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19ENV02 RemoteALPHA

Remote and real-time optical detection of
alpha-emitting radionuclides in the

environment
F. Krasniqgi (PTB), Coordinator

The project 19ENV02 RemoteALPHA has received funding from the EMPIR programme co-financed by the Participating States
and from the European Union's Horizon 2020 research and innovation programme.

19ENV02 RemoteALPHA denotes the EMPIR project reference.
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((@ RemoteALPHA Motivation: Emergency Response EURAMET

Safety standards for the protection against the
dangers arising from the ionising radiation:
The European Directive 2013/59/EURATOM

RemoteALPHA supports... Emergency Management System
. . ) -Member states should ensure that account is taken of the fact that
Emel’gency actions and strategies Article 97 emergencies may occur in their territory...
. . . . -The emergency management system shall provide for the establishment of
fOI’ ra_d|0|Og|_0aI emergenqes Measures requ”ed by emergency response plans...
involving accidental or deliberate the European Directive
dispersion of alpha emitting 2013/59/EURATOM . 5 .
. . . . mergency Prepareaness
radlonucl |deS In the environment. -Member States shall ensure that emergency response plans are

Article 98 established in advance for the various types of emergencies...
-Member States shall ensure that emergency response plans are tested and
revised at regular intervals...

International Cooperation
) Member States shall cooperate with other Member States and with third
Article 99 countries in addressing possible emergencies on its territory which may
affect other Member States or third countries...
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Remote detection of alpha pa
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Schematic representation of air ionization by
a-particles and radioluminescence.
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Radioluminescence at a glance
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Air molecules emit fluorescent
light (radioluminescence) in
the UV range between 200 nm
and 400 nm.

Range in air:

a-particles
UV light

— 0,04 m
— 500 m

BARCELONATECH

( UNIVERSITAT POLITECNICA
& J Tampere University DE CATALUNYA

F. Krasniqgi, EURAMET TC-IR AM 2023, 28.02.2023 4



< ( % RemoteALPHA

medulare Empfangsoptik

YYYY

Modulator
(optional)
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Technical workpackages EURAMET |

RemoteALPHA: 01.09.2020 - 31.08.2023

New instruments for the optical detection of
alpha emitters in the environment

Calibration system for the novel
radioluminescence detector systems

Mapping alpha contamination in the environment
using UAVs

Feasibility study on laser-based techniques for
alpha emitter detection
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Novel radioluminescence detection systems for emergency management

uv fused silica lens PMMA Fresnel lens Mogular mirror system

M. Luchkov, V. Dangendorf, U. Giesen and F. Krasniqgi (PTB)
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<((*¥t RemoteALPHA  Characterization of optical detection systems at the PTB
lon Accelerator Facility (PIAF)
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The UV-C radioluminescence image of accelerated

(E_=8.3 MeV) alpha patrticles.
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extended Am-241 sources

“UV-A “UV-A
radioluminescence radioluminescence
photo” photo”

of Am-241 source: of Am-241 source:

side view front view

M. Luchkov, V. Dangendorf, U. Giesen, F. Langner, C. Olaru, M. Zadehrafi, A. Klose, K. Kalmankoski, J. Sand, S. Ihantola, H. Toivonen, C. Walther, S. Rottger,
M.-R. loan, J. Toivonen and F. S. Krasniqi,

Novel optical technologies for emergency preparedness and response: mapping contaminations with alpha-emitting radionuclides,

Nucl. Instr. Meth. Phys. Res. A 1047, 167895 (2023)
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extended Am-241 sources

Am-241 source UV-transmissive box to comply
(980 kBq, active with radiation protection
area: 20 mm x 100 protocols in EU designed by .
mm) designed and PTB, UPC, LUH and IFIN-HH, Experiments at the PTB: M. Luchkov and V. Dangendorf
provided by IFIN- built by PTB.
HH.
- (o) ! ' -
C ] I it ] Leibniz UNIVERSITAT POLITECNICA
‘i P B % IFIN-HH 7.,: AL FA r‘J Tampere University @ DE CATALUNYA MA I | E
Me:s;en » Forschen » Wissen l\!“'{::"“,rn:\‘,“;“? .\’ RI F T e ,;l(":arrATT;:J:MTT[LYS?FLNM

F. Krasniqgi, EURAMET TC-IR AM 2023, 28.02.2023 9



TN
(((@ RemoteALPHA Calibration systems for the novel-type radioluminescence EURAMET
detector systems: Activity standard

Extensively characterized 21°Po source for the

determination of the radioluminescence yield 1072 —— Static-Master |
— Po Source
PTB: Florian Mertes, Anja Honig, Stefan Rottger Lo-3 ]
5 / \ /
) —4 . \ \
g 10 /
o |
E ;
e ‘ \m
1076 }
Preparation of the Po-210 source, from left to right: \
. S!Iver target in PMMA_hoIder, _ 5% 30 g 25 7E 5 e'e
» Silver target in holder in the Po-210 solution, E / MeV

 Po0-210 source on silver target.
Alpha emission spectra measured with a
silicon surface barrier detector
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detector systems: Activity standard
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((a&f@ RemoteALPHA Calibration systems for the novel-type radioluminescence EURAMET

PO-210 700 kBq (23 Feb 2022) Po-210, 0.7e6 Bg @ 2.0 m, air, 2.0 s & 0.1° per pixel Po-210, 0.7e6 Bq @ 2.0 m, air, 1.0 s & 0.05° per pixel
UVC H11870-09 detector with Semrock 260/16 filter UVA H10862-210 detector with Semrock 340/12 and Edmund 337/10 filters
i X/ mm X/ mm
-50 =25 0 25 50 —-40 -20 0 20
1.0 21.0 1.0 540
30 500
0.5
17.5
0.5 20
0.0 15.0 10 400
I I
o —0.5 [0 o w
125 — 0.0 0
3 £ ° 3 £ 300 g
= -10 E 100 & c -10 = c
£ > = 2 05 > 2
o 3 a —4Y. _ 3
-1.5 7.5 8 20 200 3
=2.0 5.0 -30
-1.0 100
=25 2.5 —40
-3.0 0.0 -15 =30 0
-2 -1 0 1 2 -1.5 -1.0 -0.5 0.0 0.5 1.0
Yaw / deg Yaw / deg

UV-A with 337 nm filter
Counting time per pixel: 1 s
Max. count rate: (540 + 23) st

UV-C with 260 nm filter
Counting time per pixel: 2 s
Max. count rate: (21 £+ 3) st

M. Luchkov, S. Réttger, V. Dangendorf, U. Giesen, F. Krasniqi (PTB)
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(((@ RemoteALPHA  Calibration system for the novel-type radioluminescence = EURAMET
detector systems: Radiant standard

satellite integrating UV-LED optical
sphere, #=50 mm radiation source

input port for

H H H H continuum sources
Novel UV radiation stqndarc_l for calibration st i padiieht
of UV-A and UV-C radioluminescence simulation

detection systems.

monitor

detector si
/I precision,
pm-gauge
radiance standard variable slit

Radiant standard simulates an alpha emitter output port

@ =25 mm
N

R. D. Taubert, P. Tesch und A. Forster

integrating sphere,
@=150 mm
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Measurements with UVFS lens system Radiant standard Radiant standard

RS260 (UV-C): Simulates point source equivalent activity from 500 kBg to 5 GBq
RS340 (UV-A): Simulates point source equivalent activity from 80 kBg to 800 MBq

UV photons vs. Activity > Radiant standard + Po-210 Activity standard
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Development of environmental samples
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...for studying detection limits of the optical detection setup(s)

20000 A

o

17500 - m.
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12500 =
10000 A
7500 A
5000 A
2500 1
0 .

1000 2000 3000 4000 5000 6000 7000 8000 9000
Energie [keV]

Alpha spectrum measured with
grid ionization chamber

-_ Detectable alpha particles per second
- Alpha-Track Grid lonisation

Annika Klose, Clemens Walther (LUH)

Chamber
Area/cm?  total per cm? total per cm?
1D
1002,8 76,8 1330,3 101,8
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Well characterized pitchblende samples.

Experiments at the PTB
Radioluminescence in N, and N,/NO gas
atmospheres

A. Klose (LUH)
M. Luchkov (PTB)
V. Dangendorf (PTB)
F. Krasniqi (PTB)
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Concrete poured with an Am-241 solution

Y S _ (A. Klose, C. Walther | LUH)
- _ UVA radioluminescence if—g :
(Sopsglhcti::azrgelrgéngaism b (measurement in air, counting time per pixel: 20 s).

A. Klose, M. Luchkov, V. Dangendorf, F. Krasniqgi, A. Lehnert and C. Walther,
On the way to remote sensing of alpha radiation: radioluminescence of pitchblende samples,

J. Radioanal. Nucl. Chem. 331, 5401 (2022)
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Development of environmental samples

Leaves poured
with Am-241
standard solution
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Experiments at IFIN-HH (February 2023)

Radioluminescence from sand, soil, and leaves
pipetted with standard solution of Am-241

F. Krasniqgi, EURAMET TC-IR AM 2023, 28.02.2023
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((@ RemoteALPHA Tests of the Unmanned Aerial Monitoring System EURAMET
(UAMS)

UAV: DJI Matrice 600 Pro

Fresnel lens-based
radioluminescence
detection system

Ground Station 1

Mission Director

Characterization of UAMS o Droseview
at the UPC DroneLab in @ setings
Castelldefels
UPC & PTB Software for on-line visualization: RIMA-Spec
(ongoing) UPC: Pablo Royo-Chic, Arturo Vargas
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sources simulating alpha emitters

(¢} 8@ rima2.ac.upc.edu:8443/#/missionplayer B e %« » 0O ° Actualizar :
M Gmail @B YouTube @ Maps @
\“\w = Detection of 5 hidden
‘ j ~§m\wm\uu|uu NN uuuuuﬁ’num . SOurces (UV-C d'OP'eS
L g ¢ i, e s simulating alpha emitters)
A , ~a ‘ = i 't‘,," 3 -207.44m 41.27639551° 1.98856828°
f . - ”lll‘”ﬂ ’ { ) il : : : CPSN

. Height: 5 m
| Added Missions Flight speed: 1 m/s

2023-02-10-

13:47:42

Flight duration for the
scanning of suspected
area: 15 min

Arturo Vargas, Pablo
Royo-Chic (UPC)

: o) e
A AL ALFA {it || Leibniz UNIVERSITAT POLITECNICA MA | | =
g o) ey Tampers sy DE CATALUNYA M B
Y RIFT 1094 J Hannover BARCELONATECH HUNGARIAN UNIVERSITY OF

Messen = Forschen = Wissen BUDAPEST FOVAROS AGRICULTURE AND LIFE SCIENCES
KORMANYHIVATALA

F. Krasniqgi, EURAMET TC-IR AM 2023, 28.02.2023 18



s ' e
<(( & RemoteALPHA Summary EURAMET

v" Two radioluminescence detection systems have been optimized for emergency
management involving alpha emitting radionuclides.

v' A P0-210 activity standard has been developed and used to calibrate the
radioluminescence detection systems.

v Aradiant standard which simulates alpha sources has been calibrated with the activity
standard.

v Four sets of “alpha-active” environmental samples have been developed:
Pitchblende minerals, leaves, soil and sand.
(Concrete samples will be commissioned in March 2023).

v' Unmanned Aerial Monitoring System (UAMS) has been assembled and tested.
Comisioning will be concluded in April 2023.
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Thank you!

Dr. Faton Krasniqi
Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
Bundesallee 100
38116 Braunschweig

Telefon:0531 592-6320
E-Mail: faton.krasnigi@ptb.de

www.ptb.de
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