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Dragi ¢lanovi HDZZ-a, postovani sudionici 12. simpozija,

Proteklo razdoblje od naseg zadnjeg druzenja na 11. simpoziju u Osijeku 2017. godine,
obiljezilo je niz aktivnosti Drustva.

Tijekom 11. simpozija odrzana je Izborna skupstina Zbora HDZZ-a na kojoj je izabrano
novo vodstvo Drustva. Uslijedila je sjednica na kojoj je izvrSena primopredaja duZnosti
novom Upravnom odboru i Nadzornom odboru, a novo vodstvo Drustva redovito odrzava
sjednice ili elektronicke sjednice. Broj ¢lanova raste tako da trenutno HDZZ ima 212 ¢lanova.
U skladu s direktivom o zastiti osobnih podataka (GDPR) provedena je anketa o suglasnosti
za primanje elektroni¢kih poruka te je tako stvorena nova lista primatelja obavijesti. U
Osijeku je predstavljen novi dizajni internetske stranice www.hdzz.hr koja se redovito
obnavlja i puni korisnim informacijama. Uvedena je i on-line pristupnica za one koji se Zele
uclaniti. Prijave za ovaj simpozij su se prvi puta obavljale preko web stranice simpozija
http://www.hdzz.hr/hdzz12/, a na njoj ¢e biti dostupna i elektronicka verzija Zbornika radova
ovog simpozija. Ove godine nismo tiskali knjigu, ve¢ smo se priklonili sada ve¢ uobicajenom
izdanju zbornika samo u pdf obliku.

U proteklom je razdoblju HDZZ bilo suorganizator tribine ,,Medicinska fizika i klini¢ko
inZenjerstvo u Hrvatskoj 1 svijetu”, koja je odrzana 7.11.2017. na KBC Zagreb. Uspostavljena
je dobra suradnja s Hrvatskim druStvom za biomedicinsko inZenjerstvo 1 medicinsku fiziku.
Ovom prilikom cestitamo medicinskim fizi€arima 1 klinickim inZenjerima te radioloSkim
tehnolozima kojima je odobren status zdravstvenih radnika.

Raspisali smo 2017. godine 5. natjecaj za najbolji rad ili disertaciju mladih ¢lanova
Drustva (do 35 godina) iz podrucja zastite od zracenja ili znanosti o zracenju, ali se nitko nije
prijavio, tako da naZalost nismo imali predstavnika u natjecanju mladih na Europskom
kongresu IRPA u Haagu 2018. godine. Ove godine ponovno ¢emo raspisati natjecaj, nadajuci

da ¢emo imati pristupnike i da ¢e nas pobjednik natjeCaja predstavljati na svjetskom kongresu
IRPA 2020. u Seulu.

Mladi ¢lanovi drustva odrzali su 1. skup sekcije mladih HDZZ-a 16. sijecnja 2018.
godine. Na ovom simpoziju organizirali smo posebno druzenje mladih ¢lanova kako bismo im
omogucili da se medusobno bolje upoznaju.

HDZZ preko svojih ¢lanova sudjeluje u e-savjetovanjima, a u ime Drustva komentare
odobrava Upravni odbor. Jedno od znacajnijih savjetovanja bilo je o ukidanju Drzavnog
zavoda za radiolo$ku i nuklearnu sigurnost (DZRNS) i njegovom pripajanju Ministarstvu
unutarnjih poslova, u kojem su nase primjedbe ,,primljene na znanje*.

Nastavili smo suradnju s drugim drustvima za zaStitu od zracenja, posebno s europskim
druStvima. Sudjelovali smo na godiSnjim sastancima predstavnika europskih drustava za
zastitu od zracenja u Becu 2017. godine i u Parizu 2018. godine. Na tom je sastanku odlu¢eno
da HDZZ bude organizator 16. sastanka europskih druStava za zastitu od zraCenja u Zagrebu
28.10.2019. Sudjelovali smo na 29. simpoziju DrusStva za zaStitu od zracenja Srbije 1 Crne
Gore (DZZ SCG) na Srebrnom jezeru 2017. godine.


http://www.hdzz.hr/
http://www.hdzz.hr/hdzz12/

Rad 12. simpozija odvijat ¢e se kroz 10 znanstveno-strucnih sekcija. Glavna tema ovog
simpozija posveéena je izazovima u zastiti od zracenja. U Zborniku se nalazi ukupno 64 rada.
Objavljeni su svi u roku pristigli radovi. Radovi odrazavaju stanovista autora, a urednici su
ispravili samo ocite pogreske u tekstovima, te tehnicki uredili i ujednacili izgled radova prema
zadanom predlosku. Radovi su pisani ili na hrvatskom jeziku ili na engleskom jeziku, a svi
radovi imaju i sazetke na engleskom jeziku. Kvaliteta i standard engleskog jezika odgovornost
su autora jer tekstovi nisu posebno lektorirani. Svi sazeci na engleskom jeziku bit ¢e poslani
nakon zavrSetka simpozija u medunarodnu bazu INIS (International Nuclear Information
System) koju odrzava IAEA (http://www.iaea.org/inis/) i u kojoj se ve¢ nalaze saZeci s
prethodnih simpozija HDZZ-a. Kvaliteta grafickih priloga takoder je odgovornost autora i u
pojedinim slucajevima na nju nismo mogli utjecati.

Podsjecamo da je sluzbeno glasilo HDZZ-a znanstveno-stru¢ni ¢asopis Arhiv za higijenu
rada i toksikologiju (http://hrcak.srce.hr/aiht), koji u 2017. godini ima ¢imbenik odjeka (Impact
Factor) 1,117. U casopisu se redovito objavljuju informacije vezane uz rad Drustva. Ovom
prigopdom sve sudionike 12. simpozija HDZZ-a i ¢lanove Drustva pozivamo da svoje
znanstvene i strucne radove objavljuju u Arhivu i time aktivno pridonose njegovom daljnjem
napretku. Urednistvu Casopisa na razmatranje se mogu poslati i radovi pripremljeni za ovaj
zbornik koje, ukoliko dosad nisu objavljivani, treba urediti prema uputi autorima za
objavljivanje u Arhivu. Radovi ¢e biti objavljeni ukoliko produ uobifajeni znanstvenu
recenziju.

Vjerujemo da ¢emo u zajednickom druZenju i razmjeni iskustava na ovom Simpoziju
uspostaviti novu ili unaprijediti postoje¢u znanstvenu i stru¢nu suradnju. Organizatori
zahvaljuju suorganizatorima, pokroviteljima, sponzorima 1 izlaga¢ima na podrsci i pomocu
tijekom organizacije.

Na kraju, nadamo se da ¢e Citatelji u ovom zborniku naci korisne informacije 1 poticaj
za svoj znanstveni i strucni rad u podru¢ju znanosti o zracenju te zastite od zracenja. Svim
sudionicima simpozija Zelimo uspjeSan rad i ugodan boravak u Varazdinu.

Jelena Popi¢, predsjednica ZO 12. HDZZ-a i urednica Zbornika
Ivana Coha , predsjednica OO 12. HDZZ-a i urednica Zbornika
Ines Krajcar Bronié, predsjednica HDZZ-a i urednica Zbornika
Zeljka Knezevi¢ Medija, tajnica HDZZ-a i urednica Zbornika

Zagreb, travanj 2019.


http://www.iaea.org/inis/
http://hrcak.srce.hr/aiht
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INTRODUCTION OF THE HUNGARIAN IRPA AS

The Hungarian Associate Society (AS) of the International Radiation Protection
Association (IRPA) is The Health Physics Section of the Roland E6tvos Physical Society
(REPS-HPS). Its recently renewed webpage may be visited at the following address:
wwwe.elftsv.hu.

The Roland E6tvos Physical Society (REPS) was founded in 1891 by Roland E&tvos,
while the Health Physics Section (HPS) of Hungary was founded much later, in March 1962.

IRPA MEMBERSHIP

Our Section was one of the founding Societies at the first IRPA Congress, which was
held in Rome from 5-10 September 1966.

The first IRPA Congress held in Rome had participants from 15 societies representing
20 countries. Professor L. Bozoky, the president of the Hungarian Health Physics Section
became one of the six members of the first IRPA Executive Council.

The Health Physics section founded a prize, named after Laszl6 Bozoky for those who
achieved paramount results in the sciences of radiation physics or environmental sciences.

INTERNATIONAL MEETINGS

The REPS-HPS has a long tradition to collaborate with IRPA, as the Second European
Congress on Radiation Protection was the next, fully international meeting organized by the
Section in Budapest in the period of 3-5 May 1972. The congress was dedicated to health
physics problems of internal contamination. The total number of participants was 325 from 25
countries including representatives from the International Atomic Energy Agency and the
International Commission on Radiological Protection.

The next event organised by the REPS-HPS was held in September 1980, as the
International Workshop on Environmental Monitoring Around Nuclear Installations located at
Dobogdkd in a mountain resort close to Budapest. About 50 registered participants arrived
from 8 countries and presented 22 papers in three days.

The following event organised by the REPS-HPS was from 22 to 27 August 1999 in
Budapest, the meeting entitled ,,JRPA Regional Congress on Radiation Protection in Central
Europe” (27 countries, 200 participants, 141 oral and poster presentations).

THE SCIENTIFIC ACTIVITY OF THE HUNGARIAN SOCIETY MEMBERS

The scientific activities of the REPS-HPS members encompass a wide range of studies:
dosimetry, nuclear safety analysis, environmental impact assessment, radiation chemistry,
radioactive waste management, decommissioning, low dose risk calculation, radon
measurements, atmospheric dispersion calculations, estimations and prediction of public dose
rates, activity dispersion calculations for surface waters, food-chain modelling, biological
sample analysis, supervision of security of nuclear facilities, emergency response, Monte
Carlo methods, equipment development for nuclear power applications, medical physics,
radiation protection of radiotherapy, in-situ measurement, chemical decontamination
techniques, radiological assessment of drinking-, mineral- and spring-water.
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SUPPORTING AND SCIENTIFIC RESEARCH INSTITUTIONS

As wide as the spectra of its associate members’ research, the diversity of supporting
institutions are the: Hungarian Academy of Sciences Centre for Energy Research, National
Public Health Centre, Hungarian Atomic Energy Authority, Budapest University of
Technology and Economics, Institute of Nuclear Techniques, Semmelweis University,
University of Pannonia, MVM Paks Nuclear Power Plant, Gamma Technical Co.

IRPA 2022

Three years ago, the idea of hosting the European IRPA Congress was born in the
minds of the Hungarian Health Physics Section’s Board of the REPS. A small group formed
by the committee’s various specialities (medical, research, industrial, governmental etc.) and
the work has begun. At the 15th meeting of the European IRPA Associate Societies (AS), it
turned out that two other countries would like to host the 2022 IRPA Congress (Austria and
Spain in addition to Hungary).

The voting took place at the 2018 European IRPA Congress in The Hague. Austria
stepped back in favour of Hungary, if it will obtain the privilege of hosting the conference.
Every European IRPA AS had one vote to decide the outcome. The Hungarian team won the
privilege to host next European IRPA Congress.

ACTUALITIES

The first local organizer committee (LOC) meeting took place in Budapest on 4
September 2018. At the moment, the organizing committee identified members and tasks and
looks for cooperation possibilities with other national organisations. The first bilateral
meeting took place in Budapest on 26 September 2018 as the OVS — REPS-HPS meeting.
REPS-HPS is looking for cooperation with neighbouring countries to establish a strong
scientific committee.

Figure 1. Budapest, 26 September 2018, OVS — REPS-HPS meeting

The planned date of the next European IRPA Congress is 6-10 June 2022. The LOC
secured the website domain: IRPA2022.eu which will be in operation in due time.
Contracting with IRPA, the Professional Congress Organiser (PCO), Akadémiai Kiado Zrt
(Congress), and the venue is in progress.

The LOC put a lot of effort in arranging possibilitiy for publication of the congress
contribution. The LOC plans to start a new journal. There is a proposal from a publisher.
Publications will be free for the author and open access for the first 5 years. It can start in
2020.



PROGRAMS

The motto of the 2022 IRPA Conference is: “RADIATION PROTECTION FOR
EVERYONE”. Radiation protection is an interdisciplinary field, requiring expertise from
different interests and research activities. We wish to include every interested party, so we
open topics for fields less commonly associated with mainstream radiation protection, such as
medical, NORM, non-ionising, radiochemistry, nuclear power, industry, emergency
preparedness and response and military, etc. beside nuclear and industrial uses. The
exploration of the connections between these fields are the goal, while seeking their common
aim: “How to protect people against detrimental effects of radiation”.

The following programs are planned:

e Plenary and parallel sessions,

e Poster section,

e Artand fun corner. A part of the poster section is waiting for any artist to exhibit
his/her pieces of art inspired by radiation protection,

e Refreshing courses,

e Clever ideas in application. Competition for any idea or good practice which makes
our work easier, safer.

e Relax and learn. There are topics which do not need any traditional demonstrating
infrastructure like a projector or a loudspeaker, etc. This program allows the
participants to enjoy the service of a thermal bath (Figure 2) and during relaxation
listen into interesting stories.

e Competition for young scientists.

e Opportunity for publication of papers.

e Cultural events and further programs.

= = B
Figure 2. Planned place for “Relax and learn” program:

Irgalmasok Veli Bej Turkish Spa [2]

ORGANISATION STRUCTURE

A simple organisation chart is given in Figure 3.

Roland Eo6tvos Physical Society has many sections. The radiation protection related
section is the Roland Eo6tvos Physical Society-Health Physics Section (REPS-HPS). The
managing board of REPS-HPS has elected and appointed the congress president from its
members: Janos Petranyi. The local organizer committee consists of the congress president

5



(also acting as contact person for the REPS-HPS), the chairmen of the Scientific Programme
Committee (SPC) and the Professional Conference Organiser (PCO). REPS will work
together exclusively with Akadémiai Kiad6 Zrt (Congress) as the PCO.

Congress
President
|
[ |
. Scientific
Local Organizer
: Programme
Committee )

Committee

1
Professional
Conference
Organiser

Extended
Scientific
Committee

Figure 3. Organisation structure of the IRPA 2022 congress

The local organizing committee consists of:

. Janos Petranyi, congress president

. Tamas Pazmandi, Scientific Programme Committee
. Csilla Pesznyak, Scientific Programme Committee
. Laszl6 Sziics, Metrology

. Arpad Vincze, Regulatory topics

. Gabriella Taba, Nuclear Medicine

. Richérd Elek, Medical exposures (medical physics)
. Adam Bodo, Industry

. Dorottya Jakab, Young Professional

. Erna Sari, Professional Conference Organizer (PCO)
. Tibor Bujtas, Reactors and power plants

. Csilla Csome, International organisations

. Anna Pantya, Clever Ideas

Klaus Henrichs will be IRPA’s EC liaison member for this Regional Congress.

WHY BUDAPEST?

We would like to invite anyone who is interested in a radiation protection congress and
would like to visit a beautiful city. It is a place where tradition meets innovation. A
convenient place, as almost everything is in walking distance from the centre of the city, 5
star hotels, restaurants awarded with Michelin star, historical sights, The Danube River, the
famous Budapest spas. An ideal location in the heart of Europe, easily accessible from all
corners of the continent. Short travel time ensures that more time is left for fun. Cost
effective, i.e., cost is as low as reasonably achievable. The quality of service is excellent but
the price level is lower than in most of Europe. You can have much more fun for the same
amount of money.

In addition, the current national developments in Hungary mark a growth of interest in
radiation protection as two new units are planned to be commissioned in Paks Nuclear Power
Plant.



EVENT VENUE

Budapest Congress Centre (BCC) will be the venue of the IRPA 2022 Congress (Figure
3). Meetings and catering up to 2000 people 20 multifunctional rooms. Lots of natural
daylight in the public areas. The Novotel Budapest City connects to the BCC and offers 319
recently renovated rooms.

N AR

Figure 3. The venue of the European IRPA 2022 Congress:
The Budapest Congress Centre [3]

TECHNICAL VISITS

The following locations are planned for technical visits:

. Research: Research Reactor (Hungarian Academy of Sciences Centre), Extreme
Light Infrastructure (ELI)

» Medical: Semmelweis University Health Care Institutions,

* Regulatory: Hungarian Atomic Energy Authority, National Public Health Centre,

« Education: Training Reactor Budapest University of Technology and Economics

* Power plant: MVM Paks Nuclear Power Plant,

* Industry: Nuclear measuring instrument production Gamma Technical Co.

. Waste management: Public Limited Company for Radioactive Waste
Management (PURAM), The Seibersdorf laboratories in Austria, Austrian Carbon
Beam Radiotherapy Centre

GAINING EXPERIENCE

The local organisers are not limiting themselves only to European Congress IRPA2022,
but have several further events on their agenda - the LOC members will participate in the
preparation of smaller meetings to gain more experience:

April 17-19, 2019, in Hajduszoboszl6 - Local REPS-HPS AS meeting with a dedicated
International section. REPS-HPS invited guests from neighbouring IRPA AS members.

May 5-10, 2019, in Budapest - JRNC-RANC 2nd International Conference on
Radioanalytical and Nuclear Chemistry, https://jrnc-ranc.akcongress.com/

April 19-24, 2020, in Budapest - Individual Monitoring of lonising Radiation (IM-2020)
http://www.im2020.0rg/

CONCLUSION

Significant local interest. Building procedure of two new nuclear reactors at Paks has
been started. The number of cancer patients in Hungary is extremely high and still increasing.
A lot of new working places will be established until 2022. IRPA conference perfect
opportunity for young colleagues to learn.


https://jrnc-ranc.akcongress.com/
http://www.im2020.org/

The organization of the European IRPA 2022 Congress is gaining momentum. The
IRPA conference is a perfect opportunity for colleagues to learn, study, exchange experience.
This is not only an opportunity to nurture the mind, as the exploration of the local amenities
also contribute to the content. See you in Budapest!

ACKNOWLEDGMENT

The REPS-HPS would like to express its gratitude for the support and votes of the
following IRPA AS members from Germany/Switzerland, Austria, Czech Republic, Slovakia,
Slovenia, Belgium, Romania, The Nederlands, Croatia, Russia, Serbia-Montenegro, Poland.

REFERENCES

[1] 5th European IRPA Congress https://irpa2018europe.com/

[2] Irgalmasok Veli Bej Turkish Spa https://www.termalfurdo.hu/furdo/irgalmasok-veli-
bej-furdoje-215

[3] The Budapest Congress Centre https://www.bcc.hu/

EUROPEAN IRPA CONGRESS 2022 IN HUNGARY

Tibor Bujtas', Janos Petranyi®
paks NPP, Paks, Hungary, ’°GAMMA ZRt., Budapest, Hungary
bujtast@npp.hu gamma@gammatech.hu

The name of the Hungarian IRPA AS Radiation Protection Association is The Health
Physics Section of the Roland E6tvos Physical Society (REPS-HPS) wwwe.elftsv.hu. The
Health Physics Section of the Roland E&tvos Physical Society, Hungary was founded in
March 1962.

6-10 June 2022 REPS-HPS will organise the 6" European IRPA Congress in Budapest.
This article reviews the way how REPS-HPS earned this privilege, what are the actual issues
and what will the future bring.
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MOZE LI HRVATSKA NA VRIJEME PRIHVATITI POLOVICU
RADIOAKTIVNOG OTPADA 1Z NUKLEARNE ELEKTRANE KRSKO?

Alemka Knapp, Ivica Levanat, Diana Saponja-Milutinovié
Tehnicko veleuciliste u Zagrebu, Zagreb
Ivica.levanat@tvz.hr

uvoD

Jo§s 2014. godine Sabor je usvojio Strategiju zbrinjavanja radioaktivnog otpada,
istrosenih izvora i iskoriStenoga nuklearnog goriva (u daljnjem tekstu: Strategija) [1], u kojoj
je Hrvatska odlucila da ¢e na svojemu teritoriju zbrinuti polovicu nisko i srednje
radioaktivnog otpada (NSRAO) iz Nuklearne elektrane Krsko (NEK). U sijecnju 2016.
godine izraden je prijedlog Nacionalnog programa provedbe Strategije, ali Vlada ga je
napokon usvojila tek u studenom 2018. godine [2]. Za skladistenje NSRAO iz NEK
predvidena je lokacija Cerkezovac.

Prema Medudrzavnom ugovoru o NEK [3], Hrvatska bi trebala otpad iz skladista u
elektrani preuzeti od 2023. do 2025. godine. To znai da bi trebala imati izgradeno i
licencirano skladiste radioaktivnog otpada (RAO) najkasnije u 2022. godini.

Ogroman je to posao koji bi trebalo odraditi u 3 godine, a nakon §to u prethodnih skoro
5 godina od usvajanja Strategije nije praktiéno ni zapodet. Treba vojni objekt na Cerkezovcu
prenamijeniti, provesti karakterizaciju lokacije te provesti upravni postupak, gradnju i pokusni
rad, da bi skladiSte na temelju dokaza radioloske sigurnosti moglo biti licencirano.

Paralelno treba ugovoriti gdje ¢e se i kako otpad iz NEK dodatno obraditi i prepakirati, i
to tako da ispuni uvjete prihvacanja u buduce odlagaliste, o kojemu se vrlo malo zna (to¢na
lokacija jo$ nije odredena, pa su i pretpostavke o tipu gradevine nepouzdane).

Napokon, treba naci rjeSenje i za problem da se lokalna zajednica ve¢ godinama protivi
prihvacanju radioaktivnog otpada

NUZNI KORACI PREMA USPOSTAVI SKLADISTA RAO

Prvi korak prema uspostavi skladista za NSRAO iz NEK na lokaciji Cerkezovac je
iseljavanje vojske te prijenos vlasniStva vojnog objekta i rjeSavanje drugih imovinsko-pravnih
odnosa u okolici, kako bi se uopée mogao planirati unos lokacije u prostorno-plansku
dokumentaciju. Taj korak zahtijeva sudjelovanje Ministarstva obrane, Ministarstva zaStite
okoliSa 1 energetike te Ministarstva drzavne imovine, i treba omoguciti da daljnje vodenje
projekta skladiSta preuzme hrvatski Fond za financiranje razgradnje 1 zbrinjavanja
radioaktivnog otpada 1 istroSenoga nuklearnog goriva Nuklearne elektrane Krsko (u daljnjem
tekstu: Fond). Planirano skladiSte je dio planiranog Centra za zbrinjavanje RAO, a Fond je
operativna organizacija u ¢ijem sastavu ¢e biti planirani Centar.

Taj prvi korak mogao bi potrajati barem pola godine, a mogao je ve¢ odavno biti
dovrSen da se ozbiljno postupalo prema odredbama Strategije.

Dalje slijedi izrada arhitektonskih i geodetskih elaborata, koji bi nakon snimke
postojeceg stanja trebali zavrSiti geodetskim projektom za potrebe izgradnje novih gradevina.
Potrebno je barem nekoliko mjeseci, ali moglo bi se poceti za vrijeme provedbe prethodnog
koraka.

Tek tada po€inju ozbiljni pripremni radovi usmjereni na uspostavu konkretnog objekta
za skladistenje RAO, koji jo§ ne obuhvaéaju projektiranje i gradnju skladista. Cak i u slucaju
savrSene organizacije i koordiniranja, takvi radovi traju bar jednu do dvije godine.

Radi prikupljanja ulaznih podataka u svrhu projektiranja skladista, za izradu procjena
sigurnosti, te izradu studije o utjecaju na okolis, potrebni istrazni radovi i mjerenja ukljucuju:
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- geoloska istrazivanja (geomorfologiju, geotehnicka istrazivanja, strukturu i
dinamiku; hidrogeologiju; tektoniku i seizmotektoniku; seizmologiju)

- geofizicka istrazivanja (litostratigrafiju, hidrologiju i tektoniku)

- koriste se istrazna buSenja i odgovarajuce analize (potrebno je vise plitkih buSotina,
nekoliko desetaka metara, i bar jedna duboka, oko 200 metara; provode se barem
petroloske, geomehanicke 1 geokemijske analize)

- inicijalna radioloska mjerenja obuhvacaju detaljnu snimku zateCenog stanja (tzv.
nulto stanje) na lokaciji Cerkezovac, te doza u okolnom podruéju

- istrazivanja Sireg podrucja, koja moraju obuhvatiti brojne stavke koje zahtijevaju
razli¢iti propisi (npr. hidrografsku i hidrolosku analizu, pedolosku i agroekolosku
analizu, analizu rudno-mineralnih leZiSta, analizu klimatsko-meteoroloskih obiljezja,
demografsku i socioekonomsku analizu, analizu nac¢ina koriStenja zemljista, podrucja
zaSti¢ene prirodne i kulturne bastine, analizu prometa, pa ¢ak i1 radioloska mjerenja,
analizu kvalitete vode i stanja zdravlja na Sirem podrucju oko rijeke Une)

Nakon provedbe navedenih i1 drugih istrazivanja i1 analiza, te njihova prikaza u
odgovaraju¢im dokumentima, slijede aktivnosti prema ministarstvima i drugim tijelima
drzavne uprave potrebne za uvrstenje Centra za zbrinjavanje RAO u DrZavni plan prostornog
razvoja. U slucaju iznimno racionalnog planiranja, moguce je te aktivnosti vremenski bar
djelomic¢no preklopiti s prethodnom i narednom fazom uspostave skladista RAO, pa mozda
nije nuzno planirati dodatni viSemjese¢ni period za njihovo provodenje, jer bi to plan o
licenciranju skladista prije 2023. godine ucinilo posve neostvarivim.

Ipak, treba jo§ imati na umu i da je Hrvatska obvezna o namjeri uspostave Centra za
zbrinjavanje RAO obavijestiti Europsku komisiju, koja ¢e na temelju priloZzene tehnicke
dokumentacije, u proceduri na koju ne mozZemo utjecati ali je moramo postovati, donijeti
zakljucak koji se odnosi na procjenu moguénosti prekograni¢nog radioloskog onecis¢enja (o
¢emu smo ve¢ imali prigovore od strane Bosne 1 Hercegovine).

Prethodna se procedura mozda moze vremenski uklopiti u zavrSnu fazu uspostave
skladista RAO, koja se sastoji od upravnog postupka i gradnje skladista. U slucaju savrSene
organizacije i prethodnog planiranja, ta faza traje bar jednu do dvije godine.

Prvom koraku upravnog postupka, ishodenju lokacijske dozvole, moci ¢e se pristupiti
kad bude rijeSen problem protivljenja lokalne zajednice, a stru¢ne podloge za uvrstenje Centra
za zbrinjavanje RAO u DrZavni plan prostornog razvoja budu prihvacene od strane
Ministarstva graditeljstva i prostornog uredenja.

Za lokacijsku dozvolu potrebno je, izmedu ostaloga, izraditi idejno rjesenje, izraditi
prethodne sigurnosne studije i izvjeSc¢a sigurnosne studije, izraditi idejni projekt, te studiju
utjecaja na okoli§ odnosno provesti procjenu utjecaja na okolis.

Za ishodenje gradevinske dozvole, te gradnju skladista, a potom dobivanje dozvole za
pogon (licenciranje skladista) potrebna dokumentacija obuhvaca: glavni projekt, izvedbeni
projekt, izradu sigurnosne studije i izvje$¢a sigurnosne studije, dozvolu za pokusni rad i
uporabnu dozvolu.

Malo je vjerojatno da bi se sve navedene aktivnosti mogle dovrsiti prije 2023. godine.
Bila bi potrebna odlu¢nost, precizno planiranje, predan i uskladen rad svih sudionika u
procesu, 1 joS puno srece.

Usto, paralelno bi trebalo (a to vremenski nije nemoguce) posti¢i dogovor sa
Slovenijom o takvom rjeSenju, ukljucujuci sve detalje podjele 1 preuzimanja otpada. Takoder,
trebalo bi ugovoriti gdje ¢e se i kako otpad iz NEK dodatno obraditi i prepakirati, te prevesti u
skladiste.
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RAO U NEK JOS UVIJEK JE ZAJEDNICKI OTPAD

Bez obzira na svoju Strategiju i Nacionalni program, Hrvatska zasad nema pravo po
svojoj volji raspolagati s radioaktivnom otpadom iz NEK, iako ima obavezu simetricno
sudjelovati u njegovu zbrinjavanju i to zbrinjavanje sufinancirati.

Medudrzavni ugovor o NEK predvida da bi Slovenija i Hrvatska trebale naci zajednicko
rjeSenje za odlaganje RAO, a tek ako ne postignu dogovor do 2023. godine, obvezuju se da ¢e
2025. godine zavrsiti s preuzimanjem i odvozenjem RAO s lokacije NEK (svaka pola).

Za dogovaranje o provedbi Medudrzavnog ugovora u ovome podrucju predvidena je
izrada zajedniCkog Programa odlaganja RAO, koju nadgleda Medudrzavno povjerenstvo
(MDP) u kojemu obje drZzave imaju simetri¢na izaslanstva. Do sada je usvojena samo prva
revizija Programa iz 2004. godine, koja je prakticno bila namijenjena samo potrebama
financiranja. Druga revizija je 2010. godine puno detaljnije obradila tehnicke aspekte i opcije
zbrinjavanja RAO, ali nije bilo obostrane politicke volje za njezinim prihva¢anjem. Umjesto
toga, na 10. sjednici MDP 2015. godine pokrenuta je izrada trece revizije Programa (nakon
Sto je odobreno produljenje radnog vijeka NEK, te postignut dogovor o dugorocnom
skladiStenju istroSenog goriva na lokaciji elektrane, zbog cega se ono u ovome tekstu ne
spominje).

Ako se dvije drzave u zadanom roku i ne dogovore o zajednickom rjeSenju za odlaganje
RAO iz NEK, daljnje postupanje s tim otpadom mora svejedno biti dogovoreno u
zajednickom Programu. Prije toga nijedna drzava ne moze samostalno raspolagati sa
»Svojom‘ polovicom.

Ne samo da se prije dogovora ne zna tocno §to je ¢ija polovica, nego regulatorna tijela
dviju drzava ne mogu izdati odgovaraju¢a odobrenja sukladno nacionalnim zakonima i
propisima te obvezuju¢im medunarodnim dokumentima.

Kako smo upozoravali na proslom simpoziju, kod preuzimanja RAO u Hrvatsku radi se
o prekograni¢nom prijevozu RAO koji regulira zakonski obvezujuc¢a Zajednicka konvencija
[4]. Ni slovensko ni hrvatsko regulatorno tijelo ne smiju odobriti prijevoz ako nisu uvjereni da
zemlja odrediSta ima administrativna i1 tehnicka sredstva, kao 1 upravnu strukturu, potrebnu za
zbrinjavanje toga RAO.

Usto, za Hrvatsku je trenutno dodatna nepovoljna okolnost da su reorganizacijom
uprave, barem za sada, otvorene nejasnoce u vezi funkcioniranja regulatornog tijela (Slika 1).

dzrn S - Drzavni zavod za radiolosku i nuklearnu sigurnost Piefins e S

NUKLEARNA SIGURNOST RADIOLOSKA SIGURNOST IAEA PROJEKTI PROPISI | DRUGI DOKUMENTI OKOLIS

Ustrojstvo

OBAVUEST
Opci akti
0d 01. sije¢nja 2019., prestao je s radom DrZavni zavod za radiolosku i nuklearnu sigurnost (DZRNS), a
poslove, opremu, pismohranu i drugu dokumentaciju, sredstva za rad, financijska sredstva, prava i obveze
DrZavnog zavoda za radiolosku i nuklearnu sigurnost preuzelo je Ministarstvo unutarnjih poslova (MUP)

temeljem ¢lanka 26. i ¢lanka 27. Zakona o izmjenama i dopunama Zakona o ustrojstvu i djelokrugu
Godi&nji plan rada ministarstava i drugih sredisnjih tijela drzavne uprave (NN 116/2018).

Vizija i misija

Strateski plan

Izvjesca o zatiti | 0Od 8. veljaée 2019. godine smo na novoj adresi:

SolIAl Ministarstvo unutarnjih poslova

Izvjeéca o radu dr.sc. Damir Trut, pomoc¢nik ministra
Nehajska 5, Zagreb

Financiiski dokumenti

Slika 1. Snimka web stranice (8. 3. 2019.) ostavlja dvojbe o hrvatskom regulatornom tijelu
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ISHOD DOGOVARANJA SA SLOVENIJOM JOS UVIJEK JE NEIZVJESTAN

Dogovaranje je zapravo pocelo tek 2017. godine, na 11. sjednici MDP-a, kad je hrvatska
strana odgovorila slovenskoj da ne prihvaca raniju ponudu o sudjelovanju u projektu Vrbina.

Tu ponudu je Slovenija dala na prethodnoj sjednici MDP-a, pri ¢emu ,,sudjelovanje* u
projektu slovenskog odlagalista nije bilo osobito precizno definirano, osim poziva da se
NSRAO iz NEK ne dijeli nego sav odlaze na Vrbini.

Nasuprot tome, hrvatski je odgovor bio pazljivo formuliran i nijansiran: za hrvatsku
stranu nije prihvatljiva ponuda za uklju¢ivanje u projekt kako je definiran u slovenskom
Investicijskom programu za odlagaliSte Vrbina revizija C.

Prema javno dostupnim informacijama, nije te 2017. godine bilo jasno o ¢emu se radi (a
nije ¢ak ni danas, ako se ograni¢imo na informacije iz sluzbenih izvora), osim da hrvatska
strana ne iskljucuje svaku opciju ukljucivanja u projekt Vrbina.

No, autori ovoga teksta i ranije su na struénim skupovima analizirali za Hrvatsku
potencijalno nepovoljne aspekte sudjelovanja u slovenskom projektu odlagaliSta Vrbina:

a) Projekt predvida odlaganje NSRAO iz NEK (ukupnoga ili samo slovenskog dijela), te
slovenskog institucionalnog RAO. No, i Hrvatska mora planirati zbrinjavanje svojeg
institucionalnog RAO (puno manji volumen od polovice NSRAO iz NEK, ali
usporediva ili vec¢a radioaktivnost). Ako slovenskoj strani prepusti (i plati) odlaganje
samo NSRAO iz NEK, Hrvatska rjesava tek dio svog problema zbrinjavanja RAO.

b) Projekt Vrbina je tako skup, da bi Hrvatska za polovicu cijene (koliki bi bio njezin udio)
mogla na svom teritoriju zbrinuti i polovicu NSRAO iz NEK i svoj RAO. Pritom bi
odlucujuca prednost bila da taj novac ostaje u Hrvatskoj, jer to rade domace tvrtke 1
naknade prima lokalna zajednica.

Stoga su autori na prosloj konferenciji Hrvatskog nuklearnog drustva [5] naveli i opciju
(suprotnu Strategiji) da se sav NSRAO iz NEK moze odlagati na Vrbini, ali pod uvjetom da
se tamo odlaZe 1 hrvatski institucionalni RAO. Do tada ta opcija nije javno razmatrana, no ¢ini
se da pregovori koji se sada vode pod okriljem MDP-a idu u tom smjeru.

Jo$ na prosloj sjednici MDP je osnovalo Koordinacijski odbor (KO) zaduzen da
pripremi mogu¢i zajednicki prijedlog za odlaganje NSRAO, a na 12. sjednici u sije€nju ove
godine pozvalo KO da dodatno optimizira troskove odlaganja i u rujnu izvijesti je li
pronadeno moguce zajednicko rjeSenje.

Hrvatska javnost nije sluZzbeno upoznata niti sa sastavom KO niti s polaziStima za
zajednicko rjesenje koja je KO do sada formulirao. No, prema pisanju slovenskog tiska,
upoznata je Opcina Krsko (u kojoj se planira odlagaliSte Vrbina), te je Op¢inski savjet 4.
ozujka izrazio protivljenje prijedlogu da se sav hrvatski RAO odlaze na Vrbini (tzv. 2.
polaziste) kao 1 da Hrvatska ravnopravno sudjeluje u gradnji i pogonu odlagalista (tzv. 4.
polaziste).

CEMU SLUZE HRVATSKA STRATEGIJA | NACIONALNI PROGRAM

Postupanje prema hrvatskoj Strategiji 1 Nacionalnom programu mozZe se u ovome
periodu smatrati alternativnim rjeSenjem za slucaj da se ne postigne dogovor o Vrbini. To se
naslucuje iz Sturih sluzbenih priopéenja s 12. sjednice MDP-a (te iz odgovora nadleZznih
ministara novinarima, ako je za vjerovati medijima).

No, treba imati na umu da vjerojatno ne bi bilo slovenske ponude za uklju¢ivanje u
projekt Vrbina na 10. sjednici MDP-a, niti spremnosti na ustupke na kasnijim sjednicama, da
Strategija 1 Nacionalni program nisu pokazali namjeru Hrvatske da samostalno rijesi svoju
obvezu prema NSRAO iz NEK. Slovenci bi mogli odgadati razgovor o tome (kao $to nisu
htjeli usvojiti 2. reviziju zajednickog Programa) sve do trenutka kad Hrvatska vise ne bi imala
drugog izbora osim Vrbine (zbog ugovorene odredbe o preuzimanju 2023. do 2025. godine).
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Medutim, u posljednjih par godina Hrvatska nije bila osobito uvjerljiva u deklariranoj
namjeri, jer je nepotrebno otezala s usvajanjem Nacionalnog programa. Ali jo$ uvijek nije
kasno da se ubrzaju pripreme za uspostavu hrvatskog skladista RAO na Cerkezovcu, jer ni
projekt Vrbina nije puno blize dovrSenju.

U tom smislu ohrabruje da su u meduvremenu kona¢no poduzeti ozbiljni koraci da se
vojni objekt Cerkezovac prenamijeni u lokaciju za planirano skladiste RAO. Jedino $to
pomalo iznenaduje je tajnovitost procesa, suprotna op¢éim nacelima transparentnosti u
postupcima zbrinjavanja RAO. ,,Tajnu“ su ipak razotkrili novinari RTL-a, koji su nekako
pribavili povjerljivu biljesku sa sastanka na Cerkezovcu (Slika 2).

BILJESKA

sa sastanka u vezi primopredaje vojnog skladista ,Cerkezovac™ Ministarstvu zastite
okolisa i energetike
Dana 24. sijeénja 2019. godine s pocetkom u 14,30 sati odrZan je sastanak u
dvorani za sastanke “Gojko SuSak” s predstavnicima Ministarstva zastite okolisa i
energetike.
Tema sastanka: realizacija uspostave Centra za zbrinjavanje radioaktivnog otpada u
vojnom skladistu ,Cerkezovac”, Dvor na Uni.
Slika 2. Snimka s web stranice VIJESTI.hr/POTRAGA od 1. 3. 2019. godine

ZAKLJUCAK

Postoje znacajni izgledi da ¢e Hrvatska 1 Slovenija dogovoriti zajedni¢ko odlaganje
NSRAO iz NEK na Vrbini, pod uvjetima koji su povoljni i za Hrvatsku: odlaganje ukupnog
hrvatskog RAO i ravnopravno sudjelovanje Hrvatske u gradnji i pogonu odlagalista. Dobitak
za Sloveniju je da ne bi morala sama financirati vrlo skupi projekt.

Ako se takav dogovor postigne, nece biti potrebno da se NSRAO dijeli i hitno odvozi iz
NEK, §to moZze znacajno racionalizirati daljnje postupanje.

U meduvremenu, Hrvatska mora uvjerljivo i ubrzano provoditi pripreme za preuzimanje
svog dijela NSRAO iz NEK, kao alternativno rjeSenje. Preuzimanje toga NSRAO do kraja
2025. godine vjerojatno nece biti izvedivo, ali Hrvatska sada treba poduzimati sve radnje da
to pokusSa ostvariti.

U konacnici, ako se ne postigne dogovor o zajedni¢kom odlaganju na Vrbini, moze se
ocekivati pomicanje rokova u MedudrZzavnom ugovoru o NEK, jer nije nimalo vjerojatno ni
da bi slovensko odlagaliste bilo spremno za prihvat polovice NRAO iz NEK do kraja 2025.
godine.
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CAN CROATIA ACCEPT HALF OF THE RADIOACTIVE WASTE
FROM THE KRSKO NUCLEAR POWER PLANT ON TIME?

Alemka Knapp, Ivica Levanat, Diana Saponja-Milutinovié
Zagreb University of Applied Sciences, Zagreb, Croatia
ivica.levanat@tvz.hr

In 2014 Croatian Parliament adopted the National Strategy declaring that Croatia would
take its share of radioactive waste (RW) from the Nuclear power plant (NPP) Krsko and
manage it in Croatia.

In January 2016 draft of the National RW Management Program was completed, but it
was approved by the Government only at the end of 2018.

According to the bilateral Slovenian-Croatian Agreement on the NPP, the accumulated
RW should be removed from the NPP, one half by each side, between 2023 and 2025, if no
joint solution for disposal is agreed upon before that. This means that Croatia should build
and license a RW storage by 2022 at the latest.

It is a tremendous undertaking that should be completed within about 3 years, whereas
practically nothing has been done in the 5 years following the Strategy adoption. The odds
that the storage can be established on time are extremely low, if any.

However, this Croatian declaration of intent has finally spurred the Slovenian side to
formally propose (4 years ago) disposal of the Croatian share of the NPP waste into the
Vrbina facility planned in Slovenia.

Croatia tentatively declined the offer 2 years ago, because in the form presented it
would not resolve all Croatian needs for RW management and it would be effectively more
expensive than its own solution.

Presently, negotiations are under way, in which Slovenia and Croatia may agree that
Vrbina repository will be the joint solution, under favorable conditions for Croatia: Croatian
institutional RW will also be accepted, and both countries will equally participate in
construction works and operation of the facility. Slovenian gain would be joint financing of
the very expensive project.

In the case agreement is reached, there will be no need for division of the NPP waste,
and no need for urgent removal from the NPP, which may result in significant rationalization
of necessary activities and costs.

But it is still of paramount importance that Croatia, at least for some time, intensifies all
activities aimed at establishment of its planned RW storage on time. Presently it may seem to
be only an alternative solution, yet it could become the only solution for Croatia.

Besides, if the joint disposal is not agreed, the 2025 deadline from the Agreement on the
NPP will probably be relaxed, not only for Croatia but also because the Vrbina facility is very
unlikely to be ready on time.
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THE IMPACT OF THE REVISED EYE LENS DOSE LIMITS -
REPORT OF IRPA TASK GROUP PHASE 2

Saveta Miljanié
Ruder Boskovi¢ Institute, Zagreb, Croatia

saveta@irb.hr

INTRODUCTION

The International Commission on Radiological Protection (ICRP), after reviewing
epidemiological evidence on tissue reactions, in its statement on tissue reactions, April 2011,
and ICRP (2012) [1] suggested a reduced nominal threshold of 0.5 Gy in absorbed dose for
effects in the eye lens. At the same time the Commission recommended a reduction in the eye
lens dose limit for occupational exposure in planned exposure situations from 150 mSv yr to
20 mSv yr, averaged over defined periods of 5 years, with no single year exceeding 50 mSv.

This recommendation has been incorporated into the new International Basic Safety
Standards IAEA [2] and in the current Euratom Basic Safety Standards [3].

Limits of the equivalent dose to the lens of the eye in the 2014 edition of the
International Basic Safety Standards (BSS) and previous 1996 edition of the BSS [4] are
shown in Table 1.

Table 1. Limits of the equivalent dose to the lens of the eye in the 2014 BSS [3] and
previous 1996 edition of the BSS [4]

Occupational exposure of
apprentices and students

Occupational exposure of workers

>18 years 16 — 18 years
2014 edition 1996 edition 2014 edition 1996 edition
20 mSv per year
Averaged 5 consecutive 150 mSv per year 20 mSv per year 50 mSv per year
years and 500 mSv in a
single year

Note: Public exposure the same for both editions (15 mSv per year)

The European Member States are required to implement the new BSS by February 2018
and accordingly, for monitoring and surveillance, workers with lens exposure likely to exceed
15 mSv yr! will be classified as category A workers.

Following this, in 2012 the International Radiation Protection Association (IRPA)
initiated a process to survey the views of the Associate Societies (ASs) worldwide for
discussion on the implementation of the new limits for the lens of the eye in occupational
exposure. IRPA Task Group (TG) was established to identify key issues in the
implementation. The TG reported its conclusions in 2013 [5].

In January 2015 IRPA established a TG Phase 2 to review progress with the
implementation of the recommendation from the previous report and to collate current
practitioner experience. The TG developed a questionnaire based on 22 questions within the
four topics:

(1) Implications for dosimetry

Q1-Q8: implications for monitoring and assessing dose to the lens of the eye and the

interpretation of the results.

15


mailto:saveta@irb.hr

(2) Implications for methods of protection
Q9-Q12: implication for methods (e.g. procedures or design of equipment, facilities and
protective equipment) used to reduce dose to the eye.

(3) Wider implications of implementing the revised limit
Q13-Q18: long term impact on working activities; changes in healths surveillance; more
claims for compensation

(4) Leqislative and other general aspects
Q19-Q22: guidelines addressing monitoring related to new limit; consultation for
legislation; wider issue of tissue reactions, also circulatory deceise

Questionnaire was sent to all IRPA associate societies (ASs) in April 2015. A total of
twenty-two IRPA ASs, covering 40 countries from Africa, North and South America, Asia,
Australia and Europe, actively contributed by collecting, with their own internal procedures,
views and comments from their professionals, on the impacts related to the implementation of
the new limit for the lens of the eye, and by filling in the questionnaire. The TG Phase 2 has
received the completed questionnaire from the associations of: Argentina, Australia and New
Zealand, Austria, Belgium, Canada, Croatia, Eastern Africa, France, German-Swiss, Hungary,
Israel, Italy, Japan, Korea, Netherlands, Nordic societies, Romania, Russia, Southern Africa,
Spain, United Kingdom, USA.

CONCLUSIONS FROM THE IRPA SURVEY

Direct implications in dosimetry and protection
ASs gave the most attention to the medical area, non uniform exposure
(interventional radiology and cardiology)

» A dosimeter measuring Hp(3) close to the eye is considered the best method and used in
pilot studies;

* Because of limited availability of Hp(3) dosimeters Hp(0.07) and Hp(10) are
predominantly used,;

* When a dosimeter close to the eye is used: It should be on a head band; suggested
positions: the side of the head, the eyebrow ridge, on the forehead, or attached into
the protective glasses;

» Half of ASs reported the use of a dosimeter worn at the collar outside the lead apron
as an indication of eye dose but no correction factor is applied;

* Protective systems are not always available in hospitals.

In nuclear installations, shielding masks, gove boxes and remote systems were in use
before the introduction of the new limit, and no major changes are expected;
For all areas of use, discomfort associated with using lead glasses was emphasized:
* They are heavy, and
* Not being suitably fitted for individuals.

Legislative processes regarding the new limits
The majority of countries initiated the legislative processes of considering the new
limits. Many ASs are directly involved in the consultation process regarding the national
legislation on RP;
* A reduction of lens dose in two stages is one example towards a new regulation: 50
mSy yr for 5 yr followed by consideration of a further reduction;
* In EU Member States the processes are well advanced, since EURATOM 2013/59
has to be implemented by Feb 2018;
» National guidelines are planned or in the completion phase in the large majority of the
countries.
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Consideration on tissue effects other than eye lens effect

The IRPA ASs are informed about the wider issue of tissue reaction, such as
circulatory diseases and the related nominal threshold dose (0.5 Gy). The large majority
have not yet taken into consideration this issue.

Costs
It is commonly understood that application of the new limit will generate additional costs:
» Any additional protection measure
» Extra dosimeters, time for evaluation ...
* In EU countries possible reclassification of workers (B to A)
» Training

Scientific and regulatory aspects
A number of ASs have concern about:
» The availability of suitable dosimeters;
» The lack of established calibration facilities for Hp(3);
» The associated arrangements for regulatory approval.
Issues which need still to be addressed:
» Harmonization of the approach to monitoring lens of the eye dose;
+ Agreement on the optimum location of dosimeters, i.e. the use of head dosimeters;
» Consensus about suitable methods for evaluating the protection by lead glasses.

The results of the survey were published in 2017 [6].

TG phase was also working towards the development of practical recommendations
about when and how eye lens dose should be monitored and of guidance on use of protective
tools depending on the exposure levels which was approved by IRPA EC on 31 January 2017
[7]. In IRPA guidance recommendations for dose monitoring based on potential doses are
given in Table 2 and in Table 3 the protection recommendations depending on the annual
doses are summarized (both tables are prepared according to ref. [8])

Table 2. Proposed dose levels for eye lens for implementation of dose monitoring [8]

Dosimeter Dose Annual o .
- - Dose monitoring recommendations
position guantity dose (mSv)
Initial monitoring with collar or head
Collar or

Hp(3) 1-6 dosimeter to establish dose levels.

headband Regular monitoring recommended.
Collar or Ho(3) >6 Regular monitoring with collar or head
headband P (15)** dosimeter is required.

* in photon fields, characteristics of fluoroscopically guided procedures Hy(0.07) or
Hp(10) may also be used
** dose constraint in brackets
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Table 3. Proposed dose levels for eye lens for guidance on use of protection for the eyes [8]

Annual unprotected dose

(MSv) Protection recommendations

Ceiling suspended screens where available.

3-6 Protective eyewear may be considered.

Protection essential. Both ceiling suspended shield and
>6 eyewear, at least one form used.
Training for suspended screens when they are used.

Acknowledgement
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In April 2011 statement on tissue reaction and in Publication 118 of the International
Commission on Radiological Protection (ICRP), a reduction in the equivalent eye dose limit
in occupational exposure was recommended. Following this, in 2012 the International
Radiation Protection Association (IRPA) initiated a process to survey the views of the
Associate Societies (ASs) worldwide for discussion on the implementation of the new limits
for the lens of the eye in occupational exposure. IRPA Task Group (TG) was established to
identify key issues in the implementation. The TG reported its conclusions in 2013.

In January 2015 IRPA established a TG Phase 2 to review progress with the
implementation of the recommendation from the previous report and to collate current
practitioner experience. The TG defined and promoted a survey with reference to: i) the best
applied methods for monitoring dose to the lens; ii) the updated and optimized methods used
to reduce dose to the eye; iii) the ongoing path towards implementation in the different
countries at a legislative level. At the same time, this TG provides an opportunity to obtain the
views of professionals of the IRPA ASs concerning and related to the wider generic issue of
tissue reactions. The results of the survey on the view of the professionals of the IRPA ASs on
the new limit to the lens of the eye and on the wider issue of tissue reactions are presented in
the IRPA document ‘Report of Task Group on the impact of the Eye Lens Dose Limits’. TG
was also working towards the development of practical recommendations about when and
how eye lens dose should be monitored and of guidance on use of protective tools depending
on the exposure levels.

19


mailto:saveta@irb.hr

PCELE I ZRACENJE
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Institut za medicinska istrazivanja i medicinu rada, Zagreb
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uvoD

Pcelarstvo je u Republici Hrvatskoj tradicionalna poljoprivredna grana koja ima veliki
gospodarski znacaj. P¢elinji proizvodi (med, pelud, vosak, propolis, maticna mlijec itd.) imaju
Siroku primjenu u prehrani, apiterapiji, kozmeti¢koj industriji itd. Medutim, osim proizvodnje
pcelarskih proizvoda, pcelarstvo je kljuéno za proizvodnju poljoprivrednih kultura i
osiguravanje bioraznolikosti putem oprasivanja. Procjenjuje se da je ekonomska vrijednost
opraSivanja koje vrSe pcele nekoliko desetaka puta veca od pcelinjih proizvoda. Upravo zbog
usluga oprasivanja koje pruzaju, smatra se da su medonosne pcele jedna od najvaznijih
zivotinjskih vrsta. Svijet bez pcela znaci svijet bez voca, povréa, Zitarica, sjemena 1 orasastih
plodova. Posljednjih godina doslo je do alarmantnog smanjivanja pcelinjih populacija Sirom
svijeta, a kao jedan od razloga tog izumiranja ¢esto se navodi i zracenje, elektromagnetsko 1
ionizirajuce.

U radu su prezentirani odredeni urbani mitovi 1 miskoncepcije vezani uz pcele 1 zracenje
te radioekoloska i ostala istrazivanja, s posebnim naglaskom na Republiku Hrvatsku.

MATERIJALI | METODE

Materijali za ovaj prikaz pronadeni su na Internetu, u arhivama Grupe ,,EkoloSko
pcelarstvo Klinac* te u pcelarskoj biblioteci Obiteljskog poljoprivrednog gospodarstvu OPG
,,Frani¢ Davorka“.

REZULTATI

Urbane legende 1 bizarne price nekad su se Sirile usmenom predajom, a u danasnje je
vrijeme njihov glavni izvor Internet. Prikazat ¢emo ovdje nekoliko tema koje povezuju
fenomen alarmantnog nestajanja pcela sa zracenjem. U tom kontekstu, nuklearna nesre¢a u
Cernobilu zauzima gotovo centralno mjesto, a odmah potom nesre¢a u japanskoj nuklearnoj
elektrani Fukushima Daiichi.

Nuklearna nesreca u Cernobilu

Nakon nuklearne nesre¢e u Cernobilu na dan 1986-04-26, se u struénoj i znanstvenoj
literaturi gotovo odmah pocelo raspravljati o opsegu radioaktivne kontaminacije meda i
pcelarskih proizvoda te posljedicama na zdravlje pcela. Tako je u stru¢nom casopisu Pcela,
glasilu Hrvatskog pcelarskog saveza i Saveza pcelara Bosne 1 Hercegovine, ve¢ u lipanjskom
broju, dakle dva mjeseca poslije nesretnog dogadaja, objavljen ¢lanak Pitaju pcelari — Sto
nakon Cernobila? [1]. U tom se ¢lanku autor Zoran Buk3a osvrée na reakcije péelara koji se
pitaju: §to je s pcelinjim proizvodima, kako je poviSena radijacija utjecala na pcele, $to ¢e biti
s medom, a Sto s ostalim pcelinjim proizvodima i kolika je opasnost od radioaktivne
kontaminacije. Buksa istice kako su pcelari, kao i ve¢ina pucanstva zbunjeni strucnim
rijeima 1 izrazima kao $to su mikrorendgeni, bekereli, radionuklidi, miliremi... reagirali
onako kako ljudi obi¢no reagiraju u takvim situacijama, dakle ekstremno; od potpunog
ignoriranja opasnosti pa do pretjerane zaplasenosti. Autor u ¢lanku ne nudi nikakve odgovore
jer je bilo proteklo prekratko vrijeme od nuklearne nesreée (i posljedi¢ne pojave radioaktivne
kontaminacije) do uzorkovanja, analiza i procjene rizika. Medutim ve¢ u slijede¢em broju
Pcele, isti autor [2] u ¢lanku Radijacija i pCelarstvo iznosi neSto potpunije informacije, iako
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jos uvijek bez konkretnih podataka o koncentracijama aktivnosti pojedinih radionuklida u
pcelinjim proizvodimna. Autor je predvidio, s obzirom da se radioaktivni jod ve¢ raspao i
nestao iz okoli$a, dugoroéniju kontaminaciju hrane radionuklidima **'C, *3Cs, ali i 8%Sr, §to
se u pogledu 89Sr pokazalo neto¢no. Autor, ispravno, ali prilicno oprezno, ukazuje na
¢injenicu da su razvijene zemlje Europske ekonomske zajednice (EEZ) iskoristile cernobilsku
nesre¢u da nametnu protekcionisticke mjere na uvoz hrane iz ostalih zemalja, iako nisu imale
uskladene i [znanstveno opravdane] kriterije. Medutim, u ¢lanku se prilicno hrabro iznosi
misljenje da ¢e stalna i dugotrajna prisutnost dugovjeénih radionuklida u prirodnoj okolini
pcela neminovno prouzrociti vjerojatne genetske mutacije pcela, narocito na podrucjima koja
su jace zagadena.

Autor na kraju ¢lanka napominje da ¢e o rezultatima [radioloSkih] analiza pcelari biti i
dalje obavjeStavani jer ¢e se oni redovito objavljivati u Casopisu Pcela. | zaista, u istom
godistu Pcele, u listopadu, zagrebacki pcelar i ¢lan izdavackog savjeta ¢asopisa Pcela 0Svrnuo
se na strahovanja za pcele nakon Kkatastrofe s eksplozijom reaktora nuklearne centrale
,Lenjin“ u Cernobilu kraj Kijeva, koja je rezultirala disperzijom radionuklida u svjetskim
razmjerima [3]. Loc napominje da je jo§ 5 godina prije Cernobilske nesreée na temelju
naucno-istrazivacke literature 1 u praksi, a osobito u pcelarskom radu sve svoje koSnice
postavljao na geobioloske, odnosno terestricke trake radijacija, jer je i po literaturi i po
vlastitim ispitivanjima dokazano da pcele na njima bolje uspijevaju. Valja napomenuti da Loc
nikakvu literaturu nije citirao, ali nastavlja objasnjavati kako pcele kada same biraju stan
uvijek se smjeste na trakama geobioloSkih radijacija, koje su inace tako kobne za ljude i
veéinu drugih zivih bica pa i biljaka. Te geobioloske radijacije su, doduse, vrlo slabe, ali su
vrlo prodorne, npr. 18 puta prodornije od rendgenskih zraka [sic!]. Autor takoder navodi neka
istrazivanja, ne precizirajuci izvore, da mravi, pcele i macke [zasto bas macke???] imaju neki
bioloski stit u kojem odlu¢nu ulogu ima mravlja kiselina te predstavljaju izuzetak u odnosu na
kobne posljedice traka geobioloskih radijacija. Autor stoga zakljucuje da pcele od tih
radijacija nece pretrpjeti nikakvu Stetu. Na ovom mjestu se autor vra¢a problematici
radionuklida koji nas prema njegovom misljenju biju iz bezumnog baratanja nuklearnom
energijom pa kroz tlo [zaSto ne 1 putem zraka i vode?] dospijevaju u ljuske Zitarica i plodova
ali se ne pokazuju u nektaru i medu. Taj (pogresni) podatak o kontaminaciji meda (malenoj,
ali mjerljivoj) autor potom tumaci vlastitim opaZanjem da poslije Cernobilske nesre¢e nije
primjecivao pcele na cvjetovima vocaka 1 maslacaka buduc¢i su one radije iSle na paSu u
Sumske predjele.

Loc je dakle ioniziraju¢e zracenje kao posljedicu radioaktivne kontaminacije izjednacio
s ezoterijom tipa geobioloskih / terestri¢kih trake radijacije. Valja napomenuti da se danas
sli¢nim fenomenima (Hartmannovih ¢vorovi - "demonova vrata") pokuSava na pojedinim
pcelarskim forumima objasniti tzv. kolaps pcelinjih zajednica (colony collapse disorder -
CCD) kako se naziva zabrinjavaju¢i fenomen izumiranje pcela posebice izrazen posljednjih
godina [4]. InaCe u znanstvenoj literature CCD se objasnjava Citavim spektrom nepovoljnih
okolnosti za pcele (i ostale opraSivace) od kojih prednjace klimatske promjene i prekomjerna
uporaba pesticida [5].

Ipak, ¢lanak Dragutina Loca bio je popracen duhovitom ilustracijom na kojoj je
prikazana pcela koja je spakirala svoje stvari u pohabani ,,pinklec 1 napuSta Zemlju
kontaminiranu razli¢itim radionuklidima, a na licu ima zastitnu masku (Slika 1).

Prva dostupna mjerenja radioaktivne kontaminacije meda, s validiranim i javno
dostupnim podacima, provedena su u Institutu za medicinska istrazivanja i medicinu rada ve¢
u svibnju 1986. godine, odnosno nakon bagremove paSe. Ta su istrazivanja bila dio
ekstenzivnog programa nadzora radioaktivne kontaminacija okoliSa u Republici Hrvatskoj
koji je zapocet jo§ godine 1959. Rezultati su objavljeni u redovhom godiSnjem izvjeStaju
Instituta za medicinska istrazivanja i medicinu rada [6], a potom u ¢asopisu Pcela [7].
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Sllka 1. Ilustracua prenljeta iz casoplsa cela 1986; 10‘317

Godine 1986. koncentracija aktivnosti 13’Cs u uzorcima meda iznosila je 32,2 + 20,6
Bgkg?, a 134Cs 26,4 + 3,6 Bgkg™. Maksimalna koncentracija aktivnosti godine 1986. u medu
za B bila je 112 Bgkg?. O radioaktivnoj kontaminaciji meda i p&elinjih proizvoda na
podru¢ju Republike Hrvatske kasnije su detaljno izvijestili BareSi¢ i1 sur. [8,9] te Frani¢ 1
Branica koji su obradili cjelokupno razdoblje 1986-2017 [10].

Valja napomenuti da je poslije nesreée u Cernobilu u radijusu od 30 kilometara od
mjesta nuklearne nesre¢e proglasena tzv. Zabranjena zona u kojoj su pcelari morali napustiti
svoje pcelinjake. Pcele su se dakle snalazile bez pomoc¢i pcelara Sto je ukljucivalo i1 potragu za
pitkom vodom. Prilikom posjete Zabranjenoj zoni u okviru projekta medunarodne agencije za
atomsku energiju (IAEA) u ljeto godine 1997., ¢lanovi Hrvatskog druStva za zaStitu od
zraCenja Delko Bari$i¢ i autor ovoga prikaza svjedocili su pravoj najezdi péela i osa koje su se
skupljale oko dostupne vode. Naime, tada je vladala je velika susa te su se insekti sakupljali
posebice oko praonika za dekontaminaciju obuce (nogoper) na kontrolnoj postaji za ulazak 1
izlazak iz Zabranjene zone. Na slici je prikazana jedna takva lokvica, ali nazalost pcele nisu
narocito vidljive zbog slabe rezolucije (Slika 2)

Veliki broj péela oko Cernobila potaknuo je bujanje urbanih legendi o mutiranim
pcelama. Zanimljivo da (jo§ uvijek) kontaminirano podrué¢je u Zabranjenoj zoni ne sprjecava
ljude da ilegalno u nju zalaze, ¢ak i pcelare. Tako je globalna ruska informativna mreza RT
godine 2010. prenijela pomalo bizarnu vijest da su bjeloruski policijski sluzbenici pronasli
dvije osobe koje su u 30-kilometarskoj zoni iskljuenosti oko nuklearne stanice u Cernobilu
uzgajali pcele 1 medvjede [11]. Nije posebice elaborirano $to su pcelari €inili s medom i
ostalim proizvodima, tj. jesu li ga koristili za vlastitu uporabu ili plasirali na trZziste.

Nuklearna nesreéa u japanskoj elektrani Fukushima Daiichi

Na dan 2011-03-11 zbog razornog tsunamija, koji je bio posljedica takoder razornog
potresa u japanskoj regiji Tohoku, a koji je razorio spremnike s gorivom i dizelske agregate
namijenjene za proizvodnju elektricne energije potrebne za hladenje nuklearnih reaktora,
doslo je do katastrofalne nesre¢e u nuklearnoj elektrani Fukushima Daiichi. Posljedi¢no, zbog
neadekvatnog hladenja, dio gorivih Sipki u reaktorima ostao je bez vode §to je uzrokovalo
oslobadanje, a potom i eksploziju vodika te Sirenja radioaktivnog materijala u okoli§. Ova je
nesrec¢a ocijenjena maksimalnim 7. stupnjem po INES skali, odnosno kao nesre¢a s globalnim
posljedicama. Iako je i nesre¢a u Cernobilu takoder ocijenjena stupnjem 7, u havariji
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Fukushime oslobodeno je tek 10 % radioaktivnog materijala u usporedbi s nesrecom u
Cernobilu.

Slika 2. Kontrolna postaja za ulazak u Zabranjenu zonu (Cernobil), snimio autor god. 1997.

Uz razlicita pretjerivanja o posljedicama nesrece, zanimljiva je prica kako je izloZenost
zraCenju iz Fukushime dovela do pojave mutiranih divovskih str§ljena koji su bili odgovorni
za brojne povrede ljudi u ameri¢koj saveznoj drzavi Nebraska, a o ¢emu je pisano na
satiricnoj web stranici National Report [12]. Ti su str§ljeni, prema glasinama koje su se
odmah prosirile, bili ¢etverostruko veci od ,,0bi¢nih* str§ljena, hiper-agresivni, a slu¢ajno su
uvezeni u Nebrasku tijekom nabave robe u lokalnim prodavaonicama azijske hrane. Navodno
su uzrokovali nekoliko smrtnih slu€ajeva. Prica se neko vrijeme nekontrolirano S$irila, bilo
Internetom bilo usmenom predajom, posebice u Nebraski.

Chemtrails

Medu teoretiCarima zavjera izuzetno je popularna 'Chemtrails' teorija koja polazi od
pretpostavke da zrakoplovi osim normalnih nusprodukata izgaranja mlaznog goriva ispustaju i
razne kemijske, ¢ak i bioloske agense, Sto moze ukljucivati i radioaktivne materijale. Vezano
uz pcele, pristalice 'Chemtrails' teorije objasnjavaju da su za ve¢ spomenuti kolaps pcelinjih
zajednica odgovorni Chemtrailsi. Stovise, iznose se i ,,precizne” brojke: npr. ,.za oko 44 %
pCelinjih zajednica koje su u Sjedinjenim ameri¢kim drzavama umrle godine 2011.,
odgovorni su Chemtrailsi [13].

Valja 1i uopce objasnjavati da su hidroloski fenomeni, odnosno kondenzacijski tragovi
koji proizlaze iz fizikalnih procesa u atmosferi, a koji su znanstveno obradeni u nebrojenim
istrazivanjima koja su provedena jo$ od samoga pocetka zrakoplovstva, medu teoretiCarima
zavjere poznati kao Chemtrails, samo jo§ jedan vid pseudoznanosti [14]. Ovoga puta ta je
pseudoznanost iskoristena da se ,,objasni* alarmantno izumiranje pcela.

Pcele i neionizirajuce zracenje

U posljednje se vrijeme kao jedan od mogucih uzroka izumiranja pcela sve viSe
spominje i neionizirajue zracenje, odnosno elektromagnetski valovi. Mnogi pcelari stoga
izbjegavaju sa sobom na pcelinjake nositi svoje bezicne telefone, tj. ,,mobitele”. Zbog
potencijalne opasnosti od kroni¢ne izloZenosti niskoj razini radijskim frekvencijama
mikrovalnog zracenja, koriStenje mobitela je postala zanimljiva tema mnogih javno-
zdravstvenih istrazivanja [15]. Posljedi¢no, provedeno je mno$tvo epidemioloskih i
eksperimentalnih istrazivanja kod ljudi 1 zivotinja, ukljucujuc¢i 1 pcele. PCele su naime
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pouzdani pokazatelji stanja okoliSa zbog nekoliko vaznih ekoloskih, etoloskih i morfoloskih
karakteristika. One su npr. ponajbolje eksperimentalne Zivotinje za proucavanje ucinka
elektromagnetskih valova, jer u svojim abdomenima posjeduju magnetitne granule koje
pomazu pcelama u njihovom orijentacijskom letu.

Rezultati odredenih istrazivanja, upucuju na zaklju¢ak da se unatoC¢ primijecenim
promjenama u li¢inkama pcela ne moze jednoznacno zakljuciti ima li izlaganje pcela
radiofrekvencijskim magnetskim poljima (RF-EMF) toliko izraZeni $tetni u¢inak na péele da
to moze dovesti do gubitka cijele zajednice [16, 17]. S druge strane valjalo bi sustavnije
prouciti ima li izloZzenost RF-EMF kakvog ucinka na nametnika Varroa destructor, $to bi
zapravo bio pozitivan ucinak na zdravlje i prezivljavanje pcela. [18].

Takoder, wvaljalo bi bolje istraziti 1 utjecaj elektromagnetskog zracenja na
dezorijentiranost pcela tijekom orijentacijskih letova kod procesa sakupljanja hrane.
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Obradeni su dostupni izvori iz sredstava informiranja, internetskih portala kao i
znanstvene i strucne literature. Vezano uz radioaktivnu kontaminaciju okoliSa, med i pcelinji
proizvodi prepoznati su kao izuzetno dobri bioindikatori stanja zagadenosti okoliSa. Ozbiljan
problem nestajanja pcela pokusava se objasniti utjecajem zracenja, $to nazalost skre¢e paznju
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BEES AND RADIATION

Zdenko Franié
Institute for Medical Research and Occupational Health, Zagreb, Republic of Croatia
zdenko.franic@imi.hr

Because of the pollination services they provide, honey bees are considered one of the
most important animal species. A world without bees means a world without fruit, vegetables,
grains, seeds and nuts. In recent years, there has been an alarming decline in bee populations
around the world, known as colony collapse disorder. lonizing and electromagnetic radiation
are frequently mentioned among the reasons for this extinction. This paper presents some
urban legends and misconceptions regarding bees and radiation as well as radioecological and
other similar topics, with special emphasis on the Republic of Croatia. The main source of
such misinformation is the internet and tabloid journalism, although some misinformation
could even be found in professional bee-keeping journals. As expected, the consequences of
the Chernobyl nuclear accident are mentioned to have had a profoundly negative impact on
bees and beekeeping, which is fortunately not entirely true. However, in scientific journals
covering the field of radiation science and radioecology, honey and honey-bee products are
recognized as excellent bio-indicators of environmental pollution.
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Sterilizacije 1 sterilnosti su pojmovi ¢ije se razlike u znacenju Cesto ne razaznaju i
neadekvatno primjenjuju u praksi. To su dva razli¢ita postupka koja se provode sa razli¢itom
svrhom. Prema normi 1SO13485: Medicinska oprema: Sustav upravljanja kvalitetom,
sterilizacija je postupak kojim se odstranjuju ili unistavaju svi mikroorganizmi sa predmeta,
instrumenata i materijala do te mjere da se na standardnim hranjivim medijima ne moze
dokazati njihova prisutnost [1]. Jedna od c¢esto koriStenih metoda za sterilizaciju razlicitih
materijala i proizvoda poput medicinske opreme i pribora za jednokratnu upotrebu,
farmaceutskih sirovina, gotovih proizvoda i ambalaze je y—zracenje [2,3]. To je efikasna, brza i
sigurna nekontaktna fizikalna metoda za inaktivaciju i eliminaciju svih bioloskih onecis¢enja
odnosno mikroorganizama u svim njihovim zivotnim ciklusima. Kontrola odnosno validacija
sterilizacije provodi se fizikalnim, kemijskim i bioloskim postupcima kako bi se potvrdila
uspjesnost postupka. Jedan od najpouzdanijih, najprikladnijih i najjednostavnijih nacina kojim
se dokazuje ucinkovitost sterilizacije odnosno nac¢ina kojim se dokazuje prisutnost mikrobnog
oneciSéenja ispitivanog materijala je bioloska kontrola. Bioloska kontrola sterilizacije provodi
se uporabom bioloskih indikatora koji sadrze posebno pripremljene mikrobioloSke spore vrlo
visoke otpornosti. Primjenom bioloskih indikatora prati se 1 ocjenjuje proces sterilizacije na
temelju odredivanja prezivljavanja mikroorganizama nakon sterilizacije [4]. Samo se tim
postupkom moze dokazati je 1i neki predmet, instrument ili materijal koji je bio podvrgnut
sterilizaciji uistinu sterilan ili ne. Postupak ispitivanja sterilnosti provodi se u strogo asepti¢nim
uvjetima na podlogama s hranjivim medijem Kkoji omogucuje rast mikroorganizmima.
Ispitivani materijal je sterilan ako nakon sterilizacije nema rasta na podlozi. Mikrobioloske
podloge koriste se u mikrobioloSkoj dijagnostici, istrazivanjima, kontroli voda i ziveznih
namirnica, a sa razvojem biotehnologije sve vise nalaze primjenu u razli¢itim proizvodnim
procesima.

Podloge se najcesce koriste u sljede¢im postupcima [5,6] :
Uzgoj 1 odrZzavanje mikrobioloskih kultura;
Izolacija i identifikacija mikroorganizama;
Ispitivanje biokemijskih 1 fizioloSkih osobina mikroorganizama;
Odredivanje osjetljivosti mikroorganizama na antimikrobne agense;

e Testovi sterilnosti materijala ili proizvoda, opreme i prostora

U ovom radu istrazen je ucinak y-zracenja na ¢vrstim hranjivim podlogama te fizikalno
kemijske osobine i mikrobioloske karakteristike standardnih mikrobioloskih medija nakon vy-
zracenja uz koristenje komercijalnog bioloskog indikatora za postupak utvrdivanja sterilnosti,
spore Bacillus pumilus kroz tri ciklusa zrac¢enja [7]. U svakom ciklusu ozradivanja se svi
postupci pripreme, dozimetrije, zracenja, obrade podloga 1 mjerenja nakon zracenja provode
jednakim nacinom.

MATERIJALI | METODE

Mikrobioloske podloge “ready to use™ pripravljene su iz komercijalnih dehidriranih
podloga u Nastavnom zavodu za javno zdravstvo dr. A. Stampar prema HRN EN ISO 11133.
Nakon otapanja, podloge se steriliziraju vru¢om vodenom parom pri 121 °C kroz 15 minuta.
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Punjenje mikrobioloskih podloga u sterilne polistirenske Petrijeve zdjelice izvedeno je
pomocu aparata za punjenje u klasi zraka A. Mikrobioloske podloge (proizvodi) podvrgnuti
su strogoj provjeri kakvo¢e prema HRN EN ISO 11133.

U ovom istrazivanju koriStene su 2 vrste mikrobioloskih podloga, Tryptone soja agar
(TSA) i Sabouraud dekstroze agar (SDA) koje su zapakirane u trostruku termoskupljajuc¢u
foliju i umetnute u kartonsku kutiju (20 x 20 x 10 cm). Po kutiji/mikrobioloskim podlogama
rasporedeno je 7 bioloskih indikatora MESA STRIP kat. br. SGMR/6 Bacillus pumilus, lot
BPUM-289. Kutija s mikrobioloskim podlogama zracena je dozom od 12,5 kGy i uz brzinu
doze 0,36 Gy/s. Tri ciklusa ozraGivanja provedena su na panoramskom izvoru %°Co na
Institutu  Ruder Boskovi¢. Dozimetrija je uspostavljena etanol-klorobenzenskim
dozimetrijskim sustavom (ISO / ASTM 51538: 2017). Nakon zrac¢enja bioloski indikatori su
inkubirani u hranjivom bujonu 7 dana na 35 °C te su o¢itani rezultati testiranja.

REZULTATI
Rezultati bioloSke kontrole sterilizacije u sva tri ciklusa zracenja su pokazala da nema

porasta Bacillus pumilus (Tablica 1).

Tablica 1. Rezultati bioloske kontrole sterilizacije nakon zra¢enja dozom od 12,5 kGy uz
brzinu doze 0,36 Gy/s.

12,5 kGy 12,5 kGy 12,5 kGy
(1. ciklus) (2. ciklus) (3. ciklus)
Bioloski Rezultat Biologki Rezultat Bioloski Rezultat
indik/ Uzorci indik/ Uzorci indik/
Uzorci
1-7 Nema 1-7 Nema porasta 1-7 Nema porasta
porasta Bacillus Bacillus
Bacillus pumilus pumilus
pumilus
Pozitivna Porast Pozitivha Porast Pozitivna | Porast
kontrola Bacillus kontrola Bacillus kontrola Bacillus
pumilus pumilus pumilus

Nakon zracenja od 12,5 kGy TSA i SDA ispitani su fizikalno-kemijski parametri (pH,
boja, homogenost i konzistencija) (Tablica 2) i mikrobioloske karakteristike - produktivnost,
prema HRN EN ISO 11133 (Slika 1 i 2). Produktivnost se kvantitativno odreduje kao omjer
izmedu broja poraslih kolonija na ispitnoj podlozi i broja poraslih kolonija na referentnoj
podlozi te se radi u duplikatu. Produktivnost ispitivane podloge mora biti iznad zadane
granice. Faktor produktivnosti (Pr), racuna se po formuli:

Pr = Ns/ No,
gdje je:

Ns ukupan broj poraslih kolonija na ispitnoj podlozi
No ukupan broj poraslih kolonija na referentnoj podlozi

Kod TSA koristena su Cetiri kontrolna soja mikroorganizama i to Escherichia coli
ATCC 8739, Staphylococcus aureus ATCC 25923, Bacillus subtilis subs. spizizenii ATCC
6633 i Listeria monocytogenes 4b ATCC 13932. Kod SDA koristena su dva kontrolna soja
mikroorganizama i to Aspergillus brasiliensis ATCC16404 i Saccharomyces cerevisiae
ATCC 9763.

Vizualnim pregledom mikrobioloskih podloga utvrdeno je da niti u jednom slucaju nije
doslo do promjene boje nakon zracenja.
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Tablica 2. Ispitivanje fizikalno-kemijskih parametara i mikrobioloskih karakteristika prije i
nakon zracenja dozom od 12,5 kGy uz brzinu doze 0,36 Gy/s.

12,5 kGy Rezultati ispitivanja serije prije gamma Rezultati NAKON gamma zrac¢enja od 12,5

(1. ciklus) zracenja - Nulto vrijeme- kGy

TSA - pH =7,45 pH =73

TRIPTON Pr=1,2; 1,2 ( Escherichia coli ATCC Pr=1,0; 1,0 ( Escherichia coli ATCC

SOJA AGAR 8739) 8739)

(;)It{27222(1)82) Pr=0,8; 0,8( Staphylococcus aureus ATCC | Pr=1,1; 1,1 ( Staphylococcus aureus

7 25923) ATCC 25923)

Pr=1,1; 1,1 (Bacillus suptilis subs Pr=0,8; 0,8 (Bacillus suptilis subs
spizizenii ATCC 6633) spizizenii ATCC 6633)
Pr=0,9; 0,9 ( Listeria monocytogenes 4b Pr=0,8; 0,8 ( Listeria monocytogenes 4b
ATCC 13932) ATCC 13932)

Sabouraud pH =5,8 pH =54

Dextrose agar | pg=0,9; 0,9 (Aspergillus brasiliensis Pr=1,1; 1,1 (Aspergillus brasiliensis

lot 240518 ATCC 16404) ATCC 16404)

(pH 5,6+0.2) Pr=1,0; 1,0 (Saccharomyces cerevisiae Pr=1,0; 1,0 (Saccharomyces cerevisiae
ATCC 9763) ATCC 9763)

12,5 kGy Rezultati ispitivanja serije prije gamma Rezultati NAKON gamma zra¢enja od 12,5

(2. ciklus) zracenja - Nulto vrijeme- kGy

TSA - pH =7,21 pH=7.1

TRIPTON Pr=0,9; 0,9 ( Escherichia coli ATCC Pr=1,0; 1,0 ( Escherichia coli ATCC

Iso?i?o/;gAR 8739) 8739)

(pH 7.4£0.2) Pr=1,1; 1,1( Staphylococcus aureus ATCC | Pgr=1,1; 1,1( Staphylococcus aureus ATCC
25923) 25923)
Pr=1,0;1,0 (Bacillus suptilis subs Pr=1,1; 1,1(Bacillus suptilis subs spizizenii
spizizenii ATCC 6633) ATCC 6633)
Pr=0,9;0,9 ( Listeria monocytogenes 4b Pr=1,0;1,0 ( Listeria monocytogenes 4b
ATCC 13932) ATCC 13932)

Sabouraud pH =57 pH =54

Dextrose agar | po=0,7; 0,7 (Aspergillus brasiliensis Pr=1,1; 1,1 (Aspergillus brasiliensis

lot 050718 ATCC 16404) ATCC 16404)

(pH 5,6+0,2) Pr=1,2; 1,2 (Saccharomyces cerevisiae Pr=0,8; 0,8 (Saccharomyces cerevisiae
ATCC 9763) ATCC 9763)

12,5 kGy- Rezultati ispitivanja serije prije gamma Rezultati NAKON gamma zra¢enja od 12,5

(3. ciklus) zracenja - Nulto vrijeme- kGy

TSA - pH =75 pH =7,3

TRIPTON Pr=0,9; 0,9 ( Escherichia coli ATCC Pr=1,0; 1,0 ( Escherichia coli ATCC

fc)?ngo/;leAR 8739) 8739)

(pH 7.4£0.2) Pr=1,1; 1,1( Staphylococcus aureus ATCC | Pr=1,0; 1,0 ( Staphylococcus aureus

7 25923) ATCC 25923)

Pr=1,0; 1,0 (Bacillus suptilis subs Pr=1,2; 1,2 (Bacillus suptilis subs
spizizenii ATCC 6633) spizizenii ATCC 6633)
Pr=0,9; 0,9 ( Listeria monocytogenes 4b Pr=0,9; 0,9 ( Listeria monocytogenes 4b
ATCC 13932) ATCC 13932)

Sabouraud pH =57 pH =5,4

Dextrose agar | pe=0,7; 0,7 (Aspergillus brasiliensis Pr=1,0; 1,0 (Aspergillus brasiliensis

lot 240518 ATCC 16404) ATCC 16404)

(pH 5,6£0,2) Pr=1,2; 1,2 (Saccharomyces cerevisiae Pr=0,8; 0,8 (Saccharomyces cerevisiae
ATCC 9763) ATCC 9763)
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Produktivnost TSA prije y-zracenja
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Slika 1: Produktivnost TSA prije i nakon y—zracenja.
Kontrolni sojevi: Escherichia coli ATCC 8739, Staphylococcus aureus ATCC 25923,
Bacillus suptilis subs spizizenii ATCC 6633 i Listeria monocytogenes 4b ATCC 13932.
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Produktivhost SDA prije y-zracenja
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Slika 2. Produktivnost SDA prije i nakon y-zra¢enja. Kontrolni sojevi: Aspergillus brasiliensis
ATCC 16404 i Saccharomyces cerevisiae ATCC 9763.

ZAKLJUCAK

Rezultati ispitivanja fizikalno-kemijskih parametara i mikrobioloskih karakteristika kod
Tripton soja agara i Sabouraud Dextrose agar (pH, boja, homogenost i konzistencija) nakon tri
ciklusa zrac¢enja u jednakim uvjetima i1 kod doze zracenja od 12,5 kGy zadovoljavaju zahtjevu
za sterilnost prema normi ISO 11137, te zadovoljavaju zahtjevima u pogledu ispitivanja
fizikalno-kemijskih parametara i mikrobioloskih karakteristika prema HRN EN ISI 11133.

Vrijednosti produktivnosti (Pr ) SDA odnosno TSA prije i nakon y—zracenja podloga
nalaze se unutar dvije standardne devijacije.

Rezultati provedenih ispitivanja na TSA 1 SDA su pokazali da je primjena y—zracenja za
dobivanje sterilnih Petrijevih zdjellica koje su trostruko pakirane u termoskupljajucu foliju,
kao gotovog proizvoda ucinkovita metoda buduéi su zahtjevi za sterilnost, fizikalno-kemijske
parametre i1 mikrobioloske karakteristike-produktivnosti, sukladno smjernicama EU i
odgovaraju¢im europskim normama, u potpunosti zadovoljeni. Gama zracenje nije narusilo
fizikalno-kemijska svojstva kao ni mikrobioloske karakteristike u ispitivanom hranjivom
mediju. Bioloski indikatori koji su pritom bili upotrijebljeni dokazuju da su vegetativni oblici
spora uniSteni u procesu sterilizacije do nivoa zahtjevanog za postizanje stanja sterilnosti.
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Gama ozracene Petrijeve zdjelice TSA 1 SDA trostruko omotane, mogu se koristiti za
pracenje okolisa u farmaceutskoj proizvodnji, Cistim prostorima, kao ploce za talozenje ili kao
potrosni materijal za uzimanje uzoraka zraka.
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Sterilization is a process in which all microorganisms and even the most resistant
bacterial spores are destroyed. The sterilization control can be carried out by physical,
chemical and biological procedures. However, the chemical and physical parameters of
sterilization do not show the success of the sterilization process but confirm that the material
was subjected to sterilization by the selected process. One of the most reliable, most
convenient and simplest ways to prove the effectiveness of sterilization is biological control.

One of the frequently used methods for sterilization of various materials and products
such as disposable medical supplies, pharmaceutical raw materials, finished products and
packaging is gamma radiation. It is an efficient, fast and safe method for inactivating and
eliminating all biological contaminants in all life cycles. In collaboration with the Institute of
Public Health Andrija Stampar and the Ruder Boskovi¢ Institute, a study was carried out on
the efficacy of ionizing radiation in the sterilization process of TSA and Sabouraud Dextrose
agar Petri dishes and the influence on their physico-chemical parameters and microbiological
characteristics in the presence of biological indicators, containing spores of Bacillus pumilus.
The results have shown that gamma radiation is efficient in achieving sterile Petri dishes as a
finished product which is in accordance with the EU guidelines and the corresponding
European standards.
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INTRODUCTION

Hygienic standards of safety are the regulatory framework of radiation protection. It is a
social decision, and therefore may be different in different countries. Its natural-scientific
basis is the dose-effect dependence obtained in the experiment. On the basis of this
dependence, it was initially thought that the harmful effect increases linearly with the dose
and any arbitrarily small doses are dangerous. The second (threshold) theory argued that there
is a threshold above which all doses are dangerous, and effects are absent below the threshold.
The discovery of radiation hormesis is contrary to both theories [1-3]. The aim of my paper is
to explain this situation.

MATERIALS AND METHODS

All results currently available in the field of radioactivity have been obtained by
experimenters using inductive methods. Results to be reported in this paper are obtained by
deductive method. The deductive method is the most powerful one among physical methods.
The fundamental laws of physics (the law of energy conservation and the law of entropy
increase) were obtained by it.

Quantum thermodynamic of irreversible processes developed in the second half of the
20" century brought clarity to the situation with hormesis [3-5]. U-shaped dose-effect
dependence is a general phenomenon for different materials and systems and was observed in
different frequency regions of electromagnetic radiation (for example, MM radiation) and in
chemical reactions. Thus, the method used in my work is the opposite to the method
employed by narrow specialists dealing with the problems of a-, B-, and y- radiation and
radiation safety.

RESULTS

The open system under electromagnetic radiation (0 - 10%2Hz) was considered by
thermodynamic method. Experimenters divide the whole scale of electromagnetic radiation
into 7 parts according to the equipment used to generate different frequencies. Gamma
radiation is the highest frequency part of electromagnetic radiation.

In theoretical (thermodynamic) consideration, the whole scale splits into two parts,
familiar to physicists according to the laws of thermal equilibrium radiation. This is the W.
Wien region and the Rayleigh-Jeans region. The basis of this division is the degree of filling
of electronic levels in the equilibrium radiation of different frequencies, which can be higher
than 1 (Rayleigh-Jeans region) and lower than 1 (region W. Wien). This magnitude is usually
denoted by p.

The experimenters are also familiar with this division as the ratio of the energy of the
quantum of thermal radiation kT and the energy of the quantum of electromagnetic radiation
with a certain frequency hv. In the W. Wien region hv >> KT, and in the Rayleigh-Jeans region
hv << KT. In these two areas the laws of efficiency of conversion of energy of electromagnetic
radiation into free energy of Helmholtz (into energy of chemical bonds) differ radically. This
fundamental difference for isothermal processes is schematically illustrated in Figure 1.
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Figure 1. Plan for electromagnetic radiation

The left part of the scheme refers to the long-wave part of electromagnetic radiation
(Rayleigh—Jeans region), and the right part to the short-wave part (W. Wien region). The solid
lines represent the thermodynamic limit of efficiency for reversible lossless processes, which
are no interest to experimenters, and the dashed lines represent the efficiency for real
processes with linearly increasing entropy S, which is of maximum interest to experimenters.

In semi-logarithmic coordinates in the Wien region we have a straight line, which
means that the studied function is the logarithm of the acting stimulus. This is a well-known
to physiologists the Weber-Fechner law. In the long-wave part of the scale, the dependence of
efficiency on the stimulus resembles a step. This is Devyatkov's law. In both regions along the
abscissa axis the spectral density of the radiation Ev, which characterizes the amount of
energy per unit frequency interval, is deposited. Instead of Ev on this axis, the absorbed
energy or the intensity of the acting radiation or some other magnitude, for example, the dose,
which is convenient for the experimenter, and which is proportional to Ev, can be postponed.

Gamma radiation, being the highest frequency part of electromagnetic radiation,
belongs to the Wien region, which will be the object of our attention.

As shown in Figure 1, under very strong influence, the dependence of the efficiency on
the magnitude of absorption is changed (dot-and-dash lines). Efficiency begins to fall and can
reach zero. As a result, the experimenter receives the dependence shown in Figure 2 by the
solid line. Here, as well as in Figure 1, semi-logarithmic scale is used, since the ordinate axis
has linear scale, and the abscissa axis has logarithmic.

On the curve of Figure 2 the position of all isothermal processes under the Wien radiation
can be shown schematically. Objectively four most well-studied processes are presented in
Figure 2. The dash line shows the area of functioning of the human eye, the dot-and-dash line -
the area of photosynthesis of plants, the dots are the area of operation of solar cells, and the
photomovement of simplest organisms can be at any place of the entire continuous curve up to
zero efficiency, when the simplest organism dies. This is the law of energy conversion with a
weak influence on any system by any radiation of the W. Wien region.
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The effects of gamma radiation on living organisms have been studied under conditions
of severe lethal exposure. To be more precise, hygienists took the 100 % point of death as the
main point and then, by reducing the dose of exposure, received the full dependence, which
was usually linear (Figure 3).
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Figure 3. Dependence dose-effect for thermal processes.

Having fixed the position of no-observed effect dose, then the position of the safety
standard was determined. It was located at a lower dose, and its position was the result of a
social decision, so hygienic safety standards are different in different countries. The distance
from the position of the safety standard to no-observed effect dose is called the buffer
coefficient. These experimental curves gave rise to the statement that the effect depends on
the dose linearly, and all doses are dangerous (harmful). But no-observed effect dose lies not
at zero coordinates. It lies at some value other than zero. So there was a threshold theory.
According a threshold theory there is a threshold above which all effects are harmful. And
below its influences do not exist.

However, the detection of hormesis at very low exposure gave rise to many
uncertainties and questions among the experimenters. The hormesis is the situation when the
factor which is known as harmful effects in high doses, it is useful — in small doses. A special
place among the experiments took the U-shaped hormesis. Two such results are shown in
Figure 4 [7]. These excellent results allowed theorists to give a comprehensive explanation of
the dependence of the effect of gamma radiation when its intensity changes by many orders of
magnitude.
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As the quantum thermodynamics of irreversible processes shows, isothermal processes
occur under very weak influence, which follow the law presented in Figures 1 and 2. At
strong influences the thermal processes presented in Figure 3. If they are depicted in one
figure, for example, in linear coordinates, we get a Figure 3, where all isothermal processes
will be compressed at zero point. And if you use a semi-logarithmic scale, then all thermal
processes will be compressed. Only when the semi-logarithmic scale is used for weak effects
(left part of Figure 5), and at strong — linear on both axes (the right part Figure 5), the picture
is completely clear and vivid.

T=const !

WO D

Figure 5. Thermodynamic zone of silence.

What is the meaning of the interval between perpendiculars 1 and 2? It is extremely
simple, and its explanation goes back to the works of the luminaries, who initiated the science
of thermodynamics. They divided all system interactions with the environment into two
categories. At one case the temperature T of system is constant, and at second case the
entropy S of system is constant. These two types of conservation determine the two types of
interaction of the system with the environment. Thus, the silence interval of the system with
increasing exposure to it indicates changes in the system itself, allowing it to exist at very
wide change in the intensity of gamma radiation affecting it.

CONCLUSION

In thermodynamics, there is no concept of harmfulness, so the above thermodynamic
laws are equally valid for both harmful and for useful processes. The amazing fact of the
beneficial effect of low doses of gamma radiation has attracted the attention of not only
scientists but also businessmen. Their tasks did not coincide, but funding was provided. That
is the historical significance of the term "hormesis". It gave the opportunity to attract attention
and money to the study of the influence of small doses. As a result, the question of hygienic
safety standard received a clear answer, but not on the example of gamma radiation, rather on
the example of millimeter radiation (microwaves) [5]. This answer is simple.
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Those standards of hygienic safety, which are based on the results of Figure 3, are
standards for strong exposure and are usually relevant for professional staff and occupational
diseases. Those standards which are based on weak effects, namely the zero point of
isothermal processes in Figure 5, are relevant to the population. This standard was adopted in
the 70s in the USSR and is still valid in Russia for microwave radiation [5].

With regard to gamma radiation, experimenters working in this field have yet to make
experiments on the basis of which the existing safety standards can be changed.

All of the above is true not only for gamma radiation, but is true for a- and 3- radiation
as shown in [6].
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Hyagienic standards of safety are the regulatory framework of radiation protection. It is a
social decision, and therefore may be different in different countries. Its natural-scientific basis is
the dose-effect dependence obtained in the experiment. On the basis of this dependence, it was
initially thought that the harmful effect increases linearly with the dose and any arbitrarily small
doses are dangerous. The second (threshold) theory argued that there is a threshold above which
all doses are dangerous, and effects are absent below the threshold. The discovery of radiation
hormesis is contrary to both theories [1-3]. The aim of my paper is to explain this situation.

Quantum thermodynamic of irreversible processes developed in the second half of the
20" century brought clarity to the situation with hormesis [1-3]. U-shaped dose-effect
dependence is a general phenomenon for different materials and systems and were observed in
different frequency regions of electromagnetic radiation (for example, MM radiation) and in
chemical reactions. Thus, the method used in my work is the opposite to the method employed
by narrow specialists dealing with the problems of a-, B-, and y- radiation and radiation safety.

Quantum thermodynamic of irreversible processes divided all interactions with the
environment into two categories. At one case the temperature T of system is constant, and at
second case the entropy S of system is constant. These two types of conservation determine
the two types of interaction of the system with the environment. Thus, the silence interval of
the system with increasing exposure to it indicates changes in the system itself, allowing it to
exist at very wide change in the intensity of a-, B-, and y- radiation affecting it.

In thermodynamics, there is no concept of harmfulness, so the above thermodynamic
laws are equally valid for both harmful and for useful processes. The amazing fact of the
beneficial effect of low doses of gamma radiation has attracted the attention of not only
scientists but also businessmen. Their tasks did not coincide, but funding was provided. That
is the historical significance of the term "hormesis". It gave the opportunity to attract attention
and money to the study of the influence of small doses. As a result, the question of hygienic
safety standard received a clear answer, but not on the example of gamma radiation, rather on
the example of millimeter radiation (microwaves) [2].

Up-to-date standards of hygienic safety are standards for strong exposure and are
usually relevant for professional staff and occupational diseases. Those standards which are
based on weak effects are relevant to the population. This standard was adopted in the 70s in
the USSR and is still valid in Russia for microwave radiation [3].

With regard to gamma radiation, experimenters working in this field have yet to make
experiments on the basis of which the existing safety standards can be changed.

[1] Chukova Yu P. Advances in nonequilibrium thermodynamics of systems under electromagnetic
radiation. Moscow, Khrizostom, 2001, 116 pp.

[2] Chukova Yu P. Thermal vs. nonthermal effects. The Devaytkov law and the health safety
standard in post-industrial society. Moion&xp B OCTHHIYCTPHAIBHOM OOLIECTBE.
Hroccempnopd-Capato, AHO «IIpecc-Jluteit», 2013, ¢.62-74.
http://hsjournal.org/conference/youth001

[3] Chukova Yu P. Introduction to quantum thermodynamics of nonequilibrium isothermal
processes. Moscow. Megapolis, 2018, 480 pp
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INTRODUCTION

Expert system for dose projection (ESDOS) for the diagnosis and prognosis of doses for
the population in the environment is presented in this paper as it is currently designed for the
operational releases and for the case of radiological accident releases.

During the last decades, KrSko Nuclear Power Plant (NPP) has established ecological
information system (EIS) connected to the environmental radiation system (ER) and plant
radiation monitoring system (RMS). The ESDOS is the result of multi-annual development at
Krsko NPP. The basic version started to operate in 1997 [1]. The upgrades were required
from experiences during the operational use of the system in KrSko NPP and also from the
research work. Fields of experiences include dose assessment, radiation protection, emissions
estimation, and dispersion modelling with meteorological monitoring.

Using the ESDOS, the user can get all the necessary information to calculate or best
estimate the doses of the population living in the villages and towns in the surroundings of the
Krsko NPP. The strategy was to start with the lowest possible uncertainties in radioactivity
determination and in effluent air dispersion calculation. The later requires state of the art air
dispersion model. In addition, the programme has to run continuously to be available in case
of emergency in a user friendly way.

Meteorological measurements at the site are capable of providing vertical wind and
atmospheric temperature profiles with the height. These data are necessary for accurate
reconstruction of 3D wind field in KrSko basin for dispersion modelling. The diagnostic
capabilities of the system are based on Lagrangian particle model and the programme
calculates relative concentrations every half an hour. These have been automatically
calculated and stored since year 2002. In 2014, the prognosis was added to forecast the
dispersion as well as population doses during normal plant operation or accidental release for
the distance up to 12.5 km from the plant.

The system programme results are available on the computer primarily at the location of
Krsko NPP and at the locations of the support centres. They are used in case of emergency
and drills. One programme is installed on the lap-top in the radiological mobile laboratory
having access to the meteorological data through the internet.

METHODOLOGY

The challenge is to provide an expert tool for the decision makers in case of nuclear
emergency and this tool should be technically relevant, validated and user friendly as much as
possible to provide a reliable result almost within a real time or as a forecast. The real
advantage of the ESDOS is that atmospheric modelling is established automatically in real
time and to have a prognosis of dispersion available. Another advantage is to have activity
calculation in the reactor in real time for about 50 radionuclides which have been screened
and selected based on their dispersion significance and contribution to the internal or external
dose. Besides the monitoring data of the environment and radioactive effluent or post-
accident radiation in the containment, there are also some other plant’s parameters available

41


mailto:borut.breznik@nek.si
mailto:marija.zlata.boznar@meis.si

for a quick accident assessment. It is necessary for a user to have a broader technical
knowledge in nuclear power plant and also a specific radiation protection expertise.

The system and the methodology behind it include nuclear/radiation physics related to
radionuclide production and of atmosphere monitoring and meteorological modelling. The
authors work in the professional or scientific fields dealing either with the radiation, source
term calculations, or with atmosphere measurements and modelling system.

The system provides results of dose projection in the environment using:

- diagnosis and prognosis of meteorological conditions with air pollution dispersion of
the atmosphere, and characteristics of the terrain around the plant;

- diagnosis of the plant conditions based on the radiation measurements and supporting
information;

- definition of radionuclides release source term based on reactor power follow up and
calculation of the reactor core activity in real time;

- continuous radioactive effluent monitoring by radiation monitors;

- dose projection module;

- pre-calculated accident release scenarios of plant probabilistic safety assessments or
regulatory defined release source terms.

Diagnosis and prognosis of radioactivity dispersion in atmosphere

The processes of calculation of relative concentrations (dilution or dispersion
coefficients) are automated to the highest possible degree of operation and run in real-time.
The diagnostic mode using meteorological measurements is in operation since end of 2002
[2]. Five years ago, automated calculation of prognosis for the future (up to seven days in
advance) was added — forecasting dilution coefficients [3]. Using diagnostic or forecasting
mode, the operator can visualise and use in different ways time sequence results of pre-
calculated dilution coefficients for the whole spatial domain.

The meteorological data include acoustic wind profiling (sonic detection and ranging —
SODAR) and radio acoustic sounding system (RASS) measurements at the site. These
measurements are capable of providing vertical wind and atmospheric temperature profiles
with the height, and are necessary for accurate reconstruction of wind field in the area around
the plant and for dispersion modelling. In addition, there are 4 ground level meteorological
stations in the surroundings. The plant receives from an outside organisation, MEIS, d.o.0., a
fine resolution, small scale meteorological forecast for seven days. The modelling area of
25 km x 25 km is set over the terrain. Numerical Lagrangian particle model developed by
Arianet [4] was installed, and it was also validated in Slovenia [5]. Meteorological forecast
was validated using on site measured data.

Diagnosis of plant conditions

One of main parameters for radiological diagnosis of the accident is the radiation in the
reactor containment. There are several monitors installed capable of monitoring the release into
the containment also in the most severe conditions. Input data of radiation monitors’ response to
evaluate reactor core damage or in-containment release were prepared in advance [6]. There are
also other indications available in parallel such as pressure, temperature, water levels, and
operation of some safety systems to allow heat removal. There are several release points
possible and different filtering capabilities of each of them are taken into account. The active
filtering systems include charcoal filter beds and HEPA filters. After Fukushima accident, the
plant installed passive containment filtering system for high pressure release from the
containment. This system is capable of filtering almost all radioactive caesium and iodine and
protects the environment from the pollution or minimizes the doses to the population in case of
extreme and beyond-design basis conditions as set initially by nuclear regulators and designers.
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Diagnosis of plant conditions is possible automatically on-line using containment
radiation monitors and the thermocouples above the reactor core. The ESDOS receives some
other relevant data from plant process information system (PIS). The user can verify the
parameters according to actual situation and has a possibility for consideration or manual
correction of the automatic results before they are taken into further calculation. Also, the
accident evaluation related to the projection of the release source term is possible either on-
line being directly connected to plant status parameters or off-line with manual data input.

This diagnosis is a help to the user in his evaluation of the situation. The aim is to track
and define the radionuclides having a potential to be released.

Radionuclides follow-up based on reactor power

To determine radioactivity before the release, the system uses reactor power
measurement and an algorithm for calculation of instantaneous radioactivity of about 50
important radionuclides and their pre-calculated steady state activity. Calculation procedures
were derived for the response of radionuclides' activities to reactor power changes [6]. Steady
state activities are taken into account for different reactor core burn-ups. The equations and
calculations were also verified.

The safety study [7] showed that the following chemical forms of fission products are
possible: noble gases, Csl, TeO2, SrO, MoOz, CsOH, BaO, La>03, CeO., Sh, Te,, UO,, Ag,
CHal, and I.. Some of their physical characteristics have an important role in case of release,
namely their volatilities and fission yields. In addition, their dose impact is another factor to
be considered. The number of radionuclides produced in the reactor core is quite abundant
(NEA, ORIGEN) [8]. Therefore, for running the ESDOS, it was necessary to provide a list of
important radionuclides according to their specific dose effects and their effective
radiotoxicity. The limited number of radionuclides and their contribution to the dose effect
has been prepared and installed for further processing and more transparent presentation
within the ESDOS.

Another module of the ESDOS has been introduced for follow-up of the radionuclides
relevant for the release in the spent fuel pool [9] and therefore for dose assessment in case of
the release from the spent fuel during refuelling operations or after the refuelling.

Dose projection module
The overall computer programme is designed to provide the dose projection of the
population around the plant. The modules are designed to fulfil diagnosis of the radioactivity
and the environmental conditions before the release. These modules with a few options are:
- accident assessment with necessary automated or manual inputs;
- containment or gas decay tank batch sampling data with manual input of the
radionuclides;
- effluent monitors information with automatic or manual input;
- spent fuel radioactivity and projection module;
- release source terms based on safety analysis;
- release pathway definition with manual selection of filtering design options;
- air dispersion automated input with manual selection of either history, diagnosis, or
prognosis option;
- different dose presentations with a possibility of presenting input data;
- module for setting the parameters regarding nuclear fuel and accident related source
term data; and user “help” module.
The results are presented in 2D over the map of the domain. It includes several options
such as pre-prepared maps of geographical information system, calculation of distance from
the plant, colour coding of calculated integrated dose of the release and a few days of ground
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shine on the map, or with actual dose rate information provided by the environmental
monitoring system. An example is showed in Figure 1. It is also possible to present time
dependant decay of selected radionuclides, tables with dose contribution of different groups
of the radionuclides, averted dose, and main input data having influence on the dose
calculation.

UTMx $31501m UTMy: 5089038m X: 21 Y: 50

Figure 1: Example of the ESDOS result: dose calculated in 2D map for a ventilation release
scenario. (Note that there are readings of environmental radiation monitors in the
background).

An additional description of the modules is available in the literature [10]. Different
parts of the system are automated and measurements are available online. Diagnosis and
forecast are pre-calculated for every half-hour (24/7) and stored in database. All these data are
available for final dose estimation.

Standard pre-calculated accident release scenarios

The plant performed the probabilistic safety review on accident release scenarios and
different release source terms have been described [11]. These are also input data to have an
additional analytical option. It is useful in the cases when automated measurements are not
available. Two typical scenarios with a higher probability frequency in case of KrSko NPP
(compared to the other scenarios such as ones with containment failure) are:

- in-containment release from the reactor core with intact containment (almost no release
to the environment, only due to design basis containment leakage), having probability
frequency PF = 9.25 x 10 y! (21.5 % of PF of all possible scenarios);

- filtered release from the containment through the passive filtering system (PCFVS),
having PF = 3.01 x 10° y* (69.8 % of PF of all possible scenarios).

There are ten pre-calculated plant cases available altogether in the ESDOS taking into
account a total release within 48 hours. In addition, there is also a highest release source term
based on the scenario as prescribed by the standard NUREG-1465 (Accident Source Terms
for Light-Water Nuclear Power Plants, U.S. NRC, 1995). The data of specific release source
terms include different amounts of noble gases, volatile and non-volatile elements or their
chemical forms.
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CONCLUSIONS

The expert system for dose projection has been built to enable diagnosis and prognosis
of meteorological conditions with air pollution dispersion in the atmosphere, evaluation of the
plant conditions based on the radiation measurements and supporting information and
definition of radionuclides source term based on reactor power follow up or using radioactive
effluent monitoring. The system provides user friendly dose projection in case of normal plant
operation or an emergency, and a possibility of analysing pre-calculated accident release
scenarios in real time by using actual meteorological conditions.
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For about two decades, Krsko NPP has been using dose projection module in the field
of airborne dispersion calculation and estimation of consequences in case of emergency. The
software capabilities and monitoring features have been upgraded during the last years. The
dose projection module is now capable of assessing radioactive source term before the release
based on reactor core activity calculation or taking into account relevant measurements of
effluent monitors or pre-calculated accident scenarios.

The system is designed to deal with challenges in case of emergency situation. The
meteorological data include acoustic wind profiling and radio acoustic sounding system
measurements. In addition, there are 4 ground level meteorological stations in the
surroundings. The plant receives from an outside technical organisation a fine resolution,
small scale meteorological forecast for seven days in half hour intervals. The air pollution
dispersion modelling area of 25 km x 25 km is set over the complex terrain. Validated
numerical Lagrangian particle model is used. Different parts of the system are automated as
much as possible. Measurements are available online. Diagnosis and forecast up to 7 days in
advance of air pollution dispersion is automatically pre-calculated for every half-hour (24/7)
and stored in database. All these data are available to the user for final dose estimation.

Health physicist or a user can model release parameters according to actual situation.
The dose projection is possible either on-line being directly connected to plant status
parameters or off-line with manual data input. Also, a history of meteorological
measurements enables analysing the impact of gaseous effluents over actual local weather
data.
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UuvoD

Hrvatsko drustvo za zaStitu od zraCenja (HDZZ) osnovano je 1979. godine kao
neprofitna udruga sa svrhom promidzbe i1 razvoja znanstvenih, obrazovnih i kulturnih
aktivnosti u podrucju zastite od zracenja i znanosti o zraenju. Najprije je djelovalo unutar
Jugoslavenskog drustva za zastitu od zrac¢enja (JDZZ), koje je osnovano u Portorozu 1963.
godine i u kojem je vecina Clanova novoosnovanog druStva ve¢ djelovala. Medunarodno
drustvo za zastitu od zracenja (IRPA — International Radiation Protection Association,
www.irpa.net) osnovano je 1965. godine, a JDZZ mu se pridruzuje ve¢ 1969. godine. IRPA je
tada imala 17 drustava-¢lanova iz 22 zemlje [1]. Od samostalnosti Republike Hrvatske HDZZ
djeluje samostalno i od 1992. je punopravni ¢lan IRPA-e. HDZZ je jedno od prvih hrvatskih
strukovnih drustava koje je primljeno u neko medunarodno udruzenje. Ove godine
obiljezavamo 40. obljetnicu osnivanja Drustva. Godine 2009. obiljezili smo 30. obljetnicu
HDZZ-a [2], a obiljezavanju 50 godina organizirane zaStite od zraCenja u regiji bio je
posvecen 9. simpozij HDZZ-a (Krk, 2013) na kojem je detaljno opisana povijest HDZZ-a [3]
te ¢emo se stoga ovdje viSe posvetiti sadasnjim aktivnostima DrusStva i osvrnuti se na izazove
buduénosti koji stoje kako pred DruStvom tako i pred podrucjem zastite od zracenja.

PROSLOST I SADASNJOST

HDZZ okuplja znanstvenike 1 struénjake iz razliitth podrucja znanosti, medicine,
primjene, industrije, regulatornih tijela itd. Preko 200 znanstvenika i stru¢njaka iz cijele
Hrvatske c¢lanovi su Drustva, a od toga vise od polovice sudjeluje u svakodnevnim
aktivnostima. DruStvo je interdisciplinarno, kao $to je 1 samo podrucje znanosti o zracenju 1
zaStite od zraCenja interdisciplinarno. Tako su ¢lanovi drustva fizicari 1 kemicari, biolozi,
medicinski (lije¢nici, osobito radiolozi) i zdravstveni radnici (odnedavno medicinski fizicari i
radioterapiji. HDZZ daje kontinuiranu podrSsku medicinskim fizicarima i klini¢kim
inZenjerima u njihovom nastojanju da im se prizna status zdravstvenih djelatnika, Sto je
uspjesno ostvareno 2018. godine. Posebna se pozornost posvecuje mjerenju radioaktivnosti u
okoliSu 1 proucavanju utjecaja radioaktivnosti na ¢ovjeka 1 njegov okoli§ (radioekologija).
Takoder, sve veca primjena zra¢enja uz uvodenje novih sofisticiranih metoda u medicini kako
u dijagnostici, tako i u radioterapiji ¢ini zastitu od zra¢enja u medicini posebno vaznom.

Od 2009. godine casopis Arhiv za higijenu rada i toksikologiju (dostupan je na
http://hrcak.srce.hr/aiht) je sluzbeno glasilo HDZZ-a u kojem se uz redovne znanstvene i
struéne lanke najavljuju i prikazuju aktivnosti Drustva.

Jedna od najvaznijih zadaca HDZZ-a je organizacija i odrzavanje nacionalnih simpozija
s medunarodnim sudjelovanjem, u pravilu svake druge godine. Simpoziji Hrvatskog drustva
za zastitu od zraCenja jedinstvena su prilika susreta znanstvenika i stru¢njaka razli¢itih profila
kojima je poveznica zrafenje, odnosno znanost o zracenju i zaStita od zraCenja. Svaki
simpozij bio je pracen tiskanjem zbornika radova, a od 9. simpozija sudionici dobiju i
memorijski USB Stapi¢. Elektronicke verzije zbornika od 8. simpozija nadalje mogu se
pronaci i na internetskim stranicama wWww.hdzz.hr koje su obnovljene nakon 11. simpozija u
Osijeku. Svaki simpozij imao je uvodna ili pozvana predavanja, odnosno na neki nacin
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posebno izdvojene teme kojima su se pratili aktualni svjetski dogadaji i obiljezavale
obljetnice vazne za zastitu od zracenja opCenito (npr., stotinu godina zastite od zracenja, deset
godina nesre¢e u Cernobilu, nesreéa u Fukushimi 2011.) kao i one vaZne za zastitu od
zraCenja u Hrvatskoj (npr., sudjelovanje ¢lanova HDZZ u radu Jugoslavenskog drustva za
zaStitu od zraCenja, sudjelovanje ¢lanova HDZZ-a na regionalnim i svjetskim kongresima
IRPA-¢e, 50 godina organizirane zastite od zraCenja u regiji) [4]. 11. simpozij bio je posvecen
etici i kulturi zastite od zraCenja [5], a ovaj, 12. simpozij, okre¢e se buduénosti i izazovima
koji stoje pred nama.

Uz sudionike iz Hrvatske, na skupu redovno sudjeluju i1 kolege iz inozemnih drustava za
zastitu od zracenja, ukazujué¢i tako na potrebu za medunarodnom razmjenom iskustava i
znanja u ovom interdisciplinarnom podrucju koje ne poznaje drzavne granice.

HDZZ ima vrlo bogatu i uspjesnu medunarodnu suradnju. Prvenstveno se to odnosi na
suradnju sa drustvima za zaStitu od zracenja ili pojedincima iz susjednih i bliskih zemalja
centralne i jugoistocne Europe (Austrija, Ceska, Madarska, Poljska, Rumunjska, Slovacka,
Slovenija, Srbija 1 Crna Gora), kao 1 sa struénjacima iz zemalja u regiji koje nemaju
nacionalno udruZenje (Bosna i Hercegovina, Sjeverna Makedonija, Kosovo).

HDZZ je nakon primanja u IRPA-u 1992. godine redovito sudjelovao u organizaciji i
radu regionalnih kongresa o zastiti od zracenja (IRPA Regional Congresses on Radiation
Protection) te je organizirao regionalni kongres o zastiti od zraenja u centralnoj Europi s temom
"Radiation Protection and Health" (Zastita od zracenja i zdravlje) u Dubrovniku 2001. godine, na
kojem je sudjelovalo 229 znanstvenika i stru¢njaka iz 29 zemalja sa 180 priopcenja [3].

Clanovi Drustva sudjeluju u radu IRPA-e u cjelini, a posebno u grupi europskih
pridruzenih drustava od samog pocetka neformalnih sastanaka 2004. godine. Redovni sastanci
europskih druStava za zaStitu od zracCenja pridruzenih IRPA-i (European IRPA Associate
Societies) odrzavaju se svake godine i predstavnici HDZZ-a sudjelovali su na svakom od njih.
HDZZ je organizirao 6. sastanak 2009. godine u Zagrebu, a dobili smo Cast da organiziramo i
16. skup ove godine (2019.) ponovno u Zagrebu.

Europska drustva su pokrenula inicijativu za poticanje mladih znanstvenika i stru¢njaka
na podrucju zaStite od zracenja i znanosti o zracenju. UsuglaSeni su kriteriji za raspisivanje
nacionalnih natjeCaja za najbolji rad (znanstveni ili strucni rad ili disertacija) mladih
znanstvenika 1 stru¢njaka do 35 godina starosti u dvogodisnjem razdoblju koje prethodi
velikim europskim ili svjetskim kongresima IRPA-e. Ustanovljena je nagrada za mlade Young
Scientists and Professionals Award (YSPA) koja se dodjeljuje na tim kongresima najboljem
mladom predstavniku nacionalnog drustva za zaStitu od zracenja od 2010. godine. HDZZ je
2009. raspisao prvi natje€aj, a nakon toga jo$ 4 natjecaja 2011., 2013., 2015. 1 2017. godine,
ali su nagrade dodijeljene samo na prva 3 natjeCaja, dok na posljednja dva nije bilo
prijavljenih kandidata.

Prvi sastanak mladih ¢lanova HDZZ-a (do 35 godina starosti) odrzan je 16. sije¢nja
2018. godine. Sudjelovalo je 11 sudionika koji su odrzali 10 predavanja na osnovu kojih su
dogovorene neke formalne i neformalne suradnje. Zakljuceno je da je vrlo korisno da se mladi
redovito sastaju 1 predlozeno je da to bude svake 2 godine te da se na redovnim simpozijima
HDZZ-a organizira druzenje mladih ¢lanova Drustva. Istaknut je problem visokih kotizacija za
svjetskim i europskim kongresima IRPA-e ¢ak i za mlade predstavnike svojih drustava koji
sudjeluju u natjecanju mladih za nagradu YSPA.

IZAZOVI BUDUCNOSTI

U narednom razdoblju HDZZ ¢e nastaviti 1 poboljSavati suradnju sa srodnim stru¢nim
drustvima u Hrvatskoj. Zasad je najaktivnija suradnja uspostavljena s Hrvatskim druStvom za
biomedicinsko inZenjerstvo i medicinsku fiziku. Nekada vrlo intenzivna suradnja s Hrvatskim
drustvom radiologa je pomalo zamrla te bi ju trebalo obnoviti.
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Radit ¢e se takoder na poboljSavanju suradnje medu srodnim drusStvima u regiji koja se
zasad zasniva na razmjeni sudjelovanja na nacionalnim simpozijima, a izazov bi svakako
predstavljala zajednicka organizacija skupa od regionalnog znaenja. Organizacija
nacionalnog simpozija HDZZ-a treba se dalje nastaviti uz poticanje veceg sudjelovanja nasih
kolega iz Europe. Takoder treba nastaviti raditi na uklju¢ivanju mladih (i srednje generacije) u
organizaciju takvih skupova, i u vodeca tijela Drustva.

Svojim djelovanjem u medunarodnoj zajednici posvecenoj zastiti od zracenja Clanovi
HDZZ-a podizu i medunarodni ugled Drustva u Europi i svijetu. Kako bi se to ostvarilo,
potrebno je ukljucivati se u aktivnosti IRPA-e, npr. u razli¢ite grupe (Task groups) u
organizaciji IRPA-e. Imenovali smo predstavnika Drustva u grupu za sigurnost izvora i u
Grupu za neioniziraju¢a zracenja (IRPA Task Group on Non-ionizing Radiation) i imali smo
predstavnicu u grupi za o¢nu lecu (IRPA Task Group on the Impact of the Eye Lens Dose
Limits). Ovakve aktivnosti zahtijevaju i odredena financijska sredstva i nadamo se da ¢e
HDZZ i dalje poslovati uspjesno i na financijskom planu. I tu trebamo izmedu ostalog pomo¢
¢lanova Drustva koji doprinose redovnim placanjem (jo§ uvijek niske) clanarine i
sudjelovanjem u radu simpozija u organizaciji HDZZ-a.

Sudjelovanje ¢lanova Drustva na europskim i1 medunarodnim kongresima postalo je
veliki izazov, prvenstveno iz financijskih razloga. Naime, kotizacije za sudjelovanje na
svjetskim i europskim kongresima postale su izrazito visoke, kongresi se organiziraju u
skupim gradovima, a Cesto su i daleko od Hrvatske, pa se ukupni troskovi sudjelovanja na
takvim kongresima vrtoglavo penju. Trend porasta kotizacije i ukupne cijene sudjelovanja na
velikim kongresima, doveo je do smanjenja broja sudionika iz Hrvatske, pa tako na 5.
Europskom kongresu IRPA-e¢ u Haagu 2018. godine nije bilo nasih predstavnika, a
najvjerojatnije nece biti ni u Seulu (Koreja) na svjetskom kongresu IRPA-e 2020. godine.
Zajedno s ostalim ,,malim* europskim drustvima upozoravali smo predstavnike IRPA-e na taj
problem i na realnu moguénost da se kongresi IRPA-e pretvore u skup najbogatijih zemalja i
drustava. Nadu u promjenu ulijeva organizator 6. Europskog kongresa IRPA, u Budimpesti
2022. godine. Najavljena su umjerena kotizacija i pristupacne cijene smjestaja, a ni put do
Budimpeste ne bi smio predstavljati poseban izazov.

Od 2017. godine pokrenuta je nova internetska stranica www.hdzz.hr, a jedan od
izazova za buduce generacije je otvaranje profila Drustva na druStvenim mrezama, kako bi se
ubrzala 1 poboljSala komunikacija medu ¢lanovima. Poseban izazov u svim drusStvima za
zaStitu od zraCenja predstavlja komunikacija i interakcija s javno$cu, te povecanje prisutnosti
Drustva u medijima sa svrhom informiranja javnosti o razli¢itim stru¢nim pitanjima. Trebali
bismo imati uvijek imati kompetentne osobe zaduzene za komunikaciju s javnoSéu (PR,
public relation) koje ¢e se ukljudivati u odgovarajuce teme kojih uvijek ima i za koje postoji
zanimanje javnosti te davati priopéenja za javnost zasnovana na znanstvenim i stru¢nim
¢injenicama u nekim kriznim situacijama. Mozda i organizirati tribine o aktualnim temama, a
tu bi suradnja sa srodnim druStvima u zemlji zasigurno pomogla. Radioaktivnost, zracenja i
zaStita od zraCenja Cesto nisu dovoljno jasno predstavljene javnosti i Cesto dolazi do
nerazumijevanja i iracionalnog odbijanja bilo kakvih inicijativa uz samo spominjane tih rijeci
zbog nepoznavanja znanstvenih €injenica.

S druge strane, zahtjevi za radioloskim dijagnostickim postupcima rastu iako nisu
uvijek medicinski indicirani i opravdani. Kako bi korist od radioloskog snimanja nadmasila
rizike povezane s izloZenoS¢u ioniziraju¢em zracenju nuzno je koristiti nacela opravdanosti i
optimizacije. Vrijedno je spomenuti kako je Hrvatska medu prvima u Europi prevela europske
smjernice za opravdanost radioloSkih pretraga “e-Guide”, kao sastavnicu sustava potpore
klini¢koj dijagnozi (CDS - clinical decision support), o ¢emu govori rad [6] iz ovog Zbornika
radova. Zastita od zraCenja i posebno kultura zasStite od zraCenja se trebaju shvatiti 1 prihvatiti
kao dio opc¢e kulture sigurnosti [7,8].
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Vazno je i dalje nastaviti s redovnim biranjem najboljeg rada mladih stru¢njaka ili
znanstvenika iz podrucja zastite od zracenja ili znanosti o zracenju u dvogodis$njim ciklusima
i financijski pomagati sudjelovanje nacionalnog pobjednika na europskom ili svjetskom
kongresu IRPA-e u natjecanju za YSPA. Ranije je spomenuto da se na natjeCaje raspisane
2015.12017. godine nije prijavio nijedan kandidat. Ove godine se ponovno raspisuje natjecaj
i nadamo se da ¢e se prijaviti barem jedan kandidat, jer je Upravni odbor HDZZ-a odlucio da
pobjednik dobije trostruku nagradu (kumulativni namjenski iznos iz prethodnih
nekonzumiranih natjeCaja) kako bi mu se olakSalo predstavljanje HDZZ-a na kongresu u
Seulu. Ipak, zbog visokih ukupnih troskova sudjelovanja na kongresu vidimo ovdje veliki
izazov! HDZZ je i u ovom slucaju, zajedno s drugim ,,malim* europskim drustvima, ukazivao
na problem visokih kotizacija za sudjelovanje na medunarodnim kongresima IRPA-e Cak 1 za
mlade koji sudjeluju u natjecanjima YSPA. Predlagali smo da se mladim natjecateljima
odobri znatno sniZenje kotizacije, ili da ih se potpuno oslobodi placanja kotizacije, §to nije bilo
najbolje primljeno od strane organizatora skupa. Za sudjelovanje mladih natjecatelja na 5.
europskom kongresu IRPA-e 2018. godine organizator je ipak odobrio nesto nizu kotizaciju, ali
je odluka donesena prekasno za mnoge mlade sudionike.

»Pomladivanje* druStva nije samo problem HDZZ-a nego i drugih drustava u sastavu
IRPA-¢e pa IRPA posebnu pozornost posvecuje uvodenju mladih stru¢njaka i znanstvenika u
sve svoje aktivnosti, organizira se posebna mreza unutar IRPA-e Young Generation Network,
nastoji se osigurati ¢lanstvo predstavnika mladih u Upravnom odboru (Executive Council)
IRPA-e. T naSem Drustvu predstoji izazov nove mlade generacije — kako zaposliti mlade
stru¢njake u podrucju zastite od zraCenja i znanosti o zraenju, kako sprijeciti odlazak mladih
stru¢njaka iz zemlje, kako pridobiti mlade stru¢njake da se aktivno ukljuce u rad Drustva.
Potrebno je imati kritiénu masu kako bi se organizirala sekcija mladih, a odlazak ¢lanova iz te
dobne skupine (do 35 godina starosti, ili prvih deset godina karijere u podrucju zastite od
zracenja) potrebno je nadoknaditi dolaskom mladih koji u zajednickom djelovanju unutar
HDZZ-a vide svoju buduénost i profesionalni izazov.

Ukidanje Drzavnog zavoda za radioloSku 1 nuklearnu sigurnost (DZRNS) kao samostalne
ustanove i pripajanje osoblja i aktivnosti Ministarstvu unutarnjih poslova (MUP) zasad
predstavlja problem prvenstveno u medusobnoj komunikaciji. Jedan od vecih izazova ve¢ sada 1
u neposrednoj buducnosti bit ¢e ostvarenje suradnje HDZZ-a i MUP-a, barem na razini kakvu
smo ostvarili s DZRNS-om. Posebno trebamo imati aktivnu ulogu u implementaciji europskih
dokumenata, te je jedan od izazova buduénosti i aktivnije djelovanje HDZZ-a kao stru¢ne i
interdisciplinarne organizacije u donoSenju propisa vezanih za zastitu od zracenja.

Prirodno zracenje je svuda oko nas i1 neizbjezno je, te je i rizik (hipotetski ili
epidemioloski) od prirodnog zrafenja sastavni dio zivota [8]. Ta neizbjezna izloZenost
prirodnom zracenju predstavlja 1 prirodnu donju granicu za zastitu od zracenja $to se tice
smanjivanja doze i rizika. Smanjenje doprinosa izloZenosti zraenju ispod prirodnih granica
nije opravdano i razumno, predstavlja neopravdano troSenje resursa i povecava ionako
neopravdan/iracionalan strah od zracenja u S$iroj javnosti [8]. Optimizacija je jedan od
osnovnih principa na kojima se zasniva zaStita od zracCenja, ali 1 ona treba imati (donju)
granicu: smanjivanje doze ispod 0,1 mSv/god za opcu populaciju (ispod 1 mSv/god za
izlozene radnike) ne smatra se razumnim u praksi operativne zastite od zracenja [8].

Radon i njegovi kratkozivuéi proizvodi raspada u atmosferi najvise doprinose ozracenju
(ukupnoj godisnjoj efektivnoj dozi) cjelokupnog stanovniStva, a ta Cinjenica predstavlja i
nezanemariv zdravstveni problem. Utvrdena je referentna razina za radon u zatvorenim
prostorima 1 provedena su mjerenja u nekoliko Zupanije koja su pokazala da se unutar
pojedinih Zupanije mogu naci lokacije na kojima je koncentracija radona i po nekoliko puta
visa od referentne razine. U Republici Hrvatskoj je donesen Akcijski plan za radon za
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razdoblje 2019. — 2024. s ciljem smanjenja ozracenja ljudi radonom i smanjenjem rizika od
pojave raka plué¢a. O Akcijskom planu i s njim povezanim izazovima govori rad [9].

Povijest nas je poucila da se nesrec¢e mogu desiti iznenada, nenajavljeno, a uzroci mogu
biti razli¢iti. Sjetimo se samo najpoznatijih akcidenata u nuklearnim elektranama u Cernobilu
1986. godine i u Fukushimi 2011. godine. Takve se nesre¢e nekada ne mogu sprijeciti, ali je
potrebno uspostaviti sustav monitoringa/prac¢enja radioaktivnosti koji ¢e reagirati na povecanu
radioaktivnost, Sto pred laboratorije postavlja novi izazov razvijanja i odrzavanja metoda koje
¢e brzo i pouzdano dati odgovor postoji li poviseni nivo zracenja.

UMJESTO ZAKLJUCKA

Ovdje navedeni izazovi koji stoje pred podrucjem zastite od zraCenja opcenito kao i
pred Hrvatskim drustvom za zaStitu od zraCenja zasigurno ne predstavljaju potpuni spisak
svih mogucih izazova u buduénosti, ve¢ samo one koje smo u sadasnjem trenutku prepoznali.
Navedeni izazovi ukazuju da je podrucje zastite od zracenja vrlo ,,zivo* i da pruza moguénosti
brojnim pojedincima da u njemu nadu svoj profesionalni interes.

Zahvala
Svim ¢lanovima HDZZ-a kao i svim sudionicima simpozija na brojnim i kvalitetnim
prilozima. Bez aktivnih ¢lanova ne bi bilo ni uspjeSnog Drustva.
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Croatian Radiation Protection Association (CRPA) was founded in 1979 and joined the
International Radiation Protection Association (IRPA) in 1992. It was one of the first
professional societies in independent Republic of Croatia that joined any of the the
international associations. Therefore, this year at the 12" Symposium we celebrate the 40™
anniversary. The past of CRPA has been reviewed and presented at the former symposia, so
here we describe the present status of the society and some challenges that we expect to cope
with both in CRPA and in the radiation protection area.

Members of CRPA are scientists and professionals from different fields of sciences,
medicine, applications, industry, regulatory bodies. Special attention has been devoted to
monitoring environmental radioactivity and studies of the influence of radioactivity on
humans and the environment. Increasing use of ionizing radiation in medical procedures, both
in diagnostics and in radiotherapy, make radiation protection in medicine extremely
important.

The following key challenges have been recognized:

- improvement of cooperation among radiation protection societies in the region

- involvement in IRPA activities and task groups

- participation at international and regional IRPA congresses

- higher involvement of young generation into CRPA activities and constant rejuvenation
of the society

- better communication with general public and more visible presence in media, define a
person in charge for public relations

- accept and recognize radiation protection culture, especially in medicine, as a part of
general safety culture

- better involvement in legal regulations and implementation of European Directives into
the national legislation

The list of recognized challenges, although relatively comprehensive, is certainly not a
complete list of future challenges to both the radiation protection in general and to the
Croatian Radiation Protection Association. The recognized challenges prove that the radiation
protection is a very vivid area that opens various opportunities to different scientists and
professionals, including the young generation, for their professional accomplishment.
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uvoD

Zadnjih nekoliko desetlje¢a najveéi doprinos porastu broja pretraga, te znacajnom
povecanju ukupne doze izloZenosti populacije zracenju biljeZi se iz medicinskih izvora, medu
kojima prednjac¢e radioloske dijagnosticke pretrage osobito kompjutorizirana tomografija
(CT). Usprkos prepoznatim Kkoristima od ioniziraju¢e medicinske dijagnostike, raste
zabrinutost zbog porasta ekspozicijske doze, pogotovo dozivotnog rizika za razvoj zracenjem
induciranih sekundarnih karcinoma (poglavito karcinoma bronha, dojke i Stitnjace) te
leukemija. Uvazavajuéi znanstvene Cinjenice o porastu populacijskih