSv committed effectivse (ICRP 56, 1986 ; ICRP 67, 1993).

On the basis of the calibrations obtained for eg@bmetry and standard counting time as defineén th
former chapters for both emergency and expertishicles as well as backgrounds with no
contamination, DLs values were estimated usinddtewing equation (ISO, 2010).

DL = (K, + Ky p) Ro[l"'lj
tO ts
Where k., =5% is the desired I percentile of the Poisson distributiongk 5% is the risk of false
negative assessment, tRe background effect counting ratethte duration of the background
measurement angd i the duration of the patient measurement.
As shown in table 1, if we consider the activitresnaining after 24h and 7 days, even with the light
emergency system, they are generally much higtar the corresponding DLs with the exception of
241Am and 239Pu due to their low X and gamma eotisabundance and high absorption in tissues.
For the latter, using our mobile expertise faciliyespectively, the intake would have to be
approximately a factor 2 and a factor 200 highealkow the detection of the activity correspondiog
dose of 1 mSv. This shows that in case of actinicteg#aminations in vivo monitoring is not the
adequate method, excreta measurements shouldfeer@deshowing that a shorter time of measurement
could be used and operation in a higher backgrasngell. In the latter case, if in a contaminatezha
of 1 MBq activity of**'Cs is considered, the estimated DLs is multipligcalaverage factor 14.5 for a
measurement carried out with the light emergendycle (Broggioet al., 2012). As shown in table 2,
the results still remain below the activities cepending to 1 mSv for a measurement carried owty7 d
after the contamination.
Anyway, if we can show that performances are stdky good, even in a contaminated area,
contamination both on clothing and on the subjeciat be our major problem. The common practice in



preparing for a measurement will be to have thgestishower and change into clean clothing which ha
had no contact with contamination. Moreover, ifsitpossible, in order to assure that clothing has n
contamination subjects to be monitored will be seglsin special clothing such as new coveralls loerot
clothing used only for wear in the counter.

Table 1. Comparisons of Detection Limitsfor typical radionuclides after acute inhalation at alevel
corresponding to a committed effective dose of 1 mSv if the measurement iscarried out 1 day and
7 days after contamination respectively for our mobile systems: expertise (DL¢,) and emer gency
(DL em). Dose coefficients areissued by | CRP 68 (1994)

Activities (Bq) Activities (Bq)

measur ed 24 measured 7
. . Measuremen hours after days after Ey DLex(y DLem(,
Radionuclides t geometry intake intake (keV) Bg) Bg)
corresponding corresponding
to 1 mSv to 1 mSv
1821 @ whole body 1,5.10 1,6.1¢ 228,2 20 450
18y @ thyroid 1,1.16 7.1.16 364,5 2,4 190
17cg®)  whole body 8,4.1¢ 6.4.10 661,6 45 390
s0co®  whole body 3,6. 1¢ 1.2.1d 1332,5 40 320
24Am ™ lung 8,2 7.7 59,54 15 /
29py(M lung 8,2 7.7 17,5 4.30 /

M Measurement carried out with the expertise molyistesn

@ Measurement carried out with the emergency molyseesn

® Absorption type F, AMAD (Activity Median Aerodynd@mDiameter) im. Biokinetic model described in ICRP 67, 1989
@ |odine vapour. Biokinetic model described in ICRP 5894.

® Absorption type M, AMAD Lim. Biokinetic model described in ICRP 67, 1993

© Absorption type F, AMAD fim. Biokinetic model described in ICRP 56, 1989

(™ Absorption type S, AMAD jim. Biokinetic model described in ICRP 67, 1993

Table 2: Detection Limits (DLem) for our emergency systemsfor typical radionuclidesif the
measurementsare carried out 7 days after the contamination in a contaminated area with **’Cs of
1Mbqg

Activities (Bq)
measured 7 days

Radionuclide after intake DLemy
s corresponding (Ba)
to1l mSv
1B2re® 1,6.1d 6530
8y @ 7.1.16 2760
Bcs® 6.4.1¢ 5660

80co ® 1.2.1d¢ 4640




6 Conclusion

There is an evident need to be prepared to meaapidly large groups of internally contaminated
people. Regardless of the type of the emergenagt®ins —nuclear or malevolent use of radiation—
casualties will most likely be members of the pulaind the number of affected people can vary from a
few to mass casualties. Furthermore, it is necgdedre able to perform direct measurements onlpeop
for reassurance of the public even if such measemggsnwould not be obligatory from a strict radiatio
protection point of view.

To answer to these issues, a fleet specially dedidar radiological accident monitoring of internal
contamination and able to assess the internal momddion for more than 2500 people a day have been
developed at the IRSN since 2007 and is now in aijwer since 2010. With their communication
network, they are immediately operational, entireif-contained and then very well adapted for
interventions during a crisis. Furthermore, they b@ moved to the measurements sites anywhere in
France within 24 hours and be operational in leas two hours.

They can carry out in vivo measurements for difietgpes of contaminations and can be used in a wid
range of subjects. Furthermore, thanks to the tispexific shielding it has been shown these system
are capable of detecting activities which are egjeivt to a dose of less than 1 mSv up to 7 dags aft
intake by inhalation for a wide range of radiondeB even in a contaminated area.
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