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Abstract

Citizenled radiation measurements play an increasingly important role
environmental monitoring, but they also raise important social and legal questions ¢
how such data can be used by official authorities and institutions. On one
measurementgprovided by the public can enhance transparency, empower residents
help detect anomalies that official monitoring might miss. On the other hand, these
often vary in accuracy, calibration, and methodology, which can create legal diffic
when authorities consider them for regulatory decisions, public warnings, or emerg
responses.

Socially, the use of citizen data can strengthen trust if institutions acknowledgt
integrate community findings appropriately. Legally, authorities must navigate pri
rules, the validity of nostertified instruments, liability for acting on publiceasurements,
and standards for incorporating thifgarty data into official assessments. Overall, 1
relationship is a balance between public empowerment and the need for scientif
validated, legally defensible information.

The report summarizes social and legal aspects of citizen radiation measurem:
Czechia, Slovakia and Poland. The first part of the deliverable is devoted to descrig
the baseline status in each countrynuclear energy installations, the impaof the
Chernobyl nuclear accident and the less old, although geographically distant, accic
Fukushima in 2011. The most significant factor that negatively influenced the
perception of radiation and radioactivity was the nuclear accident in @¥o/ in 1986. Ir
all three countries, as satellite states of the Soviet Union, the published informatior
restricted and censored with clear effort to downplay the severity of the accident.
possibilities for citizen measurements in the 1980s wexgy\imited. The impetus for the
emergence of radiation measurement by citizens was the Fukushima accident in 20!
review the most important projects and collaborations that emerged after the Fukus|
accident in the field of citizen radiation measorents from small det-yourself projects to
large ones, namely SAFECAST, which brought certain standards to this field ar
everything on transparency and open data.

The next part of the document describes the legal framework in case of a rad
emergency and g@ssible implementation of the citizen radiation measuremeintduding
the main limitations related to data quality and data quality control. Finally, we summ
conclusions and recommendations of citizen radiation measurements integration int
broader radiation protection frameworklhe CITISTRA project demonstrates that citi:
science can play a constructive role in radiation protection, provided that its limitation
acknowledged and its contributions are embedded within a robust legal and institut
framework.
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List of abbreviations
2w Czech Army
BSS Basic Safety Standard
CSVv Commaseparated values, plain text data format
Ccz Czechia, Czech Republic
21 a” Czech Hydrometeorological Instittie 2 Sa1é Ke@RNRBYSUiS2NRf 23
DIY Do it Yourself
EANR European Atlas of Natural Radiation
ECURIE European Community Urgent Radiological Information Exchange system
EU European Union
EURDEP EUropean Radiological Data Exchange Platform
EWN Early Warning Network
GM tube GeigerMitiller tube
HWGCR Heavy Water Moderated Gas Cooled (nuclear) Reactor
HZS Fire and Rescue Service (in Czechia)
IAEA International Atomic Energy Agency
ICRP International Commission on Radiological Protection
ICRU International Commission on Radiation Units and Measurements
IMGW Institute of Meteorology and Water Management, Instytut Meteorologii i
Gospodarki Wodnej (Poland)
MCU microcontroller unit- compact, singlehip computer
MEXT Nuclear Safety Division of the Ministry of Education, Culture, Sports, Science
and Technology (Japan)
MonRaS monitoring of the radiation situation (Czechia)
NCBJ blrGA2yFf / SYGNB TFT2N bdzOft SIF NJ wS&aSI NOKX
(Poland)
NPP Nuclear Power Plant
NRHP National Radiation Emergency Plan (in Czechia)
PAA National Atomic Energy Agend3pland)
PHA SR Public Health Authority of the Slovak Republic
PL Poland
PMS Permanent Monitoring Station
PWR Pressurized Water (nuclear) Reactor
SHMU Slovak Hydrometeorological Institute, Slovensky hydrometeorologicky Ustav
SMR Small Modular (nuclear) Reactor
SPEEDI System for Prediction of Environment Emergency Dose Information (Japan)
SR Slovakia, Slovak Republic
suJB State Office for Nuclear Safety (Czechia)
SURO blradA2ylFf wlRAIFGAZ2Y tNRGSOGA2Y LyadAaildz
(Czechia)
WHO World Health Organization
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1 Introduction

All three countries participating in the CITISTRA project, Czechia, Slovakia and Poland,
are members of the European Union and as such must comply with EU regulations and EU
legislation regarding the peaceful use of nuclear energy and implementing geislelimd
recommendation from organisations like the International Atomic Energy Agency (IAEA), the
World Health Organization (WHO) and the International Commission on Radiological

Protection (ICRP).

All three countries are also members of the North Atlantic Treaty Organization (NATO),
so the response to a radiation event in the event of armed conflict should also follow defined
international guidelines.

Although much of the legislation and regulations regarding response to a radiological
event are based on the aforementioned international guidelines and recommendations, the
Chornobyl accident in 1986 had a major influence on developments in all thredriesun
Therefore, the impacts of the Chornobyl accident on these countries, the resulting measures,
the method of response (media, communication), etc., are addressed in chapter 2.1.

1.1 Current status of nuclear power installations in partner countries

The situation regarding radiation protection and the resulting emergency
preparedness and response is largely influenced by the use of nuclear energy and nuclear
installations in individual countries. Both Czechia and Slovakia operate nuclear power plants,
while Poland is preparing to build its first nuclear power plant in the near future and is also
considering investments into several small modular reactors (SMRs). Both Czechia and Poland
also have one or more research nuclear reactors in operation.

Czechia operates two nuclear power plants: Temelin and Dukevatay of 6 reactors
Ay 2LISNIYGA2YyT M Y2NB LIXIYYSR wmMBwHBwoB8®d . 2
/' TSOKY U{{dzLIAYyl 29%Usx 2S&1S 9y SNHSEIPO4rS ¥t O
plants in the country. Its majority shareholder is the Czech government.

Table 1: Nuclear power reactors in Czechia (Source: IAEAtRRLIZpris.iaea.org/PRIS/

Name Type Status Location Reference Unit| Gross Electrica] First Grid

Power Capacity Connection
[MW] [MW]

DUKOVANY PWR |Operational |Dukovany 468 500 198502-24

DUKOVANY PWR |Operational |Dukovany 471 500 1986:01-30

DUKOVANSE PWR |Operational |Dukovany 468 500 198611-14

DUKOVANY PWR |Operational |Dukovany 471 500 1987-06-11

TEMELIN PWR |Operational |Temelin 1027 1082 200012-21

TEMELIN PWR |Operational |Temelin 1029 1082 200212-29

LY ITRRAGAZ2YZ GKSNB INB &aSOSNIf NBadgl NOK N
and VR2 reactors are located at the Czech Technical University in Prague. Research Centre
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APNP2d O2YLI yeé A& 2 LIS NILROAayddVRSyhHisin&ecNI 2
o2dzi G6St@S (1At2YSGSNAR y2NIK 2F GKS OSy
Slovakia also operates two nuclear power plants: Bohunice and Mochéueactors
in total, one more is under construction. Both power plants are operated by the company
Slovenské elektrarne, a.s. Slovenské elektrarne, \absch currently has two shareholders.
The majority shareholder is Slovak Power Holding B.V. (SPH), which owns 66%. The Czech
SySNH& 3aANRdzZL) 9y SNHSGAO1 e I LINAYeatz2gdée K2f RAY
SPH. The acquisition from the Italian comp&mel Produzione S.p.#as completed in May
2025. The Slovak Republic has a 34% stake in the power plants.

Table 2: Nuclear power reactors in Slovakia (Source: IAEA®RRIFpris.iaca.org/PRIS/

Name Type Status Location Reference | Gross Electrical  First Grid
Unit Power Capacity Connection
[MW] [MW]
BOHUNICE A1 |HWGCR |Permanent Jaslovské 93 143 197212-25
Shutdown Bohunice
BOHUNIGE PWR Permanent Jaslovskeé 408 440 197812-17
Shutdown Bohunice
BOHUNIGE PWR Permanent Jaslovské 408 440 198003-26
Shutdown Bohunice
BOHUNIGH PWR Operational Jaslovské 466 500 198408-20
Bohunice
BOHUNICE PWR Operational Jaslovské 466 500 198508-09
Bohunice
MOCHOVGE |PWR Operational Levice 467 500 199807-04
MOCHOVGE |PWR Operational Levice 469 500 199912-20
MOCHOVGE |PWR Operational Levice 434 471 202301-31
MOCHOVGE |PWR Under Levice 440 471
Construction

Poland does not yet have any nuclear power plants. There are plans to build a nuclear
power plant in the north of the country at the Lubiatowopalino site- the start of
construction is intended for 2026 and commissioning for 2033. Three AP1000 rehgtors
Westinghouse Electric, each with an electric power of 1250 MW are planned. Furthermore, 6
other locations selected for the construction of power plants based on GE Hitachi Nuclear
Energy's BWR300 small modular reactor were approve#4 BWR>300 reacbrs in total- to
be operated by the ORLEN Group company [4][5].
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Figure 1. Nuclear reactors in Czechia, Slovakia and Poland

Poland also operates one research reactdaria reactor- in Narodowe Centrum
I RFZ WRDRNRggEOK O6AYy 9y3IftAAKY bl (ADywbck. / Sy i NB

1.2 Official radiation monitoring networks

All three countries operate stationary early warning networks (EWN) withtireal
gamma radiation detectors. These networks are connected to the early warning systems of
the individual countries and data is also provided to the EUropean Radiological Data Exchange
Platform (EURDEP). This data exchange is regulated by both the Council Decision 87/600
(ECURIE Arrangements) and the Recommendation 2000/473/ Euratom.

However, EURDEP is not a rapid alert system. The early notification of a radiological
accident or emergency is carried out via the European Community Urgent Radiological
Information Exchange system (ECURIE) operated by the European Commission on d24/7 bas

Czechia

Monitoring of the radiation situation in the Czech Republic is ensured primarily
through the nationwide Radiation Monitoring Network. The State Office for Nuclear Safety
(SUJB) is responsible for managing the network's activities. In addition to SUBRithel
Radiation Protection Institute (SURO), and the operators of nuclear power plants, the Ministry
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of Finance, the Ministry of Defence, the Ministry of the Interior, the Ministry of Agriculture,
and the Ministry of the Environment are currently involved in the actual monitoring.

The basis of the network are online dose rate measurement stations located at the
sites2F¥ { " W. X { " wh3X YSiS2 siRsof#ha Rir® Depart@mdnt-(HzS)zayta 0 2 |
GKS /TSOK I N¥e o6!'2wod Ly (GKS GAOAYyAGe 27F v dx
with additional monitoring stations. There are also sites with advanced monitoring methods
(aerosol sampling, spectrometry, etc.).

Data from online dose rate stations are available on the SUJB website in the online
application MonRas and are also provided to the EURDEP platform. As of 27 November 2025,
64 stations measuring online gamma dose rates were available for Czechia.

Liberecl?y kraj

Kralovéhradecky kraj

A A

Hlavni"rn%:('e_/sfti)jl?raha
A

A Pardubicky Kraj

Stredodesky kraj Moravskoslezsky kraj
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Kraj Vysocina

Temelin
A

.
Jihocesky kraj
'y
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created in QGIS, administrative data: CZ: CUZK, [2024], CC BY 4.0; World: by org (CC BY 4.0)

Figure 2. EWN stations (blue triangles) in Czechia

¢KS KAIK ydzYoSNI 2F 92b adldAzya Ay NBIA2)
az2Nl OALY OWAK2Y2NI galé (NIa20 FyR *@a26AYIl 06Y
two Czech nuclear power plari§emelin and Dukovany.

Co-funded by page? of 68
the European Union



RRRRRRRRRRRRRRRRRRRRRR WP9¢ D9.4
............................ .

Table 3: EWN stations in Czechia by region

Region (kraj) Capital city Area EWN
(km?) stations

Prague (Praha) 496 3
I SYGNY¥t . 2KSYALlY 0/{|Prague (Praha) 10,929 3
{2dziK . 2KSYAlLY OWAK|2S&1S . dzRS| 10,058 9
tf1 Sz otftlSzaleé INI|[tfl Sz 7,649 2
Karlovy Vary (Karlovarsky kraj) Karlovy Vary 3,31 3
Usti nad Labem (Ustecky kraj) Usti nad Labem 5,339 5
Liberec (Liberecky kraj) Liberec 3,163 1
Hradec Kralové (Kralovéhradecky kraj) Hradec Kralové 4,759 5
Pardubice (Pardubicky kraj) Pardubice 4,519 2
tedaz2zé6Ayl OYNI 2 +eéa2|lihlava 6,796 8
South Moravian (Jihomoravsky kraj) Brno 7,188 10
Olomouc (Olomoucky kraj) Olomouc 5,272 4
Zlin (Zlinsky kraj) Zlin 3,963 3
MoravianSilesian (Moravskoslezsky kraj) | Ostrava 5,427 6

Slovakia

The radiation monitoring network is operated by the Slovak Hydrometeorological Institute
(Slovensky hydrometeorologicky tstav, SHMU), statesidised organisation operating under
the Slovak Ministry of Environment [6].
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Figure 3. EWN stations (blue triangles) in Slovakia

The network consists of 30 stationary stations with Gelgéiler type detectors.
Automatic realtime measurement of gamma radiation power has been carried out since 1991
and is one of the responses to the experience with the Chornobyl disaster.

Table 4: EWN stations in Slovakia by region

Region (kraj) Capital Area (knt) EWN
stations
Banska Bystrica (Banskobystricky kraj) | Banska Bystrica 9,455 5
Bratislava (Bratislavsky kraj) Bratislava 2,053 2
Y2O0A0S o6Y20A01¢é {NlY20A0S 6,752 3
Nitra (Nitriansky kraj) Nitra 6,343 5
t NBO2J ot NBO2galée |[tNBO2gO 8,975 7
CNBYSNY O0CNBYGSAIYA|¢NBYGSNY 4,502 2
Trnava (Trnavsky kraj) Trnava 4,172 2
CATAYLE 6¢cAtAYyalée (|eAtAYl 6,808 4
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Slovak nuclear power plants are located in the Nitra (NPP Mochovce) and Trnava
(Jaslovské Bohunice NPP) regions.

The EWN stations are deployed at professional meteorological stations, airports and
automatic meteorological stations throughout Slovakia. The probes are placed at a standard
height of 1 m above the ground and connected to the SHMU data network. The Zata i
provided at an interval of 1 min.

Poland

The system of national monitoring of the radiation situation is operated by the
blradA2ylFf 1 G2YAO0O 9ySNHe ! 3SyoOe 2F t2flyR ot | Z
consists of 65 gamma dose rate measuring PMS stations (PMS = Permanent Monitoring
Staion) for realtime monitoring. Since 2016, the network has been significantly expanded
with the installation of many stations mainly on the eastern border of Poland (regions
neighbouring Belarus and Ukraine) [7].

Mazowieckie

A

created in QGIS, administrative data: PL: GUGIK, CC BY 3.0; World: boundaries by Bound: rg (CC BY 4.0)

Figure 4. EWN stations (blue triangles) in Poland

The network is also supplemented by advanced monitoring sites for spectrometric
measurements, monitoring of radionuclides in the air (aerosol samplers), etc. and also
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includes 9 advanced monitoring stations of the Institute of Meteorology and Water
Management (Instytut Meteorologii i Gospodarki Wodnej, IMGW).

Table 5: EWN stations in Poland by region

Voivodeship (wojew6dztwo) Capital city/cities* Area (knf) | EWN stations
Lower SilesiarR2f y2) t D&a1 A S[2 N2 OOUI 4 19,947 3
KuyaviaARPomeranian .8R3I2a1 01 = ¢2NYzZ 17,971 1
(kujawskepomorskig

Lublin (ubelskig Lublin 25,123 16
Lubuszl(buskig Gorzow Wielkopolski, Zielona Gér§g 13,988 1
_s5RisRy 1AS 5 R1 18,219 1
Lesser Polandv{l 02 LRt &1 A S |Krakow 15,184 3
Masovian fnazowieckig Warszawa 35,559 3
Opole ppolskig Opole 9,412 1
Subcarpathiangodkarpackig Rzeszow 17,845 11
Podlaskiefodlaskig Al oveadz2] 20,187 11
Pomeraniangomorskig DRI 241 19,547 2
Silesiani( t N)a 1 A S Katowice 12,334 2
| 6At G621 NI @a]1ASk!| 2f {Kielce 11,709 1

G orat a2y NI esalArs

WarmianMasurian Olsztyn 24,174 3
(@ I NJY A-BazUrsRié

Greater Polandwielkopolskig t 21Tyl 2 29,827 1

West Pomeraniarzéchodniopomorsk)e | Szczecin 22,910 3

As part of the development of nuclear energy in Poland (planned construction of NPP
and SMR), the number of PMS stations should increase to 150 by 2033.

Network density

The EWN network density comparison included dose rate measurement stations
whose data are shared with EURDERsing data on station positions from EURDEP/Joint
Research Centre Data Catalogue, SHMU and PAA [6][7][8].
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Figure 5. Dose rate monitoring EWN stations in Czechia, Slovakia and Poland

As of November 27, 2025, 64 stations measuring online gamma dose rates were
available for Czechia, 30 for Slovakia and 63 for Pol@PBlS stations + IMGW stations).

Table 6: Number of EWN stationary gamma dose rate measurement stations per country

Area (kmib | EWN stations
Czechia 78,871 64
Slovakia 49,035 30
Poland 311,928 63

The Czech Republic has the densest network of EWN stations of all countries
approximately one station per each 1,232 krRor Slovakia it is one station per 1,638,
and for Poland one per 4,951 Rm heterogeneous distribution, with a higher density of

stations on the eastern borderhowever,one should take into account that Poland does not
yet have any NPPs.

Of course, the above values do not take into account the spatial distribution of stations
across the country. Better information can be provided by tables showing the number of
stations in individual regions (CZ/SIRaj, PL- voivodeship) see the prewus section.
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A useful indicator can be the salled distance matrix. In this case, it was calculated in
a geographic information system QGIS from vector point layers with station positions for
individual countries using the QGIS Distance matrix tool [10]. The tonllasds for point
features distances to their nearest features in the same layer or in another layer. In this case,
the distance from each EWN station to the nearest EWN station was calculated for each
country.

Table 7: Distance matrix results per country

distance (km) |Czechia [Slovakia |Poland

minimum 1.23 8.23 0.51
maximum 58.80 67.63 171.90
Average 21.73 24.97 43.91

Czechia and Slovakia have comparable values of the distance to nearest EWN station
average distance about 225 kilometers and the maximum about B8 kilometers. Poland
has significantly higher distancesvith average about 44 kilometers and the maximu.72
kilometers.

2 Nuclear accidents lessons learned

In addition to military nuclear tests, the approach of the public to radioactivity was
greatly influenced by two major nuclear power plant accideritee 1986 Chrnobyl accident
in the then Soviet Union (now Ukraine) and the 2011 Fukushima nuclear power plant accident
in Japan.

While the Clbrnobyl accident mainly affected the monitoring and countermeasure
systems in Czechoslovakia and Poland, the Fukushima accident essentially kicked off the
phenomenon of citizen radiation measuremeiftge chapter 2.

2.1 Chornobyl NPP acciderttistorical experience and consequences

The Chornobyl accident on April 26, 1986 caused 29 immediate human casualties, followed by
other deaths and illnesses with permanent consequences. The effects of the accident are
visible not only in the former Soviet Union, but also in Europe. In addititime direct effects
(radioactive contamination), it has also caused many people to distrust the use of nuclear
energy and anything related to radioactivity.
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Figure 6. Reactor 4 several months after the disaster.
Copyright: IAEA Imagebank, Photo Credit: USFCRFG$BE BY

As a result of a combination of operator errors during a planned experipiédntl2]
GKS b2d n NBFOG2N) 2F (KS [/ K2Nyz2o0eéf bdzOf St NJ
6" s 1 003 t£20FGSR YSIENI t NALERFGE ! INFIAYALY {{\

26, 1986. The explosion scattered part of the reactor core into the surrograliea, and a
graphite moderator fire occurred.
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Figure 7. Position of the Chornobyl Nuclear Power Plant (ChNPP)

The fire eventually continued until May 14, and there was a massive release of
radioactivity into the air. The cloud from the burning reactor dispersed large amounts of
radioactive materials, especially radioactive iodifenaracterized by high volatilitygnd
caesium, over much of Europe. Radioactive iodir#3 1) affects the thyroid gland the most,
has a short halfife (about 8 days) and has mostly decayed within a few weeks of the accident.
Radioactive caesium (@87) has a halife of about 30 yearand is still measurable in
selected components of environment likeil and some foods in many parts of Europe. The
highest concentrations of contamination occurred in large areas of the Soviet Union around
the power plant, which now includes the territories of Belarus, Russia and Ukraine, see Fig. 7.
[13]
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Figure 8. G437 contamination in Europe (1998) [13]

In the immediate aftermath of the 1986 Chornobyl disaster, citileeh radiation
measurements were severely limited due to strict Soviet state secrecy and a lack of available
equipment for the public. The Soviet government initially withheld data on thedeat's
severity. Information was presented as "under control," and official maps of contamination
were not released to the public until 19&Pravda, March 20, 1989 ublic access to active
dosimeters was nomxistent in the USSR during the first yeafrthe disaster. In the 1990s, as
the USSR collapsed, researchers and voluntary movements began providing more
independent assessments of health effects and radiation levels. In the early 1990s consumer
grade radiation detectors like the Bella or Anri bega be manufactured for purchase by
private individuals.
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EUROPEAN PARTNERSHIP FOR
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Figure 9. Bella detector (photo by Jan Helebrant, CEABFlickr.com)

These devices were among the first "household" radiation detectors praskiced
in the Soviet Union during the late 1980s and early 1990s as a direct response to public
demand for transparency after the Chernobyl disaster. Both radiometers were usin@@®BM

Geiger Muller tubes, which saturated at high doages.
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Figure 10. Anri 0D2 "Sosna" detector (photo by Karel Svoboda, CEABFlickr.com)

Anri 0202 "Sosna" utilized four SBRD tubes to increase sensitivity, reduced
measurement time and differentiate between gamsrays and betaays, The release of the

Co-funded by
the European Union

pagel7? of 68




NNNNNNNNNNNNNNNNNNNNNN WP9¢ D9.4
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ .

Bella and Anri marked a shift toward individual radiation safety and are considered the
ancestors of today's "citizen science" equipment.

2.1.1 Czechia and Slovakia

In 1986, the Czech Republic and Slovakia were part of one starechoslovakia
O2FFAOAILEER® /1SOK2at20F1 {20AFftAad0 wSLlzft A0
NEB LJdzo £ A | I 3199@) {rdev Zommubist rule, and regarded as a satellite Statbe
Soviet sphere of interest.

In Czechoslovakia, at the time of the Chornobyl accident, state supervision over
radiation protection was the responsibility of the Ministries of Health of the Czech Republic
and the Slovak Republic and was carried out by the activities of both chieifstgiand
regional hygienists.

The relevant experts worked at the Radiation Hygiene Centre of the Institute of

| @3ASyS |yR O9LARSYA2ft23& O6AYy [ 1SOKY [ SyiN
epidemiologie, IHE) in Prague, in Slovakia at the Research Institute of Preventive Medicine (in
Sovak: Vyskumny Gstav preventivneho lekarstva) in Bratislava, and then in the radiation
hygiene departments of the Regional Hygiene Stations and in the specialized Institute of
Occupational Hygiene in the Uranium Industry (in Czech: Ustav hygieny préasovém
LINAYeéatdzw o60aAyOS wdzZeé wmI mohbpI GKS O02YLISGSy
0SSy (NI YaFSNNBR G2 (GKS {GFrGS h¥TFAOS F2NJ badz
0STLIS6y2aiG { " W. 00 Lia LINP ®t®ARdtetiprt Ifstitudel(id S A &
/' TSOKY {GtGyN gaidl @ NIXYRAFSGYN 20KNIyex { " whoo

Radiation hygiene experts were knowledgeable about the issue of radiation accidents
and related international documentsin particular, publications of the International Atomic
Energy Agency (IAEA) from 1981 and 1985, the World Health Organization (\WHQP84
and the International Commission on Radiological Protection (ICRP) from 1984.

One of the results of the efforts of radiation protection and nuclear safety experts was
the publication of the Civil Protection Manual "Protection of the Population and Measures in
the National Economy in the Event of a Radiation Accident at a NPP" (@dbgvatelstva a
2L GnSYN @ Yyt NBRYNY K2aLR2Rt naddN LInjA NI RALFGY
which already covered the issue sdvere NPP accidents, on the occasion of the siprof
the V1 NPP in Jaslovské Bohunice in Slovakia.

Soon after, the Commission of the Government of the Czechoslovak Socialist Republic
for the Coordination of Measures in the Event of a Radiation Accident at the Nuclear Power
Plant was established, the statute of which was approved by the government in 198

On 13 February 1986, the Government Emergency Commission approved the Directive
on the Principles of Monitoring in the Event of a Radiation Accident at the Nuclear Power
Plant. This Directive did not consider the possibility of a major nuclear accidentiadfthe
territory. Therefore, it was not optimal for the situation of the Chernobyl accident, but the
prepared system could have been put into operation immediately.
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The arrival of the radioactive cloud in Czechoslovakia was first detected during the
night of 29 to 30 April 1986, as in other countries, by nuclear power plants as part of control
measurementgll, 12] In the morning, measurements also began at some radiation hygiene
departments of the Regional Hygiene Stations and at the Radiation Hygiene Center (IHE),
which was tasked with collecting data on the radiation situation.

The most important contaminants were identified as iodiri81, caesium G537 and
Cs134. lodine 131 contributed significantly to the doses in the first period, but its importance
later decreased due to its short hdiffie (8 days). Since July 1986, mtiran 90% of the doses
were made up of caesium 134 and 137, 12] Based on measurements of the activity of
radionuclides in the air and in fallout and dose rate measurements, very conservative
estimates of doses to the population and predictions of thiene evolution were first made.

The estimated doses were well below the valuEs which countermeasures were
recommended (ICRP Recommendation No. 40 etc.).

In addition to regular monitoring of the radionuclides in the air and dose rate
measurements, measurements of the content of radionuclides in milk was introduced on May
1st, and later also in drinking water and other foods. In order to predict the timeseoof
contamination of milk and meat, measurements of the content of radionuclides in feed were
started.

Communication with the public

The extent and transparency of information regarding the accident at the time
reflected the prevailing political and social context. Initially, authorities withheld details about
the incident but a significant part of Czechoslovakia was covered by radio broadcasts from
Voice of America and Radio Free Europe, so many people knew about the accident a few days

fLO0SN® hy !LINAE HpX GKS 2FFAOALFE ySgRedd LISNJI
WAIKOGE OV wMpB Lzt AaKSR | 0Nl feactoS, gtatihgzhatth2 ¥ (1 K S

consequences were being eliminated and that "similar accidents have already occurred many
GAYSa Ay GKS ¢g2NIRbod ! RIFI& t1F0SNE GKS alyYs

- - A

AYONBI AS Ay NI RA 2| Odiih @kethdsiovakial aRd tieas Soytinuds 0 S O

measurements were being carried out.

Czechoslovakia responded to the situation by establishing a government emergency
commission, which met for the first time on May 1, e.g. 5 days after the accident. After
assessing the situation, the Commission adopted measures in the areas of agricalfure a
nutrition, foreign trade, the Ministry of the Interior, transport, health and finally in the
information sector, where the main task was to "prevent hysteria". Paradoxically, the news
media later had to be regulated because the excess of informatiohtiieamedia began to
bring about nuclear power plant accidents around the world could have worked against their
construction in Czechoslovak[a6]

Only on May 1st did the government issue a statement that radioactivity
measurements in individual regions show that "the health of the population is not at risk and
therefore no special measures need to be taken." In a further statement on May 5, the
authorities admitted a slight increase in radioactivifys, 16] Contrary to an earlier report
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denying increased radioactivity, the media reported that radioactivity levels were already
decreasing.

The chief hygienist appeared on the radio 10 days after the accident. She admitted
that "the measured valueare higher than usual" and also that "in the first days an increase
in radioactive substances was detected.” She did not list any countermedsutresid that
"it is of course assumed that people will observe all principles of personal hygiene, including
washing fruits and vegetables before eatind.6]

However, citizens did not trust the government very much and sought information
wherever possible, primarily in foreign, mainly Western, but also Polish and Hungarian media.
CKS 2NASY(dFdA2y G261 NRA aF2NBAIYE cuynfleted A & |
in 1986. According to the report, most citizens were worried about the possible consequences
of the accident. 18% of those surveyed had great concerns about their own health or the
health of their family/relatives, 55% of citizens were somewhbahcerned, and 27% of
respondents had no concern4.6]

The research also states that 44% of the population, according to their own
statements, changed their habits and took some steps to protect themselves from radioactive
fallout (most often limiting the consumption of certain types of food, increasing paison
hygiene and limiting outdoor activities / children's walks). Almost half of the population
followed the recommendations in Western media to some extglf]

Resulting countermeasures

The contamination in Czechoslovakia occurred at the beginning of the growing season,
when only grass and some leafy vegetables (lettuce, spinach, etc.) were grown (and only
partially). In the period at the turn of April and May, the livestock were onlickiig to green
feed.

The most significant contaminants wer&31, Csl37, and G434. }131 was the main
contributor to the doses at the beginning of the period, but its importance decreased due to
its short halflife (8 days). The mass activities of significant radionuciidgsass ranged from
hundreds to thousands of Bg/kg, but decreased relatively quickly due the decay of short lived
radionuclides[12]

The main attention was on monitoring the content of radionuclides in milk and dairy
products (from May 1st), because these products were the most significant source of intake
of I-131, Csl37 and C4.34. Later, drinking water and feed also began to be nhooed.

The monitoring was focused on 25 selected dairies geographically evenly distributed
across the territory of Czechoslovakia. Production of these diaries covered 30% of all direct
milk consumption. In addition, several nationwide surveys were carried ddayy June and
December 1986, covering all dairies in the state.

The activity of .31 in milk from dairies after May 15, 1986 did not exceed the
intervention level of 1000 Bg/l at any location and the milk from the selected dairies was
sufficiently representative for the entire stat€he content of G437 in milk samples from the
selected 25 dairies is being monitored up to the present tji.
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Milk with 131 activity higher than 1,000 Bg/l was excluded from consumption (WHO
recommendationg exclude milk with activity higher than 2,000 Bqg/l). Stocks of dried and
condensed milk were released for consumption.

Special attention was paid to the production of infant formula. Several
countermeasures were implemented, which practically eliminated the presence of radioactive
iodine from infant formula. The measures included, for example, moving the production of
babymilk formula to other dairies or changing the milk supplier to less affected regions.

Of the other foods, those that are most important in terms of consumption by the
population were monitored, i.e. in addition to milk, mainly meat, then cereals, vegetables and
fruits.

Increased sprinkling of roads in cities was also recommended. A specific measure for
Slovakia was iodine prophylaxis for sheep herders due to high levels of radioactive iodine in
sheep's milk (15075,000 Bqg/l).

Considering that the measured activities and doses did not require the introduction of
protective measures according to the then Czechoslovak and international regulations, only
such measures were introduced that did not interfere with people's lives eqdired minimal
financial costs.

Environmental impacts

The only remaining impact of the Chornobyl fallout to this day is the still detectable
levels of C437 (using sensitive airborne gamma spectrometry with {vglume Nal(Tl)
detectors or insitu HPGe spectrometry) in some regions of Czectiaexample Bhemian
C2NBad o0/1SOKY ~dzYtr@ro FyR 2y (GKS DSNXIy &aa
Wald). Higher values of @87 in the soil cause the occurrence ofcadled "radioactive boars"
- due to the way of feeding and composition of their diet, cagsis concentrated in the boar's
tissues. This problem is well known and in both countries, caesium levels in boar meat have
been monitored since 1986 and if the limit value (600 Bqg/kg) is exceeded, the meat is not
allowed to be consumed. In some regiongre than half of the samples exceeded the limit
value, with the highest measured value being more than 22,000 Bg/kg. [17]

Impacts on the support of nuclear energy in the future

Unlike some European countries, in the case of Czechoslovakia, the impact of the
Chornobyl accident was not such that it led, for example, to the termination of the
construction of nuclear power plants in the country.

In fact, the only two power plants in the Eastern bloc that began construction after the
Chornobyl accident are Temelin in the Czech Republic and Mochovce in Slovakia. Construction
of Temelin began in 1987; the first unit began supplying electricity ii9,20@ second two
years later. Construction of the first and second units of the Slovak Mochovce nuclear power
plant began in 1983. The first unit was put into operation in 1998, the second in 2000. The
construction of two more units began in 1987, onetumas connected to the grid in 2023,
and the last the fourth - is planned to be completed in 2026.
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Czechia has long had the highest support for nuclear energy in the EU [18][19]. In
Slovakia and Poland, almost 70% of the population evaluates nuclear energy positively, and
all three countries have a higher proportion of residents with a positive attitafepared to
the EU. For comparison, we also mention Austria, where the majority of residents have a
negative attitude towards nuclear energy.

Table 8. Respondents' attitude towards nuclear energy according to Special Eurobarometer SP557: European
OAGAT SyaQ 1y26ftSR3IS IyR GGAGddzZRSa G261 NRA aOASyOS I yR

QAG6a.8. The following is a list of areas where new technologies are currently being developed. For
these, do you think it will have a positive, a negative or no effect on our way of life in the next 20-y
Nuclear energy for energy production

EU Czechia Slovakia Poland Austria

2021 | 2024 | 2021 | 2024 | 2021 | 2024 | 2021 | 2024 | 2021 | 2024

Total 'Positive’ 46% [56% |79% |77% |67% |[64% [60% [69% |30% |25%

Total 'Negative' 46% |35% |19% |17% |[24% |[26% |[31% |23% |66% |67 %

Annual public opinion polls (STEM and IBRS agencies) show high support for nuclear
power in the Czech Republic. A significant drop in support occurred only in 2011 in connection
with the Fukushima nuclear power plant accident in Jap#n54%. Since thersupport has
grown again- IBRS data for 2024 shows that 66% of the population is in favor of the
development of nuclear energy in the Czech Republic [21].

2.1.2 Poland

Environmental and Health Impacts

The Chornobyl accident released a plume of radioactive isotopes, incl4ti8igCs
137, and SK90, which were carried by wind currents across Europe. In Poland, radioactive
contamination initially affected mainly the northeastern part of the country. An increase in air
NI RAZ2FOQlAGAGe o1& RSGSOGSR o0& (GKS Ya280WW02NAY:
p.m. For the next 3 days, thelB1 concentration in the air ranged from 0.1 to 200 B&/m
Between May 1 and 3, it ranged frongID Bg/n?¥, and forthe next 7 days (until May 10)
from 0.2 to 2.8 Bg/h In the most contaminated northeastern region the measured
concentration of4131 in milk reached 3 kBg/kg. Local rains and storms caused heterogeneous
deposition of contamination, particularly in southern Poland (Krakéw and Opole regions). The
calculatedthyroid doses in Poland, depending on the use of iodine prophylaxis and the
consumption of fresh milk and vegetables, were in the range;8725 mSv for children up to
1 year of age, 2¢52 mSv for ciidren up to 5 years of age, 241.5 mSy for children up to 10
years of age, and 1¢83 mSv for adults 23]
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The primary health concern was the increased risk of thyroid cancer due to exposure
to radioactive 4131, particularly in children and adolescents. This risk was highly reduced by
the administration of stable iodine to children and young adults. As atrélselcontamination
resulting from the Chornobyl disaster did not cause an increase in the incidence of thyroid
cancer during the first 4 years after the accident. In the years 4B323, a statistically
significant increase in the incidence of thyroidncar among hospitalized patients was
observed in northeastern Poland compared to 18839 but that was mostly attributed to
the improved diagnostic methods. The increase in the incidence of thyroid adenomas and
cancers observed by a few authors may be ale result of iodine deficiency in south and
central Poland. However, the loigrm health impacts remain under study, with some
evidence suggesting possible nthryroid effects, such as misatellite instability, though
these are less definitivg24]

Environmental contamination led to restrictions on agricultural products, particularly
milk and vegetablesas those that could potentially contain higher concentrations of
radioactive isotope® ¢ KS FlL €t 2dzi Itfa2 FFFSOGSR t2fl yRC
output and restrictions on harvesting certain crops, contributing to economic and social
disruption. The psychological impact was significant, with public anxiety and fear of radiatio

leading to widespread concern, exacerbated by initial dellaysficial information [24]

Public information

The dissemination of information in Poland following the Chornobyl accident was
KSIF@Ate AyTFfdzsSYyOSR o6& G(KS O2dzyiNEBQa adl Gdza |
government delayed public acknowledgment of the disaster, with no official tepeleased
until April 28, 1986, when Swedish authorities, detecting elevated radiation levels, prompted
the Soviet Union to admit the accident. In Poland, the government did not immediately issue
an official statement, and the media remained silent orrilAp6 and 27. The lack of timely
official communication led to public confusion. For example, no restrictions were imposed on
outdoor activities, and the national May Day march on May 1, 1986, proceeded as planned,
potentially exposing participants to raxhctive fallout. The absence of clear guidance on
safety measures, such as avoiding contaminated food or staying indoors, heightened public
anxiety. Personal accounts from the time indicate that informal warnings circulated, advising
against consuming sad, mushrooms, or milk, but these were not officially sanctioned. The
delayed and limited communication reflected the Soxidgtuenced political priorities, which
placed secrecy over public healf@5]

Measurements taken

t2fFyRQa NBalLRyasS (G2 GKS / K2Nyz2o0ef Tl ff2c
coordinated by the Central Laboratory for Radiological Protection (CLOR) and the Polish
National Atomic Agency. Following the detection of elevated radiation levels ori28p1i986,
additional measurements were conducted to assess the extent of contamination. Monitoring
stations across the country tracked air radioactivity, while environmental samples, including
soil, water, and foodstuffs, were analyzed to determine radidide concentrations. In 1986,
the system was based mainly on manual sampling and subsequent laboratory analysis, which
differs from today's network of automatic early detection stations that transmit data in real
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time. The measurements were coordinated by the Central Laboratory for Radiological
Protection in Warsaw, which collected data from regular andhad organized measurement
fFo2Nr 02NASaS Ay LI NOAOdzE I NI bl A2y whichyaidAdd
performed radiological analyses of foodstuffs, milk, and human exposure indicators, Institute

of Nuclear Researohh 1 62 O1 k| 6ASNJ] Z 6KAOK LINRPGARSR aLISO
support in radiological measurements, Institute of Nuclear Physic&rakow, with
spectrometry, food analysis and dosimetry, Main Institute of Mining, Institute of Meteorology
(IMGW), Military Institute of Hygiene and Epidemiology and the Military Institute of Chemistry

and Radiometry. They were supported by regionaitsaycepidemiological laboratories (part

of the health services) conducted routine analysis of environmental and food samples for
radioactivity.

The Polish authorities, in collaboration with the USSR Ministry of Health and other
agencies, assessed the pathways of radioactive contamination through the food chain. Time
limited radiation dose standards were established: 100 mSv for the first yeanS3Cfor the
second, 25 mSv for the third, and 25 mSv for the fourth year. These standards guided the
monitoring of internal and external radiation exposure.

Countermeasures Implemented

Poland implemented one of the most significant countermeasures in response to the
Chornobyl fallout: the rapid distribution of stable iodine to protect against thyroid cancer
caused by-L31. Between April 29 and May 1, 1986, approximately 18.5 milliorplpeo
primarily children, received a single dose of stable iodine to block the uptake of radioactive
iodine by the thyroid gland. This prophylactic action, initiated by Professor Jaworowski and
executed by the Ministry of Health, was described as the lamgfass kind in medical history.

The stable iodine distribution was performed just in three days using the system originally
prepared in case of nuclear w§26]

The decision to administer stable iodine was based on the International Commission
on Radiological Protection (ICRP) recommendation to implement prophylaxis at a thyroid dose
of 50 mSv. Despite some retrospective critique, the iodine distribution likelyoed the
incidence of thyroid cancer in Poland compared to regions with less proactive measures. The
O2dzy GNEQAa NILAR A2RAYS RA&AGNARAOdAzOA2Y A& OAGS]
[27].

Additional countermeasures included restrictions on consuming contaminated
foodstuffs, such as milk, leafy vegetables, and mushrooms, which were major sourde&d of |
and Csl37. Agricultural authorities issued guidelines to limit the use of contaminated
produce, and some areas faced restrictions on harvesting wild food products. These measures
aimed to reduce internal radiation exposure but disrupted local economies and food supply
chains.

Impacts on the support of nuclear energy in the future

The Chornobyl disaster had a decisive impact on the interruption of the advanced
O2yaldNHzOUA2Y 2F GUKS AFNYy28ASO ydzOf SI NJ LJ2 6 SNJ
to consist of four nuclear units equipped with V4R pressurized water reactors,&awith
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an electrical output of approximately 440 MW. The reactors were designed in the USSR and
manufactured at the Skoda plant in former Czechoslovakia. Commissioning of the first unit,

with an installed capacity of 465 MWe, was originally planned for 1989ttemdecond for
Mppnd® hy alé& HTI mMbppn | t€20Ff NBEFSNBYRdzY g1
further construction of the plant. With a turnout of 44.3% of eligible voters, 86.1% voted
against the construction, and 13.9% supported it. On Deagnib/, 1990, the Polish
government adopted a resolution to stop the construction of this first nuclear power plant in
Poland. It took another 20 years before the decision was made in Poland to start construction

of the new nuclear power plant.

2.2 Fukushima nuclear accident aradlated citizen radiation measurements

The Fukushima Daiichi Nuclear Power Plant accident on March 11, 2011 in Fukushima,
Japan is regarded as the worst nuclear incident since the Chornobyl disaster in 1986 and the
only other which is the only other nuclear accident with the highegt- rating on the
international nuclear and radiological event scale (INES).

Unlike the Chornobyl accident, the cause was not the human factor (in Chornobyl it
was a combination of the experiment being conducted and several violations of safety
YSI &dzZNBao odzi | yFddz2N}f RA&FAGSNP ¢ KSngRANBOI
tsunami wave.

It was the most powerful earthquake ever recorded in Japan, and the fourth most
powerful earthquake recorded in the world since modern seismography began in 1900. The
earthquake triggered powerful tsunami waves that may have reached heights of up to 40.5 m
Ay aAeél 12 Ay ¢IlK2{1dzua LglkdS t NEFSOUdz2NBX | yR
and up to 10 km inland[).

The tsunami (134 m high) resulted in electrical grid failure and damaged nearly all of
the power plant's backup energy sources. The subsequent inability to sufficiently cool reactors
after shutdown compromised containment and resulted in the release adfioactive
contaminants into the surrounding environmer&1][32].

Japan has a radiation monitoring networksimilar to the Czech Republic's early
warning network in the event of a nuclear emergency, and in addition, a network of other
measuring stations at nuclear power plants in accordance with Japanese nucleariaatety
and other regulations. The national network of detectors, called the System for Prediction of
Environment Emergency Dose Information (SPEEDI) and the data are published by the Nuclear
Safety Division of the Ministry of Education, Culture, Sports,n8eieand Technology
(MEXT)3).

Immediately after the accident, all institutions around the world involved in radiation
monitoring began to closely follow the situation in Japan. Therefore, shortcomings in the
published data, which subsequently triggered various citizen activities, metieed.
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2.2.1 Aggregation, sharing and conversion of radiation monitoring data

MEXT published the values 10-minute dose rate measurements from the SPEEDI

network on its websitehttp://www.bousai.ne.jp/eng/ (no longer available)but not in

machinereadableform - in many tables and partially in PDFs.

Marian Steinbach, a usénterface designer based in Cologne, Germany soon began

scraping data from SPEEDI website and converting it into a mafadable CSV formahe
published the data on his websitét{p://www.sendung.de/japanradiation-open-data/, no

longer accessible).

{GSAyol OKQa RIGI&ASG FTNRBY {t995L g4I &

T2ttt 2

software engineer Geir Engdaht Japan Radiation Map, still available at

http://gebweb.net/japanradiationrmap/ (now redirecting tchttp://jciv.iidj.net/) [34].

Japan Radiation Map | Info | List | 3D GoogleEarth | Fukushima Radiation Map | mail | B#35 |

This map shows ca 2,900 up-to-date radiation measurements, collected from various official sources. On roll-over information is
provided for that particular location - radiation levels are visualized by the colored square's size. Locations marked with the +
sign reveal more locations on zoom-in. Logging since march 2011, the accumulated data contains now 100,000,000+ records,
available for research. Click here for more details.
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Figure 11. Japan Radiation Map showing dose rate levels from SPEEDI stations.

Map data ©2025 Google, TMap Mobility | 100 km ——on— | Terms

The dataset provided by Marian Steinbach was also used at SURO for the creation of

regular dose rate maps of Japan in QGIS.

Some projects, such as Radiocial.org (no longer accessible), have attempted to
combine data from different measurement networks into a single interactive map. This
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included unofficial data collectionso-called webscrapingfrom official websites of various
institutions- including SURO. The map also included data from various private detectors.
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Figure 12. Radiological map showing stations in Germany and Czechia
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Figure 13. Radiocial mapletail of official Czech EWN station values

2.2.2 Homemade online radiation detectors

At least initially, SPEEDI data was not available for all regions (prefectures) of Japan.
The earthquake and subsequent tsunami caused extensive damage to infrastructure, power
outages, etc. Even coverage of measurements conducted by professional stafilzisthed
on the MEXT website was limited.

Some people were not satisfied with the information provided by official institutions,
or considered the method of communication with the public to be insufficient. All affordable
dosimeters on the market were sold out very quickB6]
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A large number of DIY projects emergeaften based on old dosimeters, or old GM
tubes. For example, Soviet GM tubes SBMwere available on the market relatively cheaply
and in large quantities from old stocks. The electronics of the GM counter amonglicated
for an electrical engineer, and after connecting to a cheap microcompugay. an Arduine
type MCU- it makes it possible to build a detector capable of sending measured data to an
online service.

Geiger Counter

No 2
— 1
www.RDTN.org
tokyohackerspace.org

Figure 14. DIY Geiger counter examytlee phone is only used here to detect clicks from microphone ¢
input and calculate the CPM. (photo by Nokton, GBI8,YFlickr.com)

This is exactly how stalled 10T (Internet of Things) devices werlor example, a
person can remotely monitor data from a smart thermometer at home, soil moisture from
another smart sensor in a greenhouse in the garden, etc. These IoT devices only have
comply with a certain format (protocol) for communication or sending data to a particular
service provider.

One such service widely used for amateur online sensors at the time of the Fukushima
accident was Pachub@%]. Pachube (later Cosm, then Xively, now retired) was founded by
Usman Haque in a need to handle réale data from sensors in interactive environments for
his design practice. In 2010, the platform was made available to the public. The following
images bow screenshots of a web application taken in 2011 with an example of an amateur
radiation sensor connected.
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2.2.3 SAFECAST, Radioactive@Home, standardization of measurements and instruments

One of the problems of the aforementioned DIY projects was fragmentatiferent,
often improvised connections of electronics, different types of detectors with different
properties, different output data formats.

The following two projects are characterized by the introduction of unified detector
hardware and thus increased transparency and reliability of the presented data.

SAFECAST (Japan/USA)

Safecast is one of the most important representatives in the field of citizen radiation
monitoring. Its origins date back to the early days after the Fukushima disaster, when Sean
Bonner (Los Angeles), Joi Ito (Boston/Dubai/Tokyo) and Pieter Franken)(Tioladdition to
ensuring that their family and friends were safe, became interested in the possibility of
providing them with a radiation detectoB§].

Because commercially available devices were sold out almost immediately, the plan
changed from purchasing to buildingeir own device. Collaboration was established with
International Medcom, a company that manufactures commercial radiation detectors, and
with people from Tokyo Hackerspace and others who had experience with electrical
engineering.

Subsequently, cooperation was established with the US company Uncorked Studios,
which in the meantime was working on the website RDTN.org, primarily intended to aggregate
already published radiation dat&T)].

Initially, commercial devices were usece.g. Medcom RadAlert100 and Inspector
Alert, later used together with Arduinbased additional electronics developed by Tokyo
Hackerspace. On May 8, the RDTN project received $36,900 in funding on the Kickstarter
platform. On April 24, it was announced that the project name would be changed from RDTN
to Safecast.

The first "bGeigie" detectors required a laptop connection to collect geotagged
measurements, the newer version of the bGeigie Ninja already hadibuBPS and stored
data on an SD card.
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Figure 17. Safecast bGeigie detector unit (left) and the bGeigie Ninja console (right).
(photo by Nokton, CC BYC, Flickr.com)

The detection unit a commercial Inspector Alert devieeconnected to additional
electronics, was placed in a durable polycarbonate box attached to the outside of the car
window. The measured data was presented in the form of an interactive map and also
available for download under CCO Public Domain license, so without any restrictions for
further use.

3

f
Yamagata%
1L 4
Niigata -y

Kanazawa |/ o
ba&R! |

A
0
byve /) P Aﬂ"“’o :
2 oka'~\skohama
- tin

Figure 18. Safecast mapisualisation used in 2011 (Source: Safecast.org)

In October 2011, Safecast announced that the number of data points measured by the
bGeigie system exceeded one million. The data also included measurements in the exclusion
zone near the Fukushima nuclear power plattte highest valuesneasured by Sa@ast to
date.
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Figure 19. Safecast bGeigie Nano detector (photo by Jan Helebrant,S2C Bi¢kr.com)

A significant milestone in the history of Safecast was the introduction of a compact and
lighter version of the bGeigighe bGeigie Nano. The device could be purchased as a kit or as

a complete unit until November 2020. The price of the kit in 2015 v BSD, the fully
assembled device 1500 USD.

OCEANSIDE, NEW YORK, USA

Figure 20. Safecast bGeigie Nano component wiring diagram
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The device was developed in collaboration with International Medcom Inc. and shares
some parts with their Inspector Alert detectethe iRover high voltage power supply and the
LND 7317 pancake GM tube. According to the Safet@aigie Nano is a lighter version of
the bGeigie Mini using an Arduino Fio, a GpsBee, an OpenLog and an Inspector Alert geiger
counter. The aim is to make everything fit in a Pelican Micro Casé.1040

Several thousand bGeigie Nano devices were produced and contributed greatly to the
expansion of the Safecast dataset which reached 200 million data points in February 2023.
Production of bGeigie Nano was discontinued by KitHub in 2020, and the developfment
successor, called bGeigie Zen, was announced by Safecast in April 2021. bGeigieZen is based
on the original bGeigie but uses a new sensor board (but same GM tube by LND, Inc., USA),
the SafePulse and M5Stack modular 10T platform. It is bigger thaon Nuses Pelican 1015
case. The device is easier to assemble, as the Zen uses fewer components compared to the
bGeigie Nano. The Zen is currently available from the Safecast store
(https://bgeigiezen.safecast.jp/stord/) - a kit to build for 475 USD aral fully assembled
device for 750 USD.

Other devices operated by Safecast include various stationary dose rate measurement
stations (Solarcast, Pointcast, RadNote) or air quality monitoring (Airnote).

Safecast devices are also involved in monitoring the radiation situation in Ukriine
bGeigie Nanos were loaned by SURO as part of the #bgeigies4ukraine initiative iB8022 |
Thanks to cooperation with the organizations SaveDnipro and Chornobyl Radiation Ecological
Biosphere Reserve, radiation monitoring was carried out in the Chornobyl region using bGeigie
Nano devices.

Figure 21. Chornobyl region with #bgeigies4ukraine initiative data (source: Safecast.org)

In this way, over 300 thousand data points were obtained by September %2 [
which represented a significant source of information on radiation values. And more or less
the only independent and publicly available source of informaimobkraine
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In August 2024, Safecast and SaveDnipro annour®dHe completion of the first phase of

an independent radiation monitoring network in Ukraine. At this stage, 25 RadNote solar
powered stations for realtime radiation monitoring stations were installed. In total, over 100
stations are planned in the netwkr

Radioactive@Home (Poland)

The Polish Radioactive@Homéittp://radioactiveathome.org/en) project used
detectors of its own design, equipped with a GM tube and connected to a computer via USB.
Thanks to the buiftn LCD display, the detectors can also be used separately when connected
to a USB charger / power bank.

The project was launched in April 201@n June 2, the establishment of the "BOINC
Polska" (BOINC Poland) foundation was annound&ffi42][43]. In the alpha phase, testing
of detector prototypes was underway. Poedering for the detectors began at the end of July
2011, the first batch of 53 units was sold out by the beginning of August.

e ——
RadioactiveiHome
| @, 14usSush

Figure 22. Radioactive@Home detector (photo by Jan Helebrant-E& Bickr.com)

The detector had a simple desiga cylindrical plastic case (not suitable for outdoor
use), the display was a monochrome LCD. The detection unit was a reliablerSadeGM
tube - SBM20, or STS (valuesof about 30 CPM for natural background).
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Figure 23. Inner part of the detector (photo by Jan Helebrant, €S2BMickr.com)

Electronics are very simple, based on a PIC microcontroller. The detectors were offered
at a price of 27 EUR, and SURO had the opportunity to test them. The detector itself could not
send data to the Internet; it required a computer and BOINC (Berkeley (frastructure for
Network Computing) software to process and send data. BOINC is a system for volunteer
computing (a type of distributed computing) developed originally to support the SETI@home
project which later became the platform for many other dpptions. SURO tested both the
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Figure 24. Radioactive@Home detector software.

Data received from the sensor network was presented in the form of an interactive
map with a clear color display according to the measured valge=en dots dose rate up to
0.3nBv/h, yellow dots dose rate in 0.8.8nBv/h range, red dotsdose rates above 0.185v.
After clicking on a specific detector, a graph of valaed other details are available.
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Figure 25. Radioactive@Home online map.

The project faced problems in 2025, and the map (although still available) does not

currently display any detector data.

2.3 Followup citizenscience projects

The great potential of citizen radiation measurement has also been recognized by
many professional institutions both institutions in the field of radiation protection and

various commercial companies.

RAMESIS and CzechRad projects (Czechia)

The National Radiation Protection Institute (SURO) became interested in citizen
radiation measurements in 2011 after the Fukushima nuclear power plant accident in Japan,
and after pilot tests of various devices, SURO purchased the Safecast bGeigie Natar det
in 2015 and became involved in measuring and supplying data to the public Safecast database.
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Figure 26. Safecast bGeigie Nano (left), RAMESIS fixed station (right)
(photo by Jan Helebrant, CG8A, Flickr.com)
&4 F LI NI 2F GKS LINRP2SOUG dawlRAFGA2Y az2yAl
laadzNB SIFENXfeé& gl NBySaa FyR SyKIFIyORMEH &l FS

https://starfos.tacr.cz/en/projekty/V120152019038vithin the Security Research Programme

of the Czech Republic provided by the Ministry of Interior of the Czech Republic, the number
of bGeigie Nano detectors was gradually increased to approximately 60. The detector users
included the general public incstudents as well as professionals from the State Office for
Nuclear Safety or first responders.

An important part of the project was the ability to view data without having to upload
it online. A custondeveloped Safecast plugin, now Radiation Toolbox, was created for the
yearsproven free program QGIS. Thanks to this plugin, it was possible todktadfrom
Safecast devices and later from CzechRad directly into QGIS. In this way, the user could check
the measured data before uploading it online and possibly delete some of the data. When
using offline base maps, it is possible to work completelyauttan internet connection.
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Figure 27. Opesource QGIS program with custataveloped Radiation Toolbox plugin

New stationary stations for online radiation measurements have been also developed
in the frame of this project. The stations included a detection unit based on a plastic scintillator
measuring 18 x 15 x 10 ninwith a silicon photomultiplier (SiPM), and an ARM platform
microcomputer with the GNU/Linux operating system was responsible for data processing and
sending to the SURO server. The user could see the dose rate oaltresLCD display on the
station ard also in the online application. The statioonnected to the Internet via an Ethernet
cable plugged into a regular router.

An integral part of the project were also various educational activities, workshops with
students, and also an information portal - now CzechRad  Wiki
(www.suro.cz/aplikace/czechradiki/, only in Czech).

The discontinuation of production of the bGeigie Nano device in 2020 and SURO's
efforts to provide an alternative solution led to the development of the CzechRad detector
(https://github.com/juhele/CzechRadl | & | LJ- NJiCemeF forithé SupploiNd tBeS O i
population in case of actual or suspected occurrence of extraordinary nuclear and radiation
eventg 0 L httpd://starfds.tacr.cz/en/projekty/VJ0101011620212025) provided by
the Ministry of Interior of the Czech Republic.
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Figure 28. CzechRad detector during the field measurements (photo by Marie Davidkov&ACEliBkf.com

Although the CzechRad device does not differ much from the SAFECAST bGeigie Nano
device at first glance, the internal electronics are completely different. The data format from
the CzechRad device is the same type as that used by SAFECAST and is toengtatible
with existing software tools and the SAFECAST online infrastructure. A detailed description of
the CzechRad instrument will be provided in the CITISTRA docu@eethRad detector
parameters, acquisition and use of dat@eliverable D9.2). Theand of CzechRad devices
were manufactured within the IMPAKT project, another 300 were manufactured in the frame
of CITISTRA project.

OpenRadiation (France)

The Openradiation platform (www.openradiation.org) was created in France after
2016 as a result of cooperation between the IHRKIE educational institute, the
Radioprotection and Nuclear Safety Institute (Institut de Radioprotection et de Sdreté
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Nucléaire, IRSN), the ngmofit organization PLANETE SCIENCES and the Sorbonne Université
of Paris.

The website tries to focus on both ground and aircraft measurements, etc., all
measured data can be downloaded under the Open Data Commons Open Database License
(ODbL).
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Figure 29. OpenRadiation map (source: www.openradiation.org)

The project also developed its own detector based on the proven-3BKM tube
communicating with a smartphone and the OpenRadiation application. The system should
also support other types of devices, including Safecast bGeigie Nano with Bluetooth module,
or French RIUM devices.
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Figure 30. OpenRadiation detector (kit) (left, soureew.openradiation.ory and Android application (right
source: Google Play store)

Like most citizen radiation measurement projects, it uses a-@Bs detector,
communicating mostly wirelessly with an Android or iOS smartphone. This allows for simpler
detector hardware (especially for Ghhsed detectors)} a smartphone is used to display
values, process/send data, and as a source of GPS data. The disadvantage of these solutions is
the need to maintain an ufo-date mobile application and the dependence on wireless
communication, which can be a security risk in the event of armed conflicts

SaveDnipro

¢KS bDh a{l @S5YALINRE g+ a F2dzy RSR Ay | { NI/
protecting citizens' rights to a clean and safe environment, promoting the implementation of
environmental reforms, and disclosing socially important environmental informatio

SaveDnipro operates the SaveEcoBot system, including an environmental chatbot and
aggregating various environmental data into interactive maps (air quality, background
radiation, fires, and water quality)htfps://www.saveecobot.com/ej
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Figure 31. SaveEcoBot radiation map in Ukraine

After the start of Russia's invasion of Ukraine in February 2022 and especially after the
occupation of the Chornobyl exclusion zone by the Russian army, SaveDnipro added a
radiation layer to the SaveEcoBot map (https://www.saveecobot.com/en/radiatiapg, to
which measuring stations from various sources were gradually adolfidial sources such as
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network were also added (EUropean Radiological Data Exchange Platform). Following the
increa®d interest in information about radiation levels in Ukraine, the SaveEcoBot map was

later translated into many other languages. Until now, no such comprehensive radiation map

existed.

Following the unprecedented and dangerous actions of Russian troops at Ukrainian
nuclear facilities (including the Chornobyl Nuclear Power Plant (CHNPP) and the Zaporizhzhia
Nuclear Power Plant (ZNPP)), SaveDnipro joined forces with Safecast, Czechl Nationa
Radiation Protection Institute (SURO), and the Chornobyl Radiation Ecological Biosphere
wSasSNDBS 0”oheo**_’:\Em’Ei"w“;lee’:;v"'g;/gn.me‘czhe*oo "t co

The result was the #bgeigies4ukraine initiative (already described in more detail in the
previous section about Safecast), within which 10 Safecast bGeigie Nano devices were
delivered to Ukraine from Czechia. Invading troops left the Chornobyl area omIgar2022,

and the first postinvasion Safecast data from the zone was published on May 3rd.
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Figure 32. A #bgeigies4ukraine bGeigie Nano in the field (photo by Pavlo Tkachenko, SaveDnipro)

Other SaveDnipro activities in the field of radioactivity include educational activities
(detectors in schools) of in cooperation with Safecast (again described in the previous
section) the installation of stationary Radnote stations within the SaveEguwwork.

Kl @t aNaillx /1 SOKAL

K@t aNadl oAy vewiAhavemisaYdzpipjecis an tinitidtive §fa ¢ =
GN} RAZ2FOQGAGAGeE SyiGKdzaAaAl dadaé¢ GKFG o0S3aFy | NRdz
Faa20AF0A2y¢ gl a F2NXIffe SaidloftAaKSR | 002 NR

The association brings together people interested in radioactivity, owners of radiation
measuring devices and other interested persons. The project also cooperates with
2NBI yAT I GA2ya &adzOK Fa {"wh3X {IFIFSOIadzindw! 5a:
ySO0:= Cl OdzAf & 2F bdzOtft SI NJ { OASy0Sa FyR tkKeaaod
Prague) etc.

Their interactive web map brings together data from various types of measurements
(in-situ, walking/driving) from various devices (Safecast, CzechRad, Radiacode, Raysid, etc.).
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{AYyOS CSoNHzZ NBE wHnanunX FFOGSN yS3az2aAatridArzya
gradually taken over the management of the stationary radiation measurement stations from
the RAMESIS project, which SURO could no longer operate due to increased IT security
requirements. Other stationary stations in their network are uRADMonitor stations.

CA 3dzNB o n ¢ degakdf Bed statiNradéth (https://www.zhavamista.cz/mapa)

The group is also active on social networks (Twitter/X, Facebook, Instagram) with posts
focused on education in the field of radioactivity, radiation protection and radiation
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