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Dr agi | | aan,ovp o HtDZWZani sudioni ci 12. simpozi j

Protekl o razdoblje od nageg zadnjeg drugel

obiljegilo je niz aktivnosti Drugt va.

Tijekom 11. simpozijadr gana | e | zbor na-amakajopjgizabrana Zbor
novo vodstvo Drugtva.koPoljijjediilzavrjgee na] epdniint
novom Upravnom odboru i Nadzornom odboru, a
sjednice ili elektronil|l ke sjednice. Br oj I I a
U skl adu s dir ek tpodatakan(GDPR)zpeogetena j@ anketa o suglasrosti
za primanje elektronilkih poruka te je tak:

Osijeku je predstavljen novi dizajni internetske stranmeew.hdzz.hr koja se redvito

obnavlja i puni korisnim informacijama. Uvedena jentinepr i st upni ca za one
ul lani ti. Prijave za ovaj Simpozij Su se pt
http://www.hdzz.hr/hdzZ2/, a na njoj e biti dostupna i e |
ovog simpozij a. Ove godine nismo tiskal.@ knj

izdanju zbornika samo u pdf obliku.

U proteklom je razdoblju HDZZ bilo suorganizator tribidéMe di ci nska fi zi ka
ingenjerstvo u Hrvatskoj [ svijetuo, koja je
je dobra suradnja s Hrvatskim drugtvom za b
Ovom prilikom | estitmmoi m&dii eiidkkimm ifnigzinlj anr
tehnolozima kojima je odobren status zdravstvenih radnika.

Raspisal. smo 2017. godi ne 5. natj el aj Z
Drugtva (do 35 godina) i ztpodrulrjpapbhenaagti aei
prijavi o, tako da nagal ost ni smo | mal.i pr e
kongresu | RPA u Haagu 2018. godine. Ove godi
da I emo imati pristuphjkkajadprédsnas! pabij ed
IRPA 2020. u Seulu.

Ml adi | I anovi drugtva odr gaa i16s.u sli.j edkym
godi ne. Na ovom simpoziju organizirali smo p
omogulilius@abmse Imel j e upoznaj u.

HDZZ preko svojih-slalvaroawa aspdjmal ujae uu i ene
dobrava Upravni odbor . Jedno od znalajniji
avoda za radiologku i nukl e apganu Migistagstvwu n o s t
nutarnjih poslova, u kojem su nage primjedb

C N O

Nastavili smo suradnju s drugim drugtvi ma
Vi ma. Sudj el ovali smo na goditgvaga m s a s
itu od zralenja u Belu 2017. godine i u
ZZ bude organizator 16. sastanka eur ops
.10.2019. Sudj el oval.i s mo dn az r2a9 .e ng iampSa ii jj
ore (DZZ SCG) na Srebrnom jezeru 2017. godine.

ONaNQO


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

Rad 12. simpozija odvsjaul hehseekcbgalOGEk

simpozija posvelena je izazovi makupno@aada i t i 0
Objavljeni susviw oku pri stigld. radovi . Radovi odr ag
I spravili samo ol ite pogregke u tekstovi ma,
zadanom predl ogku Radovi sna engleslsom fekiku, ialsvi n a
radovi I maj u i sagetke na engleskom jeziku.
Ssu autora jer tekstovi nNi su posebno | ektorir
nakon zavrget ka si bagwlklIb ({Ingernationaimutiean laforraatiam u

Systeq ko u o d rhitp/Mmaw.iabafo/Mig i u koj oj se vel n
prethodnih simpozija HDZA.Kv al i t et a grafil ki h priloga ta
pojedinim slulajevima na nju nismo mogl. ut j

a
k

Podsj el asrhai gba njoe gdzaasstvéns t HD Z A iArhiv za Sigijenu s
rada i toksikologiju(http://hrcak.srce.hr/aijtkoji u 2017.godiniimal i mb e ni KHmpacd | e k a
Factor) 1,117 U | asopisu se redovito objavljuju ir
prigopdom sve sudionike 12. simpozija HDAZ | |l l anove Drugtva po
znanstvene i st r uArhivei timeaalitione pridoodsg rgegolvomudaljmiemu
napretkuUr e d n i § pisa na rdzmatranjge mogu poslati i radovi pripremljeni za ovaj
zbornik koje, ukoliko dosad nisu objavljivani, treba urediti prema iuputorima za
objavljivanje u Arhivu. Radovi [ e biti objavljeni ukol i
reenziju.

Vierujemo da Ilemo u zajednilkom drugenju
uspostaviti novu Pl unaprijediti postojel:
zahvaljuju suorganizatori ma, pokr oivip®mgli uma,
tijekom organizacije.

Na kraj u, nadamo se da le |itatelji u ovo
za SVO] znanstveni [ strul ni rad u podrul ju
sudionicima simpozupadge!| bmpbpauvakRjeg¥®¥aragdi nu

Jel ena Popil, pr e-disujeéndaiZzbanika ZO 12. HDZZ
Ivana Coha , predsjednica OO 12. HDA4 urednica Zbornika

| nes Krajcar Br on-ailuredniparZeothkg edni ca HDZZ
Gel jka Knegevi | -MMearddnigagZbornikeaj ni ca HDZZ

Zagreb, travan019.
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EUROPEAN IRPA CONGRESS 2022 IN HUNGARY

Ti bor },BWjstn®ss? Petr 8§nyi
Paks NPP, Paks, HungafBAMMA ZRt., Budapest, Hungary
bujtast@npp.hgamma@ammatech.hu

INTRODUCTION OF THE HUNGARIAN IRPA AS

The Hungarian Associate Society (AS) of the International Radiation Protection
Association (1 RPA) is The Health Physics Se
(REPSHPS). Its recently renewed webpage may be visited at the following address:
www.elftsv.hu.

The Roland E°tv°®s Physical Society (REPS)
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 firsAIRBngress, which was
held in Rome from 8.0 September 1966.

The first IRPA Congress held in Rome had participants from 15 societies representing
20 countries. Professor L. Boz: ky, the pres
became one of the smembers of the first IRPA Executive Council.

The Health Physics section founded a pri z
achieved paramount results in the sciences of radiation physics or environmental sciences.

INTERNATIONAL MEETINGS

The REPSHPS 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 daf53May 1972. The congress was dedicated toteal
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 orgésed by the REREIPS was held in September 1980, as the
International Workshop on Environmental Monitoring Around Nuclear Installations located at
Dobog:-kR in a mountain resort close to Buda
from 8 countriesad presented 22 papers in three days.

The following event organised by the REABS was from 22 to 27 August 1999 in
Budapest, the meeting entitled Al RPA Regi on:
Europeodo (27 countr i eandpold fresgntations). ci pant s, 141

THE SCIENTIFIC ACTIVITY OF THE HUNGARIAN SOCIETY MEMBERS

The scientific activities of the RERS$PS members encompass a wide range of studies:
dosimetry, nuclear safety analysis, environmental impact assessment, radiatiortrghemis
radioactive waste management, decommissioning, low dose risk calculation, radon
measurements, atmospheric dispersion calculations, estimations and prediction of public dose
rates, activity dispersion calculations for surface waters,-6baih modeling, biological
sample analysis, supervision of security of nuclear facilities, emergency response, Monte
Carlo methods, equipment development for nuclear power applications, medical physics,
radiation protection of radiotherapy, -$itu measurement, cheraic decontamination
techniques, radiological assessment of drinkingneral and springwater.


mailto:bujtast@npp.hu
mailto:gamma@

SUPPORTING AND SCIENTIFIC RESEARCH INSTITUTIONS

As wide as the spectra of I'ts associate n
institutions are theHungarian 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, MVMPaks 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 Sectic
by the c¢ommi tcialdies@nsedicalareseacch, sndustralegovernmental 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 ddition 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-dingarian 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 i n BudapebsREPSHPS 2etingSept e m
REPSHPS is looking for cooperation with neighbouring countries to establish a strong
scientific committee.

FigurelLBudapest, 26 SeipREBSHP®meetiAg0 1 8, ¥ VS

The planned date of the next European IRPA Congresslis Jine 2022. The LOC
secured the website domain: IRPA2022.eu which will be in operation in due time.
Contractiy wi t h | RPA, the Professional Congress
(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 jourfidiere 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 |1 RPA Conference i s
EVERYONEO. Radi at i oterdisgplinary Getdt reqaimng exgertise fromi
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, nononising, 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: AHewtt @ eprpdte against detrimental effect

The following programs are planned:

1 Plenary and parallel sessions,

1 Poster section,

1 Artand fun corner. A part of the poster section is waiting for any artist to exhibit

his/her pieces of art inspirdxy radiation protection,

1 Refreshing courses,

1 Clever ideas in application. Competition for any idea or good practice which makes

our work easier, safer.

1 Relax and learn. There are topics which do not need any traditional demonstrating
infrastructure like grojector 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.

Competition for young scientists.
Opportunity for publication of papers.
Culturd events and further programs.

= = =

} e >
' .
Ex -

Figure 2Pl anned Pdlaxcx o mdgrae arno
Irgalmasok Veli Bej Turkish Spa [2]

ORGANISATION STRUCTURE

A simple organisation chart is given in Figure 3.

Rol and E°tv°®s Physical Srada@tioe protectibnarslatetha ny
section is the Rol arHdalthEPhysigs®SectioR (REBSPS).aThe So c i ¢
managing board of REPISPS has elected and appointed the congress president from its
members: J8nos Petr 8nyi . n3idiseof theaxangréss mesideatn i z e
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(also acting as contact person for the REFES), the chairmen of the Scientific Programme
Committee (SPC) and the Professional Conference Organiser (PCO). REPS will work
together exclusively wessastelP@Q ®mi ai Kiad- Zr

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

Committee

1
Professional
Conference
Organiser

Extended
Scientific
Committee

Figure 3.0rganisation structure of the IRPA 2022 congress

The local organizing committee consists of:

A J8nos Petr8nyi, congress president

A Tam8s P8zm8ndi , Scientific Programme Comm
A Csilla Pesznyak, Scientific Programme Coithee

A L8§szIl - SzTcs, Metrology

A Crp8d Vincze, Regulatory topics

A Gabriella Taba, Nuclear Medicine

A Rich8rd EIl ek, Medical exposures (medical
A Cdg&m Bod-, Industry

A Dorottya Jakab, Young Professional

A Erna S8ri, Professional Conference Organi
A Ti bor Bujt8s, Reactors and power plants
A Csilla Cs®°me, I nternational organisations
A Anna P8ntya, Clever I deas

Kl aus Henrichs wil/ be | RPAG6s EC | iaison men

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 oértre 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$ hare 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 arrent 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 Conggess (F
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.

A AR R

Figure 3.The venue of the European IRPA 202ongress:
The Budapest Congress Centre [3]

TECHNICAL VISITS

The following locations are planned for technical visits:

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

AMedical: Semmelweis Univeity Health Care Institutions,

ARegulatory: Hungarian Atomic Energy Authority, National Public Health Centre,

AEducation: Training Reactor Budapest University of Technology and Economics

APower plant: MVM Paks Nuclear Power Plant,

Alndustry: Nucleameasuring instrument production Gamma Technical Co.

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

GAINING EXPERIENCE

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

April 17-1 9, 2019, I n- Létal RARS4PS AD resting with a dedicated
International section. REPSPS invited guests from neighbouring IRPA AS members.

May 510, 2019, in Budapest JRNGRANC 2nd International Conference on
Radioanalytical and Nuclear Chemistigtps://jrneranc.akcongress.com/

April 19-24, 2020, in Budapestndividual Monitoring of lonising Radiation (IN2020)
http://www.im2020.org/

CONCLUSION

Significantlocal 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 nurtutlee mind, as the exploration of the local amenities
also contribute to the content. See you in Budapest!
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EUROPEAN IRPA CONGRESS 2022 IN HUNGARY

Ti bor },Buwj8tn®ss? Petr §nyi
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bujtast@npp.hgamma@ammatech.hu

The name of the Hungarian IRPA AS Radiation Protection Association is The Health
Physics Section of t he Rol -dRSY)wwh.tlftswiftuidheP hysi c
Heal th Physics Section of the Roland E°t v?Os
March 1962.

6-10 June 2022 RERPBPS will organise the'8European IRPA Congress in Budapest.

This article reviews the way how REFES earned this privilege, whate the actual issues
and what will the future bring.
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MOGE LI HRYV A VBIKENME RRMHVATITIP OLOVICU _
RADIOAKTIVNOG OTPADA [IZ NUKLEARNE ELEKTR ANE KRGKO?

Al emka Knapp, |vicaMillewtainmayi IDi ana Ga
Tehnil ko veleuliligte u Zagrebu,
ivica.levanat@tvz.hr

UvoD

Jog 2014. godi ne Sabor j e usvojio Strat
I strogeni h izvora I i skorigtenoga nukl earnog
je Hrvatk a odlul il a da i e na SVvojemu teritori
radioaktivnog otpada (NSRAO) (4 Nukl earne ¢
godine izralen je prijedlog Nacionalnog pr ¢
napokon usvolia tek u studenom 2018. godine [2].
predvilena je | okacija Lerkezovac.

Prema MelLudrgavnom wugovoru o NEK [3], Hr
el ektrani preuzet:. od 2023. do 20rR&L engoo dii n
|l i cencirano skladigte radioaktivnog otpada (

Ogroman je to posao koji b i trebal o odr ad,i

5 godina od wusvajanja Strategije nerk¢zevcupr akt i
prenamijeniti, provesti karakterizaciju lokacije te provesti upravni postupak, gradnju i pokusni

rad, da bi skladigte na temelju dokaza radio
Paralelno treba ugovoriti oobradii | pfepakiratiei i k ak
to tako da i spuni uvjete prihvalanja u budul
|l okacija jogdg nije odrelena, pa su i pretpost
Napokon, treba nal i rj egjeendnei cia zvae [p rgoobd i enna

prihvalanju radioaktivnog otpada

NUGNI KORACI PREMA USPOSTAVI SKLADIGTA RAO

Prwvi korak prema uspostavi skl adigta za |
javanje vojske te prij enraghimoVinskepravnjht va v o
sa u okolici, kako bi se wuopl-planskuo gao
mentacij u. Taj korak =zahtijeva sudjelov
i ga i energeti ke ter®&bai smagsivai ddgaudm
ekt a skl adi gt a preuzme hrvatski Fond
oaktivnog otpada i i strogenoga nukl ear na
t u: Fond) . Pl a n anogaQCemtra zakzlbrigjavanjge RAO, 3 Fonddgei o p
ativna organizacija u |ijem sastavu Ile b

Taj pr vi korak mogao bi potrajati barem
dovrgen da se ozbiljno postupal o prema odred

Dalje slijedi izrada arhitektonskih i geodetskih elaborata, koji bi nakon snimke
postojeleg stanja trebali zavr giti geodet ski
Potrebno je barem nekoli ko mjeseci, aob i mo g |
koraka.

Tek tada polinju ozbiljni pripremni radov
za skladigtenje RAO, koji jog ne obuhvalaju
savrgene organizacije i k owdo dviemgadinea nj a, t akvi

Radi prikupljanja ulaznih podataka wu svrh
sigurnosti, te izradu studije o utjecaju na

I
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- geol ogka i stragivanj a (geomgrn Vvalng @i, j ust

dinamiku; hidrogeologiju; tektoniku i seizmotektoniku; seizmologiju)

-geofizilka istragivanja (litostratigrafi]

-koriste se istragna bugenja i odgovaraju

nekdiko desetaka metara, i bar jedna duboka, oko 200 metara; provode se barem

petrologke, geomehanil ke i geokemijske a

-inicijalna radiologka mjerenja obuhval aj

nul to stanje) na | okancoinm ipolderruklejzuovac, te

-istragivanja gireg podrulja, koja moraj

razl i | iti propi si (npr . hidrografsku i l

analizu, analizu rudrmi ner al ni h | egi 4nte & e o a ohhiloligjkaighjkdo,i

demografsku i socioekonomsku analizu, an.

zagtilene prirodne i kul turne bagtine, a

analizu kvalitete vode i stanja zdravlj a

Na k o n provedbe navedeni h i drugi h i strag
odgovarajulim dokumenti ma, slijede aktivnos
dr gavne uprave potrebne za uvrgtenje Centra
razv oj a. U slulaju iznimno racionalnog planir
djel omi |l no preklopiti s prethodnom i nar edn:
nije nugno planirat:. dodat ni Vi gemj ansce| ni p
|l icenciranju skladigta prije 2023. godine ul

Il pak, treba jog I mat. na umu i da j e Hrve
zbrinjavanje RAO obavijestiti Europsku Kkomi
dokumentac j e , u procedur. na koju ne mogemo ut j
zakl jul ak koji se odnosi na procjenu mogul n
| emu smo vel imali prigovore od strane Bosne

Prethodna se aprnoocgeed uv rae meangsd i ukl opi ti u
skl adi gta RAO, koja se sastoji od upravnog
organizacije i prethodnog planiranja, ta faza traje bar jednu do dvije godine.

Prvom koraku upravnog postupkahis Lenj u | okaci jske dozvol e
kad bude rijegen problem protivljenja | okaln
z a zbrinjavanje RAO wu Dr gavni pl an prost ol
Ministarstva graditeljstvaiprst or nog ur elenj a.

Za | okacijsku dozvolu potrebno | e, I zmeL L
rethodne sigurnosne studije i izvjegla sig
tjecaja na okoli g odnnoas nook oplriogv.e st i procjenu

Za isholLenje gralevinske dozvole, te grad
pogon (licenciranje skladigta) potrebna dok
projekt, Il zradu sigurnosne s tolwda polkusniiradii zvj eg
uporabnu dozvolu.

P
u

Mal o je vjerojatno da bi se sve navedene
Bil a bi potrebna odlulnost, precizno planir
procesu, i jog puno srele.

Usto, paralelnob i trebal o (a t o viemenski ni j e
Slovenijom o takvom rjegenju, ukljulujuli sv
trebal o bi ugovoriti gdje I e se i kako otpad
skladi gt e.
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RAO U NEK JOG UVIJEK JE ZAJEDNILKI OTPAD

Bez obzira na svoju Strategiju i Nacionalni program, Hrvatska zasad nema pravo po
SVOj 0] vol ji raspol agat.i s radioaktivnom ot
sudjelovati u njegovu zbrinjavanju i abrinjavanje sufinancirati.

MelLudr gavni ugovor o NEK predvila da bi S|

riegenje za odlaganje RAO, a tek ako ne post
2025. godine zavr git i RAOspokaeije MEK ffs2akajpalan i odvog

Za dogovaranje o provedhbi Meludr gavnog ug
izrada zajednil|l kog Programa odlaganja RAO,
( MDP) u kojemu obje dr gave iapagsvajenassamoeiva i | na
revizija Programa iz 2004. godi ne, koja |e
financiranj a. Druga revizija je 2010. godi ne
zbrinjavanja RAO, alivolje balo] ebiositmapei Ipv
t oga, na 10. sjednici MDP 2015. godine pokr
gto | e odobreno produl jenje radnog Vvijeka
skl adigtenju istrogekobogame, i xhogpal dpkase | on
spominje).

Ako se dvije drgave u zadanom roku i ne d:¢
RAO iz NEK, daljnje postupanje s tim otpadom mora svejedno biti dogovoreno u
zajednilkom Programu.drBavjpge neogmogei jseadnost a

Asvojomi pol ovi com.
Ne samo da se prije dogovora ne zna tolno

-

dviju drgava ne mogu izdati odgovarajula o
propisimate obvezujui m melunarodnim dokument i ma.

Kako smo upozoraval. na proglom simpozij u,
o prekograni|lnom prijevozu RAO koji regul ir
[4]. Ni slovensko ni hrvatsko regulatorno tijelo ne snailobriti prijevoz ako nisu uvjereni da
zemlja odredigta ima administrativna 1 tehni

zbrinjavanje toga RAO.
Usto, za Hrvatsku je trenutno dodatna nepovoljna okolnost da su reorganizacijom
uprave, baremzaasd a, ot vorene nejasnole u vezi funkci

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

NUKLEARNA SIGURNOST RADIOLOSKA SIGURNOST IAEA PROJEKTI PROPISI | DRUGI DOKUMENTI OKOLIS

Ustrojstvo

OBAVUEST
Opdi 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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| SHOD DOGOVARANJA SA SLOVENIJOM JOG UVIJEK J
Dogovaranje je zapravoo | el o tek 2017. g od kadhje hrvatska 1 1 .

strana odgovorila slovenskoj da ne prihval a
Tu ponudu je Slovenija dala na prethodnoj sjednici MDP p r | | emu Asudj e
projektu slovensog odl agaligta nije bilo osobito pr
NSRAO iz NEK ne dijel.@ nego sav odlage na Vr
Nasuprot t ome, hrvatski j e odgovor bi o pe
stranu nije prihvat |y projekt kagooj& detindan m alovemdkdmj u | i v
l nvesticijskom programu za odlagaligte Vrbin
Prema javno dostupnim informacijama, nije
nije | ak ni danas, ako se o0gra,mmsint dathwatskaa i nf
strana ne iskljuluje svaku opciju ukljuliwvan
No, autori ovoga teksta i ranije su na ¢

potencijalno nepovoljne aspekte sudjelovanj a
ajPr oj ekt predvila odlaganje NSRAO iz NEK (1
slovenskog institucionalnog RAO. No, i Hrvatska mora planirati zbrinjavanje svojeg
institucionalnog RAO (puno manji volumen od polovice NSRAO iz NEK, ali
uspor edi vagioaktivnost). Alelslavenskoj strani prepusti (i plati) odlaganje
samo NSRAO iz NEK, Hrvatska rjegava tek di
b) Projekt Vrbina je tako skup, da bi Hrvatska za polovicu cijene (koliki bi bio njezin udio)
mogla na svom teritgu zbrinuti i polovicu NSRAO iz NEK i svoj RAO. Pritom bi

odlulujuia prednost bila da t aj novac ost

naknade prima lokalna zajednica.

Stoga su autori na progl oj konf enaagjec i j i H i
(suprotnu Strategiji) da se sav NSRAO iz NEI
se tamo odl age i hrvatski i nstitucional ni RA
se da pregovori koji se sada vode pod okriljem MDiEu u tan smjeru.

Jog na progl oj sjednici MDP je osnovalo
pri pr emi mogul i zajednil ki prijedlog za odl ¢
godine pozvalo KO da dodatno opti mijelira tr
pronaleno moguie zajednilko rjegenje.

Hr vat ska javnost nije slugbeno upoznata |
zajedni|l ko rjegenje koja je KO do sada for.
upoznata je OplinaaKrnglag@ali gbpojVrbena) ante
oguj ka izrazio protivljenje prijedlogu da s
pol azigte) kao i da Hrvatska ravnopravno su

pol azigte).

LEMU SLUGE SKRSTRATEGIJA | NACIONALNI PROGRAM

Postupanje prema hrvatskoj Strategiji [
periodu smatrat. alternativnim rjegenjem za
nasluluje iz ¢gturih diicedbRani(ht epriizopd &m¢ ao rsa
ministara novinarima, ako je za vjerovati medijima).

No, treba i mat.i na umu da vjerojatno ne
projekt Vrbina na 10. sjednici MDR, niti spremnosti ha ustupke na kasnijim sjeama, da
Strategija i Naci onal ni program nisu pokaza
obvezu prema NSRAO iz NEK. Sl ovenci bi mo g |
htjel. usvojiti 2. revi ziju zvagtesdkna | kioge Pmreo g

drugog izbora osim Vrbine (zbog ugovorene odredbe o preuzimanju 2023. do 2025. godine).
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MeLut i m, u posljednjih par godina Hrvatsk

namjeri, jer je nepotrebno otezala s usvajanjem Naciongln pr ogr a ma. Al i ]j o
kasno da se ubrzaju pripreme za uspostavu h
projekt Vrbina nije puno blige dovrgenju.

U tom smislu ohrabruje da su u melLuvremen
vojni objek Lerkezovac prenamijeni u | okaciju za
pomal o iznenaluje | e tajnovitost procesa,
postupcima zbrinjavanja RAO. A-F, &gjiswirfekak®u i p a
pribavlipovj erl jivu biljegku sa sastanka na Lerk

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

ZAKLJUL AK

Postoje znal aj ni izgl edi da (e Hrvatska
NSRAO iz NEK na Vrbini,pod uvjetima koji su povoljni i za Hrvatsku: odlaganje ukupnog
hrvat skog RAO i ravnopravno sudjelovanje Hrv

za Sloveniju je da ne bi morala sama financirati vrlo skupi projekt. )
Ako se takav docedibpotmebno dacse NSRAOdyeli i hithe bdvozi iz

NEK, gto moge znalajno racionalizirati daljn
U melLuvremenu, Hr vat ska mora uvjerljivo i
svog dijela NSRAO iz NEK, &g dogaaNSRAOrdo ladjai v n o
2025. godine vjerojatno nele biti izvedivo,
to pokuga ostvarit.i
U konalnici, ako se ne postigne dogovor o
ol ekivat. pomi camjasz noomk agovor MebudNEK, jer n
da bi slovensko odlagaligte bilo spremno za
godine.
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CAN CROATIA ACCEPT H ALF OF THE RADIOACTI VE WASTE
FROM THE KRGKEARRPOWERMBANT ON TIME?

Al emka Knapp, |vicaMillewtainmayi IDi ana Ga
Zagreb University of Applied Sciences, Zagreb, Croatia
ivica.levanat@tvz.hr

In 2014 Croatian Parliament adopted the National Strateglaring that Croatia would
take its share of radioactive waste (RW) fr
manage it in Croatia.

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

According to the bilateral Slovenig@roatian 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 miCroatia 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
thatthe 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 atsmder 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 work 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 ressilgmificant 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 figoilédgy
unlikely to be ready on time.
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THE IMPACT OF THE REVISED EYE LENS DOSE LIMITS 1
REPORT OF IRPA TASK GROUP PHASE 2
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INTRODUCTION

The hternational Commission on Radiological Protection (ICRP), after reviewing
epidemiologicalkevidence 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 absorbedodose
effects in theeye lens. At the same time the Commission recommended a reduction in the eye
lens dosdimit for occupational exposure in planned exposure situations from 150 M8y yr
20 mSv ytt, averaged over dimed periods of 5 years, with no gia year exceeding 50 mSv.

This recommendation has been incorporated into the new International Basic Safety
Standards IAEAZ2] and in the current Euratom Basic Safety Standa&ids

Limits of the equivalent doséo the lens of the eyén the 2014 editionof the
International Basic Safety Standards (BSS) and previous 1996 edition of th¢4BS®
shown in Table 1.

Table 1.Limits of the equivalent doge the lens of the eyia the2014 BSY3] and
previous 1996 edition of the B34

Occupational exposure of
apprentices and students

>18 years 167 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)

Occupational exposure of workers

The European Member States are required to implement the new BSS by February 2018
and accordingly, for monitoring and surveillance, workers with lens exposuretikekceed
15 mSv yt* will be classiied 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 impimentation 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 Zetoew 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: implicaions for monitoring and assessing dose to the lens of the eye and the

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

(3) Wider implications of implementing the revised limit
Q13Q18: long term impact on working activities; changes in healths surveillance; more
claims for compensation

(4) Legislative and other general aspects
Q19Q22: guidelines addrasg 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
twentytwo IRPA ASs, covering 40 countriéom 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 les 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, G&wiss, 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 mostattention to the medical areajon uniform exposure
(interventional radiology and cardiology)

A A dosimeter measurinigp(3) close to the eye is considered test method and used in
pilot studies;

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

A When a dosimeter close to the eye is usell should be on &ead band suggested
positions:the side of the headthe eyebrow ridge on the forehead or attached into
the protective glasses;

A Half of ASsreported the use of a dosimetenrn at the collar outside the lead apron
asan indication of eye dose buto correction factor is applied

A Protective systemsare not always available in hospitals.

In nuclear installations, shielding masks, gove boxes and remote systesns in use
before the introduction of the new limit, ancho major changes are expected
For all areas of use discomfort associated with usitepd glassesvas emphasized:
A They are heavy, and
A Not being suitably fitted for individuals.

Legislative processes regarding the new limits
The magprity of countries initiated the legislative processésconsidering the new
limits. Many ASs are directly involveoh the consultation process regarding the national
legislation on RP;
A A reduction of lens dose in two stages one example towards a neagulation: 50
mSyyr-! for 5 yr followed by consideration of a further reduction;
A In EU Member States the processes are well advancesince EURATOM 2013/59
has to be implemented by Feb 2018;
A National guidelines are plannedr in the completion phase ihe large majority of the
countries.
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Consideration on tissue effects other than eye lens effect

The IRPA ASs are informed about theider issue of tissue reaction, such as
circulatory diseasesand the related nominal threshold dose (0.5 Gite large majority
have not yettaken into consideration this issue.

Costs

It is commonly understood that application of the new limiit generate additional costs
A Any additional protection measure
A Extra dosimeters, time for evaluation ...
A In EU countries possibleclassification of workers (B to A)

A Training

Scientific and regulatory aspects
A number of ASs have concern about:
A Theavailability of suitable dosimeters;
A The lack ofestablished calibration facilities forHp(3);
A The associated arrangementsrigulatory approval.
Issues which need still to be addressed:
A Harmonization of the approach to monitoring lens of the eye dose;
A Agreement on the optimum location of dosimetets.e. the use of head dosimeters;
A Consensus abostiitable methods for evaluatig 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 ofeprotect
tools depending on the exposure levels which aggsoved 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 dependihg anrtual
doses are summarized (both tables are prepared according to ref. [8])

Table 2.Proposed dose levels for eye lens for implementation of dose monii®}ing

Dosimeter Dose Annual o .
" . Dose monitoring recommendations

position guantity dose(mSv)

Collar or Initial monitoring with collar or head

Hp(3) 176 dosimeter to establish dose levels.
headband o
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 procedtkg€8.07) 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 protiecttbe eyeg$8]

Annual unprotected dcse

(MmSv) Protection recommendations

Ceiling suspended screemnbere available

316 Protective eyeweanay be considered

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

Acknowledgement
The paper was prepared in order of dissemination the results of IRPA Task Group Phase
2 published in 2017 [6].

REFERENCES

[1] International Commission on Radiological Protection (ICRP) 2012 ICRP statement on
tissue reactions/early and late effects of radiation in normal tissues and érgans
threshold doses for tissue reactions in a radiation protection context. ICRP Publication
118 Ann. ICRP 41 (1/2); 2012.

[2] International Atomic Energy Agency (IAEA). Radiation and Safef Radiation
Sources: International Basic Safety Standards. General Safety Requirements No. GSR
Part 3. Vienna: IAEA; 2014.

[3] Euratom 2013/59 2014 European Council Directive laying down basic safety standards
for protection against the dangers arising frewposure to ionising radiation and
repealing Directives 89/618/ Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Euratom
and 2003/122/Euratom Official Jounal of the European Communities. Euratom; 2014.

[4] International Atomic Energy Agency (IAEA). Internatioridsic Safety Standards for
Protection against lonizing Radiation and for the Safety of Radiation SoGakty
Series No. 115. Vienna: IAEA; 1996.

[5] Broughton J, Cantone MC, Ginjaume M, Shah B. Report of task group on the
implications of the implementatioof the ICRP recommendations for a revised dose
limit to the lens of the eye. J Radiol Prot 2013; 33:-868.

[6(] Cantone MC, Ginjaume M, Miljanil S, Mar ti
Flannery CM, Dauer LT, Balter S. Report of IRPA task group gmachof the eye dose
limits. J Radiol Prot 2017; 37: 5550.

[7] Cantone MC, Ginjaume M, Miljanil S, Marti
Flannery CM, Dauer LT, Balter S. IRPA Guidance on Implementation of Eye Dose
Monitoring and Eye Protection of Warks. International Radiation Protection
Association (IRPA) 2017.

[8] Martin CJ, Magee JS. Assessment of eye and body dose for interventional radiologists,
cardiologists and other interventional staff. J Radiol Prot 2013; 334@4@5

18



THE IMPACT OF THE REVISE D EYE LENS DOSE LIMITS 1
REPORT OF IRPA TASK GROUP PHASE 2

Saveta Miljanilil
RulLer Bogkovi l I nstitute, 10000 Zag

saveta@irb.hr

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 licleahat
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 (@&kstablished 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 collaentcu
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 imptatien in the different
countries at a legislative levéit 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 he results of the suryen 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 | RPA document O6Report of Task Group on t
was also workingawards 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.
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PLELE | ZRALENJE

Zdenko Franil
Il nstitut za mednedicdnmrada,Zagrelst r agi vanj a i
zdenko.franic@imi.hr

uvoD

Pl elarstvo je u Republici Hr vat skoj tradi
gospodarski znal aj . Pl el inji praoimtv el (med)
giroku primjenu u prehrani, apiterapiiji, koz
pl el arskih proizvoda, pl el arstvo j e Kl juln
osiguravanje bioraznol i jje setda je pkortomska vajgdnoatg i v a i
opragivanja koje vrge plele nekoliko desetak
usluga opragivanja koje prugaju, smatra se
gi votinjskih vrstsavi jSevti jleez bwal a,| ed av rzina,| i
pl odova. Posl jednjih godina doglo je do al al
svijeta, a kao jedan od razloga tog i zumirat
ionizirajule.

Uradu su prezentirani odreleni ur bani mi t ¢
te radioekologka i ostala istragivanja, s po

MATERIJALI | METODE

Materijald. za ovaj prikaz @r oQuraulpeen i A Eskuo | o
plelarstvo Klinaci te u plelarskoj bi bliotec
AFranil Davorkah
REZULTATI

Urbane | egende i bizarne prile nekad su s
vrijeme njihov glavni izvor Inter e t . Prikazat  emo ovdje nekc
fenomen alarmantnog nestajanja plela sa zra
Lernobilu zauzima gotovo centralno mjesto, é

elektrani Fukushima Daiichi

Nukl earna nesreia u Lernobil u

Nakon nukl earne nesr ed0®2 6u Lseer nuo bs tlruu|nnao jd a
ratur.i gotovo odmah polelo raspravljat:i
arskih proizvoda ta&. pdpaskoegdecamBltalad a dm:
ilu Hrvatskog plelarskog saveza i Saveza
j u, dakle dva mjeseca posl|l Pjerajnes@tehangi
on Le[rinJo.bil at?roe masteord | Amkan Bukga osvrie n
taj u: gto je s plelinjim proizvodi ma, kako
me d o m, a gto s ostalim plelinjim proizva
kontaminacije. Buga i sti | e kako su plelari, k ao i v
rijelima i i zrazima kao gto su mikrorendger
onako kako | judi obilno reagiraju u takvim
ignoriranja@ as nost i pa do pretjerane zaplagenost.
jer jJe bilo proteklo prekratko vrijeme od nt
kontaminacij e) do uzorkovanj a, anamibmja i pr
Pl el @ st autor [ 2] u | Ilanku Radijacija i p |

wWT S5 TKQT —
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uvijek bez konkretnih podataka o koncen
l' injim proizvodi mna. Autioo alktei vpriedjvda di we l
tao iz okoliga, dugor ol ni®CU*Ck alii®°®mi, n &@d¢ioj u
e u pogled®®Sr pokazalo netolno. Autor, i spravn
nNjenicu da su rakwvinjpens&kezerlj jeenEecreod €EEL) |
relu da nametnu protekcionistilke mjere n
| alLene i [ znanstveno opravdane] kriteri|]
jenje idaulgmts@ahnma pri sutnost dugovj el ni
a neminovno prouzroliti vjerojatne genet
ale zagalena.
t
e

w ST
®— O
" 0 K-

U)'OBCD'_
cT— " wnw o —

na kraju |lanka napominje latiditil e o r
bavjegtavani j er e ®éebamista, uistorovi t o
@/ | istopadu, zagrebal ki pR |edokvanuo i I 1 ar
se na strahovanja za pl el eaktora kuklearnekcartraes t r o f
ALenjiniAdA u Lernobilu kraj Kijeva, koja je r
razmjerima| 3] . Loc napominje da je jog 5 godina
naudimaragi val ke | iternadt uwreplielar pkakhsirada s
postavljao na geobiol ogke, odnosno terestr.i
vliastitim ispitivanjima dokazano da plele na
nikakvu literaturu nije citirap a |l i nastavlja objagnjavat.i k a
uvijek se smjeste na trakama geobiologkih r
velinu drugih givih bila pa i biljaka. Te g
vrlo pradorne, npr. 18 puta prodornije od rendgenskih zfalkai ¢! ] . Aut or t akolL:e¢
i stragivanj a, ne precizirlajaigtio itzavio rnea | kdea? ner
bi ologki g¢gtit u kojem odl ul nu zuZetakgpwdnosmraa mr av
kobne posl jedice traka geobiologkih radi j ac
radijacij a nel e pretrpjeti ni kakvu gt et u.
radionuklida koji nas pr ema hbaraagaonuldearnomi gl j e
energijom pa kroz tlo [zagto ne i putem zr alk
ali sene pokazujuu nektaru i meduT a | (pogregni) podatak o kon:
al i mjerljivoj) automanpemomat poaslli j el detrintoib
primjeiivao plele na cvjetovima volaka i ma
gumske predjele.

Loc je dakle ionizirajule zralenje kao po:
s ezoterijom tipa geédbo | og ki h / terestril kih trake radi
slilnim fenomeni ma -("Hernomanmo vvirhatlav'ogr opvak u g a
pl el arskim forumi ma obj asnicdlony collapse. disdkderl aps p
CCD)kakosenazi va zabrinjavajul.i fenomen 1 zumira
godina [ 4]. Il nale u znanstveno,j ' iterature
okol nosti za plele (i ostale opragivarae) od
uporaba pesticida [5].

Il pak, | I anak Dragutina Loca bio je popr &
pri kazana ©plela koja je spakirala svoje st
kontaminiranu razlilitim rnasku@likalk! i di ma, a n

Prva dostupna mjerenja radioaktivne kontaminacije meda, s validiranim i javno
dostupnim podaci ma, provedena su u Institutu
u svibnju 1986. godi ne, odnosno nakon bagr
eksenzivnog programa nadzora radioaktivne kot
koj i je zapolet jog godine 1959. Rezultat.i
I nstituta za medicinska istragiPvMeeffjaa i medi c

r
0
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Godine 1986. koncentracija aktivno$tfCs u uzorcima meda iznosilage2 , 2 N 20, 6
Bgkgl, a*Cs2 6, 4 N -3MaBsimBlmakancentracija aktivnosti godine 1986. u medu
za ¥4 pila je 112 Bgkd. O radioaktivnoj kontaminaciji
podrulju Republi ke Hrvatske kas[n8i,j9] stue dFertaar
Branica koji su obradili cjelokupno razdoblje 193817 [10].

Valja napomenutidaej posl i je nesrele u Lernobilu u
mj esta nuklearne nesrele proglagena tzv. Zatk
svoje plelinjake. Pl ele su se dakl e snalazil
pitkom vodom. Prilikom posjete Zabranjenoj zoni
atomsku energiju (1 AEA) u | jeto godine 199°
zralenja Delko Barigil i autor ovokpesuse i kaza
skupljale oko dostupne vode. Nai me, tada | e
posebice oko praonika za dekontaminaciju obtl
izlazak iz Zabranjene zone. Na slici je prikazana jedkavta | ok vi c a, al i nag
narolito vidljive zbog sl abe rezolucije (SIli

Vel i ki br oj plela oko Lernobila potaknuo
pl el ama. Zanimljivo da (jog uvijek) kantamir
|l jude da il egalno u nju zalaze, | ak RT pl el a
godine 2010. prenijela pomalo bizarnu vijes
dvije osobe kojesuu 30i | omet ar skoj zoninesktpolerostile
uzgajal. pl el e i medvjede [11]. Nije posebi
ostalim proizvodima, tj. Jesu Ili ga koristil
Nukl earna nesrela u | ajaichs k o] el ektrani Fuku

Na dan 2010311 zbog razornog tsunamij a, koj i ]

potresa u japanskoj regili @ h o kkaiji,je razorio spremnike s gorivom i dizelske agregate
nami jenjene za proizvodnju el eletrnih feaktera, ener g
doglo je do katastrofalne nesrele u nuklearn

neadekvatnog hlalenj a, di o gorivih gipk u
osl obalLanje, a potom adebapgltoxinjog wadiek a | aé :
nesrela ocijenjena maksimalnim 7. stupnjem p
posl jedi cama. l ako | e i nesrela u Lernobi l
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Fukushime oslobolLekadiyerog ekmatledr i% at adiuoauspoc
Lernobil u.

Slika2Kontrol na postaja za ulazak u Zabranjenu

Uz razlilita pretjerivanja o posljedicama
zral enjuw hiizneFuWlovel a do pojave mutiranih diyv
za brojne povrede | judi u ameri |l koj savezn
satiril| noj NawoeabRemotrla2ni.c i Ti su strgljeni, pr e
odmahpr ogi ril e, bil i | etverost-agkesvehi, od Abt
uvezeni u Nebrasku tijekom nabave robe u lokalnim prodavaonicama azijske hrane. Navodno
Ssu uzrokovald nekoli ko smrtnih sbulgajreva., B

Internetom bilo usmenom predajom, posebice u Nebraski.

Chemtrails

MelLu teoretilarima zavjera izuzetno je pc
pretpostavke da zrakoplovi osim normalini h nu
razne kemijske, | ak i bi ol ogke agense, gt o r
uz pl el e, pristalice "Chemtrails' teorije ol
zajednica odgovorni Chemtr abr sjike :Gtrop%.geAz a :
plelinjih zajednica koj e su u Sjedinjenim
odgovorni su Chemtrailsi [13].

Val ja |i uoplie objagnjavat.i da su hidrolo
koji proizlaze iz fizikainhpp cesa u at mosferi, a koji SuU zn;
i stragivanjima koja su provedena jog od sam
zavjere poznat. kao Chemtrail s, samo jog | e

pseudoznanostksor i gt ena da se Aobjasniid al armantno

Pl el e i neionizirajule zralenje

U posljednje se vrijeme kao jedan od moc¢
spominje i neionizirajule zralenje, odnosno
izbjegavaju sa sobom na ©plelinjake nbogsi ti S
potencijalne opasnost.i od kroni | ne izl ogen
mi kroval nog zralenja, korigtenje mobirtela
zdmvstveni h [i5stProadij eanij ao, provedeno j e mn
eksperimentalnih istragivanja kod | judi i |
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pouzdani pokazatel|ji stanja okoliga gliolg nel
karakteristika. One su npr . ponaj bol je eks
elektromagnetskih valova, jer u svojim abdomenima posjeduju magnetitne granule koje

pomagu plelama u njihovom orijentacijskom I|e

Rezultat.i odrelenih i stragivanj a, upul uj u
promjenama wu I|ilinkama ©plela ne moge |jedno
radiofrekvencijskim magnetskim poljima (REMF) t ol i ko i zrageni gt et
tomoge dovest.i do gubitka cijele zajednice |
proul iti i ma-EMF kakooen adti nViga destructofa mgtt e i k &
zapravo bio pozitivan ulinak na zdravlje i p

Takolveal,j al o b i bol j e i stragit.i i ut j ec

dezorijentiranost plela tijekom orijentacijs

ZAKLJUL AK

Obraleni su dostupni i zvori iz sredst ava
znanstvené strulne | iterature. Vezano uz radioak
proizvodi prepoznat.i su kao izuzetno dobri k

problem nestajanja plela pokugavta ssker eolbg apsang
s pravih problema: klimatske promjene i pesticidi.
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BEES AND RADIATION

Zdenko Franil
Institute for Medical Research and Occupatidfedlth, 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 wihdut 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 reasfmsthis 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 thinternet and tabloid journalism, although some misinformation
could even be found in professional Besping journals. As expected, the consequences of
the Chernobyl nuclear accident are mentioned to have had a profoundly negative impact on
bees and béeeping, which is fortunately not entirely true. However, in scientific journals
covering the field of radiation science and radioecology, honey and ‘heeegroducts are
recognized as excellent bindicators of environmental pollution.
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Sterilizacije i steril nost.i SuU poj movi | |
neadekvatno primjenjuju u praksi. To su dva
svrhom. Prema normi 1S013485: Medicinska oprema: Sustav upravijanjiitetora,
sterilizacija je postupak kojim se odstranj
i nstrumenata i materijala do te mjere da s
dokazat:i njihova prisutnost hllstedethnaaoidj u

materijala i proizvoda poput medicinske opreme i pribora za jednokratnu upotrebu,
farmaceutskih sirovina, igrodloesnjhe p[r2, ZJv.odBo i ]

sigurna nekontaktna fizikalna metoda za inaktivagi i el iminaciju svih &
odnosno mikroorganizama u svim njihovim gi v
sterilizacije provodi se fizikal ni m, kemij s
uspjegnost pospgawpxdaniljeidha,n maj paraijk |l adni ji h i
se dokazuje ulinkovitost sterilizacije odnos
oneliglienja ispitivanog materijala je biolog
seporabom biologkih indikatora koji sadrge p
vi soke otpornosti. Primjenom biologkih indi!l
temel ju odrelivanja pregivljavanijSamosethknr oor g
postupkom moge dokazati je 1 neki predmet,
sterilizaciji ui stinu sterilan il:i ne. Postu
uvjetima na podlogama s hranjivim medijem kojmogul uj e rast mi kr oc
l spitivani materij al je sterilan ako nakon

podl oge koriste se u mikrobiologkoj di jagnc
namirnica, a sa razvojem biotehnolog§ev e Vvi ge nal aze primjenu u

procesima.
Podl oge se najlegie koriste u sljedelim pc
fUzgoj i odrgavanje mikrobiologkih kultur:
1 Izolacija i identifikacija mikroorganizama;
fIspitivanje biokemijskih i fiziologkih o
T Odrelivanje osjetljivosti mi Kkr oorgani zam;

1 Testovi sterilnosti materijala ili proizvoda, opreme i prostora

U ovom radu i szrmralgem] g en aimlpodieghinagderfizikaina n j i
kemi jske osobine i mi krobi ol ogke karakterist
zralenja uz korigtenje komercijalnog Dbiol ogk
sporeBacillus pumilusk r o z t r i emai[7k | uls as vzackadm ci kl usu oz
postupci pripreme, dozimetrije, zral enj a, ok
jednakim nal i nom.

MATERIJALI | METODE

Mi krobi ol ogke podloge fAready to wusiBi prij
podloga u Nastavnom zavodu za javno zdravstvédr Gt ampar prema HRN E
Nakon otapanja, podloge se sterilizirajr ul om vodenom parom pri 12
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Punjenj e mi krobi ol og h podl|l oga iavedent gr i | ne
pomoi u aparata za pu enje u klasi zraka A.
SuUu strogoj provijeri kvole prema HRN EN 1| SO

U ovom istragivanju korigtene su 2 vrste
(TSA) i Sabouraudelk st r oze agar ( SDA) koje su zapaki
foliju i umetnute u kartonsku kutiju (20 T
rasporeleno je 7 biologkih i nBacillusapgumilusdot ME S A
BPUM-289.Kutija s mikrobiologkim podlogama zr al

doze 0,36 Gy/s. Tri ci klusa ozral PQoamaj a pr
Il nstitutu Ruler Bogkovil. D o-kldroienzemnskim a j e
dozimetrijskimsussaom (1 SO / ASTM 51538: 2017) . Nakon
inkubirani u hranjivom bujonu 7 danana® te su ol itani rezul tati
REZULTATI
Rezultat.i bi ol ogke kontrole sterilizacije
porasa Bacillus pumilugTablica 1).
TablicalRezul t at i bi ol ogke kontrole sterilizaci
brzinu doze 0,36 Gy/s.
12,5 kGy 12,5 kGy 12,5 kGy
(1. ciklus) (2. ciklus) (3. ciklus)
Bi ol og Rezultat |Bi ol og Rezultat |Bi ol o Rezultat
indik/ Uzorci indik/ Uzorci indik/
Uzorci
1-7 Nema 1-7 Nema porasta| 1-7 Nema porastg
porasta Bacillus Bacillus
Bacillus pumilus pumilus
pumilus
Pozitivha Porast Pozitivna Porast Pozitivna | Porast
kontrola Bacillus kontrola Bacillus kontrola | Bacillus
pumilus pumilus pumilus

Nakon zralenja od 12,5 k GykemisRifdarametr5(PHA | s pi

boj a, homogenost i konzi stenci | aproduktiviot,l i c a 2
prema HRN EN ISO 11133 (Slika 1 i 2). Produktivnesk vant i t ati vno odr el
i zmelLu broja poraslih kolonija na ispitno]j
podlozi te se radi u duplikatu. Produktivnost ispitivane podloge mora biti iznad zadane
granice. Faktor produktivnostigp , raluna se po formuld.i

Pr = Ns/ Ny,
gdje je:

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

Kod TSA korigtena su | etiri Bsahenrichimaedlina so
ATCC 8739, Staphylococcus aurelSTCC 25923 Bacillus subtilis subs. spizizeNTCC
6633 iListeria monocytogenetdbh ATCC 13932Kod SDAk or i gt ena su dva koc
mikroorganizama i toAspergillus brasiliensisATCC16404 i Saccharomyces cerevisiae
ATCC 9763

Vizual nim pregledom mi krobiologkih podl oga
dogl o do promjene boje nakon zralenja.
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Tablica 2.Ispitivanje fizikalneck e mi j ski h par amet ar a i mi
nakon zralenja dozwdmwedd3bGCYL, 5 kGy wuz br
12,5 kGy Rezultati ispitivanja serije prjegamma |Rezul t at i NAKON &1
(1. ciklus) z r a | -&ultp \aijeme kGy
TSA - pH =7,45 pH =7,3
TRIPTON Pr=1,2; 1,2( Escherichia coliATCC Pr=1,0; 1,0( Escherichia coliATCC
SOJAAGAR 8739) 8739)
lot 220318
(pH 7,4 P== 0,8; 0,& Staphylococcus auredsTCC | Pg= 1,1; 1,1( Staphylococcus aureus
25923) ATCC 25923)
Pr=1,1; 1,1(Bacillus suptilis subs Pr=0,8; 0,8 (Bacillus suptilis subs
spizizeniATCC 6633) SpizizenilATCC 6633)
Pr=0,9; 0,9 (Listeria monocytogenes 4b | Pz=0,8; 0,8 (Listeria monocytogenes 4b
ATCC 13932) ATCC 13932)
Sabouraud pH =5,8 pH =5,4
Dextrose agar | pe=0,9; 0,9 Aspergillus brasiliensis Pr=1,1; 1,1 Aspergillus brasiliensis
lot 240518 ATCC 16404) ATCC 16404)
(pH 5,6 Pr=1,0; 1,0 Baccharomycesecevisiae Pr=1,0; 1,0 Saccharomyces cerevisiae
ATCC 9763) ATCC 9763
12,5 kGy Rezultati ispitivanja serije prijegamma |Rezul t at i NAKON &1
(2. ciklus) zr a | -&ultp \aijeme kGy
TSA - pH =7,21 pH=7,1
TRIPTON Pr=0,9; 0,9 Escherichia coliATCC Pr=1,0; 1,0( Escherichia coliATCC
SOJAAGAR 8739) 8739)
lot 170518
(pH 7,4 Pr=1,1; 1,1 Staphylococcus auredsTCC | Pg=1,1; 1,1 Staphylococcus auredstCC
25923 25923
Pr= 1,0;1,0(Bacillus suptilis subs P==1,1; 1,1(Bacillus suptilis subs spizizen
spizizeniiATCC 6633) ATCC 6633)
P==0,9;0,9 (Listeria monocytogenes 4b | Pr=1,0;1,0( Listeria monocytogenes 4b
ATCC 13932) ATCC 1392)
Sabouraud pH =5,7 pH =5,4
Dextrose agar | pe= 0,7; 0,7 Aspergillus brasiliensis Pr=1,1; 1,1 Aspergillus brasiliensis
lot 050718 ATCC 16404 ATCC 16404
(pH 5,6 Pr= 1,2; 1,2 Saccharomyces cerevisiae | Pr= 0,8; 0,8 Saccharomyces cerevisiae
ATCC 9763) ATCC 9763)
12,5 kGy Rezultati ispitivanja serije prijegamma |[Rez ul t at i NAKON &1
(3. ciklus) z r a | -&ultp \aijeme kGy
TSA - pH =7,5 pH=7,3
TRIPTON Pr=0,9; 0,9 Escherichia coliATCC Pr=1,0; 1,0( Escherichia coliATCC
f)toé]éoAﬁgR 8739) 8739)
(pH 7,4 Pr=1,1; 1,1 Staphylococcus auredsICC | Pr= 1,0; 1,0( Staphylococcus aureus
' 25923) ATCC 25923
Pr=1,0; 1,0 (Bacillus suptilis subs Pr=1,2; 1,2(Bacillus suptilis subs
spizizeniATCC 6633) spizizeniiATCC 6633)
Pr=0,9; 0,9 (Listeria monocytogenes 4b | Pg=0,9; 0,9 (Listeria monocytogenes 4b
ATCC 13932) ATCC 13933
Sabouraud pH =5,7 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 Pr=1,2; 1,2 Baccharomyces cerevisiae | Pg=0,8; 0,8 Saccharomyces cerevisiae
ATCC 9763) ATCC 9763)
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Produktivnost TSA prije y-zracenja
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brajodredivanja
s, [ { R} T = (TR N [y T — N2 ZrANICe Uupozorenja (250
ZOrnja granice UpoZorenja (250)  se—donja granicarizika (3500 — O E ErANICArizika (3500
Produktivnost TSA nakon y-zracenja
L&
14
12
1
o
=
1 =
=
0E @
.G
0.4
1 2z 3 4 5 & 7 5 9 10 11 12 13 14 15 1& 17 18 19 20 21 22 23 24
brojodredivanja
s || { PR - e srednjEvrijednost m— |1 3 ZFANICE Upozorenjal 25 D)

EOMNjA Eranica Upozorenjal250) s donja granica rizika (3500 s, FOFNj 3 ErANICA Fizika (350

Slika 1 Produkti vnostizM&lAempjraj e i nakon
Kontrolni sojevi:Escherichia cb ATCC 8739,Staphylococcus auredsT CC 25923,
Bacillus suptilis subs spizizeiTCC 6633 iListeria monocytogenes 4 CC 13932.
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Produktivhost SDA prije y-zracenja
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e Produktivnost SDA naken y-zracenja
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T
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E
0.4
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— 0N E grEnicE UGz orenja (2500 gaornja granica upozoranja (2500
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Slika2Pr odukti vnost 23DAl gmijae IKAspadilasbraslienssoj e v i
ATCC 164041 Saccharomyces cerevisiagCC 9763

ZAKLJUL AK

Rezultati ispitivanja fizikalnkk e mi j ski h par amet ar a i mi kr ob
Tripton soja agara i Sabouraud Dextrose agar (pH, boja, homogenost i konzistencija) nakon tri
ciklusa zrm&lenjuajet)j exdn i kod doze zralenja c
za sterilnost prema normi ISO 11137, te zadovoljavaju zahtjevima u pogledu ispitivanja
fizikalnok e mi j ski h parametara i mi krobi ol ogki h kart

Vrijednosti produktivnosti Pr ) SDA odnosno TSA priieinakoggzr al enj a pod|
nalaze se unutar dvije standardne devijacije.

Rezultat.i provedeni h ispitivanjiarahe@S& tz¢
dobivanje sterilnih Petrijevih zdjellica koje sutros uk 0 paki rane u ter mos
kao gotovog proizvoda ulinkovita m&eanigskea budu
parametr e i mi k r o dprodoktivngpstk esukladreor smjernieama €0 ii k e
odgovarajulim eur oppusnkoism i n ozrandaonvao,l jlenpot Gama
fizikalno-k e mi j ska svojstva kao ni mi krobi ol ogke
medi j u. Bi ol ogki i ndi kator i koj i Ssu pritom b
spor a uni gu senlizacij@ do mivoa eahitjevanog za postizanje stanja sterilnosti.
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Gama ozralene Petrijeve zdjelice TSA i SDA

pralenje okoliga u farmaceutskoj proizvodnj.
potrod n i materijal za wuzimanje uzoraka zraka.
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STERILIZATION AND ST ERILITY
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'Ruler Bogkovil Institute, Zagreb,
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itartaro@irb.hr

Sterilization is a process in which atticroorganisms 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 successhe 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 frguently 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 Gtampar and the Ruler
the efficacy of ionizing radiation in the sterilization process 8ATand Sabouraud Dextrose
agar Petri dishes and the influence on their physi@mical parameters and microbiological
characteristics in the presence of biological indicators, containing spoBegitdtis pumilus
The results have shown that gamma raainats 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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INTRODU CTION

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 nrstieatific
basis is the doseffect dependence obtained in the experiment. Onbidms 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 dangeamakseffects are absent below the threshold.
The discovery of radiation hormesis is contrary to both theori&$. [The aim of my paper is
to explain this situation.

MATERIALS AND METHODS

All results currently available in the field of radioactivity hakieen 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 coasierv 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 hormesis5[3 U-shaped doseffect
dependence is a genepdlenomenon 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 byarr ow specialists deal-Mhagradiattomand he pr
radiation safety.

RESULTS

The open system under electromagnetic radiation {@??Hz) was considered by
thermodynamic method. Experimenters divide Wiele scale of electromagic radiation
into 7 parts according to the equipment used to generate different frequébarama
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 Rayleigleans regionThe basis of this division is the degree of filling
of electronic levels in the equilibrium radiation of differenigirencies, which can be higher
than 1 (Rayleighleans region) and lower than 1 (region W. Wien). This magnitude is usually
denoted by .

The experimenters are also familiar with this division as the ratio of the energy of the
guantum of thermal radiation kdnd the energy of the quantum of electromagnetic radiation
with a certain frequencyrh In the W. Wierregionhn >> kT, and in the Rayleigheans region
hn << KT. In these two areas the laws of efficiency of conversion of energy of electromagnetic
radiaton into free energy of Helmholtz (into energy of chemical bonds) differ radically. This
fundamental difference for isothermal processes is schematiltstyated inFigure 1.
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Figure 1.Plan for electromagnetic radiation

The left part of the schemefers to the longvave part of electromagnetic radiation
(Rayleigh Jeans region), and the rigbartto the shorwave part (W. Wien region). The solid
lines represent the thermodynamic limit of efficiency for reversible lossless processes, which
are no mterest to experimenters, and tbashed linesepresent the efficiency for real
processes with linearly increasing entropy S, which is of maximum interest to experimenters.

In semilogarithmic coordinates in the Wien region we have a straight line, which
means that the studied function is the logarithm of the acting stimulus. This islenowh
to physiologists the Webétechner law. In the lorgzave part of the scale, the dependence of
efficiency on the stimulus resembles a step. This is Devyatkew'draoth regions along the
abscissa axis the spectral density of the radiatignwiBich characterizes the amount of
energy per unit frequency interval, is deposited. Inst#faé, on this axis, the absorbed
energy or the intensity of the acting radiatar some other magnitude, for example, the dose,
which is convenient for the experimenter, and which is proportional, tcale be postponed.

Gamma radiation, being the highest frequency part of electromagnetic radiation,
belongs to the Wn 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 {@ud dash lines)Efficiency begins to fall and can
reach zero. As a result, th&perimenter receives the dependence shown in Figure 2 by the
solid line. Here, as well as in Figure 1, sdagarithmic scale is used, since the ordinate axis
has linear scale, and the abscissa axis has logarithmic.

On thecurve of Figure 2 the positiorf all isothermal processes under the Wien radiation
can be shown schematicall@bjectively fourmost weltstudied processes are presented in
Figure 2 The dash line shows the area of functioning of the human eydothaddashline -
the area of photgsthesis 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 conueitsi a
weak influence on any system by any radiation of the W. Wien region.
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Figure 2 Correlation theory with an experiment

The effectsof gammaradiationon living organismshavebeenstudiedunderconditions
of severdethalexposureTo be moreprecise hygieniststook the 100 %point of deathasthe
main point andthen by reducingthe doseof exposurereceivedthe full dependencewhich
wasusuallylinear (Figure3).

r 100% |
|
i
[T} |
2 | s0% '
(1)) I |
[ |
i)
| 5 . | -
5 no-observed effective effective
% effect dose dose 50% dose 100%

DOSE

Figure 3 Dependence dossfect for thermal processes.

Having fixed the position of robserved 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 differentriegsuThe distance
from the position of the safety standard to-observedeffect 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 (hfrrBiut naobserved 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 est.

However the detection of hormesis at very low exposure gave rise to many
uncertaintiesand questionsamongthe experimentersThe hormesiss the situationwhenthe
factor whichis knownasharmful effectsin high dosesit is usefuli in smalldosesA special
place among the experimentsook the U-shapedhormesis Two suchresultsare shownin
Figure4 [7]. These excellent results allowed theorists to give a comprehensive explanation of
the dependence of the effect of gamma radiation whent@ssity changes by many orders of
magnitude.
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Figure 4.Dependence dossfect in [7]

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 presdntddigure 3. If they are depicted obne
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 degarithmic scale, then all thermal
processes will be compressed. Only when the 4$egairithmic scke is used for weak effects
(left part of Figure 5), and at stroindinear 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 betwgmsrpendiculars 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 tengtere 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 expage 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 vadi for both harmful and for useful processes. The amazing fact of the
beneficial effect of low doses ofgamma 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 noney to the study of thafluence of smaldoses. 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]. Tamswels simge.
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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, namelyothmiaerof
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 petvéeo 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 trueaf@ndb- radiation
as shown in [6].
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Hygienic standards of safety are the regulatory framework of radiation protection. It is a
social decision, and therefore may be different in different countriggatlisatscientific basis is
the doseeffect 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 sec@higeshold) 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 theories3]1 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 hormesis3]1 U-shaped doseffect
dependence is a general phenomenon for different materials and systems and werd wbser
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 speciali st s- d6 almadatopn avd radiatiort safety. pr o b |

Quantum thermodynamic of irreversible procesdesded 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 thgséem 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 intensitylbf -, b a-nratliatmn affecting it.

In thermodynangs, 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 ofgamma radiation has attracted the attention of not only
scientiss 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 tifluence of smaldoses. As a result, éhquestion 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.
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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 | ast decades, Krgko Nuclear Po
information system (EIS) connected to the environmental radiation system (ER) and plant
radiation monitoring system (RMS). The ESDOS is the result of tanttual develoment at
Krgko NPP. The basic version started to ope
from experiences during the operational use
research work. Fields of experiences include dose assessment, rguati@tion, 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 inrtbersdings of the
Krgko NPP. The strategy was to start with t
determination and in effluent air dispersion calculation. The later requires state of the art air
dispersion model. In addition, the programme t@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 Krgko bas
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 resulte available on the computer primarily at the location of
Krgko NPP and at the | ocations of the suppo
and drills. One programme is installed on thetigp in the radiological mobile laboratory
having access tithe 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 pyvide 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 hate activi
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 radeafluent or post
accident radiation in the containment, t her e
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for a quick accident assessment. It is necessary for a user to have a broader technical
knowledge in nuclear power plant and also a spe@tfi@tion 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 scientificdi& 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 @lugon 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;

- precalculated accidentetease 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 rurtimereal
The diagnostic mode using meteorological measurements is in operation since end of 2002
[2]. Five years ago, automated calculation of prognosis for the future (uwdn days in
advance) was addddforecasting 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 outsjdeisation, MEIS, d.o.o0., a
fine resolution, small scale meteorological forecast for seven days. The modelling area of
25k m 1 25 km is set over the terrain. Numer i
Arianet [4] was installed, and it was also vatied 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 mogitastalled capable of monitoring the release into
the containment also in the most severe cond
evaluate reactor core damage oecamtainment release were prepared in advance [6]. There are
also other ndications 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 actbenactive
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 almostaalioactive caesium and iodine and
protects the environment from the pollution or minimizes the doses to the population in case of
extreme and beyondesign basis conditions as set initially by nuclear regulators and designers.
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Diagnosis of plant conditianis possible automatically dime 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 tctual 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-tinefivith 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 followrup 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 pralcdated 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 coreupsinThe equations and
calculationswere also verified.

The safety study [7] showed that the following chemical forms of fission products are
possible: noble gases, Csl, TeSGrO, MoQ, CsOH, BaO, L#0s, CeQ, Sb, Te, UO,, Ag,
CHal, and b. Some of their physical characteristics havenapartant 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, forunning 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 amustalled for further processing and more transparent presentation
within the ESDOS.

Another module of the ESDOS has been introduced for faellpvef the radionuclides
relevant for the release in the spent fuel pool [9] and therefore for dose assessrasatof
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 modulesdesigned 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 dath wianual 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 filgdesign 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 fuelaaadent related source
term data; and user fAhel po modul e.
The results are presented in 2D over the map of the domain. It includes several options
such as prgrepared maps of geographical information system, calculation of distance from
the plant, coloucoding 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 forag 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 meamnes are available online. Diagnosis and
forecast are prealculated for every haliour (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 rew@siis are not
availabl e. Two typical scenarios with a hig
(compared to the other scenarios such as ones with containment failure) are:

- in-containment release from the reactor core with intact containmemgiaho release

to the environment, only due to design basis containment leakage), having probability

frequency PF!(21.5% ofPB of &ll pds<ible scenarios);

- filtered release from the containment through the passive filtering system @@CFV

having PF®y (68.8% df PHof all fossible scenarios).

There are ten prealculated plant cases available altogether in the ESDOS taking into
account a total release within 48 hours. In addition, there is also a highest release saurce te
based on the scenario as prescribed by the standard NUBRES5(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 andvolatile eements 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 ehradiation 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 0 an emergency, and a possibility of analysing-qgakeulated accident release
scenarios in real time by using actual meteorological conditions.
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For about two decades, Krgko NPP has been
of airborne dispersion calculation and estimation of consequences in case of emergency. The
software capabilities and monitoring features have been upgraded during tyeatastThe
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 prealculated 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
surraundings. 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
di spersion modelling area of 25 Kk malidited 25 km
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-gakeubted for every hathour (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-lore being directly connected to plant status
parameters or ofine 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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PRVIH 40 GODINAHRVATSKOG DRUGN VZAAETI TU OD
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UvoD

Hrvat sko drugtvo =za zagtitu od zrkaol|l enj a
neprofitna wudruga sa svrhom promidgbe i r a
aktivnost. i u podrulju zagt i dpeje je dielovalo arjutarnj a i
Jwosl avenskog drugtva za zagtitu od zralenj:
godi ne i u kojem je velina |l anova novoosn:

drugtvo za zagt i t untermatdonalzRadidtiennHArogectioh IASSECAtion
www.irpa.nef osnovano je 1965. godine, a JDZZ mu :

tada I mal d llamodiraugtzawva2 zeml je [1]. Od samosH
djeluje samostalno i od 1992. je punog v n i | -&. &lDZZ Je @A od prvih hrvatskih
strukovnih drugtava koj e ] e primljeno u n
obiljegavamo 40. obl jetnicu osnivanja Drugt
HDzZ-a [ 2] , a obilnjae goarvgaanniuz i 5G&ngodiagti te od
posvelen 9. -a(Krkyp0d3) najkojerheA&aljno opisana povijest HRZR]
te [ emo se stoga ovdje vige posvetiti sadagn
budul nostkiakkojpr esd oDreugt vom t ako i pred podr
PROGLOST | SADAGNJOST

HDZZ okuplja znanstveni ke i strul njake i
pri mjene, i ndustrije, regul atorni h tjelg el a i
Hr vat ske | I anovi s u Drugtva, a od toga Vi
aktivnosti ma. Drugtvo je interdisciplinarno,
zagtite od zralenja interdisci pelminaarrnio,. bTiaokl
medi ci nski (l'ijelnici, osobito radiolozi) i
K1 ini]l ki ingenjeri, radi ol ogki tehnol ozi) k
radioterapiji. HD Z Z daj e kontindicanskipromdf gkul amei ma
ingenjerima u njihovom nastojanju da im se
uspjegno ostvaRPRessebrRd 18e mozdimmrost posveluje
okoligu i proul avaaitjiu nud jlecaj eka adi opkgovno
TakolLer, sve vela primjena zralenja uz uvole
u dijagnostici, tako i wu radioterapiji | ini

od 20009. g o Arhivnza hidijens ocagal istoksikologijydostupan je na
http://hrcak.srce.hr/aint j e s | u g b e nou kgjémse iuz redovAeDzZAghstvene i
strulne |l anke najavljuju i prikazuju aktiwvn

Jednaodrjavagni ji h - ajdal @ar ¢({dZiZzacija i odrgava
s melLunarodnim sudjelovanj em, u pravilu sval
za zagtitu od zralenja jedinstvena saoflapril ik
koji ma | e poveznica zralenje, odnosno znani
Simpozij bio je pralen tiskanjem zbornika
memor i j ski USB ¢gtapil. El ektroni | kemguseer zi j e
pronal.i i na i nwevhdze. lirkoj& sumbneviiemeanakoncla. simpozija u
Osijeku. Svaki Simpozi j i mao je uvodna il
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posebno izdvojene teme kojima su sea pri | i aktual ni svjetski
obljetnice vagne za zagtitu od zralenja ople

godina nesrele u Lernobilu, nesrela u Fuku:
zralenja u .Hr vsaudsjkeoljov(amgre | | anova HDZZ u r;
zagtitu od zral enj a, -asardgomralnionv svjetsken kbngresima v a H
IRPA-e , 50 godina organizirane zagtite od zr al
etici i kultu r i zagtite od zralenja [5], a ovaj, 12
koji stoje pred nama.

Uz sudioni ke iz Hrvatske, na skupu redovnc
zagtitu od zralenja, ukazuj urhzimenona ikkostavada p ot r
znanja u ovom interdisciplinarnom podrulju Kk

HDZZ i ma vrl o bogatu i uspjegnu melunarod
suradnju sa drugtvima za zagt it bliskibdemaja al en|j
centralne | jugoistolne Europe (Austrij a, L
Sl ovenij a, Srbija i Crna Gor a), kao i sa ¢
nacionalno udrugenje (BosnaKadsovb)er cegovina, S

HDZZ je nakon primanja u IRPA 1992. godine redovito sudjelovao u organizaciji i
radu regional ni h kon ¢RPA Regional Cangrésses oni Radmton z r a |

Protection)tej e or gani zirao regional ni kongres o zag

"Radiation Protectionand Health ( Zagti ta od zralenja i zdravl

kojem je sudjelovalo 229 znanstypérinka i 3§tr ul
Ll anovi Drugt va s-adjcelihiug posetmo wu grupiueurdpdRiR A

pridrudgeni h drugtava od samog poletka neform
europskih drugtava za zag- (EdarapearoRPA Assaxihte nj a |
Societie} odr gavaj u se svVak e-asudjeoval s nasvagamed rgitt. av ni
HDZZ je organizirao 6. sastanak 2009. godine
16. skup ove godine (2019.) ponovno u Zagrebu.

Europskadugt va su pokrenula inicijativu za po
na podrulju zagdgtite od zralenja i znanost.i
nacional nih natjelaja za najbol ji mlaid (zna
znanstveni ka i strulnjaka do 35 godina st alil

velikim europskim ili svjetskim kongresima IRP& Ustanovljena je nagrada za mlatteing
Scientists and Professionals AwaMdSPA) koja se dodjeljuje nam kongesima najboljem
ml adom predstavni ku nacionalnog drugtva za :
20009. raspisao prvi natjel aj, a nakon toga |
al i su nagrade dodij el | enpea psshedna dvaaiije pilova 3
prijavijenih kandidata.

Pr vi sastanak miaadidho |3l5a ngovdai nFRD ZsZt ar ost i )

2018. godine. Sudjelovalo el sudi oni ka koj i su odrgali 10
dogovorene neke formalne in® r mal ne sur adnj e. Zakl jul eno | e
redovito sastaju i predlogeno je da to bude
HDZZ-a organi zira drugenje mladih |l anova Drug
svjetskm i europskim kongresima IRRA& | a k i za mlade predstavni

sudjeluju u natjecanju mladih za nagradu YSPA.

| ZAZOVI BUDULNOSTI

U narednom razdoblju HDZZ le nastaviti i
drugtvima u Hrvatskoj. Zasad je najaktivni | a
bi omedicinsko ingenjerstvo i me d i cHrvatskimu f i z i
drugtvom radiologa je pomalo zamrla te bi ju
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Radit e se takolLer na poboljgavanju sur a
zasad zasniva na razmjeni sudjelovanja na nacionalnim simpozijima, a izazov bi svakako
predstal/ | al a zajednil ka organi zacij a skupa od
nacionalnog simpoziaHDZa tr eba se dalje nastavitdi uz p
kol ega iz Europ TakolLer treba nastigwi ti
organi zaciju ta h skupova, i u vodel a ti

Svojim djelovanjem u melunarodno]j zajed
HDZZ-a podi gu i melLunar odni ugl ed Drugtva u
potrebno jeu k| j ul i vati se-e,u m@KM. v oo sTask IgiolppPh e gr
organizaciji IRPAe . | menoval. smo predstavni ka Drugt
Grupu za nei on iRRA TaskGlpan NepnizingeRagiation ( imali smo
prest avni cu u gr lRPA Task Group bmthe Inipact af the( Eye Lens Dose
Limits) . Ovakve aktivnosti zahtijevaju i odr el
HDZZ i dalje poslovati wuspjegno i npomohanci
| l anova Drugtva koj i doprinose redovnim pl
sudjelovanjem u radu simpozija u organizaciji HBZZ

Sudjelovanje |l anova Drugtva na weuropskin
veliki izazov, prvenstveno iz finapskih razloga. Naime, kotizacije za sudjelovanje na
svjetskim i europskim kongresima postale su izrazito visoke, kongresi se organiziraju u
Sskupim gradovi ma, a |l esto su i dal eko od Hr
takvim kongresima vrtoglavpenju. Trend porasta kotizacije i ukupne cijene sudjelovanja na
velikim kongresima, doveo je do smanjenja broja sudionika iz Hrvatske, pa tako na 5.

e
k vi

E
u

Europskom kongresu IRRA u Haagu 2018. godi ne nij e b
naj vj er oj a minuiSeudu (Korejh) ma svjétskdm kongresu IR®R020. godine.

Zajedno s ostalim Amalimidi europski memhtagugt vi n
probl em i na real nu moeegpretvonecuskup mijeogatiji zeknajamig r e s i
drugt awau @mNrmadmj enu ulijeva organi zator 6. E L
202 2. godi ne. Najavljena su umjerena kotiza
Budi mpedgte ne bi smio predstavljati poseban

Od 2017. godine pokrenuta je nova mtska stranicavww.hdzz.hr a jedan od
izazova za budule generacije je otvaranje pr

ubrzal a i poboljgala komunikacija melLu | I an
zadtu od zralenja predstavlja komunikacija I
Drugtva u medijima sa svrhom informiranja ]
bi smo i mat:i uvijek i mati kompet anvtnrog | as d PR,
publicrelaon koje I e se ukljulivati u odgovarajul
zani manje javnosti te davati ©prioplenja za
| i njenicama u nekim kri znitminesaaktuakaic temamaa . Mo ¢
tu bi suradnja sa srodnim drugtvima u zeml|j
zagtita od zral enj a | esto ni su dovoljno | a
nerazumijevanja i iracionalnog odbijanjabilak vi h i ni ci j ativa uz samo
zbog nepoznavanja znanstvenih |injenica.

S druge strane, zahtjevi za radiologkim
uvijek medicinski i ndicirani i opr amaainli a K
rizike povezane s izlogenogiu ionizirajulem
optimizacije. Vrijedno je spomenut. kako e
smjernice za opravdaeGusd h r & doncussagsdva potpoper et r a
klini] koj d clinicalglecisianigppdriCc D® | emu govor i rad [ 6]
radova Zagtita od zralenja i posebno kul tur
kao dio opie kulture sigurnosti [7,8].
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Vagno | e i dal je nastaviti s redovnim bi

znanstvenika iz podrulja zagtite od zralenj a
i financijski pomagati sudjelovanje nacionalnog pobjednika na europskonvjelisisom

kongresu IRPAe u natjecanju za YSPA. Ranije je sp
2015. i 2017. godine nije prijavio nijedan Kk
[ nadamo se da | e se prij avibdbdrHOZZa eard |j weldiamn ok

pobjednik dobije trostruku nagradu (kumulativni namjenski iznos iz prethodnih
nekonzumiranih natjel]l aja) kako-ama kongnesu sse ol 8
Seul u. Il pak, zbog visoki h ukuydmolovdje vebkg k o v a
i zazov! HDZZ j e i u ovom sl ul aju, zajedno s
na problem visokih kotizacija za sadl &k oivana
mlade koji sudjeluju u natjecanjima YSPA. Predlagali std@ se mladim natjecateljima

odobr i znatno snigenje kotizaciij e, il da i h
najbolje primljeno od strane organizatora skupa. Za sudjelovanje mladih natjecatelja na 5.
europskom kongresu IRPA2018.godie or gani zator je ipak odobri

je odluka donesena prekasno za mnoge mlade sudionike.
APoml alLivanjefi drugtv-a nepe bBawmoupgr bbldemg

IRPAe pa | RPA posebnu pozor no snjakag pnanstechikajue uv o
sve svoje aktivnosti, or gaaYboung Geaeratioe Nepvark e b n a
nastoj i se osigurat.i |  anst v o Epecudved €tuac ni k a
IRPA-e . I nagem Drugtvu pr eedasijeiolako zapaoslii made nov e
strulnjake u podrulju zagtite od zralenja I
strulnjaka iz zemlje, kako pridobiti ml ade
Potrebno je i matii ske idridami zmarsaul & askeok chi j a ml
dobne skupine (do 35 godina starosti, il p
zralenja) potrebno je nadoknadit.] dol askom
HDZZ-avidesvojubduil nost i profesional ni i zazov.
Uki danje Drgavnog zavoda za radiologku i n

ustanove i pripajanje osoblja i aktivnosti Ministarstvu unutarnjin poslova (MUP) zasad
predstavlja problem prkacssfjvendedamebdsokhohj
uUu neposrednoj budul nost i-abMUPa, baeem oasrazimikakweinj e s
smo ostvarili s DZRN®m. Posebno trebamo imati aktivhu ulogu u implementaciji europskih
dokumenata, te je jedan od izazdvar d u{ no st i [ akt irav nk g ce tjred lonv
i nterdisciplinarne organizacije u donogenju
Prirodno zralenje je svuda oko nas i ne
epidemi ol ogki) @ad s@rsitrawdnogdi or ajiemgt a [ 8] .
prirodnom zralenju predstavlja i prirodnu d
smanjivanja doze i rizika. Smanjenje doprint
nije opravdano i razmn o , predstavlja neopravdano trog
neopravdan/iracional an strah od zralenja u
osnovnih principa na kojima se zasniva zagt

granicu: smagnhi vanj e doze i1ispod 0,1 mSv/god =za opl
izl ogene radnike) ne smatra se razumnim u pr

Radon i njegovi kratkogi vuli proizvodi ras
(ukupnmjj ogoceckif@kti vnoj dozi) cjelokupnog st a
nezanemari v zdravstveni probl em. Ut vr Lena |
prostori ma I provedena su mjerenja u nekol
pojednhgupani je mogu nal. |l okacije na kojima |
viga od referentne razine. U Republici Hr v
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razdoblje 20191 2 0 2 4 . s ciljem smanjenja ozraldenja |

pojave raka pluia. O Akcijskom planu i s nji

Povijest nas je poulila da se nesreie mog
biti razliliti. Sjetimo se samo nalerozmitliy i
1986. godi ne i u Fukushi mi 2011. godi ne. Tal
potrebno uspostaviti sustav monitoringal/pral
radioaktivnost, gto pred alzavhgraatjaar iij eo dpraysatvaawv
e brzo i pouzdano dati odgovor postoji i p

UMJESTO ZAKLJULKA

Ovdje navedeni il zazovi koj i stoje pred pc
pred Hrvatskim drugt v sigunrnaere predatavijaju paipunospisakz r a | e
svih mogulih izazova u buduinosti, vel samo
Navedeni i zazovi ukazuju da je podrulje zagt
brojnim pojedincimadaunjeman. u S Vv 0 | profesional ni i nteres
Zahvala

Svim | | an o-a kamasviril 8udighicima simpozija na brojnim i kvalitetnim
prilozi ma. Bez aktivnih |l anova ne bi bil o n
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UMjesta dodira: Fizi ka i medi ci na, Kr oz
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THE FIRST 40 YEARS OF THE CROATIAN RADIA TION
PROTECTION ASSOCIATI ON AND FUTURE CHALLE NGES

I nes Krajcar BroKomor MaBaweRanbighjacil, G
RulLer Bogkovi l Il nstitute, Zagreb
krajcar@irb.hr

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 thaedoeny of the the
international associations. Therefore, this year at tieShnposium we celebrate the®™0
anniversary. The past of CRPA has been reviewed and presented at the former symposia, so
here we describe the present status of the societyoamel 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 hasdbeeted 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 protectionmedicine 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 regiom@PA 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 andecognize 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, althouglatively 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 vividarea that opens various opportunities to different scientists and
professionals, including the young generation, for their professional accomplishment.

52


mailto:krajcar@irb.hr

MODERNI IZAZOVIUOP RAVDANOST | R A DHISRIMAN3A

J el en &% MakpSlavicd Ivana Kralik

Medi cinski fakultet Sveuliligta u Z
Kl'inilka bolnica Merkur, Zagreb
K1 inil ki bol ni | ki centar Sestre mil
“Kl'inilka bolnica Dubrava, Zagreb

popic.je@agmail.com

uvoD ) )
Zadnjhne kol i ko desetl jela najvel.| doprinos
povelanju ukupne doze izlogenost.i popul aci j e
kojima prednjale radiologke dijagnostil ke p
CT) . Uspr kos prepoznatim Kkoristi ma od i on
zabrinutost zbog porasta ekspozicijske doze,
i nduciranih sekundarnih kar ci noma (pmgl avit
|l eukemij a. Uvagavajuli znanstvene | injenice
dijelom iz medicinskih izvora potrebno je st
pacijenata od potencijal no nmegianskoe imlaghnja po s | |
i oni zirajulem zralenju. Jednako je vagno pos
povezanog profesional nog i javnog izl aganj a
je bitna sastavnica moderne medicinske dijagnoze | i j el enj a koj a i a k
odgovarajuli nal i n, pruga medicinsku kori st
zral enju. Kako bi korist nadmagdgila rizike nu
koja su u cijelosti primjenjivaam medi ci nsko izl aganje i za zag

eksponencijalnom porastu broj a radi ol ogki h
Europskom drugtvu radiologa nagl agava kako |

opravdanosti. Ist s e nastoj i postil.i ukl julivanjem e
pretraga u bolni | ki i nformatil ki sustav. Ta
vagnost.i provedbe tih nalela oprav@anost:. u

O avdanost pretrage | e pravo i odgovor nc

pretragu i onog koji tu pretragu radi. Stoga valja raditi na optimizaciji i interdisciplinarnom
pristupu pacijentu kako ©bi se pogthkrwatskae sve

kao drgava |l anica Europske uni j e u obavez
zdravstveni h djelatnika koji sudjeluju u pr
pretraga [1]. Jednako tako namsuradnjesaobjavi pot r «

kriterija i postupaka za medicinska snimanja asimptomatskih pojedinaca, osobito onih koji ne

sudjeluju u programima zdravstvenog probira

napretka u tehni kama i 0 p manj& ipotrebrro jenanalazitt i n s K

mjesto novih kategorija pregleda sperrsingbno u p
Do danas su utemeljene kvalitetne i detaljne vodille za opravdanost pojedinih

radi ol ogki h p 0 SACR pppromiatenegsacatao n gur@peanfiComission

Referral guidelines for imaginy, Eur@pean Society of Urogenital Radiology (ESUR)

guidelines on contrast mediaPr avi | a koji ma se wureluje oprav
radi ol ogkih snimanja dio O0O3ilh.z&kngreodhmavet va pEwe
o opravdanost.i medicinskih radiologkih snin
Europe, no njihova ©primjena nije jednako z
medicinskih radiologki humsopsnamjj aurkiojjia megd dba
gto za posljedicu ima sve vVviagu [ neopravda

53


mailto:popic.je@gmail.com

izl ogenosti radni ka i ople populacije. Dire

odredbi primjenjivih na opravdavanje medeik i h r adi ol ogki h sni manj a

pri mjeni ionizirajuleg zralenja:

1) Direktiva Vijeia 80/836/Euratom od 15. s
utvrLlLuju osnovne sigurnosne norme za zag

opasnost.i ionizirajuleg zralenja

2) Direktiva Vijela 84/ 466/ rEluirvad mjmu odals n3o.v nri uhj
zagtitu od zralenja osoba koje se podvryg
14617/15 LT/md 4 PRILOG DGE 2B HR. (3,4)

Direktiva Vijela 2013/59/Euratom, iako se
uvjetima opravdanostg pt i mi zaci j e i ograni |l enja doze, S
ulinjena revizija postojelih nacionalnih meh

Predanost Europske unij e, Eur at oma i njih
zagtite paci | edmnaitkaa, iz dorpalves tjvaevnnohs tria, mel u o0s't
nal ela opravdanost. namel e nam i obvezu pri
(al goritama). Drgave |l anice pozvane su pod

svijesti zdravstvenih djatnika i pacijenata [5,6]. U prvom redu podizanje razine svijesti o

potrebi informiranja i organiziranja javnih kampanja u suradnji s nacionalnim zdravstvenim
tijeli ma, a kako bi se ol akgal a i poboljgal:
pat aknuo bol ji dijalog o koristima i rizici ma
redovito agurirane te ople dostupne smjernic
smjernice opravdanosti. Nakon toga potrebno je osigurati ispravniedimovnacionalnih
smjernica i nji hovo redovito klinil ko revi
medi cinski h drugtava i nadl egnih tijela. Opr
di o standardne radi ol ognkie dpreadkasteni ¢i7] .st &g a
odgovarajule teorijsko i praktil|l no osposobl |
primjena mjera zagtite od zralenja barem u ¢
odgovarajule mehanijpwgei zarpphet ucaos gavaml e
dji el atnika kojima im se omoguluje ispunjava
skrb u koju se ukljuluje odgovarajula zagtit

HRVATSKA REALNOST
Opleniti j e prilotpaksi odradibi svaka zagriknl@npu ugutnicurbilo |

prema zahtjevu I|lijelnika obiteljske medicin
nepostojanj e preporuka vezano uz kriterije
intervencijskog ili terapijsk g postupka wuporabom izvora ioni
t ome i opli trend prakticiranja defenzivne n
pacijenata I pritiscima rodbine, koji velinc
dostupnm na internetskim tragilicama | forumi m;
temeljnog medicinskog znanja i sagledavanja ukupne situacije. Drugi je uzrok mediko

l egal ni , odnosno sve su |egie tugbe pacijen
pr etraga kako bi potkrijepil: svoje odluke |
stvarnih uporigta u klinil ko] slici [ Si mpt
ionizirajuleg zralenja [ 10, 1 1lifhaposhapritiskajn® z an e
l'ijelni ke |iji se posao mjer. brojem ulinje

VIiijeme potrebno Z a razgovor S pacijentom.
propisivanjem velikog broja dodatnih pretraga. Suradnjaelil ni ka obitel | ske
klini]ara drugih struka s klini]kim radiol o:
hrvatskoj praksi radiolog se rijetko dogi vl |
poput radi ol oga eduwdinr apnois | g erdd gwimam ugtor abe
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Kako je veliina danas radeiih klinilara =zav
melLuvremenu je radiologija kao struka izra
pregl eda i p o sriouqgme k dozetpacijenmata,skhg iesthjerhice o uporabi
pojedinih metoda. Jasno je kako klinil]ari dr
struka | esto nisu u stanju pratitdi sve nas
predlaganje dijagnast] ki h pr egl eda i intervencijskih po.
zralenja nisu im na raspolaganju jer jog ni
pojedinih pregleda il:@ postupaka kojioukl jul
nisu potrebni, k I i ni | ko] praks:i se to prelesto dogi
Radiolozima je pak jednostavnije i vremensKk
opsegna obrazlogenja i dogi vl j av adravstvenimk o b e
ustanovama u f or mi indi kaci jskog sastanka po
ZAKLJUL AK

Naj velid utj ecaj na povelanje radiologke
nacionalnih smjernica vezano uz kriterije za predlagatje j agnosti | kog pr
i ntervencijskog postupka uporabom izvora ion
br o] nepotrebni h ozralivanj a. Drugi vel i ki

l'ijelnika obiteljskestmeudkiac ilniej a jder uwli digak | u n
neosporno iznimno velika.
I konal no, ukl j ul i v a rClineal dedikiors sugp@tprevedenth CDS |

na hrvatski jezik u bolnilke informatil| ke st

pravi a opravdanost.i u klinil] koj praksi
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MODERN CHALLENGES IN JUSTIFICATION OF RA DIOLOGICAL
EXAMINATIONS

J el en &% MakpSlavicd, Ivana Kralik
1School ofMedicine University of Zagreb, Zagreb, Croatia
2University Hospital Merkur, Zagreb, Croatia
3Clinical Hospital Sisters of Mercyagreb, Croatia
“University Hospital Dubrava, Zagreb, Croatia
popic.je@gmail.com

Radiology imaging is proved as the one of the most important tools for modern
diagnostics and therapy. The benefits from ionizing methods are higher than risks if we use
them reasonably. Therefore it is necessary to follow the principles of justificatidn a
optimization to protect the patients from potential radiation risks. In modern medicine
justification has become the most important tool.

In our clinical practice in Croatia a radiologist is rarely seen as a consultant. We
performmost of the radiologyequests on demand. There are many reasons for this situation:
defensive medicine practice, patients pressure, méeljad reasons and others. Large amount
of performed tests on waiting lists is also negligible. Our work is measured mostly by the
number of patients and rarely on the complexity of our work or time dedicated to the
individual patient.

Most of the other specialists are not awarepotential radiation risks and their
education in the field of radiation protection is insufficient. B important to implement
education in radiation protection for general practitioners and other specialists to ensure a
proper implementation of clinical decision support systems (CDS).

It is equally important to raise awareness of using CDS, to ingegfram in hospital
information systems (HIS) on national level and to implement this important tool in national
health strategies.
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RADONSKI AKCIJSKI PL AN U REPUBLICI HRVAT SKOJ

Vanj a Ra®ahf MarikarPbj@Sovii, Di nk’c Babi i

Odjel zafizk u, Sveuliligte u Osijeku, Os
2Ministarstvo unutarnjin poslova, Zagreb
%’ nstitut za medicinska istragivanja i

vanja@fizika.unios.hr

uvoD
Radon f%?Rn) je radioaktivni plin koji nastaje radioaktivnim raspadom radiféR&)
unutar uranijevog?t®) niza radioaktivnih raspada. Vrijeme polurasp&dan je 3,825 dana, a

njegovim raspadom u kaskadi se stvara vige
zralenje. Radon [ nNj egovi krat kogigweulidoppri ai
ozralenju (ukupnoj godi gnj o] efektivnoj d o z
nezanemariv zdravstveni probl em, narolito z
povezuje s pojavom raka pl ul astatiftikamarSvietske i d e mi
zdravstvene organizacije (WHO), radon je na
Procjenjuje se da je radon odgovoran za i zme
prosjel noj razini r gind oravka uuakvoro prastdru. Makg je za Bhnl | |

procijenjeno da je 2012. godine bilo 538 sm
mogu pripisat:i radonu kao wuzrol|lniku gto | i1
karcinoma [2].

Za najvelii dmor oojzrlajl ehja radonom dolazi u
izvori radona u zatvorenim prostorima su: tlo neposredno ispod zgrade9(8 %) gr al e\
materijal (57 10%), podzemne vode (oko %) . Pritom se par ametr|
koncentraciju radona z at vorenim prostorima mogu podi | e
kolilina radija u tlu i stijenama, struktur
(nal i n i kvaliteta Wgbrdjnjie velodrigma amjlhr amu
odnosno tehnol ogkipr(avjvettrnaev anmjve kper d §tuadrii j a,
Radon u zatvorene prostore ulazi kroz pukotine na podu ili na spojevima zidova,
melLuprostore oko cijevi i instahacopial nodraj
u podrumu i prizemlju.

Sukladno Direktivi Vijela 2013/59/ Eurato
sigurnosnim standardima za zagtitu od opasn
zralenju za zemlje | | aemthacrazinaEzd radoh w rzdiverenon | e

prostorima i na radnim mjestima ne bi trebala prelaziti 300 Bq3j Navedena referentna
razina prenesena ] e u hrvatsko zakonodavs:
preporul enom doznom ogsabnbgnparal pnpaj gajiv

Prvo sustavnije istragivanje koncentraci|
(radonsurvey u RH provedeno je u periodu od 2003.
prosjelnog ozralenja st ano Wwatijegadonaje prdveddna s v r
pasivnom metodom pomolu detektora nukl earni
nasumi | no odabranih stambeni h zgrada u RH (
gupanijama primjenjujuli paliincom guestbéro nij
i zmjerene vrijednostii7sladBdonaskpebsjal namponi
68 Bg m®. Geometrijska sredina svih mjerenja je bila 50 B§ snpripadnom standardnom
devijacijom 2,3, a empirijske vrijednosti su pripadale-tmgmalnoj razdiobi. Primjenom
teorijske distribucije procijenjeno je d

a se
vriijednost koncentrac5le radona vela od 300

57



Kako bi se dobio detaljniji i reprezentativniji uvid o stanju radona u zatvorenim
prostorima te da bi se |l akge wutvrdil a i def
koncentracija radona (tzv. priorptevaohBlermpjoadm
detaljnijih mjerenja i mapiranjem radona u obimu u kojem su to dozvoljavali financijski
kapaciteti. Uz to, mjerenja radona su se pol
poj edi noj gupani ji . Do s adim prestorimp sacswveekdpaan a  mj
oko 6000 detektora (727 gkol a, 228 wvrtila te
posavskoj, -poWirraovvsiktesjé,ikjosLk d jk,o Karl oval koj , I
sl avonskeijo,s| @ivaa lklog¢ - srijemgko)k aow Rrimaskagoranskoj su u
tijeku. UtvrlLeno je da se koncentracije raf
rasponu od 10 1600 Bg n?®, t j . unutar pojedinih gupaniija
visokim razinama radona i po nekoliko putaad referentne razine [6,7].

AKCIJSKI PLAN ZA RADON ZA RAZDOBLJE 2019. 1 2024.
Pravna osnova za donogenje Akcijskog pl anct

radi ol ogko]j [ nNukl ear noj sigurnosti [ 8] . St
nukl ear nu Ssigurnost (DZRNS) donosi Akci j sk
mi ni starstava nadlegnih za zdravstvo, gr adi
energetiku te za znanost i obrazovanje. Ovom odredbom se u hrvatsko zakonodavstsio p

obveza prema Direktivi Vijela 2013/59/ Eurat
ozralenja radonom u stambenim zgradama, Zgr e
bez obzira potjele 1|i radon i z anjdiaadilagdnall ev no
skupina osnovana Odlukom o osnivanju radne skupine koju je donio ravnatelj DBZRNS

Letrnaest |l anova radne skupine su predstavn
zdravstva (2), Ministarstva graditeljstva i prostornogaul. e nj a ( 2) , Mi ni stars

I energetike (1), Ministarstva obrazovanja i znanosti (1), Ministarstva turizma (1), Hrvatske
gospodarske komore (1), Rudarske o | -paffriog fakulteta (1) i DZRN@ (1). Nakon
provedene javne rasprave, Akcijgdan za radon je 27. prosinca 2018. godine objavljen u

slugbenom | istu RH [9].

Dugorolni cilj Akcijskog plana je smanj en]
posl jedilno i smanjenje rizika od pojave rz¢
radonaon. U svrhu njegovog realizacije, u razdoblju od 2019. do 2024. godine planiraju se
provesti sljedeie aktivnosti
a) povelati kapacitete z a mj erenje [ procj e

kori gtenjem postojeleg zak onkeokdmarieordutari r a t

drgavnih i drugih tijela;

b) razviti/uspostaviti sustav za postupanje

c) razviti/luspostaviti sustav za i1 dentifikac
specijaliziranidanihkritejet odol ogki opr av

d razviti sustav za primjenu odgovarajulih
broj postojelih zgrada u kojima razina r a:
radona u zgrade koje se tek planiraju izgraditi;

e) izraditi/luspos av i t i komuni kaci j ski pl an za podi za
zdravstvenom riziku zbog povelanog ozraler
Ovi h pet osnovni h aktivnost:i su u akcijs

manjevi ge zasebni h pr o] &dntinnirano odwijatidza vriperkeatrajgnja j i I

akcijskog plana. Ovi: projektni zadaci obuhva

1. Mijerenje koncentracije radona u zraku u zatvorenim prostorima
2. Mijerenje radona u tlu
3. Mjerenje radona u vodi za | judsku potrogn
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Izrada radonskih zemljovidairazoj] sustava za prepoznavanj e
Mj erenje ekshalacije radona iz gralevnog
Mijerenje radona na radnim mjestima

Osiguranje kvalitete

Postupanje u slulaju povelanih koncentrac
Smanjenje izlogenost.i radonu u zatvorenim
10 Komunikacijsku strategiju

11. Upravljanje podacima

©CoNOObA

1. Mjerenje koncentracije radona u zraku u zatvorenim prostorima

Koncentracije radona u zraku ne samo da
godi gdmjbeag vel [ od dana do dana, pa | ak i
odrelivanje prosjelne godi gnj e koncentracij

dugotrajno mjerenje (idealno godinu dana). l
dana,t ada se ono provodi u razdoblju u kojem
sezone grijanja i traje najmanje 6 mjeseci u razdoblju listbpada v a n j Mj erenj ¢
metodom/ urelajima kojima je mogul e dmomit.i re
razdobl ju. Godignja prosjelna koncentracij a
aritmetilka sredina izmjerenih vrijednost: u

Za vrijeme trajanja ovog Akcijskog plana potrebno je uspostaviti preduvjete/egiro
pregled stanj&oncentracije radona u stambenim zgradaradaon survey, a s obzirom da je

od prethodnog proglo petnaest godi na. Procj
dovoljno da se rasporede na bnal pnodjpemwezaoztt
stanovnigtva, a da se istovremeno ispune i d

Jednotjedna kontinuirana mjerenja se prej
zraka u zgradi koja se nalazi u pireiilimakont et nonm
gt o su provedene korektivne aktivnosti na
koncentracije radona trebaju se ponoviti u

koncentracije radona mogu promijeniti osobito ukoliko se te zgradezenal prioritetnim
podrul ji ma.

2. Mjerenje radona u tlu
Protokol i metodologija mjerenja koncentracije radona u tlu te izrada standardnog

obrasca za opis mjerne | okacije izradit | e :
pl ana. G o d ingnagraeiti Jarem 10® gjerdnja radona u tlu u okviru nacionalnog
programa s <ciljem izrade zadovoljavajulih z

koncentracije radona u tlu omogulava pouzd:
povi gen ommdanawzgradama.

3. Mj erenje radona u vodi za | judsku potrogn
Dosadagnja mjerenja koncentracije radona

zonama opskrbe koje u RH opskrbljuju najmanje 10 000 ljudi, pokazuju da su koncentracije

aktivnostir@l ona ni ske i da su wuglavnom red velili:

100 Bq . Akcijska razina za smanjenje koncentracije radona u vodi iznosi 100¢".Bq |

Dal jnja dinamika pralenja koncentracisee rad:

godignjim planom monitoringa radioaktivni h t
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4 . l zrada radonskih zemljovida i razvoj sust

Zeml jovi di se izralLuju kako bi senate zual i
|l akgal o dal jnje planiranje aktivnosti vezan
zradit Ie se zemljovidi koncentracije rado
adonskog geogenog pot enci jmidisaativpim jedinecama, | i t i T
po kvadratnoj mregi, postotku stambenih zg]
referentnu razinu i sl.).

U ovom razdobl ju provolLenja Akcijskog p |
prepoznavanje priorlijtuetmhbijhe kppodvrnulhj,a smpae ct ¢ me
utemel jenih kriterija. Prioritetna podrulja
prioriteta za pronalagenje zgrada s povelan
aktivnosti usmjerenihnaradk ci j u koncentracije radona kao
prilikom gradnje novih zgrada.

0
I
r

5. Mjerenje ekshalacije radona iz gralevnog

Potrebu za provoLenJem mjerenja ekshalaci
jak za zagtitu od ionizirajuleg zralen
s relevantnim I SO nor mama i izradit |
6. Mjerenje radona na radnim mjestima

Mjerenje radona na radnitmj est i ma provodi se sukl a
Pravilnika o pralenju stanja u okoligu |
skl opu nacionalnog programa monitoringa r

7. Osiguranje i kontrola kvalitete mjerenja radona

Kontrol a i kvaliteta mjerenja radona o0sig
strulnih tehnilkih servisa za obavljanje pos
17. i Priloga 3. stavak 7. Pravilnika o pral

8 . Postupanje u slulaju povelanih koncentrac

Ako prosjelna godignja koncentracija rado
razinu preporula se | esto i I ntenzivno pro
skrahje® vremena zadr gavanja u takvoj prostor
TakolLer, potrebno je ponoviti mj erenja da s
Vrstu, trajanje i nalin mjerenjg upregp arrullietn
ovisno o pojedinom slulaju. Ako su ponovl j e
tada treba i mplementirat:i sustav pasivne i/
mj er a. U zgradama javne mamjwe nkqgj ioma bs u ou tgwkro
koncentracije radona potrebno je, u dogovoru
ionizirajuleg zralenja, u najkralem mogul em
stupanja na snagu ovog Akcijskog planag@ani t i mjerenja na nalin pr
za zagtitu od ionizirajuleg zralenja te u k
koncentracije, poduzeti odgovarajule mjere z

| skustva drugi h zemal ja pok ahunjeratijeken j e Kk
gralenja novih zgrada najisplativiiji nal in
u jedinicama | okalne uprave I regional ne sa
nove zgrade javnhe namjene moraju provesti mierenjad ona u tl u na pred
gralenja, te se primijeniti odgovarajule pre

0]
V4
n
\
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9. Smanjenje izlogenost: radonu u zatvorenim

Postoj e ulinkovite met ode smanjenja Vviso
zatvorenimpr ost ori ma. Zagtitne mjere obuhval aj u:
1. | esto i Il ntenzivno provjetravanje prostor e
2. brtvljenje svih prolaza/pukotina izmelLu t

grijanja itd.), i zme Lu pwldujuuai (iakwl gpzoEd o

vrata) te osiguravanje kvalitetne ventilacije prostora (ukoliko takav sustav postoji);

3. posebne zagtitne mj er e koj e ukl jul uju
vodonepropusne barijere (radonskog ¢gtita);

4, opsegneamjtete ukljuluju dodatno i I nstal
radona i spod plole propusnog sl oj a.

Za vrIijeme trajanj a ovog Akcijskog pl an
obuka/strulno usavrgavanj e (¢reofigunalopozavanfe r adn
tehni ka Z a pravilnu [ uspjegnu primjenu f
preventivnih mjera zadgtite za zgrade Kkoj e se
svrhu smanjenja koncentrraadainjaa sr apdoovniag emn opno kto
radona.

10. Komunikacijski plan

U RH ne postoji relevantno istragivanje
zdravstvenim rizicima, a dosadagnja iskustva
na vrlo nisku razinunformiranosti javnosti o tome. Stoga je potrebno poduzeti aktivhosti
usmjerene na povelanje razine svijest.i u op
mogul nosti njegovog SsSmanjenja na jasan i ra
(mjerenes anaci ja, kontrola wulinkovitosti, itd.)

Spektar dioni ka koj i se odnosi na probl er
obiteljskih kula i stanova, poslodavcke, | oka
u gradnji [ zdravstvene djelatnike. Svr ha k
trajanja ovog Akcijskog plana je pronal.i k o
potaknut.i ove dioni ke na poduziravatvepogrizikad gov ar
od radona.

11. Upravljanje podacima
Postojanje nacionalne baze podataka je va

koj i omoguluje uvid u rezultate, vrednovanje
bazi podataka trebaju se | uvati p o chma ii 0O mj
provedenim korektivnim akcijama i sl. kao i sve dodatne informacije usmjerene na podizanje
razine svijesti ople populacije o riziku od
i nformacijama I zagtitu osobnih podataka.
Zahvala

Autorizahw | j uju svim |l anovima radne skupine z

doprinosu u izradi Akcijskog plana za radon kao i svim dobronamjernim i konstruktivnim
komentarima i sugestijama tijekom javne rasprave.
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The Act on radiological and nuclear safety (OG 141/13, OG 39/15, OG 130/17)
especially Article 65.a gives a legal framewdwk establishing the Radon Action Plan (RAP)
which is a requirement of the Article 103 within EC Directive 2013/59/Euratom. The State
Office for Radiation and Nuclear Safety (SORNS) appointed in January 2018 the Working
group for development, management amplementation of RAP and the whole process
started. The draft version was discussed within the Working group and written by September
2018. After the Public Hearing and minor revisions, the RAP has been published on
December 27 of 2018 (OG 118/18) anid describes planned activities within 5 years period
(20192024).

The longterm goal of this and following RAPs is to reduce radon exposure in
dwellings, public buildings (schools, kindergartens, hospitals, etc.), underground workplaces
and workplacesni radon priority areas and consequently risk of lung cancer from radon
within global population in Croatidn order to achieve this goal, following activities will be
necessarily performed in the next 5 years: continuing of systematic indoor radon
measureents in schools and kindergartens and designing and conducting of national indoor
radon survey in dwellings; performing radon measurements at underground workplaces
(mostly touristic caves), developing a number of protocols and guidelines (i.e., forimadon
soil gas and soil permeability and other measurements; protocols for reducing radon
concentrations in dwellings and public buildings with elevated radon levels, as well as for
preventing radon ingress in new dwellings and workplaces); a developrnifieadnt radon
maps which will be used for different purposes. Furthermore, developing and implementing
of the Communication Plan to increase public and other stakeholders (teachers, local
government, health, construction and other institutions) awaresfeise risks of radon,
developing criteria for definition of radon priority areas and developing and managing
national radon database is also planned in this period.

The RAP presents a lofigrm strategy for reducing radon exposure and consequently
radoninduced lung cancer. Its nearm goals are described in this first fiyear (2019
2024) plan that offer bold and important milestones, but they are not the endpoints. The
ultimate goal is to reduce radamduced lung cancer at achievable level by inocapng
radon measurements, radon mitigation and raderstant construction into the national
legislations that govern constructing and renovating homes, schools, kindergartens and other
buildings, using simple and proven technologies.
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KATEGORIZACIJAlT ZLOGENI H RADNI KA

Robert Bernat, Ni kol ina Migak, Maj a
l nstitut RulLer Bogkovil, Zagreb
rbernat@irb.hr

uvoD )

Giroka uporaba ionizirajuleg zralenja te o
broj a izl ogeni h radni ka. PUWnieoh Natidng 8diesmtifict a j u
Committee on the Effects of Atomic Radigtign o k o 23 milijuna rad
ioni zirajulem zralenju pri |l emu je oko 75% za

UNSCEAR redovito ispituje te skuplja pod:
zralenju girom svijeta s ciljem da identi fi
razlkategdrija izlogenih radnika.

Zagtita od izl ogeni h radni ka Ilengegambiir ana
dopunama Zakona o radiol ogko]j [ nukl ear noj :
dalje: Zakon) [1] iz 2017. godine uvedena je kategorizaca i z|l ogeni h radni k;
kategorizirat:. kao izl ogeni radni ci kat egol
Kategorizaciju provode strulnjaci za zagtit
izl ogeni h radnika. i @aaju rkad ebavi zae®i jiiz aizolv
(ne)uskl alenosti propisa koji ureluju podrul
RASPRAVA)

Sukl adno Pravilniku O granicama ozral enj

procjenjivanju osP®d/nd@l8ozrddlejng:a RMNavi | ni k)
nositel] odobrenja za obavljanje djelatnost
registraciji (dalje: nositelj odobrenja) obvezan je u roku 18 mjeseci od njegovog stupanju na

snagu provestikatgor i zaci ju svojih izlogenih radnika.
Radni ci se kategoriziraju u dvije, odnosn
izl ogeni radnici kategorije B te neizlogeni

radnici koji bi mogli u jednogodini primiti:

i efektivnu dozu vigu od 6 m il

Sv

i ekvivalentnu dozu vigu od 15 mSv za ol nu |
i ekvivalentnu dozu vigu od 150 mSv za kogu

l zl ogeni radni ci kategorije B su radnici
(Tablica 1).

Prilikom provedbe kategorizacije pojedinoc
najmanje sljedele:

-vrijednost. ukupne efektivne il ekvival er

izl ogene radni ke na obigeneiiznmezultdta njihevbgi ogobnogn p o s |
dozimetrijskog nadzora u neprekinutom traj
stupanja na snagu Pravilnika,

- procijenjene vrijednosti efektivne ili ek\
nadzoramjesstaada sukl adno posebnom propisu, uzi
obavlja pojedini izl ogeni radni k te pripac

- mogule ozralenje,

- rizik.
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TablicalDozna ogranilenje i granice doza za kat e

Godignje Godignje Godignj e

Organ / cijelo tijelo ogr ani | dozazakategoriju B doza za kategoriju A
[MmSv] [MSV] [MmSv]

Cijelo tijelo 20 1 6

Ol na | e 20 15 15

Koga 500 50 150
Ruke, podlaktice, 500 50 150
stopal a,

Nositel] odobrenja i vanj ski i zvolal obve
kategorizaciju svojih izlogenih radnika, a
posl a koji mogu utjecat. na r i zljukreporukeiop zr al e
zdravstvenog nadzora izlogenog radnika sukl
vanj ski izvolal dugni Su u pisanom obliku o
kategorizacij e. Nositel] o domedbe kgtegorizacije v anj s k
preispitivanja kategorizacije svojih izloger
za zagtitu od ionizirajuleg zralenja.

Gore navedeno su citati iz Pravilnika odn
5. prosinca2 0 1 3. [ 3] . Kako do sada izlogeni radni
izl ogeni radni ci i mal i Su obvezu obavljanj a
dozimetrijski nadzor. Ranije se nalmesvakil o pit
radni k koj i moge uli u podrulje nadgledanj a
IlmSv/ god, a koja je granica ozralenja za poj

Sada se granica jasno definirala preko osobnog doznog ekvivalenta, Hp(10), no zadnja
stavia pri nabrajanju |injenica koje je potreb
ozral enj e. Mogule ozralenje ostavlja strul nj
prostor.

Pozitivna je stvar da su Pr aivdilrmdijkwime o zsrta
(NN 36/18) [4] propisani uvj eti za i menovanj
koj i daju savjete u vezi sa zagtitom od ioni

Ako se wuzima u obzir e k v ije mejasmon danigostdjio z a  z
izl ogeni radni k kategorije B, obzirom da |
odgovara doznom ogranilenju za pojedinog sta

Smatra se da su radnici kategorijekad izl o
posljedica toga zahtijevaju veli stupanj kon

- obvezna procjena vanjskog ozralenja,
-volLenje evidencije o dozama,

- obvezan periodil] ki i jelni | ki pregl ed.

Za radnike kategorije A mora se osigurati procjgnanj skog ozral enj a,
moge pratit.i kroz osobne dozne ekvivalente F
ograni | ava procjena vanjskog ozralenja puten
se mogu koristiti i drugi pasivni i akii dozimetri. Jedini je zahtjev da se doza procjenjuje
kroz standardne, gore navedene, dozimetrijs
mora se preispitatdi jesu | i spravno kategot
ozralenjhei kataegadinjie B il mj erenjem ambij e
prostorije s rendgenskim urelajem, tzv. radi

S obzirom da zbog izlogenosti ioni ziraju
proizlaze pravaiobvezeizadnog odnosa, ovdje postoji veld]i
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z a zagtitu od ionizirajuleg zral enj a susr
kategorizaciju je izjava odgovorne o0sobe z:
definiragjau izzaldouggeenni h r adni ka i procijenjeno
pritisak na odgovornu osobu za =zagtitu od i
za zagtitu od ionizirajuieg zralenjagl akte o
dobiva naknadu za dodatan rad, vjerojatno |
i zjava napravi odgovorno prema pravilima str
Kako je vel ranije spomenut o, prava i
ioni zirajehjem gw velika prepreka za obj ekt
pritiscima. Pravilnik o poslovima s posebnim uvjetima rada (NN 5/1984) [5] star je 35 godina
i velinom nije usklalen s vagelim projfmisi ma.
te osvijegtenost stanovni ka i izl ogeni h radr
manja nego danas. Dozna ogranilenja su post
radni k kategorije B ne Dbi tr ebaimardda.t i raspor
Za vVvrijeme uporabe izvora ionizirajuleg z
I zvan prostorije S izvorom ionizirajuleg y
zadovoljavajule zagtitne moilegZagal enj prosv
tako da se ozralenje izlogenih radnika sman
dozni h ogranilenja. l zni mke su radnici koj i
radnici koji rade s radioaktivnim izvorima kategor e 1 . gdje je wuz proc
potrebno uzetdi u obzor rizik kojim se radnic
Strul ni tehnil ki servis Instituta RulLer B
puta je izmjerio [/ procijenio osoBnoj dgadi ¢!
doza velih od 10 mSv je manji od 10. | RB pr
radni ka mjesel no. Kada bi se u obzir uzi mal

radni ka kategorije A bi bi cadnik& pod 1% od br o]
| dalje postoji problem procjena neutronske doze (faktor 20), obzirom da ne postoji
zahtjev z a procjenom vanjskog ozral enj a 0 d
mogul nost procjene vanjskog ozralenja od alf

ZAKLJUL AK

Sukladch o Pravilniku O granicama ozralenja,
procjenjivanju osobnog ozralenja (NN 58/ 201
nositel] odobrenja za obavljanje djelatnost
registraciji (dalje: nositelj odobrenja) obvezan je u roku 18 mjeseci od njegovog stupanju na

snagu provest. kategorizaciju svojih izlogen

l zl ogeni radni ci se kategoriziraju kao iz
B. | zI| ogeantiegroadrieciA kobvezni su obavljati p
izl ogeni radni ci kategorije B obvezni obavit
rada u zoni izl ogenost.i

Svim radnicima j ednom g o dspravnojkaegarizirana Tos e pr
se moge osigurat.i procjenom vanjskog ozrale
ambi jentalnog doznog ekvivalenta u okoliagu

nadzorom mjesta rada.
Pravilnik o poslovima s pobaim uvjetima rada (NN 5/1984) star je 35 godina te nije

usklalen s trenutno vagelim propisi ma, odnos
O procjenjivanju osobnog ozralenja. Zbog na\
iz radnog odnosaard ni k a izl ogenih ionizirajulem =zt
kategorizacije pri |l emu se stvara ©pritisak
strulnjake za zagtitu od ionizirajuleg zrale
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Zahvala

Rad je izralen wuz f iRulneri jBa&dgk qpwitip.or Autlal
bi vgem Drgavnom zavodu za radiologku i nukl e
LITERATURA
1] Zakon o radiologkoj [ nukl ear noj Ssigurnost
2] Pravilniku o granicama o@gradreinljen) wriepomr a

osobnog ozralenja (NN 58/2018).

B Direktiva Vijela 2013/59/Euratom o osnovn
opasnost.i koje potjelu od izlogenosti.i I oni
[4 Pravilnik o strul nrjajculimeag zzar azlaegntjia u( NoNd 3i 60/

CATEGORISATION OF EX POSED WORKERS

Robert Bernat, Ni kol ina Migak, Maj a
RulLer Bogkovi l Il nstitute, Zagreb,
rbernat@irb.hr

The widespread use of ionizing radiation and nuclear technologies hasalethtoease
in the number of exposed workers. According to United Nations Scientific Committee on the
Effects of Atomic Radiation, UNSCEAR, about 23 million workers are exposed to ionizing
radiation, with about 75 % of whom are employed in the medidél fie

Steps taken to protect exposed workers are individual monitoring, protective equipment,
shielding, training and health surveillance. Regulation of exposed workers protection is a
national responsibility and regulated by regulations and laws.

Categorizéon of exposed workers is introduced to the Croatian national legislation
with the Amendments to the Radiological and Nuclear Safety Act (OG 141/13, 39/15, 130/17,
118/18) of 2017. Workers shall be categorized as exposed workers of category A, category B
and unclassified workers. The categorization is carried out by radiation protection specialists
for the measurement of outdoor exposure of exposed workers. This paper deals with the
challenges in categorizing exposed workers as well as (non)compliancegutions
governing occupational safety and radiation protection areas.

The technical service at the RulLer Bogkovi
personal dose equivalent of Hp(10) higher than 6 mSv only three times in the last 5 years. The
number of annual doses greater than 10 mSy is less than 10. The IRB carries out a personal
dosimetry for 1600 exposed workers per month. When evaluating external irradiation, the
number of exposed workers of category A would fall below 1% of the numbsorékers
currently exposed.

There is still a problem of estimating the neutron dose (factor 20), as there is no
requirement for estimating external irradiation from neutrons. Also, it is questionable to
estimate the external irradiation of alpha andeetdters.
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IZAZOVI TRANSPONIRAN JA DIREKTIVE 2013/59/EURATOM U
HRVATSKE PROPISEOZAGT I T1 OD | QNEIGZ IZRAAIILE NI A
U MEDICINI

Mario Medvedec
Kl'inil ki bolnil|l ki centar Zagreb,
mario.medvedec@kkzagreb.hr

UvoD

Republi ka Hrvatska (RH) postala je 28. |1
sabor je posljednji Zakon o radiologkoj [ n
uskl alLen s odr edbaropske ynigddinraelstt i vaakmaat ai Eur ed b
(Euroatom) te uredbama Komisije (Euroatom) iz razdoblja 19890 1 1 . Vijele Eu
unije donijelo je 5. prosinca 2013. novu Di
tekstu Direktiva 2013/59) o osnovnisii gur nosnim standardi ma zag
potjelu od izl ogenosti ionizirajulem zrale

89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Euratom i 2003/122/Euratom [2],
ukupno pet od gornjih jedanaest akataDi r ekt i va 2013/59 je 17. S

svim jezicima drgava |l anica u Slugbenom |
jeziku [2,3]. Sve drgave |l anice Europske Un
propise potrebne zas k|l alLi vanje s Direktivom 2013/ 59 r
danas su u RH donesena jog tri zakona o iz
nukl ear noj sigurnosti, prvi 8 . travnja 2015
odredbama osa akata Europske unij@ di rekti vama Vijela (Eur oz
Komisije (Euroatom) iz razdoblja 1993.2014. [ 4], i treli 19. pr
donijela je jednu uredbu 9. ogujka 2018., a
(DZRNS) u razdoblju 184.- 20. 7. 201 8. dvanaest pravil ni é

Direktive 2013/59 [517].
Svrha ovog rada je prikazati tijek te neke osobitosti i izazove transponiranja Direktive
2013/59 u hrvatsko zakonodajasmedicinio zagtit. o]

MATERIJALI | METODE
U ovom su radu analiziranasavjetovanja otvorena i provedena od strane DZRNS
(https://esavjetovanja.gov.hr/ECon/Dashboard?StatusFilterld=106&organizationFilterld=34&

TextFilterValue=&WasOpenedDate) te pripadajulie im konalne
hrvatskih propisa koi ®niszi roadud seey reprraizl@aep iat
zakonodavac | amli uskl alLenost tih propisa s
deklariragjfem kao propia k o j i  isodrddbeyweskladu s Direktivom 2013/5Bako su

razmatrani Zakon o izmjenama idopunatha k ona o r adi ol ogk o] [ n u k
Pravilnik o strulnjacima za zagtitu od ion
ozral enj a, preporulenom doznom ogranilenju
Pravilnik o ohlltaggHrnivlaknijlu sdérmrwil:ida za obavljan
[11], Pravilnik o uvjetima za primjenu 1izvo
nemedi cinskog ozralenja [13], Pravilnik o o
i oni zi rraajlueingoga, z pri mjenu mj er a radi ol ogke !
procesi ma u nukl earnim postrojenjima |[14],
ionizirajuleg =zralenja za obavljanje djelat
Pravinik ozdr avstvenim uvjetima izlogenih radnik

podrulju izlogenosti [17].
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REZULTATI | RASPRAVA

Razvijeno gralansko (civilno) drugtvo ko,
otvorenu komuni kaciju i suradnju gralLana, or
Zzainteresirane javnosti s | gvondi mv a g ndahg auvpnoir
suvremenih demokracijdakosuiuRH i j el a j avne vl ast. nadl egn
podzakonski h akata dugna radi i nformiranja
stranicama wuz godignji pl an noretnd kakona ih  a k't
drugi h propisa Kkoji se odnose emkonanjdughovo p
propisa o kdjna se provodi javno savjetovanje sa zainteresiranom fnar pravilu u
trajanju od 30 dana, uz objayiu sazlgedae zpa

savjetovanj em atoe polmjvaewietnio mi zwajve @It ovanj u s a
kojasa@épgi heal eepri hvaliene primjedbe RH prije:
Hr vat ske javne i dr g av rsg didesayjetovanjpod Kra@ 2qi4.,i s ut n
a Drgavni zavod za radiologku i nukl earnu si

Pravilnici potrebmza wuskl ali vanj e 8jekomiprogdartihipedeset 2 0 1 3
mj eseci donegeni su u RH jsaseaik,agaj pajemavpgd
provedeni h | edrngmjteosvealnniah zea zai nteresiranor
savjetovanju bildi dostupni uglavnom bez pra
melLusobne usklalenostiot a@dav gleo dmjnietkkd veo ulsiptoa
savjetovanja su izazvala prililan interes zeé¢
mnogobrojne proaktivne primjedbe i prijedlog
za biomedi ci niskmedingiemglu st ivoi ku, Ekoteh d. c
fizilke osobe, uz sporadilno pokoju drugu pr

TakolLer se mogao stefli dojam kako je tra
zakonodavstvo i pak bil o tojmoe gdhosno eetektiyne i o v i t
proizvoljno u odnosu na

i zvorni tekst, a go-¢
di skriminirajule u smislu praktilne impleme
osebujna prvotna definicija pojma medicingki zi | ar ko i se uople ne
2013/ 59 {nedicieshkifuit mjestsalrr ul nj ak koj i primjenjuje
prigodom korigtenja ionizirajulieg zralenja
nuklearne medicinesi | j em osiguranja kval i thet[el}3p 0ls5tJu p a

pojma strulnjak za metdiwclimjs&klk F£azm&«kdi ditmsekhwt
ili skupina pojedinaca koji imaju znanje, osposobljenost i iskustvo djelovati ili deagtte

u pitanjima povezanima s fizikom zralenja pr
radnu sposobnost zaifdt ¢ 4pr iosbineakisiamudovaliavh maem o t i |
jednom od s | jl)espezijalisth medicingkee fiz&e?2) os o b a s a zavr g
preddi pl omskim i di plomskim sveulilignim si
di plomskim sveulilignim studijem iz podr ul j
znanje, osposobljenost i iskustvo za djelovanje ili davanje tsauvj@itanjima povezanima s

fizikom zralenja primijenjenom u medicinskor
kl'inil ke prakse u j edn o:mdiotdrapijanuklegrea medicines | j e de
dijagnostil ka ili Aai ht@&rasenmr aimmdadeal physasiakpait Ag i | ¢

means an individual or, if provided for in national legislation, a group of individuals, having
the knowledge, training and experience to act or give advice on matters relating to radiation
physics applied to mezhl exposure, whose competence in this respect is recognised by the
competent authorify [ 2] } .

Dal j nji ilustrativni primjer. gornje teze
i zdavanja potvrde strul nj acianfmjedna ili gkapgne i t u o
pojedinaca koji i maju znanj e, osposobl jenost
od ionizirajuleg zralenja kako bi se o0sigur a
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za to potvrdio DZRNP 1. osobni dozimatrijski nadzor-pr ocj ena vanjskog o0
osobni dozimetrijski nadzor pr ocj ena unut aranvjregyge n o zprraeldedn jpd :

peituagedpatyrde, op

di pl omsKki sveuliligni studi | il i ntegriran
specijalistgtlrkul ndi pd toundsikji Iz podrul j;8. priro
djel atnost. u medicini, dent al noj medi ci ni
proizvode ionizirajule zralenje, 4. djiel atno
izvori, 5. djel atnost.i u industriji [ znano
urelaji koj i proi zwvoadver giemn ipzrierdadji wpileo matkal e@njoc
studi j il i ntegrirani piteddiplidmsksipeicidiapli
strul ni studi ] Iz podrulja prirodnih znano
elektrotehnika) 6 . pralenje stanj azakrodemaprieddak @lli
di pl omski sveul i lniignpr esdtdu dpiljo mis ki i n tde gprliormas |
specijalistilki di pl omsKki strul ni studij Iz
bi ol ogija), tehnol ogke struke (pol je kemij s
biotehnologija, prerambena tehnologija, nutricionizam)7. djelatnosti zbrinjavanja
radioaktivnog otpada i Il skorigtenih radioakt
koj o] nastaju rezidui, te njihovo korii gt enj e
recikliranje:iz avr gen preddi pl omsKkii [ di pl oms ki sveul
[ di pl omsKki sveul il igni studi | [ specijal.
znanost.i (pol je fizi ka, pokeeetektrotahhika, istrojarstvb,e h ni |
rudarstvo naftno | geoZagkorulnmgjeaher gav @)a
agnasgsanij | rezumijevanje nal el a
I k o
0

, 7]
zralenja tp adih
mjera radiol ogkemaigar
pripremu i davanje odgovarajulih savjeta u |
godina radnog iskustva na poslovima radiolo
potvrda [7]. Uizvon i ku Dir ekt i ve 2fadiasidn prétectpmdxpem megres k a k o
an individual or, if provided for in the national legislation, a group of individuals having the
knowledge, training and experience needed to give radiation protection advice intorder

ensure the effective protection of individuals, and whose competence in this respect is
recognised by the competent authdiity radiatigh protection officer means an individual

who is technically competent in radiation protection matters relevantafgiven type of

practice to supervise or perform the implementation of the radiation protection

arrangement8 [ 2] . UvolLenjem pojma strulnjaka za m
od ionizirajuleg zralenja odr elbgantjekonb e o | z a
savjetovanja bio je usmjeren k usklalLivanju
tehnil kim servisima [7,11, 13].

Primijelieno je takolesraviakovaeka pribvakg
prijedlozi u svrhuj a s n o | osmislemostid konzistentnostip ak na kraj u ni su
konal ne i nalice donegenih pr aoza lpatijetkaakao pr i m
sastavng dijela nalaza ili medicinske dokumentacifg a k 0 s t el ektri|lne st
cijevi umjestostrup;e | ekt r i | ni napon r endwyganensko&ajanje | eV i

ozr al iumestopyai | e me omjest ull s kjaa rendgenskog Zr
pacijentaumjestomjesb ul as ka r endg;egnasrkioggt ez rrael negnggsan s k e ¢
gari eM,epektar rendgumpesospg kzan| éemjna zgrajol eg
rendgenskog snopa mj e isirtasnopg; dulji snimanog dijela tijelaimjestoduljina, i dr.
[13]).

l ako | e k | j uoptimizacies @ispedaganji ic @ovedh medicinskog
radi ol og k a gielgsto isvieradodtomo transponirana iz Direktive 2013/59, a ona
glasi da p i ozralenju pacijenta u svrilfwkpyobvobien
nuklearnomedicinskog) ozr al enj e ci | j an @lgniranooZa uswakog a mo |
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pojedinog pacijent a, a provedba ozralenja
ozralenje neciljanih volumena i tkiva mora b
[ u skladu s namij enj en o pdozimetrijskipindividu&lizrano s vr h o
|l ijelenje otvorenim izvori ma i ondozmetrijski ul eg
nadzor se i dalje zanemaruje u RH [10,13,15].

Konalno, jedan od i1zazova transponiranja
pray ne stelevine unutar hrvatskog zakonodavno¢
svakako [ | i njeni caa 10 purkeludsatnrjouy uDZRRaNSh at el |

Ministarstva unutarnjih poslova

ZAKLJUL AK
Sve drlgawiece Europske unije trebale su na

zakone i druge propise potrebne za wuskl aliva
5. prosinca 2013. O osnovnim sigurnosnim st
i zéongsti ionizirajulem zralenju (u daljnjem

direktiva  89/618/Euratom,  90/641/Euratom,  96/29/Euratom, 97/43/Euratom i
2003/122/Euratom.

Moge se konstatirat:i kako je aktivnim
strul njaka i znanstveni ka, strulnih i znanst
tijekom procesa transponiranja Direktn@013/59hr vat s ko zakonodavst vec
ionizirajuleg zralenja u medi @iprbiehepl amiatt ® |
razlilitim specifilnim izazovima s Kkoji ma s
podrul ju.
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CHALLENGES IN TRANSP OSING DIRECTIVE 2013/59/EURATOM
INTO CROATIAN LEGISL ATION ON RADIATION P ROTECTION
IN MEDICINE

Mario Medvedec
University Hospital Centre Zagreb, Zagré€loatia
mario.medvedec@kkzagreb.hr

All Member States of the European Union shobhéie broughinto force the laws,
regulations and administrative provisions necessary to comply with Dinective
2013/59/Euroatom of 5 December 2013 laying down basic safety standards for protection
against the dangers arising from exposure to ionising radiatiah repealing Directives
89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Euratom and 2003/122/Euratom, at
the latest by 6 February 2018.

This paper discussedeetronic consultations opened and implemented by the State
Office for Radiological and NucleaSafety on draft laws and regulations on radiation
protection in medicine supposed to implement and comply with the Directive
2013/59/Euratomas well asthe final versionsof that proposed laws and regulatioNamely,
the Croatian governmerttas providd the central web portal for public consultations,
enabling citizens to take active part in law makimg putting direct commerg on law
proposals, other regulations, strategic documentsagtdtracking the quality of response of
governmental bodies oall submitted comments and suggestions which makes the whole
process of public consultations more interactive, open and transparent

The laws andagulationssupposed ta@omply with the Directive 2013/5%ave been
adoptedn the Republic of Croatian 2018 with a delay offew months.E-consultations have
caused a consideralgpiblic interestmanifested throughumerous commentamong which
were mostly the comments of th€roatian Biomedial Engineering and Medical Physics
Society, EKOTEH Dosimetry RadiatiofProtection Conpany andndividual expertslt may
appear thatthe transposition of Directive 2013/59 into Croatian legislation waabit
inaccurate andnprecisein wording, as compared to the original textdsomewhaselective
and arbitraryin the ways ofpractical implementatiorBy introducing the concept of medical
physics expert and radiation protection experts, a numlmdr interesting remarks and
suggestions during -eounseling focused orcoordinaing activities and harmaizing
competences with authorizedchnical experservices. Finally, one ofthe transposing and
implementing challengesf the current and future Europe&sgislationinto Croatian legal
framework forradiation protectionin medicineis certainly the facof mergingthe State
Office for Radiological and Nuclear Safeityto apart of Civil Protection Directorate of the
Ministry of the Interior.

It may be noted that number of practive contributions of certain experts and
scientists, professional and gsdific societies, joint stock companies and legislators during
the transposition process of the Directi2813/59 have significantly improved Croatian
legislationon radiationprotection in medicine, in spite of various specific challenges which
arepresenin amodern Croatian society in this atea.
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OD (SU)MRAKA DO ZORE ZDRAVSTVENIH (SU)RA DNIKA

Mario Medvedec
Kl'inil ki bolnil|l ki centar Zagreb,
mario.medvedec@kkzagreb.hr

uvoD
Zdravlje je prema definiciji Svjetske zdravstvene organizacij@/ofld Health

Organisation- WH O) stanje potpunog tjelesnog, duge\
samo odsustvo bol esti i i znemogl ost. Zdravst
zagtipoboljgati ili oluvati zdravlje Iljudi,
di jagnostil kim, terapijskim, rehabilitacijsk
za koje su aktivnosti i p | a laezdravstventhtradnika n o ok
zahtijeva vjegtine | etvrtoga i naj vigeg stu

(International Standard Classification of OccupatiednSCO-08) i hrvatskoj (Nacionalna
klasifikacija zanimanja 2010. NKZ-10) klasifikaciji zanimanja, jer su zdravstveni radnici

strul njaci koj i provode istragivanja, unapr
metode te primjenjuju znanstvena i strul na z
stomatologiji, veterinarskoj meani, farmaciji i promicanju zdravlja [1,2].

Ov aj rad razmatra i zazove dosadagnj eg ak
O zdravstvenoj zagtiti, u njegovom dij e

z
[ u
zdravstvenih suradnika te vifedn@ nj a nj i hovog r adsavjetodrgedu s e
postupku donogenja najnovijeg Zakona o zd
ponovo u RH ovjerovio koncept po kojem se zZ

vi sokoobrazavcxanii zstpoadrnul j a prirodni h, t ehn
znanost.i koj i u podrul ju biomedicine i zdr a\
koj i koncept i ma izravne posljedice i u zag

sigumosti u RH.

MATERIJALI | METODE
U ovom su radu analizirani pr vi hrvatski
iguranju iz 1991. [ 3], sljedeli Zakoni 0
sa svojim najvagnijim kontekstualnim iz
akon o zdravstvenoj zagtiti [ 8] iz 2018. ,
radnici u kojima hrvatski zakonodavac definira zdravstvene radnike, ali avssiene
suradni ke, te opisuju njihova prava i dugnos
U radu se takoler osvrie na izvornu Uredb
|l ogenosti poslova u javnim slugbama iz 2001
et r des et arédabp o mjgmia dzmjenbma i/ili dopunama odnosno novih istoimenih
nal i ca t ehttps:dnareddetoeine.nn(hr/search.aspx?upit=Uredbu+o+nazivima
+radnih+mjesta+i+koeficijentima+slo%C5%BEenosti+poslova+u+javnim+slu%C5%BEbam
a&naslovi=da&sortiraj=1&kategrija=1&rpp=10&str=0&qtype=3&pretraga=gla a koja

Nl—o
o w

s
|
[

odreluje i nazive radna mjesta pojedinih skt
brojlano vrednuje I kategorizira po sl ogenos
odnose naljestviclso genosti poslova pojedinih zvanja i
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REZULTATI

Zdravstvena djelatnost je djelatnost od posebnog interesa [3], djelatnost od interesa za RH
koja se obavlja kao javna sl ughba enideltoigim obav
privatnoj praksi [ 4], odnosno djelatnest ko]
medicinskoj doktrini i uz uporabu medicinske tehnologije obavljaju zdravstveni radnici pri
pruganju zdravstvene z a@tiistaed, Zmpkd nwvn et izna aiv
prilem iznimno zdravstvenu dj el atnost na poo
zagtite mentalnoga zdravlja mogu obavljati i
prethodno penpavhpdhegmi gl komor a,8.propisuje

Prvotno su se (od ogujka 1991.), u RH zd
obavljaju poslove zdravstvene zagtite, a koj
te osobe koje su steklb@zovanje drugih usmjerenja, a u organizacijama zdravstva sudjeluju
u neposrednom pruganju zdravstvene zagtite

usmjerenja smatrani su i jelnik, l'ijelnik

bi okemilani i kesm@inli 4 ra; Vi gi zubar, vi ga medi c
tehnil ar [ Vi gi zdravstveni tehnil ar; me d i
zdravstveni tehnil ar. Zdravstvenim radni ci m:

nadzoromz dr avstveni h radnika zdravstvenog usmje
strulne poslove (njepgaemolo¢ osmgikka polsil givji en d lad
osposobljene su za taj rad u organizaciji zdravstva odnosno u organizaciji asapjere
obrazovanja zdravstvenog smjera [3].

Od kolovoza 1993. hrvatski je zakonodavac zdravstvenim djelatnicima smatrao osobe

koje imaju obrazovanje zdravstvenog usmjere
zagtitu pulanstvu, ulz obetizhli Pogal elaa] 2d mav
su se zdravstveni djel atnici po definiciijd.i

farmaceutskdb i ok emi j skom fakul tetu t e na vigim i
usmjerenja. Zdravstvenim suradnicima sk pas mat r ane osobe koje ni st
zdravstvenog usmjerenja, a koje su radile u zdravstvenim ustanovama i sudjelovale u dijelu
zdravstvene zagtite [4].

Deset godina kasnije (od srpnja 2003.), zdravstvenim radnicima smatrane su osobe koje
imau obrazovanj e zdravstvenog usmj erenj a i n
zdravstvenu zagtitu stanovni gtvu, uz obvez
zdravstvene struke. Zdravstveni radnici su se po definiciji obrazovali se na medicinskom,
st o ma&ono lli ofgrmaceutskdd i ok emi j skom fakultetu t e dr
zdravstvenog usmjerenja kao i u srednjim gk
suradni ci ma su i dal j e smatrane osobe Koj
usmjerenja, a Ke su radile u zdravstvenim ustanovama i sudjelovale u dijelu zdravstvene
zagtite (dijagnosti]l ki i terapij ski postupci

od prosinca 2008. novi Zakon o zdravstve
zdravstvenih radnika i zdravstvenih suradnikargtippdnog zakona [5], no pet godina kasnije
(od Ilipnja 2013.) hrvatski je zakonodavac zc
su obrazovane na medicinskom, dentalnom, ili farmacedtgske@mijskom fakultetu,
studijskom smjeru logopedije te drugomi sokom ul il i gtu zdravstven
srednjim gkolama zdravstvenog usmjerenj a, o]
i maju odobrenje za provolenje obrazovnog pro

Konal no, od pr osi nseaadnkihd @finirap dsoleevksjd imaun i m

obrazovanje zdravstvenog usmjerenja i nepos
zagtitu stanovnigtvu. Nadal | e, zdravstveni ¢
dentalnom ili farmaceutskbiokemijk om f akul t et u te drugom vVviso
studij ski program za zdravstveno zani manj e,
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koje imaju rjegenje nadlegnog Ministarstva
plana i programa obrazanja/strukovnog kurikuluma koji je razvrstan u obrazovni sektor u

podrul ju zdravstva. Zdravstvenim radnici ma
bi otehnol ozi i bi omedi ci ns ki ingenjeri., bi o
fizii,] afroneti | ari i nutricionisti ako obavlja
l'i1jel enja. Zdravstveni radni ci osposobljava
teorijske i praktilne nastave, eRkcigej[8 m se post
Odreleni zdravstveni radni ci obvezni S u
pripravnil ki stag i pol ogi ti strul ni dr gavi
mi ni starstva zdravstva koje izdavemogmadnikaer enj e
za samostalni rad {8 ] . Obveza je zdravstvenih radnika
postupaju prema pravilima zdravstvene struke
i zdravlje ljudi [58]. Zdravstveni radnici imaju pravo @bvezu stalnog obrazovanja i
usavrgavanja prema potrebama rada, a radi 0 C
zagt i-&]e. [Bdreleni zdravstveni radni ci mo g u
specijaliziratdi [ u g eni zslrpvetwenej deelatmogtirff, a hakonu o d r
uspjegno zavrgenog programa specijalizaciije
ugespecijalistilKki i spit pred ispitnim povj
odrelLene spedi jilajl @ os § ¢ -8 Poktariipg rmedicine specijalisfinga
i doktorima dentalne medicine specijalistima koji imaju deset godina rada u svojstvu
specijalista, objavljene znanstvene i struln
zdravste ni h radni ka, mo g e s e priznat. naziv [
povjerenstvo koje i menujNa npardalveag nii dmi gnn cssttair
te druga ©pitanja u vezi S obavljanjem djel.
Zakonom o0 zdravstveno,j zagtiti primjenjuju
zdravstvu, a prema kojima se zdravstveni ra
koje i m, izmelLu ostal og, daj u, obnadtej aj u |
odreluju sadrgaj ,prookeve ist rpuolsntousptaik ( osi m
specijalizaciije) uz pr et ho-8.nadravstvery Fadnginkojis t na
neposredno u vidu zani manj a pr ugdngsno mprdir av st v
biti osigurani od odgovornost. Zza (Qgtetu k o
dj el atnost.i [ 7, 8] . Zdr avst ven8]ilskiapiirpos&o zano g e o
SVO|j ralun [ 8]. Pr i vat nizdragstvena wskige w ednavstvena@rd ni c i
turi zmu, prugat.i usluge u turizmu I obavl j at
propisima [ 8]. Zdravstveni radni ci dugni su
zdravstvenom stanju pacijenta, jedoak k a 0 i sve druge koje u obawv

do podataka o zdravstvenom stanju pacijerd.[3
Za zdravstvene je radnike propisano 33 ko

. vrste u rasponu 1,11%, 36 1, dolim je z ad nwesinion us addoanye
zdravstveni h suradnika (klini] ki mol ekul ar ni
medicinski fizilar i defektolog/edukacijski

l'ijelenja) pr edvi Lteznosasldmae tj loeficjenta kasperfa i1 445 ) e n
1,571 za ostale zdravstvene suradnike tj. nezdravstvene djelatnike koji sudjeluju u procesu
di jagnosti ke i l'ijelenja [10].

RASPRAVA

Jedna od temeljnih poluga suvremenih demokracija jest razvijenov i | no dr ugt v
I zmelLu ostal og, ostvaruje u otvorenom
an acija civilnoga drugtva, odnosno, opl
ti

s e
or
i n cij ama. Tako je tiijelBHjpvagevivlilamrsd i ka

mw Q-

4
t u
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nacrta zakona i podzakonskih akata dugna obj

drugog propisa o kojem se provodi javno sav]j
razloga za domggensjee, gel ecipgsetvial ik savjetovart
savjetovanj a, dugna s u 0 prihvalenim i ne

obavijestiti zainteresiranu javnost putem internetskih stranica na kojima trebaju objaviti )
il zvjegle o prnawgdiers@amzaawjtetresi ranom javnogl

Sukl adno tome je i di o postupka donogenj a
bloesavj etovanj e, tijekom kojeg je upravo pr e
| ak 281 zakonskih | | aveke) rladjni kel ebi hior au pa
komentara, ¢gto je uvjerljivo najveli broj Kk

|l i njenica jasno ukazuje na osobitu vagnost
njihovog svekolikog profesionalnog iWigt venog statusa te na es|
frustracije ali i kontaminacije unutar hrvatskog strukovnog prostora kao posljedica regulative
neprimjerene suvremenim tijekovima razvoja biomedicine i zdravstva.
Gore navedena naj v adpwsivgnih ragnikaaspram donedhvwni h o s t |
sadagnjih zdravstvenih suradnika mogu se pe¢
h

afirmacij e, regul acije i val ori zacije svi
podrobnije argumentacije bio jeijestask ak o da i donedavni/ sadagn
neposredno u vidu zanimanja, u izravhom doticaju s pacijentima ili njihovim uzorcima
prugaju zdravstvenu zagtitu i skrb stanovni

obrazovanj e du udjgke Idajbgjeg vobrazovanja koje jest i zdravstvenog
usmjerenja te da redovito ostvaruju pravo i

radi odrgavanja i unaprelenja kvalitete zdra
zdravstvenea gt i te pogtuju moralna i etil ka nal el a
Svojim postupcima ne wugrogavaju @givot i zdr e
pacijentima, da su i oni neizostavni dio suvremenih zdravstvenih timova kojilodlj] u o

postupci ma prevenciij e, di jagnosti ke, lijele

sudjeluju u provolenju tih postupaka u paci|j
da su i oni prvostupnici/magistri/doktori svojih strukadrjaki prvostupnicima/magistrima/

doktorima neki drugih struka koje hrvatski
radni ci ma, da je slogenost njihovih posl ova
zdravstvene tehnologije barem podjednaka sle n o st i posl ovi ma i uv
trenutnih il budul e smatranih zdravstvenih
brojni [ brojniji od neki h struka koj e
zdravstvenim radnicima, da izravnaidgeluju u obrazovanju zdravstvenih radnika pri
fakulteti ma i drugim visokim uliligtima zdr
zdravstva (medicinski fakulteti, farmaceutdka o k e mi j s k i fakulteti, S
veterinarski fakultet, zZdav st vena veleuliligta, i dr . ) t e
zdravstvene suradnike i struka i politika smatraju zdravstvenim radnicima tragom niza
vierodostojnih domalii [ melLunarodni h dokumen
Proglagenj e i stupanj e nsat vsenmagju zag tniotvii j[e8
zora jJjog jednog dana i razdoblja u g¢givotu d
suradni ka u koj emu, nakon | etvrt stoljela t

valorizaciju svojih struka u suradnji sardl egni m mini starstvi ma [
nedvojbenu dobrobit bolesnika i njihovih obitelji, dobrobit svojih profesija, dobrobit osoblja i
uprava zdravstvenih ustanova te zdravstvenog

ZAKLJUL AK

Znanost odmoahenjadi ol ogka i nukl earna si
rutinskog rada (primjerice u radiologiji, radioterapiji, nuklearnoj medicini, genetici, javnhom
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zdravstvu,
nesrel a
rad
bi ol ogij a,
temel jne i |
pravo, informacijske i komunikacijske znanosti, sociologija, psihologija, filozofija, i druga.
st anj e sopijaliog blagastgnjat g el e s n ¢
i i znemogl ost ,
i tete

- 0WT n

obveze
zdravstvenih (su)radnika.
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FROM DUSK TILL DAWN OF HEALTH (CO)WORKER S

Mario Medvedec
University Hospital Centre Zagreb, Zagreb, Croatia
mario.medvedec@kkzagreb.hr

As defined by the World Health Organization (WHO), health is a state of complete
physical, mental and social wdiking and not merely the absence of disease or infirmity,
whereas health workers are people whose job rdtect and improve the health of their
communities, i.e., people engaged in paid activities whose primary intent is to protect and
enhance health. In addition, radiation science, radiation protection and nuclear safety in the
case of daily routine work (@., radiology, radiotherapy, nuclear medicine, genetics, public
health, ecology, energy), as well as in case of major events (such as nuclear disasters in
Chernobyl and Fukushima), imply multiinter and tranglisciplinary team work, which
belongs to vaous scientific and professional fields: mathematics, physics, chemistry,
biology, electrical engineering, computing, engineering, biotechnology, food technology,
basic and clinical medical sciences, public health and health care, pharmacy, law, ioformati
and communication sciences, sociology, psychology, philosophy, and others.

This paper deals with the challenges of the current Croatian legislative framework on
health care, in its definitions, duties and rights of health workers as opposed toyliterall
health ceworkers. Such a health workforce classification was introduced in 1993 stating that
university degree health workers are limited to those individuals who have-bgatitated
education gained at the School of Medicine, School of Dental hhedior Faculty of
Pharmacy and Biochemistry. This classification has been significantly changed at the end of
2018 by reclassifying some of the clinical scientists (language and speech therapists,
biotechnologists, biomedical engineers, clinical biolagistlinical psychologists, medical
physicists, dieticians and nutritionists, and some others) again as health workers, if they
participate in diagnostic or therapeutic procedures. The benefits of being regulated health
profession include having well defiheand organized professional acts and chambers,
internships with exams, licensing, continuing professional development, residency/specialty
trainings with exams, fellowship/stgpecialty trainings with exam, postgraduate university
specialist study prograsn liability insurance, both public and private sector employability,
etc. Furthermore, the concept of coefficients of job complexity, i.e., basic salary coefficients
in public services provides currently, for example, only three coefficients (range 11515
for university degree health aorkers, as opposed to more than 30 coefficients (range
1.6592.361) for university degree health workers.

It is expected that responsible ministries, together with the interested professional
societies, institutionand prominent individuals, will be hard working towards full regulation
of all health professions in the forthcoming years, since equal opportunities of professional
education and training, as well as career advancement and adequate job evaluatioreshould b
facilitated and provided to all clinical professionals in the same way and under the same
conditions for the common good.
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IZRADA FANTOMA ZA MA  MOGRAFIJU

Mi haela Justil, Luka Pavélil, Marija
Il nstitut za medicinska istragivanja i
mjustic@imi.hr

uvoD
Mamografija ©pripada me L u naj zahtjevniije
identifikacija kancerogenog tkiva u dojci u najranijim fazama zahtijeva sposobnost

razlulivanja finih detalja u girokom raspon
adipoznog tkiva dojke dani su u ICRU 44 [1]. Posljedica zahtjeva da se heterogeno tkivo sa
svim deteljima mora dobro razlulivat:i povl al
kvalitete. Oplenito, za o0cj en uslkaiznempmretacga r adi
i spitnih objekata il "fant oma" . Takvi fant
ugralene objekte za testiranje s razlilitim
Mamogr af ski fant omi se koriste za &eval ua
protokola za kontrolu kvalitete {2 ] . Dostupni fant omi , bil o Kk
(objavl jeni u literaturi), pokugavaju simul.
postoj i mnogo fant oma, al i j gevpredsegkloj at
pacijent a, kKoj i nije jako skup il s kojim j
projekta |iji je cil}] osmi sl iti realistil an

testirao za uporabu u redovitom gramu osiguranja kvalitete za digitalnu mamografiju i
tomosintezu.

MATERIJALI | METODE

U nagem | aboratoriju konstruirald@ smo f ani
materijale koji se ponagaj u sl il nkoeficiekte vu do
atenuacije. Fantom se sastoji od:

A vanjskog polecilindra radijusa od 8&nm i zralen od poli meti |l me
(kemijska formula (HsO2)n, g u s t aicre), pikazaré B8lici 1a. Unutar polu
cilindra ugr adi | i ekatandabnornaaindsti) | da tbie predstawlit e o]
heterogenost tkiva;

A3D akrilonitril butadien stiren (ABS) kug
0,57,061i10mm koje predstavljaju mase (0A). | s |
3 x 0,4 cm) kako bse na njega stavila najlonska vlakna i mikrokalcifikacije jer smo
gel j el i osigur at i-smjprowfantomw; nu raspodj el u u z

A najlonskih vlakana debljine 0,23, 0,20, 0,18, 0,16 i oI pr i | v r gl' eni h p
svako] strani nosala (B);

A malih kameh i | a 3 kba @r@istavljaju mikrokalcifikacije (0;:D,5mm) te su
grupirani u pet razlilitih skupina I stavl

Atri razlilita mat ernmnj)alpao s(tpivdg emrao njzedruay 1
provjerilo poravnanje polja i recapt slike na strani prsnog zida (D);

Agilane mrege stavljene kako bi se kasnije
Fina | elilna vuna i mi neralna vuna stavl |

se simulirale komponente ¢gljezdanog i masno
kol il ina, korigtene su razlil]lite hnpestoenihovi h |
raspodjela svake od njih (od giroko difuznog
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Slikal.aShemat s ki prikaz fantoma s ugralenim
b) Digitalna mamografska slika fantoma

Fantomi su snimljenpomol u digitalnih mamografskih u
corporation, Tokyo, Japan), Selenia dimensions 9000 (Hologic, Marlborough, USA) i
Mammomat inspiration§i e men s, Er | a)n 8likentpmoshiteze raa tlokiene
ur e L &¢lemiandimensions 900. Pri slikanju je korigten A
prikazu (CC prikaz). Za sva slike upotrijebljena je ista anoda/filter kombinacija volfram/rodij
(W/Rh).

REZULTATI

Rekonstruirane slike izralenog fantoma po
fantoma su vizualno ocijenjene kako bi se opisala njihova ukupna kvaliteta u predstavljanju
tkiva doj ke. Korigtenjem |elilne | miner al ne
procesu izrade. Primjer digit adlic &. Jedamaddgr af s
gl avni h problema koji smo do sada rijegili |

ZAKLJUL AK

Nag trenutni rad doveo je do jednostavano
koristiti za validadiajgu sma maerd af skkoorga ku rieel alp
ugralLeni h stavki. Kao gto znamo, na konal ni
da moramo povezati parametre pozicioniranja, kompresije i ekspozicije s karakteristikama
ugraleni h objekata u fant omu.

Zahvala

Autori zahvaljuju djelatnicima Klinil|lke b
Andrija Gtampar i Poli klinike Aviva na pomol
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CONSTRUCTION OF THE MAMMOGRAPHY PHANTOM

Mi hael a Just, [MarLiujkema Swrviell iMi hi i, 1 vic
Institute for Medical Resear@nd Occupational Health, Zagreb, Croatia
mjustic@imi.hr

Physical phantoms are essential for the development and evaluation of mammography
imaging systems. Available phantoms, either commercial-bpuse produced drreported
in the literature are all trying to simulate tltemplex composition of the real breast.
Currently, there are many phantoms on the present market, but it is very hard to find one
phantom that can truly represent the patient's body, which igemgtexpensive or easy to
handle. This work presents the beginning of the project whose objective is to design realistic
breast phantom using leaost materials.

The mammographic projections and tomosynthesis reconstructed images of our
homemade phantomgelded realistic breast background. The images of the phawene
visually evaluatedn order tocharacterizeheir overall quality in representing breast tissue.
Using steel and mineral wool we also identified potential artefacts in the fabricati@sqroc
One of the major problems that we encountered so far is how to represent anthropomorphism
in phantom. Our current work has introduced an easy way to thakerhouse phantom
model that maye usedor validation of a mammography performance. Our s¢ep will be
an exactevaluation of incorporated items. As we know, many factors will have an impact on
the final appearance of the phantom imageve need to correlate positioning, compression
and exposure parameters with characteristic of incorpoosijedts in the phantom.
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EVALUATION OF RADIOT HERAPY TREATMENT DOS E
DISTRIBUTIONS AT UNI VERSITY HOSPITAL RIJ EKA T FOUR-
YEAR EXPERIENCE

Nevena Obajdhy neni Smi t owWiain dRa dwojalbiDih v Kid1 Raj bi i
Sl aven *3urkovi
lUniversity Hospital Rijeka, Rijeka
2Faculty of Medicine, University of Rijeka, Rijeka
nobajdin@yahoo.com

INTRODUCTION

Accurately calculated absorbed dose is an essential element for the outcome of the
radiation therapy treatment. Development and clinical implementation of advanced radiation
therapy techniquesnvolves complex absorbed dose distributions demanding highe dos
calculation accuracy [1]. Uncertainties in tnealuationof absorbed dose distribution should
be as high as % [2]. Consequently, this resulted in the need for the establishment of a
comprehensive quality assurance progranipgortantpart of which § designed specifically
for verification of calculated absorbed dose distributi@hs [

An important part of theadiation therapy quality assurance progiar@D dosimetric
verification of dose distributions, also known BatientSpecific Dosimetry (PSD) PSD
focuses on dosimetric verification of individual patient radiotherapy treatment absorbed dose
distributions by assessing agreement between calculated and measured absorbed dose
distributions [4].

At the University Hospital Rijeka (UH Rijeka), 3D camfal radiotherapy (3D CRT)
treatment planning began in 2008 asdstill usedas one of the modalities of treatment
delivery. The conformity of calculated absorbed dose distribution to the patient anatomy
achievedby using multiple beam directions bhanging gantry and collimator angles, table
rotations, using different beam shapes of high conformity formed by theleafltollimator
(MLC), and incorporating fiekdn-field technique. During 2016, Intensity Modulated
Radiation Therapy (IMRTyvas clincally implementedit UH Rijeka as a logical continuation
of a wellestablished practice. IMRT, being one of the most advanced radiotherapy treatment
techniques today, introduces higher complexity to dose distributions by usimgher
number of complex élds compared to 3D CRT techniques.

Insight and analysis of the foyear experience of performing PSD at UH Rijeka will
be presented

MATERIALS AND METHODS

Devices which are in clinical use at Radiotherapy Department of UH Rijeka were used
to perform the 2D dosimetric verification of absorbed dose distributions: linear accelerator
Siemens Oncor Impression (6MV and 15MV photon beams) equipped with an 82LU€af M
linear accelerator Siemens Oncor Expression (6MV and 18MV photon beams) equipped with
a 160 leaf MLC and CT simulator Somatom Open (Siemens Healthineers, Erlangen,
Germany). Dose distributionwere calculatedby treatment planning systems (TPS) XiO
v5.10.00.4.andMonaco v5.11.02. (Elekta, Stockholm, Sweden). For the measurements, a 2D
ion chamber array detector IBA MatriXX (IBA Dosimetry, GmbH, Schwarzenbruck,
Germany) with 102@n chambersvas usedFor the purpose d?SD, the detectawas placed
in the IBA MultiCube homogenous phantom (IBA Dosimetry GmbH, Schwarzenbruck,
Germany).
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Setting up and performing PSD requires a certain number of steps. It begins with using
the CT simulator to scan the detector and phantom iexperimentaketup whichis then
importedinto the treatment planning system (TPS). After defining the external contour of the
detector and phantom setup, and defining the plane of interest, the process of creating a
quality assurance (QA) plan for a specific patient can begin. fdetand phantom are then
placed on the treatment table of the linear accelerator at the predefined plane of interest and
irradiatedin accordance witkhe QA plan (Figure 1).

Due to the technical design of the detector used, all QA plans are irradiated
pempendicularly to the ion chamber array. Collimator and table angles remain the same as in
the original treatment plans. All QA plarse evaluatedefore the start of the treatment
process following international guidelines.
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Figure 1A 2D detector anddmogenous phantom setup used for PSD (lefthal
representation of calculated (a) and measured (b) dose distributions (right)

Dedicated software, IBA OmniProI'mRT, (IBA Dosimetry GmbH, Schwarzenbruck,
Germany)was usedfor data acquisitionThe samesoftware was then used to compare
measured and calculated dose distributions (Figure 1). Gamma method, which is a composite
of two tests, was used to calculate the agreement between calculated and measured dose
distributions. In the first of these testglevant in the low dose gradient regionmse
difference between calculated and measured tosgaluatecht the same point of interest.

The secondest is a distane-agreement test (DTA), applied in the steep dose gradient
regions. It takes a poiint the measured dose distribution and searches for the nearest point in
the calculated dose distribution with the same dose (Figure 2) [4]. Gasnevaluatedoy

using the following equation [1]:

VOa wad Q¢ — — 1)

where
i displacement between two points bearing the same value of absorbed dose
D dose difference between measured and calculated dose at a point of interest
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1T tolerance criterion for the absorbed dose difference
g 1 tolerance criterion for the gacement.

Figure 2 Graphic representation ghmmamethod, wherer{, Dr) represents measured dose
distribution and ¢, Dc) represents evaluated dose distribution

Tolerance criteria used wered3 dose difference andrBm DTA criteria Tolerance
limit was seso that 9%% of evaluated points should pass the gamma tesdVigtle stringent
criteria for dose difference and DTA22 and 2mm, respectively, were also applitat the
purpose ofadditional research of gamma passing ratesa @ate analyzedby using global
gammanormalizationmethod where the measured and evaluated dose distribution point pairs
are normalizedto a maximum dose point order tocompare absolute dose values of
analyzeddose distributions [4]. Following parametewere also used: search distance of
4.5cm, dose threshold of 2@ of the maximum dose amtbsemaximum to 10®6 dose. Due
to the detector resolution, defined by the distance nefghboring ion chambers
(approximately 0.Zm), the calculation gridwas caverted to 1mm. Measured dose
distribution was takenas the reference dose distribution against which the calculated dose
distributionwas evaluated

At UH Rijeka, patientspecificdosimetric evaluation began in 2015 for 3D CRT and in
2016 for IMRT plans.Up to December 2018, a total of 2015 dose distributiamese
evaluated(1885 and 220 3D CRT and IMRT dose distributions, respectively). First PSD
measurements started in 2015 for 3D CRT. Initial measurements recamagzing
radiotherapy treatment dosestiibutions field by field for all anatomies treated at the
Radiotherapy Department of UH Rijeka. Gamma indices were evaluated 3/%{gymm
criteria [14]. Gamma passing rates were shown to be within the criteria and the dosimetric
evaluation of compow radiotherapy treatment plans started. By the time the IMBS
implementedinto clinical practice, PSD methodology at the UH Rijeka was already well
established.

RESULTS AND DISCUSSION

Results showcasing average gamma passing rates for 3D CRT evaluated radiotherapy
treatment dose distributions for different anatomical siteresenteith Table 1.

These results show average gamma passing rates exceeding the 95% pass rate tolerance
limit when 3 %/3 mm criteriais applied. Lowest average gamma passing &g calculated
for the rectumanatomical site (97.61%). Breast and head and neck (H&N) anatmsiiesa
have more than 98% of points passing the gamma test (@8a&1d 98.84%, respectively).
The highest average gamma passing ratese calculatedor prostate, lung and central
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nervous system (CNS) anatomical sites, where their value reaches aié6t(29.50%,
99.35% and 99.34%, respectively).

Table 1 Average gamma passing rates for different anatomical sites for 3DIG$eT
distributions

Anatomical site No. of dose 2%/2mm 3%/3mm
distributions

Breast 439 90.54% 98.87%
Rectum 264 88.70% 97.61%
Prostate 326 97.22% 99.50%
Lung 262 96.38% 99.35%
CNS 78 96.42% 99.34%
H&N 356 95.31% 98.84%

One can notice how average gamma passing rates ustigr@m criteria are lower,
which is specifically observable for breast and rectum anatomical Bitese two anatomies
are treated at a linear accelerator with MLC resolution of 10mm, while otlegzstreatecdat
thelinearaccelerator with MLC resolution of 5m(figure 3). So, theifferencein the MLC
resolution could be the main reason for lower gamma passing rates.

ConsideringMRT dose distributions, results showing average gamma passing rates for
different anatomical sites cére seenn Table 2.

Table 2.Gamma passing rates for different anatomical sites for IMRT dose distributions

Anatomical site No. of dose 2 %/2 mm 3 %/3mm
distributions

CNS 20 94.80% 98.84%

Prostate 85 92.92% 97.60%

H&N 82 91.48% 97.24%

For 3 %/3 mm criteria, average gamma passing rates for prostate and H&N exceed the
tolerance limit by over 2% (97.60% and 97.24%, respectively). Highest average gamma
passing ratevas calculatedor the CNS anatomical site (98.94).

When 2%/2 mm criteriais used, average gamma passing rates deteriorate as the plan
complexity increased his is most noticeable for H&N anatomical site whaxerageggamma
passing rate falls from 98.84 for 3 %/3 mm criteria to 91.486 for 2%/2 mm criteria.

100,00%
98,00%
96,00%
94,00%
92,00%
90,00%
88,00% -
86,00% -
84,00% -

H 2%/2mm

m 3%/3mm

Gamma passing rates

10mm 5mm
MLC resolution

Figure 3 Graphic representation of gamma passiatesfor two linearaccelerators
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Described PSD methodology is relialaledit is an appropriate method of verification
of radiotherapytreatment dose distributionmior to patient treatment. Nonetheless, several
downsides to this method exist. For instance, measurements are conducted using a
homogenous phantom which doesn't represent the actual pait@A plansare madeon
gantry do agptain mddeArealistic reds] dose distribution evaluation shoulse
performedn a way that is possible to verify all gantry angles.

Additionally, dose distribution evaluation should be performed usihgtarogeneous
phantom rather than a homogenous onerder toget more reastic resultsThis calls for
additional research for further development of gaientspecific QA program, some of
which was already conducted by our group FB)rthermore, the accuracy limited by the
detector resolution. Namely ion chambers are reg¢pd approximately by.7 cm distance
from each otheandthe correct dose between ion chambers cannot be known. For such areas,
linear interpolationis used However, linear interpolation can yield inaccurate results in the
parts where the dose distrirt gradient is steep.

CONCLUSION
Clinical implementation of advanced radiation therapy techniques fugthphasizes
the need for a comprehensive QA progréins of great importance that the dose delivered to
the patient is delivered accurately and therefore requires verifying these dose distributions
prior to thetreatment.PSD asone of the important steps of the QA program, is primarily
used for evaluatio of the agreement between calculated and measured dose distributions.
PatientSpecific Dosimetry is a part of a quality assurance program for absorbed dose
distributions verification, which in turn is a part of a comprehensive QA program conducted
at UH Rjeka. By conducting a good comprehensive QA program, one can expect good results
in patientspecificQA as well.This canbe seerirom the results presented in this work.
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INTRODUCTION

Accurately calculated absorbed dose is essential for the outcome of radiotherapy
treatment. Uncertainties in tlalculationof absorbed dose should be as high as Bkis
requiresdevelopmenbf a comprehensive quality assurance (QA) program which includes 2D
dosimetric verification of calculated dose distributions, also knowrPasentSpecific
Dosimetry (PSD). At UH Rijekamplementation of PSD started in 2015 for 3D Conformal
Radiation Therapy (3D CRT) treatment plans and in 2016 for Intensity Modulated Radiation
Therapy (IMRT) treatment plans.

MATERIALS AND METHODS

PSDis usedfor assessing agreement between calculateldnaeasured absorbed dose
distributions. Devices which are in clinical use at Radiotherapy Department of UH Rijeka
were used to perform the verification: linear accelerators Siemens Oncor Impression and
Siemens Oncor Expression, and CT simulator Siemensat®on Open. Dose distributions
were calculated using treatment planning systems/Xif®. and Monaco v5.11 Data were
obtained using 2D ion chamber array IBA MatriXX whisfas placedn an IBA MultiCube
homogeneous phantom. Agreement between measuredanithted dose distributions was
evaluated using thgammamethod. Gamma test is a composite of two tests: one that is
relevant in the low dose gradient regions (dose difference) and one that is relevant in the steep
dose gradient regions (distarimeagreement) Tolerancecriteria used wer8 %/3 mm andthe
tolerance limitwas setso that 93% of analyzedpoints pass the gamma telstr the purpose
of additional research, %/2mm criteria were also applied Following international
guidelines, all QA plaware verifiedbefore the start of the treatment process.

RESULTS AND DISCUSSION

Average gamma passing rates for 3D CRT and IMRT treatment plans exceeded the
tolerance limit of 9% when 3 %/3mm criteriawas used. Looking at 3D CRT dose
distributions, pasing rates range from 97.84 for rectum anatomical site to 99.%0for the
prostateanatomical site. Average gamma passing rates for IMRT dose distributions range
from 97.24% (H&N) to 98.84% (CNS). When 26/2 mm criteriawere usegit was observed
for IMRT plans that gamma passing rates deteriorate as the plan complexity increases.

CONCLUSION

Results presented in this work show how developing and conducting a good
comprehensive QA program implies good results when condugatigntspecific QA
program.
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EKVIVALENTNADOZAZA KOGU | GAKE IHRADNDKREN
NUKLEARNOJ MEDICINI

Marija Swyridkr MbhAGiagkPefvi I Grego

Y nstitut za medicinska istragivanja i

Kl'inil ki bolnil ki Zagrebt ar Sestre mi/l
msuric@imi.hr

uvoD
U dijagnostil kim i terapijskim postupci ma
radioaktivni izvori (npr2°™Tc, 134, 20071, 123 S1Cr, 6’Ga, 129) dok se zatvoreni radioaktivni
izvori koristeu sklopu kontrole kvalitete i za umjeravanje mjernih instrumertdf@g, °>’Co,
%8Ge). Osobe koje rukuju takvim radioaktivnim izvorima u svom radu, uz cijelo tijelo,

redovito pojalano izlagu gake i kogu vanj sk
pravil nik o provedbi osobnog dozimetrijskog n
nuklearnoj medicini u Republici Hrvatskoj bili su na dozimetrijskom nadzoru vezano
i skljulivo uz ozralenje <cijelog t iopobro@ , t]
doznog ekvivalentaHp(10) te procjenu efektivhe doze. Uporaba dozimetara za mjerenje
Hp(0,07)ni j e bila naglagena kao obvezna te se 0]

jedan od preduvjeta za optimizadicollj agkoezrahegt
posjedovanje pouzdani h podataka o efektivno

izl ogenog radnika, provedba osobnih dozi met
procjenu izlogenosti. Pr o c i gvedenjhenjer@njadr&ba sev a | e n
usporedit:i s doznom granicom, koja za gake
preporulenim doznim ogranilenjem za prof es
ogranilenje, definirano u | CRPcijelvezano jezd kao
poj edini izvor ionizirajuleg zralenja, i C i
i ndividual ne doze budu ni ske koli ko | e ra.
ekonomske i drugtvene faktoreg(datebdtg AagARA)
Kao jedan od zakl jul aka i preporuka i skaz
nagl ageno je da je dozimetrijski nadzor izl c
neophodan te da je pri pravilnoj procjeni maksimalne ekemntae doze potrebno poznavati
pol ogaj nogenja dozimetra. VolLeni tim prepol
pilot projekt dozimetrije gaka izlogenih r ac
di jagnosti ke KIl'inil| kogmiHloowlsmidlnk cge e ndirlaj uS eis
vrijednosti ekvivalentne doze za kogu i gak
optimizacijom izlogenost:i te eventual no prep

MATERIJALI | METODE

Za mjerenje osobnog doznog ekatentaHp(0,07)k or i gt eni su ter mol
(TL) dozimetri tipa PanasonicUB O 7 ATN umet nut i u prsten nosal
po kemijskom sastaviiLizBsOy, osjetljiv na b i ) zral enj
dozi metara provedena je ozralivanje®bDoa ir a
polju ¥'Cs nominalne aktivnosti 7@ B q i odrelivanjem korekcij
pojedini TL element prema nwetd i opi sanoj u i teraturi [ 4]
umetnutog u specijalni adapter korigten je p
UD-716 AGL 13C. Kal i bracijski f a kp@y07) d d rt all ean zjae
ozralivanjem dd&imetara fue polguf’Ca u hSekundarnom standardnom
Dozimetrijskom | aboratoriju (SSDL) Il nstitut a
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fantomu promjera 18m i visine 30c m, od PMMA. Met oda za odreli
ekvivalentaHp(0,07)validir ana j e u melLunarodno]j | aborator.

SlikalNal i n nogenja prsten dozimetra u nukl ear
prstenjaka nedominantne ruke, ispod

Kako bi osigurali pravilnu procjenu ekvivalentnedoz i z|l ogenim radni ci
radioaktivnim izvori ma, uz dozi metr e, dost a\
pol ogaju nogenj a prsten dozi metr a. S obzir

nNukl ear noj medi ci ni zjmetar poseenp dnu prdteajaka nedbminaptnes t e n
ruke s TL elementom okrenutim prema dlanu (Slika 1), a u laboratorijskoj dijagnostici na dnu
prstenjaka dominantne ruke s TL el ementom oKk

kako bi se izoijeagkoi vimogubreelriagi enj e prsten
ekvival entne Hg@®)Xk oirz gokent amej anodel preporul e
[ 3] na nalin da se maksi malna ekviHp(@®07)ent na
faktorom 6.

Mj er ni p gardozimetra bicojgylemjesec, a u ovom radu prezentirani su rezultati
dobiveni za 12 mjeseci 2017. godine.

Po struci, izl ogeni radni ci koj i su nosi l
laboranti i biolozi (laboratorijska dijagnostika LD) tevpo st upni c i radi ol ogk
medi cinske sestre i zdravstveni tehnil ari | a
podataka svi osobni podaci (i me, prezi me, (
uporabom gi fre.

U NM prsten dozimetre jjmosi |l o 14 i zlogenih radnika (
tehnol ogij e, 2 medicinska tehnilara | aboran
radni ka (16 medicinskih tehnil]lara | aboranat

radionuklida koji se kaste u NM i LD je 444ViBq 5'Cr, 900 GBq®*"Tc, 100GBq 3,
42,3MBq 125, 700GBq 34, 27 GBq 2°MI.

REZULTATI
Grafil ki pri kaz dobivenih rezultata procj
LD u 2017. godi ni pri kazani su na Slici 2

izl ogenih radnika te dozna granicamSekvi val en
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Slika3Pri kaz godignje vrijednost:i ekvival entn:
odjelu nuklearne medicine, po strukama

Uvidom u rezultate prikazane na Slici 2 ma
primio dozu koja je bila neznatnoispodga® ozr al enj a dok u odjelu
radni ka nije imao godignju dozu u blizini
podataka dozimetrijskog nadzora pokazala je
razdoblja imao ekvivalente doze za gake i kogu mBv)ige od pr
dok je ostale mjesece imao znatno Vvige vrije
Znal ajniji br o] izmjerenih vrijednosti 0 bio

Prosjelne vrijednonastgalk&kvi vaibgnt nne jedane® |

prikazane su u Tablici 1.
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TablicalPr osj el ne vrijednost. godi gnj e ekvival e
_ strukama

struka prosjecna godisnja evkvimlentna doza za Sake 1
koiu (mSy)
medicinski tehméar laborant 144 .6
biolog 1083
prvostupnik rad. tehn 41.3
NM medicinskl tehméar laborant 362
medicinska sestra 388

1D

ZAKLJUL AK

Do provedbe ovih mjerenja ni s nhaadnikenkoji i uvi
rukuju otvorenim radioaktivnim izvorima u nuklearnoj medicini u Republici Hrvatsko;j.
Rezultat.i pokazuju da postoji razl og za prov
radnika koji je primio ekvivalentnu dozu blisku doznojgraneilv. i za ostale rad
razlog tomu je veliKki br o] procijenjenih vr
i spod granice za izvjeglivanje koje mogu pr
nenogenja dozimebziar dai mbheki vatio jue oda bi |
godi gnje =ekvivalentne doze za gake i kogu
prikazanih u Tablici 1.

Na temelju provedenog istragivanja zakljul
fTradnici u L®ksvu vmarliemitlnie wWiogee za gake i ko
s obzirom na veliku vjerojatnost nenogenj
prima doze koje su bliske granicama ozr al e
{ pravilna i redovita uporaba prsten dozimetra u nuklearnoj medianujeg n a .

Potrebno | e osvijestitdi izl ogene radni ke
svakodnevnom radu kako bi se mogla provesti realna procjena bazirana na mjerenjima te na

temel ju te procjene optimizacija izlogenost.i
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osobnog ozral enj a. Narodne novine Republ il

[2] The 2007 Recommendations of the International Commission on Radiological
Protection, ICRP Publication 103, Ann. ICRP 3v4R 27
http://www.icrp.org/publication.asp?id=ICRP%20Publication%201pAstup
6.3.2019.)

[3] F. Vanhavere et al. ORAMED: Optimization of Radiation Protection of Medical Staff.
EURADOS Report 201-D2. Braunschweig. 2012

[4] Plato P, and Miklos J. Production of element correction factors for thermoluminiscent
dosimeters. Heal. Physics 1985;9.8&L

95


http://www.icrp.org/publication.asp?id=ICRP%20Publication%20103

THE EQUIVALENT DOSE FOR THE SKIN AND HAN DS OF EXPOSED
WORKERS IN NUCLEAR M EDICINE

Mari j a Sut i IJeMikhi AGiag kPe?vi | Grego
nstitute for medical research and occupational health, Zagreb, Croatia
2Uni versity hospitzZagrebjiCatmt re mi |l osr dn|
msuric@imi.hr

Routine monitoring of doses to the hands and skin of the staff manipulating unsealed
radioactive sources for diagnostic procedures in nuclear medicine (NM) and laboratory
diagnostics (LD) was not mandatory in Croatia until June 2048order to estimate
equivalent doses to skin and hands of exposed workers and to investigate potential exposures
over the dose limits, from January 2017 we startemh@year pilot project of Hp(0,07)
measurements usirigermoluminescent rindgosimeters in one Croatian clinideospital. The
instructions for the exposed workers included wearing position of the dosimeter: on the base
of the index finger of th@ondominanthand, palm side (NM) or on the base of the index
finger of the hand closer to the radioactive source, gadie (LD). The individual monitoring
was performedor one year with one month monitoring period. Total of 32 exposed workers
wereusing TLD Panasonic ring dosimeters.

The results for exposed workers in LD showed that one worker received the annual
equivdent dose to the hands and skin close to the annual dose limit and thdkdwere no
workers exceedingnnual dose limit of 50tSv. Average annual equivalent doses to the
hands and skin were higher in LD compared to NM. A significant number of zers wase
measured, in both groups, for workers who in other measuring periods received doses higher
than recording level (4.&1Sv), which indicates that in zero dose periods dosimeters may not
have been used. Although some of those zero or below recordelgalevreal, we assume
that a large number zero doses are a consequence of not wearing the dosimeters during the
work. That could lead to theonclusionthat dose limits may have been exceeded in both
groups although not recorded.

The results confirmed thaxposed workers in NM and LD are to be classified as
category A workers due to liability to receive significant exposure of hands while
manipulating unsealed radioactive sources and due taigkeof internal or accidental
exposure. The dose constraifds exposed workers in NM and LM need to be established to
optimize radiation protection and lower the received doses. Staff in NM and LD should be
motivated to wear a ring dosimeter so measured doses could be reliable and results of routine
monitoring cauld identify potentially bad practices and take actions to eliminate it.
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KALIBRACIJA INDIKATO RA DOZE U DENTALNOJ MEDICINI

Branimir Zauner, Mi haela Justil, Mari|j
Il nstitut za medicinska istragivanja i
bzauner@imi.hr

uUvoD

U dental noj medi ci ni usluge rendgenske di
ordinacija pruga, osim pojedinalnog snimanj a
tomografiju zubi il e | jQoretBéam Computed Tomograp®BCT). Efektivne doze koje
pri mi pacijent prilikmOSvi pzhnoagdsdso@Inahjgzpu
panoramsko snimanje te, ovisno o protokol u,
Unat ol r iskima dozamay azuzatno je bitno da se u pacijentovoj medicinskoj
dokumentaciji biljege ispravni podaci . To ¢
godignj eg pregl eda provjerava i spravnost m
rendgenskeemaePagei | Pi ku o uvjeti ma i mj er an
za oObavljanje djelatnosti S i zvorima ionizi
prepor ukama Europske federacije organi zaci j
Direktvom EU 2013/ 59/ Euratom [ 4], predvi lLeno | e
mj erenje umno g k a Kemnear area productiK&w ) giznae t(i pi | nu
ekspoziciiju, dok je za CBCT wurelLaje predvi L
| emu mapegak doze i p oDose giean productZlzog katmlogRirarifa i (
pralenja kvalitete wurelaja i proizvolLala wur
pokrenuli smo interni projekt u kojem su mjerenja kAP kod panoramski h i {
osnovni radni zadatak. U ovom radu su prikaz

MATERIJALI | METODE

Zamjerene KAPa kod panoramskih rendgenskih wurel
k od CBCT wurelLaj a, na raspolaganju vodml| ae K
VacuTec Messtechnik iz Njemal ke (Slika 1).

SikalKompaktni urelaj VacuDAP.-100t eQ@), mpzebrzz
doze od 0,5 do 1000 OGy!/ s.
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Sam postupak mjerenja KA® za panoramske urelaje je pr
Iz rendgenske <cijevi urelaja se | jepljivom
tipilni program snimanj a. S obzirom na vel.
njegovim pravilnim postavljanjem.

Kod panoramskih rendgeaskotd urplLhpahmker al
nije izazival o pot eadkkodda, CB®T kuarl e lbarjaac ijj e WrAd
Naime, u pravilniku je navedeno da se rhdiibracija, a ona bi se trebala raditi tako da se

i zmjeri KAP kod svih mogulih kombinacija peé
drastilno odul jiti postupak redovnog godi
nerazumijevanje kod korisnika, te izazivgihavo nezadovoljstvo. Da bismo izbjegli

neugodne situacij e, predl agemo da se edukaci
jednog redovnog godignjeg pregleda koji ukl]j

REZULTATI | DISKUSIJA

Rezultati mjerenja KARnkod @ nor ams ki h i CBCT urelLaja se
2. KAP1 je rezultat olitan sa 2emndge¢rslkog uu e
VacuDAP.

Tablicall zmj er eni KAP/ DAP wurelaja I nstrume
NOPON struja , ANN®  KAP1/  KAP2/ Razlika/ Relativna
/LV /mA p/S ) OGyém OGy é 1 OGy é | razlika
73 7,5 12,4 46 35 11 24%
70 7,5 12,4 28 20 8 29%

Tablica2.l zmj er eni KAP/ DAP urelaja ProMAX 3D

o Stuja OIS KAPL/  KAP2/ Razlika/ Relativna
IV /mA s OGyém OGy é 1 OGy é | razlika
90 10 15 1356 1137 219 16%
90 14 15 1885 1587 298 16%
90 8 13 814 690 124 16%
90 9 13 1220 1027 193 16%

Kod panoramskih snimaka, propisani uvjet [2] za KAP je da je manji od®10§ & m
dok je kod CBCT wurelaja propisano-amaabtidst up
0

z
!

manje od 3%%. Bitno je wuoliti da r azl -Hakeanora imatie L u

i sto odstupanje i ono oplenito moge ovisiti
Sobziom na mal eni br oj do sada obralLeni h wur e

koj i Su u upotrebi u Republici Hr vat skoj , n

tehnol ogi j a, kod njih ne ol ekujemo aKalbl eme

starijih panoramskih urelaja olekujemo odstu

ZAKLJUL AK

Prema Pravilniku o uvjeti ma i mj erama zag
dj el atnost. s izvorima ioni zi mjgjoazii mayjerit r al e n
KAP kod panoramskih rendgenskih wurelaja za
dental nih CBCT urelaja. U svr hu katal ogi zi
rendgenskih urelaja i pr oi z vbliciHavhtskoj, pokreriula j a k o
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smo interni projekt mjerenja KAB kod panoramski h i CBCT wure

pri kazani pol etni rezul tat.i tog projekta. Pr
[ 2] . Uol i I i smo i da KlA®Il/ iDIAPg cikjcad iGBIGTK at 10 e
zahtijevat.i znal ajno produljenje vremena pot
dovodi do nezadovol jstva korisnika. Zbog to
korisnika uz progi r evmjieh dyeotda lgjnniinh qpriesgil read ar
rezul tata internog projekta bit [e i upute o
LITERATURA
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CALIBRATION OF DOSE INDICATORS (KAP/DAP METERS) IN
DENTAL MEDICINE

Brani mir Zauner, Mi hael a Justi i, Mar i j
Institute for Medical Research and Occupational HeZkigreb, Croatia
bzauner@imi.hr

As of July 2018, obligatory parts of annual quality control for dental panoramic and
CBCT radiographs are measurements of keamea product (KAP) for panoramic
radiographsand calibration of KAP meters in dental CBCT. We have started a project to build
a database of panoramic radiography and CBCT devices in useRepiblicof Croatia to
compare models andanufacturersand to monitor how their properties change withetiand
wear. In this paper, we present our first measurements and discuss problems arising from the
implementatiorof EFOMP CBCT Protocol into our legislature, and consequently into annual
guality control checlups.
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PROMJENE VIBRACIJSKI H SVOJSTAVA
DEOKSIRIBONUKLEINSKE KISELINE POD UTJECA JEM
| ONI Z1 RAJULEGAZRALEN

Ni kol al GeHyevdoif,réristHaSgratk Sanj a Ddl anski Bab
Medi cinski fakultet Sveuliligta u Z
2Kl'ini|l ki bol nizdgleh centar Zagreb
nikola.segedin@mef.hr

UvOoD

Struktur a, konf ormacija i i nterakcija deo
I graju Kl jul nu ul ogu u odrelivanju fiziolo
i stragivanjima utjecaja dodane soli nees str uk
Fourierovom transformacijom (FTIR) | inilo na
zralenja na DNA, za potrebe ove studije, sno

MATERIJALI | METODE )

Sugeni konl| il natrijeve dolsiosgpendimstkeestDIN
SigmaAldrich (proizvodni broj D1626) otopljeni su u 10 mM NaCl vodenoj otopini te su
tako dobivene otopine mnoginske koncentraci|j
od 5 g/L DNA (u daljnjem tekstu DNA otopine). Nggna sol je prethodno otoplijena u
demineraliziranoj vodi Ultrapure MilliQ. Rezultati izvedene gel elektroforeze uzoraka DNA
pokazal. su da se velina fr a@00eOr0a tpaarbNA rbaalza
odgovara prosjelndpakdlukeyinUVodpékemof dtfomet
udio proteina, Asd/Azs0= 1,8- 2,0.

Spremnici s 400 OL wuzorka ozraleni su foc
pomoi u ur elaja za Lekseld Gamkna knifdgElgktaj InstrumentzAdBa
Stockholm, Gv e d gStika )1a). Referentna brzina apsorbirane doze je 1,553 Gy/min.

Di menzije spremnika, kKoj i je postavljen u
ekvivalentne plastike (akrilonitril butadien stireliA B S ) , odabrane su tako
doma u cijelom volumenu wuzorka wuniformna [ 2]
rendgens k Ggmay D3&a30(&ylneay Medical Ltd, Surrey, Velika Britanijaja
povrginsku radioterapiju primjenom fotonskog
brzina apsorbirane doze je 9,8 Gy/ min. At en
odgovara debl jini sloja wuzorka od 0,65 mm
ionizirajuleg zralenja gore navedenishuenerg
girokom opsegu od 0,1 do 100 Gy.

Infracrvenom spektroskopijom mjerimo apsorbanciju uzorka u ovisnosti o valnim
brojevima (valni broj je proporcionalan frekvenciji vibracijd). Mjerenjem se dobiju spektri

koj i se dodat no o bavan'tiapsformazijam. &R $pektaruDNA ur i er
podrul ju valnih bramastétak apsatpcijgkihinja kdj@poveAuj@moc m

sa strukturom DNA. Od posebnogljiet esadmgij enq
broj vibracija koje dijelimonal vi j e osnovne grupe. Vi br-aci j e
1300 cmt, a vibracije okosni ¢e00RNAS abairomuda guo dr u |
dvostruke veze (npr C=0 il C=N) ugl avnom
frekvencijama u odnosu npednostruke veze, podrulje FTIR
vi bracijskih svojstava baza DNA je ogranil e

analizirati odvojeno od spektra
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LEKSELL GAMMA KNIFE®

SlikalPri kaz eksperimentalnog po
gamma nogu Leksell energijama 1,
zralenje energijama 100 Kk

ostatka DNA mol ekul e. Nagal ost, awilturladadiij.e Lp
najintenzivnije vibracije u podrulju baza n:
1490 cm'. Vibracije baza su osjetljive na promjene u vertikalnom slaganju baza, promjene
vodikovih veza te na interakcije DNA s ionima i molekulama Podr ul j e FTI R s
podrulju valnih bro}jeevrap ogl j1e3diioc adovi &0 G c t na
vibracije fosfatnih skupina, deoksiriboze te fosfodiester veze (860 i 830 koje su pak

iznimno osjetljive na strukturne i konformacijske p mj ene DNA. Asi metri]
istezna vibracija fosfatne skupine-f@0) nalaze se na valnim brojevima 1234 i 1089'¢en

se ubrajaju u najintenzivnije vibracije u spektru DNA. Fosfatne skupine su negativno nabijene

pa su ove vrpce vrlo osjetlivea pri sutnost razlilitih kation.
kojima su fosfatne skupine vezane na otapalo, ali i na hidratacijske uvjete. Posebno je

asimetrilna viboageejfaj(La3pacmromjene u inte
na struktune i konformacijske promjene u DNAsignaciju vrpci srednjih i slabih intenziteta

vil o je tegko izvesti Zzbog nestalnosti u nj
sl ugi kao identifikacija aut ef3t4] IKako hi set var i
i zbj egao utjecaj vi bracija vode na vibraci)]j
pripreme tankih filmova iz otopina DNA na k
DNA otopine naneseno je na sil ipaiojzeowu pleo |siuc
pomol u vakuum pumpe u e[lsi katoru tijekom 10

FTIR spektar tankog filma u transmisijskom modu dobiven je od 64 akumulirana skena
u podr ul j4000 ontts rézbldcijom od 4 crhi automatskom korekcijom otapala.
Normirang spektara na vrpcu od 966 ¢m p o de Bagelinea) jea ul i njeno po
programskog paketa Kinetics u sklopu Matlaba te u programu eFTIR. Sva mjerenja su
izvedena na najmanje 5 uzoraka.
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REZULTATI
Na Slici 2 prikazani su spektri tankih flmova DNAt opi na u podrul ju v

0d800do1800cth Crvena | inija prikazuje FTIR spekt
l i nija uzorka ozr al enog fotopskino snbpovima energie t2bz o m ¢
Me V p o leksélliGamma knifeSpektartankp f i | ma neozral ene DNA
s dobivenim spektrima detaljno analiziranim
mjerenja dobivenih iz ozralenih DNA otopin
tankih filmova izvedena su odmah nakorb av !l j enog =zr al enj a i t anl
nakon 24 sata iz ozralenih DNA otopina. Pr o
oko 85% iz | ega mogemo zakIl juliti da se radi
vrpci baza (1659) i fostani h s kupina (1234 i 1089) kod oz

blagi porast. Vrpca asignirana na 836'gemarker B forme DNA dok je vrpca asignirana na

860 cm! marker A forme. Promjene intenziteta ovih vrpci ukazuju na promjene forme DNA

gt o anabliivzeoom hdospektara nije nalLeno. Radi | a
spektar tankog filma ozralene DNA dobivenog
spektara potvrlepadjaljitekval wirlpchmekpesea od
uglavnom pripisuju vibracijamgednostrukih veza € i C-O deoksiriboze. Na slici 3

mogemo pratit.i p oasignsane na 820 emtzei t @t amjvernpuc eg i r i
SIlil no su pokazal. Zel i g i suradnicie u ok\v
karcinoma doj ke [7]. Po nekim autorima ova
ozralenih uzoraka, takolLer mogemo primijetit
broju 935 crm.

Drugi niz DNA otopina je oZraalzan mpowrodiur

radi oterapiju primjenom fotonskog snopa ene
ionizirajuleg zralenja gore navedenlishuener g
girokom opsegu: 0 , Bvi spéktri DNA otbpia sb dobivieri pripravdnd 0 Gy .

tankih filmova odmah nakon provedenog zr al
spektara svih gore navedenih uzoraka ni smo
ni ti valnim brojevima za kskupinakie A1 B sdrkera.ne vr
MeLut i m, intenzitet vastpsapsorhisanog ddzomaali estotakoi 9 2 0
vrpca asigniranana 935¢ns e pomile po valnom broju te mi
TakolLer, vripca asi gnoka 80 an pokazujes molast imtemziteta © j u 0
porastom doze, a i mijenja | 0] se girGina. Ta

CiO ¢ e[BleNraa Sl i ci 4 pri kazani su spektri tanki |
brojevaod 830 do95ém*i t o redom: za neozralene otopine
od 0,5 Gy (plava I|linija), ozralene dozom od
(zelena linija). Na Slici 5 prikazana je ovisnost intenziteta vrpce asignirane na 926 cm
apsobiranoj dozi za energije od 100 keV. Radi jednostavnosti u prikazu apsorbirane doze za
neozralene uzorke na | o*@¢y.skal.i aproksimirald]
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Vibracije baza Vibracije okosnice
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Slika2FTI R spektri tankih filmova 10 mM NaCl DI
otopine (plavd i ni j a) u i 8800 cminjau pod b8 0 G no 85% rel at

Brojevi oznalavaju vrpce asignirane vVvi b
Sika3FTI R spektri tankih filmova: neozral ene
otopine odmahnakn ozr ali vanja (naran|asta I|linija) t

od 830i 950 cm'.
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SlikadFTI R spektri tankih filmova: neozral ene
otopina za apsorbirane doze od 0,5 Gy (plava linija), 5 Gy (hasaa t a ) | 100 Gy
energija od 100 k®%&cmb podrul ju od
Slika 5.0visnost intenziteta vrpce asignirane na 926 enapsorbiranoj dozi. Apsorbirana
dozaod18Gy j e uzeta proizvoljno i rade. jednos
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In this research, we were investigating changes in the vibrational properties of the
deoxyribonucleic acid caused by ionizing radiation using infrared spectroscopy with Fourier
transformatio (FTIR).

Samples were prepared by dissolving commercial salmon DNA in 10 mM NaCl
solution. The final solutiorhad a concentration of 5 g/L of DNA. The DNA solution was
stored in multiple containers from which each had a volume of 400 microL. These DNA
containers were irradiated with 1.25 MeV photons energieksell Gamma KniféElekta
Instrument AB, StockholmSweden) that is used at brain radiosurgery (referent dose
absorption rate of 1.553 Gy/min). Dimensions and the material of the container were carefully
considered so that we were able to produce a uniform dose delivery through the targeted
volume. During iradiation, DNA container has been fixed in the middle of the spherical
phantom made out of the tissue equivalent material (ABS plastics). An additional set of
identical DNA solution was irradiated @ulmay D315qGulmay Medical Ltd, Surrey, Great
Britain) X-ray for skin radiotherapy using 100 keV photons energy (referent dose absorption
rate of 9.8 Gy/min). Any beam attenuation was ignored since the irradiated layer of DNA was
only 0.65 mm thick. In the latter case, DNA samples were irradiated so wewidd sange
of absorbed dose for targeted volume: 0.1, 0.5, 1, 5, 10 and 100 Gy. Irradiated DNA was
pipetted on a silicon plate as an optical window and then dried in the vacuum pump until a
thin DNA film was formed. FTIR spectrum was obtained in trandgonssiode with 64 scan
accumulations in the range from 658000 cm® with the resolution of 4 crhand automatic
solution corrections. Normalization and baseline correction was performed using program
Kinetics as part of the MatLab software while the #ddal spectra processing was
performed using eFTIR software.

Recorded FTIR spectra of irradiated DNA show neither any significant changes in the
intensity nor the shift of the characteristic bands in the base region of the DNA. However, the
intensity of he DNA has been slightly changed in the region of the backbone vibrations
which is more prominent for higher absorbed doses.
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INTRODUCTION

The increasing risk of acutaccidental/professionaladiological/nuclearpopulation
exposures underlines the necessitymproving simple and efficient biodosimetric tools that
could beused for triage purposg¢s$-3]. The risk of exposure considers not just the effect of
the high doses received, but also exposure tedoses, where the real biological dose effect
can be hidderRisk assessment and DNA damage estimation in low doses ionizing radiation
(IR) exposure hastill many uncertainties, especially among chronically exposed personnel.
Different biological assay can be used in-Basimetry, but usual strategy is demonstration of
only ultimate outcome: damage number/frequendsually this kind of data interpretati
does not give an input to the induction and persistence of DNA damage detected with
different radiation exposure biomarkers and those are the data that can give a broader vision
of the exact genomic instability and severity hidden by representing oelyfioal DNA
damage category.
Among other biodosimetric methods, chromosomal aberrations (CA) and citoF&lazin
blocked micronucleus (CBMN) assay are usually used. Bleomycin radiomimetic sensitivity
(BLM) assay can be also used to demonstrate the séysibvchromosomal and chromatid
break, since this chemical is also radiomimetic drug. Although those assays represent the
level of permanent DNA damage, it is also useful to check the primary levels of DNA damage
using alkaline comet assay.
In CA assay, sually only the number of dicentric chromosomes is presented as the
golden biodosimetric assay parameter, but not also pdr@meters that can be measured.
For the CBMN, usually only the frequency of the micronucleus is demonstrated, without the
distribution of micronucleus frequency, nuclear buds that can be also potential micronucleus,
nucleoplasmic bridges and the influence of the proliferation and apoptotis and necrosis.
In this preliminary study we wanted to demonstrate that besatssumbeffrequency,
damagaistribution subcategories can give a better insight in the DNA damage severity as the
result of the working life-time exposuran the occupationally exposed workers to low IR
doses

MATERIALS AND METHODS

We evaluatedhe DNA damage in 19 ecupationally IR lowdose exposed medical
workers and their controls (19) matched by age, gender and smoking status in fresh whole
blood All the volunteers were informed about the aim of the study, gave their written consent
and filled the standardised egtionnaire about their life style, habits, recent diagnostic
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procedures, treatments and possible diseases. All volunteers not considered healthy after
fulfilling the questionnaire were excluded from further participation in the study and their
blood samps were not taken. The study had ethical approval of the Institute and the hospitals
were those individuals were working. All the IR workers were wearing their dosimeters and
the dose received yearly and for the entire life was calculated. The data thostee were
received from théormer State Office for Radiological and Nuclear Safefythe Republic of
Croatia, together with the written approval from each worker that we can use their dose
results for scientific purposes.

From eachindividual, at leas10 ml of heparinised whole blood was taken and the cell
cultures were made for the CA, BLM and CBMN
of whole blood was taken for each slide and for each person, all slides were done in
duplicates. The assay wpsrformed according t8ingh et alwith some minomodifications
[4], and the parameters used wérke-tail length, THail intensity CBMN was done in
triplicate, using 1.5nl of whole blood and the assay was performed respecting our standard
procedure [5,6]. Parameters used were beside the MN frequency also nuclear buds,
nucleoplasmic bridges, proliferation index, apoptosis and necrosis. For CAvasssed 1
ml of blood, n duplicate cell cultures and the assay wasformed also by our standard
procedure [6] We used parameters such as chromatid/chromosomal breaks and
acentric/bicentric frequencyor BLM performed also by our standard procedure assay [7],
we used paramate such as breakBequencyand number of metaphases with damage
Statistical analysis was performed using descriptive statistics angamametric tests for
dependent samples.

RESULTS

Some group results can be seenFigures 1 and 2 Other results arexpressed as
meanNSD (range). Medical workers had 0.88.38 mSv (0 5.96mSv) of occupational
effective dose, with 13.988.95 years of exposure {28 years). Among them there were 6
smokers who were smoking 18.8®.18 years (827 years) withaverage number of
12.50N7.15 (2- 20) cigarettes per month. They were 41IN7K0.20 (25- 59 years) years old,
while control group was 42.6810.61 (24- 60 years) years old, with 6 smokers who smoked
for 18.33N9.83 years (1030 years) and omverage 16.6K8.76 (5- 30) cigarettes per
month.Both groups did not diverse in the diseases or medical treatments, and most of them
considered themselves to be healthy. Considering the Dieage detected, medical
workers demonstrated higher DNA damalgeels for all assays except BLMverage
frequency per metaphase (here the values were higher for the control grouf:0(233
(0.15 -0.89) vs. 0.76N0.40 (0.20- 1.63) Both groups did not differ in general in alkaline
comet assay parameters, TL ardbut we demonstrated in another study that values between
control and exposed group in alkaline comet assay can diverse in the velocity of DNA
damage repair and the amount of repaired DNA after the challenging doses from &ynd 4
in the time of 30 miates, 1 hour and 24 houf8]. In this study we demonstrated positive
correlation between DNA damage detected with comet assay and the received total dose per
individual (R=0,543). Dose receive@NA damage correlation was seen mostly for the DNA
damage ssays suzategories and not for the total DNA damage number/frequency. Total
number of acentric fragments demonstrated correlation with the dose recew@d(Q2741)
and similar was demonstrated for the metaphases where 1 acentric was fe@D4B6),
but not for the metaphases with 2 or more acentric, or for the total humber of bicentric
category. Correlation was also found for the number of breaks in BLM assay with the dose
received, although the control values in general had higher valwe8,(@3977). There was
strong correlation with total number of chromatid breaks (R638863) and in the average
number of metaphases with only one chromatid break with the des8,@9156).
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Figure 1.Some results of CA, CBMN and BLM assay between co(@pand expose(E)

group.
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Figure 2.Demonstration of correlation of micronucleus frequency with the doses received

In general, the total number of micronuclebads and nucleoplasmic bridges did not
demonstrate correlation with the dose, but subcategories did (Figure 2). It was demonstrated
that exposed workers had higher frequency not only in total number, but also for the
dicentrics with 1 or 2 MN found, whileontrols did not demonstrate this kind of effect.
Differences in the frequency of aneu/polyploidy were also obvious, while control group had 0O
values, exposed group had on average 832.17 (0- 101) in 200 metaphases. Two groups
differed also in the &quency of apoptotic cells, with higher number in the exposed group
(0.11N0.32, 0- 1vs.0.26N0.65, 0- 2).

CONCLUSION

With 0.58N1.38 mSv (meaNstandard deviation) occupational effective dose,
13.95N8.95 years of exposure, medical workers destrated higher DNA damage levels for
all assays except BLM. Dose receiM@tlA damage correlation was seen only in the DNA
damage assays sghtegories and not for the total DNA damage number/frequency. These
facts suggest that lifetime accumulated DNA dgens not only the result of the IR exposure,
and that the truly influence of the dose received during working period of medical workers
can be seen by analysing in detail the DNA damage distribution through the categories.
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Risk assessment and DNA damage estimation in low doses ionizing radiation (IR)
exposure has still many uncertainties, especially among chronically exposed personnel.
Different biological assay can be used in-Basimetry, but usual strategy is demonstratf
only ultimate outcome: damage number/frequency. We demonstrated that besides total
number/frequency, damage distribution subcategories can give a better insight in the DNA
damage severity as the resoidtthe working life-time exposure. We evaluat®NA damage
in 19 occupationally IR low dose exposed medical workers and their controls (19) matched by
age, gender and smoking status in fresh whole blood using alkaline corvtail ([€bgth, Tt
tail intensity), micronucleus cytome (MN, nuclear buds,|englasmic bridges, proliferation
index, apoptosis, necrosis), chromosomal aberrations (chromatid/chromosomal breaks,
acentric/bicentric frequency) and bleomycin radiomimetic challenging assay (BLM) (breaks
frequency, number of metaphases with damage)hWis8N1 . 38 mSv ( mean N
deviation) occupational effective dose, 13M08.95 years of exposure, medical workers
demonstrated higher DNA damage levels for all assays except BLM. Dose reibélyed
damage correlation was seen only in the DNA danzsgays subategories and not for the
total DNA damage number/frequency. These facts suggest that lifetime accumulated DNA
damage is not only the result of the IR exposure, and that the truly influence of the dose
received during working period of medicabrkers can be seen by analysing in detail the
DNA damage distribution through the categories.
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INTRODUCTION

lonizing radiatio (IR) is a powerful physical agent capable of inducing both mutations
and chromosomal aberrations. Nethal doses of IR may induce genomic instability
favouring carcinogenesis. In spite of the above mentioned, this kind of radiation is an
important toolfor diagnosis of certain diseases and is widely used in various medical
diagnostic procedures. Carcinogenesis is considered to be the most important consequence of
low doses of IR, and is thus of most concern in radiology. Children are more sensitige to t
carcinogenic effects of IR than adults, and this risk arise due to their anatomical features and
their longer life expectancy. Risks of radiatieated cancer are greatest for those exposed
early in their life, and these risks seem to persist thrautghe [1-4].

It has been postulated that the number of micronuclei and increased frequency of other
nuclear abnormalities, including karyorrhexis, condensed chromatin and pyknosis, are related
to the increasing effects of carcinogens. Although manyoagpes and methods have been
developed for the monitoring of human populations exposed to various mutagens and
carcinogens, the micronucleus assay has become a standard method for the assessment of
chromosomal damage in human population. The cytokiidsgk micronucleus cytome
assay has become one of the bedidated methods for measuring chromosome damage in
human blood lymphocytes; however, the buccal micronucleus cytome assay is gaining more
attention in recent years, especially as it is minimallyagive, hence more appropriate for
children biomonitoring [58].

To provide the best care for young patients, the effects of IR should be minimized.
Therefore, diagnostic -Xay procedures must be performed by the highest standards to ensure
that the young patient has the lowest risk possible. In that manner, the ALARKEo(v As
Reasonably Achievable) principle is the basis used in radiation protection, in determination of
absorbed dose, as a prerequisite for risk estimation of genome damage, especially for
paediatricians and in their work with children who should beoseg to IR, whether in the
treatment or in the diagnostic purposes. As children are the most sensitive to radiation, there
is a need for constant folleup of the young populations who are receiving thes&ayX
diagnostic examinations [9,10].

Therefore, pesented preliminary study aims to investigate effects of diagnostic sinus X
ray exposure on buccal epithelia cells using the buccal micronucleus cytome assay.
Additionally, physical dosimetry was employed to evaluate the degree of radiological
exposure usg the Dose Ace radiophotoluminescent (RPL) glass dosimetry systems (GD
352M detector) developed for medical applications.

MATERIALS AND METHODS

The study comprised a random sample of 12 children all with medical conditions, which
warranted their radiogphic examination. They were between the ages of 6 and 15 years
(12.1N2.9) with the body mass index (BMI) of 1\B.8 kg/nf. This study was approved by
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Ethical committees, and was performed in accordance with the ethical standards laid down in
the Dechration of Helsinki and as suggested by Merlo et al. [11]. All volunteers were
informed about the aim and the experimental details of the study. The parents or legal
guardians of the children all gave their informed consent and volunteered to donate buccal
epithelia samples to be used for scientific purposes. They were asked to fill in a standardized
guestionnaire, designed to obtain relevant
including the recent diagnostic exposures and treatments.riMatep details on subjects
involved in study are, or will be highlighted in public.

During routine Xray examination of sinuses, the dosimeters were positioned on the
occiput (primary beam) and below the tongue (Figure 1). The parameters of the irradiation
were: the voltage of the-Kay 75 kV, the quantity of charge was 28 mAs and the time of
irradiation was 22 ms. A protective lead apron on the neck was used to protect the thyroid
gland. The dosimeters (AGC Techno Glass Co., Ltd., Japan) were initidlfygnally read at
Dose Ace system instrument, FAIDOOSE (AGC Techno Glass Co., Ltd.) (Figure 1).

B

Figure 1.Picture of radiophotoluminescent (RPL) glass dosimeterss&IM
with and without shielding in relation to 5 lipa coin (A) ahdir position on the
head, above the left eye and below the tongue (B)

Buccal micronucleus cytome assay was done according to Thomas et al. [8] with minor
modi fications described previously by Mi | i
immediately befee and two weeks after the-ndy examination under the same conditions.
Briefly, subjects rinsed their mouth with water and buccal cells samples were collected from
both cheeks using a toothbrush. Samples were immediately placed into 50 ml conical vertical
plastic centrifugation tubes pfiled with 30 ml of cold buccal cell buffer. As such, samples
were coded and stored at 4AC until final p
keptat2 0AC and stained i mmedi at esdlidegs wag performedt o s
blindly using transmitted light microscopy under-faed f | uor esc e nrbd,e at
Olympus, Japan). A minimum of 1000 cells were counted to determine the frequency of each
cell type in the sample. Nuclear changes were classitedrding to HUMNXI criteria as:
normal basal cells, normal differentiated cells, binucleated cells, cells with condensed
chromatin, pyknotic cells, cells with karyorrhectic chromatin, and karyolitic cells. DNA
damage biomarkers (cells with micronuclei anatlear buds, including the salled "broken
eggs") were scored in a minimum of 2000 differentiated cells [6]. Statistical analysis was
performed using descriptive statistics and-panametric test for dependent samples.

r
C

RESULTS
Doses measured usind®R dosimetry systems were in the range of-379 06 ¢ Gy and
342 e€Gy in the primary beam and below the to
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The results obtained after diagnostiaags did not reveal significant difference in any
of the buccal micronucleus tome assay parameters tested, compared to values obtained prior
to the diagnostic procedure. Results also revealed thatimdigerdual differences existed for
each monitored child (Figure 3).
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Figure 3.Micronuclei (A) and nuclear buds (B) frequency in buccal epithelial cells before
sinus Xray and 14 days after the diagnostic exposure used as biomarkers of genotoxicity.
Frequency of cells with condensed chromatin (C), karyolitic cells (D),
and karyorrkctic cells (E) as biomarkers of cytotoxicity.

CONCLUSION

Although we did not observe any significant changes in parameters tested, some of the
assessed parameters showed small increases in their values after the radiological examination
indicating tha further studies with larger samples are warranted. Based on the obtained
results, methods such as the buccal micronucleus cytome assay could be very useful in acute
events where children are exposed to genotoxic agents especially from physical sources.
Furthermore, this particular method could be used for monitoring genetic damage in children
who are often exposed to diagnostics or therapeutic procedures, as it is a minimally invasive

118



method of sample collection. In line with that, future research ondnaoring and finding
optimal biomarkers for lovdose IR exposure are required, especially in paediatric diagnostics
to minimize the potential damage and maintain the optimal benefit for young patients. For
now, we have to keep the annual absorbed dosmnaas possible, especially at early ages,
and conduct more research of the raskasitivity time window.
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Children are more sensitive towards the effects of ionizing radiation (IR)aithalis
and this risk is given by their anatomical features and their longer life expectancy in which
that risk can be expressed. Hence, in this preliminary study we explored the effects of
diagnostic sinus ay exposure on buccal epithelia cells using biecal micronucleus
cytome assay. This particular assay is minimally invasive method of sample collection and

therefore more appropriate in childrenbds bi
blood sampling. Micronuclei as well as other biomarkerBNA damage (nuclear buds and
theseccal | ed Abroken eggso) and genomic instabi

basal cells, normal differentiated cells, binucleated cells, cells with condensed chromatin,
pyknotic cells, cells with karyorrhact chromatin and karyolitic cells) were scored in a
minimum of 2000/1000 cells per child, respectively. Twelve children, all with medical
conditions which warranted their radiographic examination, between the ages of 6 and 15
years (12.1N2iajdeandBMbY Yy GWesekd@luaded .additidn tp/ m
skin dose measurements in the primary beam on the head, doses were measured in the oral
cavity below the tongue. Doses measured using radiophotoluminescent (RPL) dosimetry
systems were inthemge 3791 1 06 e G2 aa Gy 3in the primary be
tongue, respectively. Based on the obtained results, no significant changes in tested
parameters of the buccal micronucleus cytome assay were observed prior to, or after the
radiological exammation. However, some of the assessed parameters revealed minor increases
in their values after the diagnostic procedure. Moreover, results revealed thatditigiual
differences existed for each monitored child. In line with these findings, futurehitoring

and finding optimal biomarkers for ledose IR exposure are warranted especially for the
youngest population. Meanwhile, we have to minimize the annual absorbed dose as low as
possible and conduct further research of the radiwsitivity time vindow.
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UvoD

Ultraljubilasto B (UVE)20zrnam enzjaez iwaal niihz dgt
u stanicama: izravna ogt elliemjdgodNA, olgiedweed i
putova te fotokancerogenefl2]. Na te su ulinke osobito o0s]j e
ubraja se melu najlegie zloludne bolesti, |
i stragivanji ma bi oprogdkter apzobdel ogtea nzilcoal,u dwnnel i k|
istragivanja razlilitih prirodnih i sintets
ulinaka UV zralenja. Prirodni Spoj evi i maj
toksilnost 1 [@obO8si m|l ghbogviet astor gani zam mog!
su takolLer sastavnice razlilitih kozmeti]| kil
zagtite od gtetnih utjecaja sunleva zralenja

Med obi | nArbutpd umedoLk € (kar akt erai sptoidiraun|] jje Sr e
Bogat je polifenolima s dobrim antioksidacijskim i antiradikalnim svojstvima [3]. Okus mu
daje homogentizinska kiselina (2dthidroksifenilacetat), koje u sastavu ukupnih polifenola
ima 5060 %, dok su od ostalih fenolaumedu@ ni k e z a-2dsy-pahsiapciainska( N)
kiselina €,+-A B A) -2-trénf4trans-apcizinska kiselinatt-ABA) i unedon [4]. Iz meda sa

Sardinije i Kanarski h otoka t-ak-zdfoeontedu i zol
oksoizofordneybabkonXumaeci ja meda obilne pl.
zdravlje | judi, poput porasta razine serums
enzima te porasta broja | eukocita i tromboci
medam razinu primarnih ogtelenja DNA u |imfoc
su ga konzumirali tijekom 14 dana [8].

Dosadagnja zapaganja o djelotvornost. me d
( HK) potaknul a s u nasé ma@ g uilsithr a@ii ¢t @ jge n onpj|
antioksidacijskih ulinaka na ogtelenja izazyv
periferne Kkrvi. S obzirom da je UVB zral enj
hi poteza istragi vaorcjia ad as bkio nobz rnaalciiVvjanjse nieidnof
mogl o povel ati stopu njihova pregivljenja, t

oksidacijskog stresa.

MATERIJALI | METODE

Materijali: u pokusu su kor i gtgmaAkrichk e mi k a
(SAD), Gibcoi Li fe Technologies (UK) te Kemika (Hrv
u pokusu potjele iz Vrgorca (Hrvatska). Bot g
[ peludnom analizom te odr el i e spitiyag humjetdij el a
med, u skladu s preporukama iz literature [9].

Pokus je proveden na | imfocitima i pl az mi
godi na, nepugal ), koja je bila wupoznata sa
pristanak zal o br ovol jno sudjel ovanje. Unatrag godin
ionizirajulem ili neionizirajuliem zralenju,
heparinizirane spremni ke (BD wvacutainer, Be
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60mL venske Kkrvi,; 40 mL je odmah Kkorigteno
Histopaqué-1 0 77, sukl adno (lplJutBmeopraliizhkoZ@l| mL pur
je za mjerenja razine lipidne peroksidacije u plazmi.

| spitana su dv a razlilita mo de l-teetmanz | agar
i spitivanim agensima u trajanju od 2 h, nako
dodatnih 1 h inkubacije stanica’lkrvina®3 te (1 1) tret maanr alkiojanijje
UVB zralenjem i zatim inkubaciju stanical kr
37°C. | spitani su ulinci dviju koncentracij a
unosa meda prehranom i ( 1 I )medd edsngetorar dmes/ior u k o
prihvatljivog konzumiranja. Nadal j e, I spi ta

koncentracijama kakve se nalaze u dviema koncentracijama meda izabranim za testiranje.
l zvor UV zralenja bio | &50Mr(Ednaridge,WK). t ec C
| spitivana doza ? adgosaraesnefinipj eotemalndj ddzil [fAlB Prije

izl aganja zralenju, uzor ci suspenzija izoli
odnosno uzorci krvi, mikropipetom su odmjereni u steriineglai | ne pl ol i ce sa 6
su dodani odgovarajuli volumeni svjege pripr
Po zavrgetku pokusa, citotoksilni ul i nci
kombinacijom fluorescencijskih boja etidhiyomidai akridin naran| aste b
koju su opisali Duke i Cohefi4]. Nakon bojenja, give stanice
propugt aj u-branida a acikoplaentui Mrivg stanice fluoresciraju crveno zbog
obojenja DNA s etidipromidom. Stanie u r an o] apoptozi sadrge Vv«

koji fluoresciraju zeleno, dok u kasnijim fazama apoptoze fragmenti jezgre poprimaju
n ar a ndvans bau. Analiza preparata provedena je na fluorescencijskom mikroskopu
(Olympus BX 40, Japan) brojenjm ukupno 31100 stanica.

Razina primarnih ogtelenja |imfotestamme DNA
alkalnim uvjetima, sukladno standardnom protokfl6]. Analiza preparata provedena je
pomoilu epifluorescencijskog mMikaoskos jeprl@ ( Ol vy
kamere visoke rezolucije povezan s ralunalor
analizu slike (Comet Assay IV, InsteRerceptive Instruments Ltd., UK). U svakom uzorku
mj ereno je 3150 kometa. StppmojuopaehmaejfaabDlI
repa, koji upulfuje na % DNA u repu komet a.

Pomolu testa =za dokazivanje reaktivnih
tiobarbituric acid reactive substance3BARS) u uzorcima plazme je izmjerena razina
lipidne peroksidacije, primjenom standardnog protokola uz manje prilagodhié].
Spektrofotometrijska mj erenj a provedena su
(Shimadzu, Japan).

Statisti]lka obrada podataka provedena | e
Statisticad&rel3.Reldofltrs.t, p3AI)e.dedine peevisap o mo |
dostupnog na poveznici [17]. Za prag statist
REZULTATI

Rezultati fluorescencijskog testa bojenja limfocita s etidijevim bromidom i akridin
nar an |bej@ntpokazani suna Slici 1l aib. Nakonpted et man a, najvelu c

i zazval o je UV zral enj e-tretmanumekazaliisu chogrotgktivii mi j e r

ul i nak, a najvele pregivljenje utvrzil®no | e
vel oj od dnevno prihvatljivog wunosa. Nakon
pokazala najjald.i zagtitni ul i nak. Naj sl abi j
i spitana koncentracija HK. Dleattaalkjan i g i c irteaztud k
pri kazani su u Tablici 1 Rezultat.i Komet t e

Tablici 2.
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TablicalRezul tati o statistilkoj znal ajnosti
na ul estal ost (mpiopfezat datimaeki @zaznal aj

= Ul estal ost apoptoza

.~ Skupine . ola UV 10xHK HK  10xMed  Med Ur:,]fé”'

g Kontrola P<0,05 P<0,05 P<0,05 P<0,05 P<0,05 P<0,05

— uv P<0,05 P<0,05 P<0,05 P<0,05 P<0,05 n. z.

©  10x HK P<0,05 P<0,05 n. z. n. z. n. z. P<0,05

; HK n. z. P<0,05 n.z n. z. n. z. P<0,05

o 10xMed n. z. P<0,05 n. z n. z n. z. n. z.

— Med n. z. P<0,05 n.z n.z n. z. n. z.

2 Umjemimed P<0,05 n.z n.z n.z P<0,05 P<0,05

Tablica 2.Rezultati komet testa na ljudskim limfocitima periferne krvi.

% DNA u repu kometa

. Sr.vr. N SE (medi j
Skupina min.-maks.
Pred-tretman Tretman
. 0, 61 N@aw1 3 0, 76 K0,021L 5
Negativna kontrola 0-8,26 0-10,11
UV 20, 2 6°N@8R)5 16, 9 39(4,100 2
0-49,75 0,0444,97
8, 53N0, 72 18, 029§17,311 O
10xHK 043,16 046,71
HK 11, 22N0, 9¢ 14, 69N1,00
0-39,83 0-42,60
13, 02°f@®9) 90 10, 11N0, 73
10x Med 0-36,55 0-43,34
Med 13, 85°Ka,Q90 7 19, 151843 3
0-48,93 0-45,31
. 13,61N1, 07 19, 16R7,49p 1
Umjetni med 0-48,41 0,0349,23
- 18, 0 8N12,99 9 27, 958537 0
# ’ ? 1 1
Pozitivha kontrola 0-48,82 2 8549,39
#1000MH,0,, 10 min na |l edu; Statistil ki posthocTauken e

HSD test)* vs.sve skupineb vs 10x HK;cvs HK; d vs 10x Med;evs Med;f vs Umjetni med
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Nakon preet r et man a, naj vel u genotoksi | nost iz

genoprotektivni ulinak 1 mala |je HK. Nakon t
koncentracija meda koja odgovara dozi 10x v
nga i spitana koncentracija meda pokazala se

odnosu na sve ostale ispitane kombinacije agensa.

Rezultati testa za dokazivanje tiobarbiturnih reaktivnih spojeva u uzorcima plazme
prikazani S U nenje Spredcrie t2manWV B ezriaZlazval o veli
peroksidacije nego u tr et man u-tretnMeudookazboijd ne p
bolje zagtitne ulinke od HK.

Lipidna peroksidacija
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Slika 2.Promjena koncentracije tiobarbiturnih reaktivnih spojeva (TBARS|azmi.
Statistil ki -test®400%) suevs koatrplhaiskuginaa(ve UV; b vs 10x HK;c vs HK.

ZAKLJUL AK

Dobiveni rezul tati potvrdildi su polazignu
stanice od gtetnih -utenmiaa U¥YBi zaanl mnkambPnae
pl ani ke i HK s UVB zralenjem, pri kwomcentr a
unosu, povol jnij.i je u smislu oplenitih zag
tretmanu pri koncentraciji koja odgovara dnevno prihvatljivom unosu pokazuje bolje
citoprotektivne ulinke prema ogtel enano ma i z
zbog svojeg sl ogenijeg fitokemijskog profi
genotoksilnosti, gdje se HK pokazala nadmol
DNA mogu se dovest.i u vezu s indukciaimam oks:i
mjerenja razine | ipidne per ok s tgeroprotgkteni Pret
ul i nci meda i HK rezultat melLudj el ovanj a
Ahvatanjefi slobodnih radi kal a, t ea iuazipue c a | r
glutationa, gto se mora dal jievitiosinvivagi ti na d
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ASSESSMENT OF CYTO/GENOPROTECTIVE AND AN TIOXIDATIVE
PROPERTIES OF STRAWBERY TREE HONEY AGAIN ST UVB
RADIATION IN VITRO

Andreja Juril, | renGunBed,i [AnKaar aMioknolii,|i ,S uNea
Institute for Medical Research and Occupational Health, Zagreb, Croatia
nkopjar@imi.hr

Presenin vitro study investigated protective role of strong antioxidant strawberry tree
horey and its main bioactive constituent homogentisic acid (HGA) against the cyto/genotoxic
effects induced by UVB radiation in human peripheral blood lymphocytes. Tested
concentrations corresponded to the daily intake of honey with its matched content pa$iGA
well as terdfold higher concentrations of both agents. Delivered UVB dose was Z &dfin
corresponded to medial erythema dose. We evaluated differences between two experimental
approaches: one set of lymphocyte cultures/blood wasrgated for twohours before the
UVB exposure started, while the other set was treated for two hours after UVB exposure.
Lymphocyte viability was checked using the apoptosis/necrosis assay. Genotoxicity was
studied by the alkaline comet assay. Lipid peroxidation in plasangples was measured
using thiobarbituric acid reactive substance (TBARS) assay. We found differences in viability
between lymphocyte cultures gireated with tested compounds prior to UVB exposure and
those that were treated. After treatment, honeyredfebetter cytoprotection than HGA,
possibly due to its complex phytochemical profile. However, HGA showed better
genoprotective properties. The levels of primary DNA damage also differed between the
tested cultures. They could be associated with the fimdtucof oxidative stress, as
documented by levels of TBARS measured in plasma. Our results suggest that both tested
agents effectively ameliorated detrimental effects of UVB radiation. Cyto/genoprotective
properties of strawberry tree honey and HGA possitére mediated via mutual interactions
of various mechanisms. Among them, most important are scavenging of free radicals and
influence on the cellular enzymes involved in the antioxidative defence, as well on the
glutathione levels, but this has to betl@r studied on othen vitro andin vivo model
systems.
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PRIMARY DNA DAMAGE IN PERIPHERAL BLOOD AND KIDNEY
CELLS OF SWISS ALBINO MICE AFTER ISOFLURANE
ANESTHESION AND WHOLE BODY 3>-RADIATION EXPOSURE

Vesna BenGelvji K anichlidavati i e §g'e vNi ves, Mar | i na
Ni kol a BomNajdaV, dvepka Kapjgr Mi r £a Mi | il
Department of Biology, Faculty of Science, University of Zag#ygreb, Croatia
2Mutagenesis Unit, Institute for Medical Research and Occupational Health, Z&gpakia
vesna@biol.pmf.hr

INTRODUCTION

Isoflurane (ISO) is mostatnmonly usedhalogenated volatile anaesthetic in clinical
practice. The mechanism of action of volatile anaesthetics is complex, likely involving
numerous membrane proteins and ion channels; it is clear that producing their ultimate effect
depends on the attainment of the therapeutic tissue concentration in the central nervous
system [1,2] Although volatile anaesthetics are delivered and primatitginated via lungs,
the metabolism of certain inhaled halogenated anaesthetics can produce inorganic fluoride
that may be directly nephrotox|8]. The genotoxicity and mutagenicity of ISO have been
evaluatedn vitro and in clinical studies showing cdicting results [3,4]. With increase in the
number of different interventional and diagnostic radiology procedures that require relative
patient immobility for optimal results, anaesthetics and ionizing radiation are often used
together. It is known thabhnizing radiation (IR) induces oxidative stress accompanied with
damage to critical biomolecules like lipids, proteins, and DNA through radiolysis of cellular
water. Many studies have indicated that after radiation exposure occurring DNA lesions
trigger the apoptotic cell death pathways in radiosensitive organs of the hematopoietic and
gastrointestinal systems [5]. The aim of the current study was to determine synergistic effect
of volatile anaesthetic ISO (2944, 50: 50) a nrddiatvh Qo)epdsarel (3 Gy
on primary DNA damage (alkaline comet assay) in peripheral blood and kidney cells of Swiss
albino mice.Primary DNA damage was evaluated immediately, and 2, 6 and 24 h after the
combined treatment for estimation of DNA repair.

MATERIALS AND METHODS

Swiss albino male mice (n = 45) three months old, with body weight approximately 20
25 grams, were obtained from the breeding unit of the Department of Biology, Faculty of
Science, University of Zagreb, C aml Q70 % . The
humidity with a 12/12 hours light/dark cycle photoperiod, and received standard laboratory
diet (4 RF 21, Mucedola, Italy) with watad libitum The animal study was designed in
accordance with the relevant Croatian animal protection actlgw@dend approved by the
Ethical Committee of the Faculty of Science, University of Zagreb, Croatia. Animals were
divided into three experimental groups (each group consisted of five mice}reabed
controls, group exposed to IR and group with combierposure to anaesthesia and IR.
Anaesthesia was maintained with ISO (1.7 vol %) in a continuous flow of a 50:50 mixture of
oxygen and air (& minl) in a specially designed induction chamber connected to an
anaesthetic machi ne corfatblé evap8ddd. The Dapth of surgjcal u s i n
anaesthesia was considered satisfactory when mice were sleeping calmly and breathing
spontaneously, without signs of corneal and tail reflex. After two hours of anaesthesia, mice
wer e i rr adradatime@®Co-Theratrbn Phoenix teletherapy unit, Atomic Energy
Ltd.), with a speed dose of 1.88 Gy/miBlood samples were collected from the tail vein
following termination of exposure: immediately, 2, 6 and 24 hours after irradiation. Mice
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were sacrificed aftr blood collection by cervical dislocation and their kidneys were collected,
dissected, minced, and passed through a stainless steel mashkigimgyecell suspensions

were made in the homogenisation buffes solu
EDTA; pH 7.5) at the ratio 1 g tissue per 1 mL buffer. The alkaline comet assay was carried

out as described by Singh et al. [6]. Two slides per sample and in total 4 slides per animal
were prepared. Images of 100 randomly selected cells (50 counts onfdhehduplicate
slides) were analysed for each sample. The s
mL?1) and examined under magnification 2Q0using an epifluorescence microscope
(Olympus BX51, Japan) and compubeErsed image analysis systemof@t Assay IV

software, Perspective Instruments Ltd., Instem group, Suffolk, UK). The statistical
significance of the results obtained in the comet assay was studied by the statistical program
STATISTICA 9.0 (StatSoft, Dell, Tulsa, USA) using analysis afri&nce withposthoc
Scheff® test modification.

RESULTS

IR with ISO and IR alone caused significant levels of DNA damage in both cell types
for all the time periods when compared to the control values. Those values did not lower to
the control values ewe after 24 hours from the exposure. Blood and kidney samples
demonstrated different mechanisms in response to IR and IR+ISO treatment in both measured
parameters. Tail length parameter usually demonstrates in what extent the DNA loops have
extended in theomet tail, while tail %DNA demonstrate the amount of the DNA that can be
found in the tall, telling us the real situation of severity of DNA damage.

In leukocytes, IR alone demonstrated highest levels of DNA damage immediately

(Mean N SE) (Naib%, DNA: 59534 N 0.30), 2h
DNA: 6. 03 N O0.63, TL: 20.93 N 0.33) and 6 ho
0.41), with the | owest DNA damage seen 24 ho

0.18), but stillhigher than in the control samples. Although ISO treatment lowered the
damage immediately and 2 hours after when compared to IR (the highest DNA damage value

for this treatment, tail %DNA: 6.33 N 8.4, 1
DNA: 4.76 N 0.40 , TL: 17.16 N 0.25) from th
IR+ISO) reached similar levels, and 24 hours after ISO+IR treatment demonstrated even

hi gher damage | evel than the IR alwnd®% (tail"
DNA: 3.76 N 0.28, TL: 14.58 N 0.18) (Figure
leukocytes).

In kidney cells the effect was similar as in leukocytes, but 24 h period demonstrated
some differences in DNA damage repair dynamics. IR albowved high levels of DNA
damage i mmediately (tail % DNA: 6.14N0. 48, TI
TL: 18.31 N 0.39), 6 h (the highest damage,
24h after (tail % DNA: 7. &itmenN Twentyout hourdTdfter 16 . 0
there was lower DNA damage than after 6 h, but values were still higher than in the control.

Al t hough | SO+I R demonstrated | ower damage i
19.94 N 0.29) and 2 Oh 3alf,t eTrL :( tla7i.18% DWN AD:. 232.)5, 1
was seen 6 and 24 h after the treatment (tai
DNA: 12.52 N 0.78, TL: 16.44 N 0.37) with hi

Interestingly, IR treatment in l&ocytes demonstrated the DNA damage repair

tendency, while 6 h and 24 h after the IR+ISO treatment DNA damage levels were still high.

In the case of kidney cells, IR and IR+ISO demonstrated similar damage levels for the period

of up to 2 h, but the anaestit treatment later (6 and 24 h) started to show even higher levels

than IR treatment alone, with the highest effect 24 h afterqIRt a i | % DNA: 8. 97
TL: 16.0724%ht®@.id@ DINRR: 7.61 N vOIRHESO,6hTall%s 16 . O ¢
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DNA: 10.75 N O0.70, T2l4 h1:6.t6adi IR OD NBM:, 112R +512S ON
0.37)(Figure 1B, Figure 2B, Table 1 kidney cells, Table 2 kidney cells).

CONCLUSION

With the delay of 6 hours, combined exposure to ISO and 2 Gy of IR demonstrated
increasing synergistic effect in damaging of mice leukocytes and kidney cells. Fiwenty
hours after, the damage was higher in kidney cells than in the blood cells, prdbalbdy
metabolization and elimination processes of the drug in the organism and therefore longer
exposure of irradiation damaged kidney cells to the compotimel study demonstrated that
combined IR and anaesthetics effects during medical procedures dbmuiaken into
consideration. Considering possible enhancement of DNA damage, mutual interactions of
these two agents should be further examined in details, and a continuation of research in that
regard is needed.
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Table 1.Statistical differences (at p<0.05) between tail length values in leukocytes and kidney cells of mice irradiated witth 2 C
anesthetised with isoflurane (ISO). Samples were not compared between different cell type samples

Leukocytes 2 Gy

Kidney cells control Oh ISO-0h 2h ISO-2h 6 h ISO-6h 24 h ISO-24h
control 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0h 0.769631 0.000000 | 0.523960 | 0.000000 | 0.000000 | 0.000002 | 0.000000 | 0.000000
ISO-0h 0.082726 | 0.968878 0.000000 | 0.008630 | 0.677769 | 0.002480 | 0.741135 | 0.208020
2h 0.000030 | 0.091615 | 0.788829 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
2Gy [1SO-2h 0.000020 | 0.074633 | 0.748450 | 1.000000 0.800858 | 0.999999 | 0.000000 | 0.992372
6 h 0.998740 | 0.991409 | 0.459476 | 0.001958 | 0.001403 0.622284 | 0.005574 | 0.999124
ISO-6h 0.648534 | 1.000000 | 0.989512 | 0.153214 | 0.127955 | 0.973373 0.000000 | 0.960929
24 h 0.999999 | 0.904658 | 0.179711 | 0.000165 | 0.000111 | 0.999963 | 0.823254 0.000148

ISO - 24 h 0.951714 | 0.999975 | 0.820193 | 0.020287 | 0.015581 | 0.999892 | 0.999648 | 0.989913

Table 2.Statistical differences (at p<0.05) between values of tail % DNA in leukocytes and kidney cells of mice irradiated vaitiadl 2
anesthetised with isoflurane (1ISO). Samples were not compared between different cell type samples

Leukocytes 2Gy

Kidney cells control Oh ISO-0h 2h ISO-2h 6 h ISO-6h 24 h ISO-24h
control 0.000000 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
Oh 0.820697 0.950575 | 0.997183 | 1.000000 | 1.000000 | 0.939443 | 0.800638 | 0.341496
ISO-0h 0.999991 0.959898 0.999970 | 0.965093 | 0.943611 | 1.000000 | 0.999992 | 0.985704
2h 0.592425 0.999996 0.839731 0.998528 | 0.996408 | 0.999938 | 0.997080 | 0.879411
26y ISO-2h 0.902831 0.049280 0.697920 | 0.013277 1.000000 | 0.956377 | 0.838575 | 0.389404
6h 0.003776 0.519345 0.019945 | 0.763679 | 0.000001 0.931425 | 0.784083 | 0.322895
ISO-6h 0.000003 0.019609 0.000037 | 0.067961 | 0.000000 | 0.959031 0.999997 | 0.989320
24 h 0.038352 0.875864 0.130244 | 0.973219 | 0.000033 | 0.999828 | 0.711146 0.999411

ISO-24h 0.000000 0.000007 0.000000 | 0.000063 | 0.000000 | 0.131731 | 0.879471 | 0.020268
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PRIMARY DNA DAMAGE IN PERIPHERAL BLOOD AND KIDNEY
CELLS OF SWISS ALBINO MICE AFTER ISOFLURANE
ANESTHESION AND WHOLE BODY 3>-RADIATION EXPOSURE

Vesna BenGelvjika Avoidcrai IHoYk v &li viEsle flavi i na
Ni kol a BomNajdaV, dvepka Kapjgr Mi r £a Mi | il
Department of Biology, Faculty of Science, University of ZagZegreb, Croatia
Mutagenesi#Jnit, Institute for Medical Research and Occupational Health, Zagreb, Croatia
vesna@biol.pmf.hr

Synergistic effect of anaesthesia and ionizing irradiation (IR) during different medical
procedures is stillnexplaned. It is well documented that IR is genotoxic by direct or indirect
way of action. The halogenated volatile anaesthescBurane (ISO) is the most commonly
used anaesthetics for surgical procedures. Although volatile anaesthetics are delivered and
primarily eliminated via lungs, the metabolism of certain inhaled halogenated anaesthetics can
produce inorganic fluoride that may be directly nephrotoxic. The aim of this study was to
determine syner gi s fadiationd’Cd) exposuredby) anwchegploseire to o d y
volatile anaesthetic 1ISO (2.4 %, 50:50) on primary DNA damage (alkaline comet assay) in
peripheral blood and kidney cells of Swiss albino mice in three groupdresied controls,
group exposed to IR and group with combined anaestla®l IR exposure. Primary DNA
damage was evaluated immediately after, 2, 6, and 24 h after the treatment. In both groups
exposure caused significantly higher DNA damage than in the control group, and that damage
did not reach control values still after 2urs from the treatment. In peripheral blood,
combined treatment demonstrated lower DNA damage values immediately after and 2 h from
the exposure when compared to IR. After 6 and 24 hours, combined treatment showed
constant amount of DNA damage, whichswet seen in IR demonstrating that primary DNA
damage was not repaired. Similar effect with higher amount of DNA damage for 6 and 24 h
was seen in combined treatment in kidney cells, probably dumetabolization and
elimination processes of the drugtime organism and longer exposure of kidney irradiated
cells. The study demonstrated that combined IR and anaesthetics effects during medical
procedures should be taken into consideration. Considering possible enhancement of DNA
damage, mutual interactios these two agents should be further examined in details, and a
continuation of research in that regard is needed.
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BROJ ERITROCITA, LEUKOCITA TE ODNOS HETEROFILA |
LI MFOCI TA U KRVI PI'LI'LA | ZLEGENI H I Z
MALOM DOZOM GAMA -ZRAL ENJA

JadrankaP e j a k o v%j SlilvijoVinegd el v o n a !, Rarija Maje@,a j Mar i hko Vi l

Weterinarski fakultet Sveuliligta u

2 nstitut Ruler Bogkovil, Zagreb
jadranka.pejakovic@vef.hr

UvOoD )
Bi ol ogki ul i nci mal i h doza ioni zirajule
ontogenetskom razvdju ®Rarzal &ree uj edidnloes| 2t |
razlilitim vrstama, pasminama i popul aci j a
embrioralni i fetalni razvoj, smatraju seragds j et | j i vi m. Ulinak i1 oni
hemat ol ogke pokazatelje vagan | e linkazs o0 g m C
apsorbiranom dozom {6 ] . No kako su dosadagnji rmdezultal
skromni i nekonzistentni, ovo je istragivan
gamaz r al enj a kod @allumaghlles démestiayg i o z(r ia |oeonpgje
i nkubacije. U krvi pilila izvalieal @&njia mark

eritrocita i leukocita te na odnos heterofilnih granulocita i limfocita (H/L) tijekom prvih 6
tjedana ¢givot a.

MATERIJAL | METODE

Uzorci krvi uzeti su od ukupno 700 pili
nasumi | no podi j(M=Bg0)a kontrolnuuskupiras KN+340).uPokusna skupina
ozralena je 1 sat prije-zzrmkema @i jiez doazdano ak,
kobalt60 (°Co) panoramskog tipa, smjegtenom u La
dozi metriju B ongkildajenast izRoRauzhosila je 291 cm, a visina 72 cm.
Aktivnost izvora iznosila je oko 3PBq pri brzini doze od 23,84 mGy/s. Kontrolna i pokusha

skupina drgane su wu istim uvjetima tijekom
skupina nijgbi | a izl ogena zralenju. Nakon ozraliva
stanicu fiValipile d.0.o0 ,Sesvet s ki Kraljevac. Nakldsu valije
transportirani u pokusne prostore Zavoda za bolesti peradi na Veterinarskom fakultetu
Sveuliligta u Zagrebu gdje su bor aadliibitum 42 da
Krv se wuzimala u plastilne epruvete s hepar.i
7., 10. , 20. , 30. [ 42 . d a n aa.te bdpderiteotite. a | e ul
brojenje eritrocita I |l eukocita u Neubauerov
Herricku [7], a diferenciranje leukocita provedeno je mikroskopiranjem krvnih razmaza
obojanih MayGr¢nwald Gi ems a boj ama.l | Qtaa tpiodtait lakkaa armm | i nj
programskog paketa SAS 9.4 (Statistical Analysis Software-2002 by SAS Institute Inc.,

Cary, SAD) . Statistil ki znal ajna razlika 1izn
je P<0,05.

REZULTATI

U Tablici 1 prikazan je ukupan broj eritrocitd (L0*%L), ukupan broj leukocital (
10°%L), udio limfocita i heterofila (%) te njihov odnos (H/L). Broj eritrocita u pokusnoj
skupini bio je znalajno manj.i 5. [ 7. dana
Ukupan brp | eukocita bio je znalajno manj.i u oz
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dana

givo

t a.

signifikantne

znal ajno

manij i

Post

razl

udi

ot ni udj el I i mf
i ke utvrlene su
o heterofila te

ocC i
s a mla

znal ajno

Tablica 1.Ukupan broj eritrocitg] 10'%/L), ukupan brojeukocita { 10%L), udio limfocita i

t a

heterofila (%) te njihov o¢odnas oK/l nu hkpvi
dozom od 0,3 Gy gama zralenja (pokusna skupi
(kontrolna skupina)
SREDNJA VRIJEDNOST (95%tni interval pouzdanosti)
DOB GI VOTI NJA (dani)
1 3 5 7 10 20 30 42
K 1,07 0,92 0,95 0,99 1,01 1,25 1,29 1,40
Eritrocit (0,981,16) | (0,831,01) | (0,861,04) | (0,901,08) | (0,921,10) | (1,171,34) | (1,201,38) | (1,31-1,49)
( 102L)
p 0,98 0,83 0,82 0,82 0,89 1,29 1,37 1,38
(0,891,07) | (0,740,92) | (0,730,91) | (0,740,91) | (0,800,98) | (1,201,38) | (1,281,46) | (1,301,47)
K 6,44 5,29 5,33 6,22 6,74 4,85 5,40 7,65
Leukociti (5,707,17) | (4,556,02) | (4,596,06) | (5,486,95) | (6,007,47) | (4,11:5,58) | (4,666,13) | (6,91-8,38)
( 10°L)
p 5,19 3,98 511 5,55 6,27 4,84 5,45 6,13
(4,455,92) | (3,244,71) | (4,37-5,84) | (4,81-6,28) | (5,537,00) | (4,105,57) | (4,71-6,18) | (5,396,86)
K 29,70 33,10 56,90 84,00 77,20 52,70 72,50 61,70
Limfociti (22,2837,11)((25,6840,51) (49,4864,31) (76,5891,41) (69,7884,61) (45,2860,11) (65,0879,91) (54,2869,11)
| 1]
(%0) p 40,30 33,50 58,00 77,30 77,50 55,20 71,60 64,10
(32,8847,71) (26,0840,91) (50,5865,41) (69,8884,71) (70,0884,91) (47,7862,61) (64,1879,01) (56,68 71,51)
K 70,30 66,00 42,60 15,50 22,30 46,90 27,00 38,20
Heterofil (63,0877,90) (58,80.73,61) (35,5150,32) (8,97-23,79)|(15,50:30,32) (39,7854,59) (20,16:34,91) (31,1545,96)
) p 59,70 65,60 40,60 22,60 21,80 44,50 27,90 35,50
(52,5267,33) (58,4073,21) (33,5348,34) (15,80:30,61)[ (15,0229,83) (37,4052,21) (20,9835,79)| (28,4743,29)
K 3,45 2,39 0,89 0,18 0,46 0,97 0,37 0,63
he%‘:gg; i (2,81-4,24) | (1,77-3,22) | (0,401,98) | (0,0048,41)| (0,102,15) | (0,47-2,02) | (0,052,49) | 0,202,49)
limfocita
H/L P 1,78 2,59 0,77 0,30 0,30 1,05 0,41 0,56
(1,192,66) | (1,963,41) | (0,301,94) | (0,023,16) | (0,023,23) | (0,532,07) | (0,07-2,31) | (0,152,00)
Srednje vrijednostboldodmaleve maodeltiji anmii ki se
skupina na isti dan pokusa:-kontrolna skupina, fpokusna skupina, HAbdnosheterofila i limfocita
DI SKUSI JA | ZAKLJULAK
U ovom i sitaovaoyzrvaalnijwuanj e netom prije-inkub
zralenja manifestira se smanjenim ukupnim b
pilila u odnosu na kontrolnu skupinu. Smanj e
givota mobuedi ga jpaolse aktivacije imunosnih

sporijom eritropoezom i smanjenom migracijom zrelih eritrocita u krvotok. U prilog tome idu
rezul tat.i istragivanjima ulinka doze od
gde jeupiia i z1 e§ e nildnih prie inkulagije i 19. Zana inkubacije detektirana
povd ana humoralna imunost i neki antioksidativni pokazatelji. Lucas i Denington [10]

0, 3
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i stragival. su kako zral enj e oatijubBeméglobina,3 Gy
broj eritrocita, ukupan broj leukocita te diferencijalnu krvnu sliku u nesilica starih 6 i 12
tiedana te spolno zrelih jedinki. Rezultati su pokazali da takve doZeu uige hematokrit
samo u naj ml dé& agk sesKoncenirga hemaglobina kao i eritrocita nije

znd ajnije mijenjala u ozle ni m skupi nama. | z navedenodg [
zakljuliti da su eritrocit.i relativno otporn
oporavka eritr oncoistua nua ilnekuokvoictiitjei, ualoid i da s

Naime, isti autori utvrdili su zhajniji pad ukupnog broja leukocita dan nakon omanija,

odnosno treeg i osmog dana nakon okrzanja, ovisno o dobi pila. Ukupan broj leukocita

u 6tjedana starih pilia vratio se gotovo na referentnu vrijednost do kraja pokusa, dok je kod
starije skupine givotinja oporavak ukupnog b

utvrdili stimulirajuii ulinakidopevDh573Bk n
ozralivanja [11], rezul tat.i ovog istragivanj]
skupini u odnosu na kontrolnu 1., 3. i 42 .
pojedina razdoblja tijekom embrionalnog razvoja karakterinra razli- i tom
osjetljivogiu te wulinci variraju ovisno o ¢
prilog toj hi potezi i du i rezul tat.i nagi h pi
0,15 Gy gama zr al enj d9. gana ipkebaciienddje lsraocutvydd t e
heterogene ulinke na valivost, prirast, me t :

kolesterola, ukupnih proteina i bjelavinastih frakcija te aktivnost transferaza i fosfataza u
plazmi ozrdenih pilila [1216]. Leukocitni odgovor kod ptica, osobito odnos heterofila i

limfocita (H/L) mogu biti pokazatel] stresnog odgovora-filB | . |l stragivao se
nokse (sputavanje, transport, amputacija, temperaturni ekstremi) na broj i odnos leukocita, pa
tako Gross i Siegel [ 19] u nizu pokusa na pt
sa Adozomo stresa. Max wel | [ 20] zakl juluje |
kroz odnos H/ L, ali wukazuje i.nRBrismjeenifcénif
stresori (gl adovanj e, buka, transport) poka
varijacije u manifestaciji stresa i oporavka
pokazatelj od ukupnog broja pojedinih stamia pouzdaniji pokazatelj stresnog odgovora od
primjerice hormonalnog statusa kad su u 1is
istragivanja je vidljivo kako promjene ukuprt
promjenama leukocitnog pioff a. Nai me i ako je broj | eukocit
ozralenih g¢givotinja u dobi od 1, 3 i 42 d
jednodnevnih piliia. inbwobkjal heasmaet pamol kalka
dozi od (G, 3o0k@y amo@ri zirat. kao bl agi stres
reakcija, osobito | eukocitni odgovor , mogao
u kojim se aplicira doza. Potrebno 4gtefaui st r ag
slulaju malih doza ionizirajuleg zralenja.
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NUMBER OF ERYTHROCYTES, LEUKOCYTES AND
HETEROPHIL/LYMPHOCYTE RATIO IN BLOOD OF CHICKENS
HATCHED FROM EGGS IRRADIATED WITH LOW DOSE GAMMA

RADIATION
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eterinary Faculty University of Zagreb, Zagreb, Croatia
Ruller Bogkovil Institute, Zagreb,
jadranka.pejakovic@vef.hr

This study has been med to investigate the effects of 0.3 Gy dose of gamma
irradiation on erythrocyte and leukocyte count and on the heterophil/lymphocyte ratio in
blood of chickens hatched from irradiated eggs. The trial was performed using heavy breed
chickens Ross, divideidto experimental (N = 360) and control (N = 340) group. The control
group was irradiated one hour before incubation with a c@8afi’Co) panoramic irradiator.
Blood samples for RBC and WBC count and WBC differential were taken orf'ti3, 15",
7t 10", 20" 30" and 429 day of life. Blood cell counting was performed using the Natt
Herrick method and WBC were differentiated using microscopic examination of stained
blood smears. Statistical analysis results are shown as mean values and 98&nha®nf
intervals, using p<0.05 as the statistical significance level. In a blood of experimental and
control groups significant results were obtained on thesd 7" day of chickens life for
RBC, and on the®} 39 and 429 day when the values were sificantly decreased in the
experimental group. Moreover, elevated ratio of heterophils to lymphocytes were determined
in oneday-old chickens due to decreased heterophil and increased lymphocyte values.
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AMBIENT DOSE EQUIVALENT RATE IN THE AREA OF
TUZLA CITY
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Herzegovina
amira.kasumovic@untz.ba

INTRODUCTION

Human population is continuously exposed to ionizing razhatiom natural sources.
For most individuals, this exposure represents the most significant fraction of their total
exposure to ionizing radiation [1,2]. Humans can be protected from ionizing radiation by
performing systematic monitoring of radiation lesvein the environment and with
continuously measurements of the gamma radiation dose rate in air [3]. Measurement of the
ambient dose equivalent rate is the primary indicator of the enhanced radioactivity in some
area as well as the first step when sed&ochadioisotopes [4]. Therefore, it is important and
desirable to measure the gamma absorbed dose rate or ambient dose equivalent rate
everywhere in human environment, where it is possible [5]. According to the Regulation on
the monitoring of radioactiwt in the environment in Bosnia and Herzegovina the
measurements of the ambient dose equivalent rate are conducted continuously in several cities
[6]. In this study the measurements of the indoor ambient dose equivalent rate were conducted
in dwellings andvorkplaces in the area of Tuzla City.

MATERIALS AND METHODS

The ambient dose equivalent rates (ADER) were measured at 44 locations in the area of
Tuzla City. The measurement was performed by MiniTRACE gamma dose rate meter
(Genitron Instruments, Germany). This dose rate meter is used for radiation control in
different areas such as nuclear power plants or reprocessing plants, research centres, hospitals
etc. It can also be used to determine the gamma background during radon measurement. This
device displays values from 10 nSv/h to 10 mSv/h, with a sensitivity @556 ount s per
and has a fast response time (1 second) [7].

The survey was conducted in houses and workplaces that are situated in the western part
of the city mostly in suburban areas, near the industrial area of the city. At every location
measuremenwas carried out for 15 minutes and mostly at ground floor level, in rooms where
people spend most of their daytime. Measurements at all locations were conducted in the
same week, so it can be assumed that all measurements were performed under salae or sim
meteorological conditions.

According to obtained values of measurement the range of values, average value and
standard deviation were determined. Results of measurements were analysed depending on a
basic properties of objects where measurements warducted (type of object, basement
space, heating method). The ADER values were analysed depemdthg annual effective
dose received by the population due to inhalation of radon, where radon activity concentration
at the same locations was determinsuhg the nuclear track detector method [8].

RESULTS AND DISCUSSION

The results of the ambient dose equivalent rate measurements in the area of Tuzla City
are presented in Table 1. It is evident that the ADER values ranged from 110 nSv/h to 190
nSv/h, wth a mean value of 135.9 nSv/h and standard deviation of 22.0 nSv/h. The lowest
value of 110 nSv/h was measured at five locations (C2, M3, H7, H10 and SB5, Table 1), that
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is 11.4% of all locations. These locations are situated in different parts of QilaThe
highest value of 190 nSv/h was measured in object located in urban area Irac (I3, Table 1).
The value of 180 nSv/h was obtained at five locations, where four of them are located in

suburban area Bukinje and one is in urban area IraB{B44, Table 1).

Table 1.The ambient dose equivalent rate (ADER) in nSv/h and the annual
effective dose (AED) in mSv

: ADER AED [8 : ADER AED [8

No. Location (nSv/h) (mS\[/)] No. Location (nSv/h) (mS\[/)]
1 C1l 130 0.67 |23 M6 120 0.38
2 C2 110 0.61 |24 H1 130 0.24
3 S1 120 0.11 |25 H2 140 0.45
4 11 140 0.46 |26 H3 120 0.16
5 12 150 0.44 |27 H4 150 0.50
6 I3 190 0.22 |28 H5 130 0.76
7 14 180 0.36 |29 H6 130 0.41
8 Bl 130 0.23 |30 H7 110 0.63
9 B2 120 0.64 |31 H8 130 3.01
10 B3 140 0.31 (32 H9 150 0.66
11 B4 180 0.47 |33 H10 110 0.36
12 B5 180 0.30 |34 SB1 170 0.32
13 B6 180 0.23 |35 SB2 140 0.36
14 B7 180 0.38 |36 SB3 130 1.00
15 B8 130 0.87 |37 SB4 130 0.77
16 B9 140 0.41 |38 SB5 110 0.14
17 B10 120 0.53 |39 SB6 120 0.33
18 M1 130 0.58 |40 SB7 130 0.80
19 M2 120 1.07 |41 SB8 130 4.84
20 M3 110 0.61 |42 SB9 130 1.47
21 M4 120 1.12 |43 ML1 120 0.33
22 M5 130 0.67 |44 ML2 120 0.73
ADER minimum (nSv/h) 110 ADER median (nSv/h) 130
ADER maximum (nSv/h 190 ADER mode (nSv/h) 130
ADER average (nSv/h) 135.9 ADER SD (nSv/h) 22.0

Legend for locations (city areas):@entar, SSlatina, tlrac, B-Bukinje,
M-Moluhe, HHusino, SBGi | ki

BMiladje, ML

If consider measurement results for different suburban areas of Tuzla City are

considered, it can be noticed that ADER vahlaes in the range from 120 nSv/h to 180 nSv/h,

with a mean value of 150 nSv/h in Bukinje, from 110 nSv/h to 170 nSv/h, with a mean value

of 132.

2

nSv/ h

n

Gi

K i

Br od,

and

from

110

nSv/h in Husino. At the locatienthat are situated in the western urban part of the Tuzla

ADER value was in the range from 110 nSv/h to 130 nSv/h, with a mean value of 121.3 nSv/h
in Miladije and Moluhe, together, and from 140 nSv/h to 190 nSv/h, with a mean value of 165
nSv/h in IracAccording to these results it can be noted that the highest values are registered

in suburban area Bukinje and in urban area Irac.

The measurements were mostly conducted inside the houses, 35 of total 44 locations

(79.5%). Seven measurement locations effeces and workplaces, and only two locations

are apartments in buildings. If consider the results for different types of objects it can be
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noticed that ADER values varied in the range from 110 nSv/h to 180 nSv/h with a mean value
of 133.1 nSv/h in housewhile in offices and work places values they ranged from 110 nSv/h
to 190 nSv/h with a mean value of 152.9 nSv/h. In offices that are situated in area Irac (13 i 14,
Table 1) higher ADER values in relation to other workplaces are registered althouas it w
expected that values would be higher at locations I1 and 12, where laboratory for coal quality
analyses is located.

When analysed the obtained results depending on that whether house has basement
space or not, it can be concluded that there was ndisggn difference in ADER values
between houses with basement and houses without basement (t(42) = 0.74, p > 0.05).

All measurement locations (objects) can be classified in three groups concerning the
heating method used in them. The first group inclkedobjects where electric heaters and air
conditioner units were used for heating the rooms. The second group included three objects that
are connected to the network of district heating system. In 36 objects (the third group) heating
was carried out bysing different types of stoves, with a central heating boiler located inside or
outside the house. For the first group ADER values ranged from 110 nSv/h to 170 nSv/h, with a
mean value of 140 nSv/h. The measured values for second group were from 12@ 11S@h
nSv/h, with a mean value of 163.3 nSv/h. For the third group of objects ADER values were
from 110 nSv/h to 180 nSv/h, with a mean value of 133.1 nSv/h. It was expected that values for
third group would be higher comparing to others when considémmdact that in houses of
third group were used burning stoves with coal and wood as fuel.

The results of the ambient dose equivalent rate measurements in houses with individual
heating systems were analysed depending on that whether heating is adrtsih@ coal or
wood stoves that are located in every room in house or there are installed radiators in rooms
with one central boiler. In first case a mean value was 139.5 nSv/h, with a range from 110
nSv/h to 180 nSv/h, while in case of heating with alietl radiators in every room was
determined lower mean value of 125 nSv/h, with a range from 110 nSv/h to 140 nSv/h. For
houses with own heating system the measurement results were analysed depending on that
where stove or central boiler is located, imsilde living space or outside the house. The mean
ADER value was 137.6 nSv/h for houses with burning stove located inside the living space
and 122.7 nSv/h for houses with central boiler located outside. According to statistical test
there is statistical gnhificant difference in ADER values between houses with heating stove
inside the living space and houses with central heating boiler located outside (t(34) = 2.22, p <
0.05). It can be concluded that central heating boiler located outside the livingvsigiace
installed radiators in rooms contributes to the lower values of the dose equivalent rate. The
comparison of ADER values in houses depending on that where the burning stove/central
boiler is located is shown in Figure 1.

Although for every object thenformation such as year of construction and used
building materials were noted the analysis of the measurement results concerning that
information was not conducted because of additional renovation of objects and using different
building materials for evg object.

The ADER values for every location were analysed deperatintpe annual effective
dose (AED) received by the population due to inhalation of radon. The AED values were
estimated based on the results of indoor radon activity concentratiowdhatdetermined
using the nuclear track detector method [8]. The ADER value as a function of the AED
received by the population due to inhalation of radon is shown at Figure 2. According to
Figure 2 and based on the correlation analysis it can be condiuaiethe ambient dose
equivalent rate and the annual effective dose have a very weak corr@latie®.15). If we
exclude the locations with significant high radon concentration and with AED values of 3.01
mSv and 4.84 mSv (H8 and SB8, Table 1) theneakncorrelation between dose equivalent
rate and annual effective dose is obtained0.27).
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Figure 1.Comparison of measured values of the ambient dose equivalent rate (ADER) in
houses depending on that where the burning stove/central boiler exllocat
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Figure 2.The ambient dose equivalent rate (ADER) as a function of the annual effective dose
received by the population due to inhalation of radon (AED)

There are no available data on the indoor measurement of the ambient dose equivalent
rate forthe area of Tuzla City or nearby. Institute for Public Health of the Federation of
Bosnia and Herzegovina continuously measure the ambient dose equivalent rate in air with
the aim of early notification about eventual presence of the radioactive contamimaéir,
according to the Regulation on the monitoring of radioactivity in the environment in BiH
[6,9,10]. Measurements are performed using multifunctional monitors installed at several
locations in Federation of BiH. For the measuring site that iatsidun the area of Tuzla City
a mean value of the ambient dose equivalent rate by months was in the range from 116 nSv/h
to 119 nSv/h for the year 2012 and from 112 nSv/h to 124 nSv/h for 2013 [9,10].

The results of indoor ambient dose equivalent ratesoreaents for neighbouring
countries are available for Berane town, Montenegro [5], where the values of dose rate in
buildings is ranged from 90 nSv/h to 167 nSv/h, with a mean value of 128.1 nSv/h. These
values indicate that the dose rates for Tuzla &igy/higher in comparison to Berane town, but
not significant higher. The results of the present study show that the indoor ambient dose
equivalent rate values for Tuzla City are higher than those values for different indoor
environments in three municiptdis in Republic of Macedonia [2], where values were in the
range from 38 nSv/h to 184 nSv/h, with a mean value of 102 nSv/h.

The annual average effective dose for the population of Tuzla City can be estimated
using that 80 % of time is spent indoors (th&oor occupancy factor is 0.8). According to the
measurement results in this study the annual effective dose is calculated to be 0.95 mSv. In
fact, annual effective dose will be lower than 0.95 mSv because the ambient dose equivalent
rate is a conservae estimate for effective dose for the decay gamma rays. In the idealized
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case it can be taken that effective dose is about 60 % of ambient dose equivalent rate [5,11].
This means that the annual effective dose for indoor exposure in the area of TuBaGHy

mSv that is similar to the value for Berane town [5] and slightly higher than the worldwide
average of 0.4mnSv but fits within the average values range for most countries-(0.3

0.6 mSv) [1].

CONCLUSION

In this paper, the results of the ambidnse equivalent rate measurement in dwellings
and workplaces in the area of Tuzla City are presented. Based on the analyses of the
measurement results it can be noticed that there is a statistical significant difference in the
values of indoor ambient dosmuivalent rate between houses with burning stove located
inside the living space and houses with central heating boiler located outside.

The obtained values are slightly above the values of indoor measurements for cities in
neighbouring countries. Thestemated annual average effective dose for indoor exposure fits
within the average values range for most countries, according to UNSCEAR data.
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Measurement of the ambient dose equivalent rate is the primary indicator of the
enhanced radioactivity in some area. In this paperresults of ambient dose equivalent rate
measuements in the area of Tuzla City, Bosnia and Herzegovina, are presented. The survey
was conducted in dwellings and workplaces that are situated in the western part of the city
mostly in suburban areas, near the industrial area of the city. The measuwasgetformed
by MiniTRACE gamma dose rate meter (Genitron Instruments, Germany).

The measured values of ambient dose equivalent rate ranged from 110 nSv/h to 190
nSv/h with an average value of 135.9 nSv/h and standard deviation of 22.0 nSv/h. Results of
measurement were analysed depending on a basic properties of objects where measurements
were conducted. If consider the results for different types of objects it can be noticed that
values were in the range from 110 nSv/h to 180 nSv/h with a mean val33.4f nSv/h in
houses, while in offices and workplaces values ranged from 110 nSv/h to 190 nSv/h with a
mean value of 152.9 nSv/h. According to statistical test there is a statistical significant
difference in the values of indoor ambient dose equivakgrtlyetween houses with burning
stove located inside the living space and houses with central heating boiler located outside.
The mean value was 137.6 nSv/h for houses with burning stove located inside the living space
and 122.7 nSv/h for houses with cahtroiler located outside.

Based on the correlation analysis it can be concluded that the indoor ambient dose
equivalent rate and the annual effective dose received by the population due to inhalation of
radon have a very weak correlation.

The obtainedralues of the ambient dose equivalent rate in this study are slightly above
the values of indoor measurements for cities in neighbouring countries.
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PROCJENA OLEKI VANE EFEKTI VNERDOZE UD
POLETKOM LI STOPADA 2017. GODI NE

Marija Sumninik oMiPitirji nBrc, Gordana Marovi
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UvoD )

Zahvaljujuld.i internetu (svemregi) i gl oba
strul nj aka, kao i interesu zainteresirane | e
se o najrazlilitijim zagalLenjajmaazIAdtiagrjafhi
ukazuju i prokazuju na djelatnosti ljudi koje, bilo da su izmakle kontroli, bilo da su po svojoj
prirodi |l oge, te narugavaju zdravlje okolig
Europom nadvio oblak rutenija. U zraku diljeBurope izmjerene su niske koncentracije
aktivnosti’®®Ru  (u koncentracijama “adknekoliknnBgt)il- od nel
3]. Rutenij, izotop'®Ru (u paru s izotopom®Ru), jedan je od fisijskih produkata i ne
ol ekuj e se nj e g oferidijekpnorutiaskay onenitoringa. iat ja detektiran,
zaludno je bilo nedetektiranje drugih fisi]|j
npr. 1%Ru parnjakal®Ru, izotopa cezija, 0sobit6’'Cs, da se ne spominju izotopi joda,
osobito®3Y,

Me L arodna agencija za atomsku energijatgrnaional Atomic Energy Agency

| AEA) pratila je pojavnost i i zmjerene konce
u nNukl ear noj el ektrani u kojem bi dogl o dc
koncentracija aktivnost*®Ru bi l e su mnogo nige od vrijedno
mehani zama za sl ul aj akcidenta i pokretanje
fisijski produkt,?®®Ru moge bi t i gener i r @womimauza pokebeed er at
medicini i industriji, npr. u tretmanu karcinoma oka, ili u satelitskoj opremi kao
termoel ektri | ni pgreenteproasttoarv isl or ustee ndig ejnme negd)]
rezultirao ispugtanjem rutenija u atmosferu
Na srelu, i zmjerene koncentracije aktivno.
ih vige nije ni bilo mogule detektirati. No,
b i trebal o biti), a postoje k onaoeanjudskant i | e K

organizmu[57] stvara potrebu za procjenom doprino
Ru za prosjelnog stanovnika Hrvatske.

l nstitut za medicinska istragivanja i me
ustanova za obavljanje skrni h posl ova zagtite od i1 onizireé
Jedinica za zagtitu od zralenja | Ml Svojom
sustavno odreluj e aktivnost bil o koj eg rad
i oni zirajul ebgi | oz rkaoljeonjj at o] ki prostora. Sust a
okoli gu Republi ke Hrvatske izmelLu brojnih alk
doznog ekvivalentaH*(10), na | okaci j i I M1, te uzorkovanj e
odrelivanje koncentracija aktivnost:i u zraku

12 u o dr euelikom vplemenu zraka propumpanog kroz filter od 29. rujna do 9.
listopada 2017. godine. Temeljem iargnih vrijednosti koncentracija aktivnosti, modela za

izralun doze, te givotnih navika odraslog
olekivanoj efektivnoj dozi koj u'Ruduvwvmemeodr as|
zamijelene pojavnost.
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MATERIJALI | METODE

U Jedinici za zagtitu od zralenje | Ml SV
mjerenja brzine ambijentalnog doznog ekvivalentd(10)/t. 1z neprekidno skupljanih
podataka u minutnim intervalivaled H*(Ld)roeéntsng e s e
brzina ambijentalnog doznog ekvivalenta*(10)/t, u nSvh. |l zralunavaju se
dnevnog prosjekB*(10)/t.

Vel i ki volumen zraka neptr580kHV8 rHigh vpleme p o mo |
samplej propumpavan preko Petrianoitra (FPR15-1.5) postavljenog na visini 1,5 m iznad
tl a. Uzorkovanje zraka provolLeno je od 29.
2017. godine u 10:36 sati. Filtar s propumpanim velikim volumenom zraka (V = 146334 m
spremljen je u kutijicw ol umena V = 50 ml [ obralen je g
akreditiranom prema zahtjevima norme HRN EN ISO/IEC 17025. Gamaspektrometrijska
analiza provedena je na detektoru, kristalu
GMX detektor, rezolucije 24 keV na 1.33 MeV°Co i relativhe efikasnosti od 7498 na
1,33MeV®%Co. Detektor se nalazi u olovnom kont ej
ni sko osnovno zralenje, a povezan je na r al
podataka- spekara, kao i obradu skupljenih gamaspektara [9]. Kalibracija efikasnosti
provedena | e standar di ma Legkog metrol ogko

odrelivanja radionuklida provodi sustavnim
or gani z amarogne agevi@d. za atomsku energiju (IAEA) i Svjetske zdravstvene
organi zacije (WHO) kao i Zajednilkog istragi
REZULTATI

Dnevna olitanja brzine ambijentalnog dozn

godinenisuuazi val a na mogulu akcidentalnu situaci
varijacije, ne odstupaju od onih prije i poslije u 2017. godini. Na Slici 1 prikazani su
usporedno medijani dnevnih vrijednoliti(10)/t od 29. rujna do 9. listopada 2017. godine.
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Gamaspektrometrijska analiza velikog volumena zraka (V = 1404B4i1zorkovanog
od 29. rujna do 9. listopada 2017. godine u obradi je rezultirala koncentracijama aktivnosti
uobil ajeno u zr ak UBep¥Cs, K.t No,nh energijairia 621,80kkeM id a ,

1050, 10 keV pojavil i s umsbedamatiekom201id godinekao j i h
ni prije, nije bilo. Analizom je ust®nhov!jen
koji nastaje stopostotnim beta raspadf®Ru. Ut vr Lena j e k'Ruawentr ac
vrijednosti 0o d 3.INakor2® listbpada pzorBovani Bugi mnalizirani dnevni

uzorci zr ak @ nd 3e sk vrilednost Koncemtracija aktivnd$tRu bile ispod
granice detekdtij@akav 30aDB@gjm situacije potvi
strul nj aaksarad cAraldm idcidentu.

Zr ak nad Zagr ebom, nad Hr vat sk om, nad E
izotopom!®Ru, nekoli ko dana poletkom | istopada 2!
mo g e mo rel i, sukl adno rezul tdaetsiemta dmjnear epf| a:
koncentracija aktivnostP®Ru iznosila 13,3 mBgm

Provede |i se za tih deset dana, H%®u koj e
u zraku, izralun procjene HRueBei van e ae fpa kotsijwe
oodr asl og stanovni ka Hrvatske, starijeg od sec
vriijednost od 196 nSv. Vrijedn8Rutza arjeraeki vane
desetodnevne izlogenost:. uvelike prdoeaguj e

udisanjem*®’Cs, °°Sr, ‘Be i “°K [8]. Na Slici 2 prikazani su udjeli pojedinih radionuklida

(*3Cs,0Sr,Be i“K) u procijenjenoj godignjoj ol eki
odraslog prosjelnog pripadni kajmaieipeodanapul ac
procjena olekivane efekti¥Rue doze desetodnev

0.31% K-40

0.90% Be-7

Ru-106
98.19%

Slika2.Godi gnja procijenjena ol ekivana efekt
137Cs, %Sy, 'Be %K uz desetodnevno udisatffRu za prosj el nog odr
stanovnikaRepublike Hrvatske

Procijenjena olekivana efekt i ¥Rugotavojea wus |
pedeset puta vela od procijenfen®r,Bdi®k i vane
tijekom cijele godine. Takvo, iako iznosom malo (radise 8 v ) , dodatno dozno
potrebno je zabiljegiti i voditi o njemu r al
zdravlje ljudi.
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ZAKLJULAK )
Redovito sustavno pralenje stanja radioakt

bi biti neupin o u sV O] girini predvi Lenoj Pravilnil
okollil@®y . Dapale, zbog sve nigih vrijednosti
u ok od¥Cs,¥ur )( potrebno je progiriti bhisemdiet odol o
god je mogulie mogao wukinuti pristup zadovol
vrijednosti. Takav pristup je nugan u cil ju
l'judi [ njihov okolig. Patrnebnwakmi plitleomcad ¢ tad
negel jenu pojavnost, kako bi s e identi fici

posljedice svele na minimum.
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AN ESTIMATE OF THE C OMMITTED EFFECTIVE D OSE DUE TO
INHALATION OF %Ru AT THE BEGINNING OF OCTOBER 2017

Marija Suril Mihii, Branko Petrinec, Gor
Institute for Medical Research and Occupational Health, Zagreb, Croatia
jsencar@imi.hr

At the beginning of October 2017, low concentrations'%Ru in highvolume air
samples were detected in some European countries. The measured concentrations did not
contain any other notable radionuclides (other fission products stgiCak

10%Ru is a common fission product and it would not be expected to be routinely
monitored in the atmosphere. The absence of any other fission products in air samples implied
that'%Ru was not released from a nuclear power placan also be generated througther
means including accelerators and cyclotriarsuse inmedicine and industry; for example,
108Ru is used in eye cancer treatméftte origin of!°®Ru was therefore to be found either in
nuclear fuel cycle facilities or in radioactive source productio

The measured concentrations were at levels far below those requiring public protective
actions.

The Radiation Protection Unit of the Institute for Medical Research and Occupational
Health, Zagreb has been conducting a radiodgtivheasurement programme in the
environment of the Republic of Croatia since 1959. Systematic monitoring of environmental
radioactivity in Croatia, among other activities, includes measurements of the ambient dose
equivalent at the location of the Insteufor Medical Research and Occupational Health, air
sampling using various filters and a determination of radioactivity concentrations in air due to
airborne radionuclides.

Daily readings of the ambient equivalent dose rate in the first days of Octobedig01
not indicate an accidental situation. Daily averages as well as corresponding variations did not
deviate from prior and later readings made in 2017.

Gammaspectrometric analysis of highlume air samples (V = 140434°maken from
September 29 to Quiber 9 2017 revealé®Ru act i vity concentriations
The committed effective dose from inhalation'®Ru during 10 days of exposure for
an adult was estimated to be 196 nSv. The estimated value of the committed effective dose
from inhalation of°*Ru during these 10 days of exposure significantly exceeded the

estimated annual committed effective dose fiohalation of'*’Cs,°°Sr, 'Be and*’K.

The authors suggest that the detection and quantisation of any potential radiological
pollution is necessary in order to identify potential hazards and take action to minimize risks
and corresponding consequences.
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PROCJENA EFEKTIVNE D OZE ZA SERVISERA HEL IKOPTERA

Jerko Gigko, Marija Suriil Mihii, Mi
Il nstitut za medicinska istragivanja i
jsisko@imi.hr

UvoD

Jedna od k omp o n eemand uz siguran rad\helikogteaagjd iisignalizator
zalelivanja koji moge s adr%e)a Takav sigadlizatorr e n i
nal azi se na krovu, pri bazi nosala elise h
provode se poslovk o j i ukl juluju rad u neposredno] bl
testiranje, demontagu i m&Aa gwgr aZlaetrnv ou esiig
zalelivanja je beta emiter, S glavnim dopri
2,284 MeV, s vremenom poluraspada, = 28,2 godine [1]. Dozimetrijska mjerenja
izl ogenost.i servisera do sada se nisu prov
izl ogenost.i bazirana na radiologkom nadzoru
na mjerenjima brzine ambijentalnog doznog ekvivalert§10) od zakol ne kompo
zralenja nije ispravna procjena izlogenost:i
pravilnu procjenu nugno je poznavatzvoratrenut
prema <certifikatu izvor a, udal jenost od izv
model a za procjenu [1] mogla izralunat:. ukup

Serviser.i koj i provode servis heshrstdtiopt er a
e skupine. Prva skupina su serviser. kK o]
isa ne rukuju izvorom zralenja, a druga
srednoj bl izini de pgovodel njegoa derwis (Borazveand radhoj v a n |
f or mi u razini el i se). Tijekom provedbe
al
k o

- = o 0 <

izatora u svrhu testiranja efikasnost.

d
s
n
Y
S
[ |l nojr kloenpjoament i z

i
;
P
a
9
z

MATERIJALI | METODE

Mjerenje brzine ambijentalnog doznog ekvivaleHtgl0)na r az |l i | i t i m pol c
heli koptera provolLeno je Mmjilé&rniMpeunrcalaj sm Dl
podnogju helikoptera tepmnar ®d|l lkhojf@ar mmoguihada
Korigtena |je akreditirana metoda Instittuta
608002 Odrelivanje brzine prostorHNOghH ([a2nb.i j e
Signalizator zal el zawaeenijradioaktivni igvef’S% dapdgmatea o | e
aktivnosti, nedostupnog certifikata izvora. Brzid§10)pr i rodnog pozadi nsko
lokaciji gdje se provodi servis bilo je u rasponu2&D nSv/h.

Na temelju certifikata radioaktivhog izvora drugggdnakog modela signalizatora
zalelivanja elise utvrdili smo da s taj n
maksi malne aktivnost. 930 MBgq na dan proizvo
tijekom rada s e omsignadizatara etpostaklismauda je mvorgnovi. t

Radioaktivni izvor®SrP%Y nal azi se ispod elise helikop
od ionizirajuleg zralenja, Slika 1), Uu Spre
zralenje odai zeortd je&kloon vremena kada je r at
jedina komponenta koja je mjerljiva zakolno

Servis helikoptera na kojem se nalazi radioaktivni izvor u prosjeku traje oko 4 tjedna
(vrijleme trajanja rada u blizini izvora ionizitaj e g z r al enja u prosjek
heli kopteru kad je izvor zagtilen gtitom, t
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zal elLivanja kad izvor nema zagtitni gtit je

sata). Kapacitet hangara&kuoj em se vr gi servis je 3 helikop
moge istovremeno radit. na jednom helikopter
REZULTATI

Rezultati mjerenja brzinét*(10) u o kol i ci podnogja helikopt
radi oakti vni izvor zagtilen gtitom prikazan
| okal nog pozadinskog zralenja gto je i ol e

Udaljenost od izvoradrii kom zadr gavanja u neposrednoj bl
metra.

v/h 100nSv/h

40Sv/h

124nSv/h 142 nSv/h

&

88 nSv/h 114 nSv/h

80 nSv/h

Slkall zmj erene vrijednosti ambijentalne brzine
nal azi zagtileni radioa¥®xPPYvni izvor io

Rezultati mgrenja prikazani na Slici 2A) i 2B) pokazuju vrijednost brzig10) na

prikazanim wudaljenosti ma od signalizator a
helikoptera. Na Slici 2A) prikazana je izmjerena vrijednost bren@0) kad se na izvoru
nalazigt i t koj i zaustavlja beta zralenje. Na S
H*(10)na i stim pologajima kada se g¢gtit makne.
U slul aju rada na pl atf or mi na udal jeno
radioaktivnog 1 zvosia oeée pilekesiuosal dogpronr al
Prema mjerenjima obavljenima prilikom isp
brzinaH*(10) od zakol nog zralenja na wudaljenost.i 1
pretpostavkom da je maksimalno vrijeme rada s iavor@a ovoj udaljenosti do 3 sata po
jednom servisu, ukupna primljena doza u ovo
efektivna doza djelatnika koji radisrP™u  okol

nepoznate akti vnostSv, nbkakoanielpoznata stprostinvpr@ ovadd 1 6
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podatak je nepouzdan jer za novi izvor moge
provedena mjerenja star 28 godina).

|l zl ogenost beta zralenju na udalj egodst.i 3
pretpostavkom da je radioaktivni izvor novi, da serviser radi maksimalno 3 sata s izvorom
ionizirajuleg zralenja bez gtita, ukupna mal
moge primit. u najgorem slul ajuta ezr®338& nm8Byv
apsorbirano i mjerljivo je zakolno zralenje
sl ul aju sigurno vige od onog i zmj erenog u
aktivnost.i proizvodi zako| no zrjapreciefjena vel e
vrijednost viga od godignje zakonske granice
potrebno je provest.i mj erenja prsten dozi me
procjena na godignj o] r aosti n i [ provesti opt.i

0.07 u Sv/h 0.24 u Sv/h

Slika 2.1zmjerene vrijednosti ambijentalne brzine doze oko iz¥e8a*Y na | et i ri r a
udal jenost. (0,12 m O0,5 m 1 m, 2 m) sa za

ZAKLJUL AK
Radni ci kKoj i se zadrgavaju na radnoj pl at

radi oaktivnog signalizatora zalelLivanja, ne

pokazala da su u takvoj situacije brzim#(10) usporedive s lokalnim pozadinskim

zral enj em.

Radni ci koj i rukuj u
osobni dozimetar za mjeren}ép(10), al i S
zbog ol ekivanog ozral en

d

s radioaktivnim sign:
e preporula obvezna
j a Hpy(@&Ook)aatrebmbje kapravitip r o v e ¢
0z

procjenu ekvivalentne e za gake i kogu te

Procijenjene vrijednost: ekvivalentne doz
i znad godignjih granica ozralenja [3].

U slulaju da serviseri ekhdeval eztvma | dhaz & o
godignje dozvoljene granice [ 3].

Zakl julak je da bi serviser:i koj i rukuj u
kojem je ugralen zat%soP% erebali obvazdd kowsttit prsiem i iz

dozimetre za ngrenjeHp(0,07).
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EFFECTIVE DOSE ESTIM ATION FOR HELICOPTER REPAIR
WORKERS

Jerko Gigko, Marija Suril Mihiil, Mi
Institute for Medical Research and Occupational Health, Zagreb, Croatia
jsisko@imi.hr

Measurements were performed on a helicopter in a vicinity of a radioactive icing
indicator containing a sealed radioactive source °e8r”°Y. The H*(10) rate of
bremsstrahlungcomponent was measured, vehiexposure to beta radiation should be
measured in the future using ring dosimeters.

Workers who spend larger amounts of time near the radioactive source but do not work
with it are not exposed workers, whereas the service and repair workers that dolatenip
the radioactive source are exposed workers and perform an average of 12 repairs annually,
handling the°Srf°Y for approx. 3 hours per repair.

The worstcase scenario (new source, maximum exposure) leads to estimation of the
equivalent dose for thekin and hands of 558 mSv per repair, which exceeds annual dose
limits for the equivalent dose for the skin and extremities.

It is recommended that the workers handling the radioactive icing indicator should wear
ring dosimeters so their equivalent doseuld be properly estimated and if necessary
optimisation measures taken.
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MJERENJE TJELESNERADI OAKTI VNOSTIAJUU SL UL
NUKL EARNE NES RIKH RAZMIERA

Ni kol a Markovil, Martin Hjellstr?©°m,
Department of Radiation Physics at Instituté€Cthical Sciences, Sahlgrenska Academy,
University of Gothenburg, Sweden
nikola.markovic@gu.se

uUvoD

Sanacija kontaminiranog pideddsaiplingraije prajgkto n  n u |
pokrenut aske agéncij@za &zvaBedmee situachey(n di ghet en f°r san
och beredskapMSB) s ciljem analize i revizije smjernica namijenjenih donositeljima odluka

u sl ul aju nukl ear ne nesrel e. U projektu s u
problemuj e mul ti di sciplinaran i ukl juluje znans
komuni kaci jskih znanost.i te naravno fizike z
nukl earne nesreie. Odabir evakuactlgibraneu zone,
svr hu smanj enj a negati vnih zdravstvenih ut
kombinacija tehnil| ki h i financijskih | imbeni
komuni kaci ju s |l okalnim staoeenil gt vgma aQdjG®
sudjeluje u projektu kroz istragivanje novi |

radioaktivnosti.

| skustvo Japana nakon nuklearne nesrele
brojem mjerenja tjelesne radioaktivnosti z ahval enoj popul aciji, s
osoba[1]. Tjelesna radioaktivnost i odgoviar aj ul a
situ gama spektrometrijskim mjerenjima i mjerenjima aktivnosti u hrani (uz kot enj e r az
populacijskin parametara, faktora transfera, doznih koeficijenata te iskustva mjerenja

aktivnost. i cijelog tij ell2aliimdividiansrazditatgvarati h n u k
e unutar populacije ovisno o raznim |lokalni
dr . ), Sli ka 1. lako je prosjek populacije i:
dovoljno velika, pojaviti | e snad dozdolierolj e n i b
ograni | enj a. Postavl ja s e pitanje i ma [ :
radi oaktivnu kontaminaciju i pripadajuliu doz

velikim brojem mjerenja tjelesne radioaktivnosti.

1500 -

|
b
@

w

1000 |

N by
LN o w o s

|
Life-time CED [mSv]

Number of cases

500

. j Htmm:ﬁms

0 2

10
Life-time CED [mSv]

Slika 1.Distribucija kumulativnih efektivnih doza tijekom 50 godina za odrasle
mugkarce za stanfdlar dni scenari | pr
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U radiologkim i n u k | @ama nivoi aktivnosti Kofi adgovadtajui m s |
limitima doza (za npr®Cs i1 ) prililno su visoki tako da
metode mjerenja nije osjetljivost instrumenta nego dostupnost i maksimalni protok. U tom

slul aju nisu p odtcijeldgatijela betike pspetljivosti &oj magw detektirati
vril o niske aktivnosti vel se[3#logu kori stiti
Pristup brojalima cijeloga tijela u Gveds|
8 pripada nuklearnim postrojenjima il:@ VOj S
(Slika 2). Br o] gbaarian ikcaamear av eul ig vjeed sckd m7 0, ko
tako da je dostupno i trenirano osoblje. Ko
nesreile osigurava dobru geografsku pokriver
Preciznost mjue meersjree [ @ g laklod er nije kIl jul an

nepouzdanosti do 50% sasvim su prihvatljivi. Mali broj pojedinaca s aktivhostima koje su
bl izu i1li iznad ogranil enj a, kao i oni odab
n e &ivaaih puteva unosa radioaktivnosti i posebno osjetljivih skupina), nastavljaju se pratiti
preciznijim i osjetljivijim metodama (broj al
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ZAKLJUL AK

Napravljen Je popis gracama i kst rkentakata mjihovahv e d s k
operater a. I denti ficirani su najlegli model i
mjerenju tjelesne radioaktivnosti. IlIstraguje
kako bi se postigle zadovoljaa j uil e per f or manse, a kako bi s e
bolnil kog osobl ja i smanjila ili potpuno i
treninzi ma. Razviti i e s e kompjuter ski mo
nastavljajubtrdgsadapaja razvoju kompjutersk
cijeloga tijjela[5) na Sveul iligtu u G°teborgu. Potrebn
(trajanje akvizicije, mi canj e kol i mastiglar a, i
gel jena [63j evajidasija e se provest.i mj er er
usporedbom s brojalima <cijeloga tijela. Sv
raspol age s vaosticijelbga tjglaakbja moguknijeriti niske razine aktivnosti.

Si st emi Su smjegteni u podzemnom | aboratori
sistem se sastoji od dva Nal (TI1) detektor a
scintleci j ska detektorads@il,5 I 76,0 I 25,4 cm

Krajnji cilj projekta je donogenja smjern
instrumenata.

Zahvala
Projekt se i zvodi uz financijsku potporu (

i Gv e énsije a izaagredne situacije (MSB).
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LARGE -SCALE MEASUREM ENTS OF INTERNAL CON TAMINATION
IN CASE OF A NUCLEAR ACCIDENT

Ni kol a Markovil, Martin Hjellstr?©°m,
Department oRadiation Physics at Institute of Clinical Sciences, Sahlgrenska Academy,
University of Gothenburg, Sweden
nikola.markovic@gu.se

Restoration of contaminated areas after a radiological and nuclear accideah
interdisciplinary research project launched with the goal of providing recommendations for
decision making in Sweden following a radiological or nuclear (RN) accident. The project is a
collaboration between several universities in Sweden, organimedSwedish Civil
Contingencies Agency (MSB), aiming to provide a tool for readily comparing the costs and
outcomes of different remediation actionEniversity of Gothenburg takes part in
investigation of instruments and measurement methods suitable tforatesy internal
radioactive contamination.

The experience from Japan after the Fukushima accident shows a need for extensive
whole body measurements of the affected population. In the early stage after the accident
threshold activities that correspondéaction dose levels are quite high and should be easily
measured by medical gamma cameras. The main motive for the use of medical gamma
cameras as screening devices is their availability, while multiple studies have shown the
feasibility of using gamma cagmas as an alternative to whole body counters (WBC). Access
to whole body counters in Sweden is limited (around 15 units), thus the use of medical
gamma cameras (more than 70 units in Sweden) provides better geographical spread and
higher throughput. As gama cameras are used on a daily basis by medical staff there is
already trained personnel ready in the case of accident. Measurements of lower activity levels
at intermediate and late stages following the accident (e.g. to identify unexpected pathways or
sensitive groups) require the use of Wevel whole body counters. Sahlgrenska university
hospital has two WBC systems housed in a twin-émtity steel chamber. One system
consists of two Nal(Tl) detectors in scanning bed geometry and the other tdrfpriplastic
scintillation detectors.

Project continues the previous work carried out at the University of Gothenburg on
development of computer models of WBC systems. Aim of the project is to develop
guidelines for the use of gamma cameras as screarstigrnents. The most common gamma
camera types in Swedish hospitals are identified and adaptation of a specific gamma camera
system for whole body measurements is studied. This includes setting up acquisition
parameters and development of computer modwighfe calculation of efficiency curves.
Generic models of the most common gamma camera types in Swedish hospitals will be
developed and validated by experimental measurements using calibration phantoms and
through the comparisons with lelvel whole bodycounters at Sahlgrenska hospital.
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CT KOLONOGRAFIJA 1 KOLIKO SE ZRALI MOTOROD ME

PROBIRA?
J el en &% Nwkolalvah Lede Vinko Vidjak?
Medicinski fakultet Sveuliligta u Z
Klinilka bolnica Merkur, Zagreb

popic.je@gmail.com

UvoD

Mal i gne bol esti danas pr ema svim epidenm
znal ajan javnozdravstveni problem, a iastovre
i specijalnosti. Vel se niz desetl juenrdi pr @t
mal i gni h bolesti. Stoga su preventivni progr
u unaprijelLenju zdravl j a, uspj ehu Reipjueblleincji:
Hr v at(sRHyje provod:i nekol i ko n a dira nvalnniah nperka
naj ulestalijih mal i gni h bol esti kKoj i s u 0s
Nacional ne strategije prevenci|j e [ ranog C

sveobuhvatne strategije razvajlallzdrgaowdstnwea iu
predstavljaju okosnicu YUekunmkoanniolst mjpemna epibe
mjera ovi si O stopi odaziva pacijenata preyv
uloga |lijelnika, aliiimndr wgagwa. pocjl ¢ laidmij i un tc
podaci ma iz Registra za rak Hrvatskog zavod
br o] novooboljelih osoba od malignih boles"
mugkaraca i 10534 gJgena,r &mj 5 ®&h @& e Bo mjj erummu g Kk
mal i gni h bol esti il znosi o je 14012, od | ega
Naj|legla sijela kod mugkaraca |ine pluia (18
(1%) te mojkerhadani (@6r]c.i nban degkie jnpeaj kar &) nom u
slijede kol on, r e%)t,ump |%sljag m@agd €1 @ mat dyltrditcrej e
(6) [1].

Znal ajno mjesto u ranom otkrivanju veliko
doj ke, ploafaciijdevba, zauzimaju upravo radio
metode u velini zemal ja itzabrimemegeam tmogdtea d eU [
RH radinod ogggkmé hgda i zabrana je za pronal age
skupiamom aotkrivanju raka dojke su gene u d
i zbora za probir je digitalna mamogr afei j a.
godine g¢givota za ¢gene s prosjelnim rieikom :
koje nemaju ranijih bolesti doj ke u orse@bnoj
za povelani rizik za oboljenje.

Za rano otkrivanje malignih Dbolesti debe
neinvazivni test npodbkulenses kavagenjé. 5Brgbid
rosjelnim rizikom za razvoj mal i gne Dbol e
i i g testa preporulena daljnja -metoda
i h mogudanwisjténi jU mexeéml jama kao met
e relativno novija I prema svim
CT odnosno CT kolonografija (virtu

0
k

-~ — -

S
MS

MSCT kol onogrhkhol ppogkopitjua) npe radiol ogka
je od 2016. uvrgtena kao jednako vrijedna me
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visokom osjetljivogiu u deteKrcétjragga oIg einav o
pri mjariegpmeemp <crijeva, Il dentil ne pripremi z
pot om i nsuufdleibred oCQ@ri jevo, a snimanje se ul i/
snimanje traje prosjelno 10 minuta [4].
Korigtenj erna|nuanparlendinhambha mpg rekonstrukcij a
dijela crijeva i detaljna analiza unugtagnj o
i speci f nost MSCT kol onografije zampol i po¢

[
uspored

i
va s kolB®@nosldoki jjemz@0 ,d&6G:ek,cmmfjnu pr or
osjetljivo

[
i st kolonografije tek neznatpe man,|j

metode za detekciju nepolipoidnih promjena
promjena, melLwmeodtlbude ssporedive [7].

Najvela zabrinutost koja je jog uvijek ra:
mogul nost njeni h potencijalno gtetnih ul i n
perforacije crijeva i ul isneci priocoaiijzeémialjaul @ge
potrebno je ove ulinke usporediti s rizikom

Prema svim radovima ul|l estal ost Per0¥er aci j «
0O, %3gto jenampal apgo pri -0kA[®INskopiji 0, 06

Prosjelna efektivna doza zm8&bVvegjita pei ekol
godi gnjem pozadinskom zralenju i Vvige nego d
I st pregled prije 10 godinat abanmaaw ko ue k|
fiul ¢ roavodmeet ode sni maemj doXkads kanjmbjves md oi § @o dn
nego pri snimanju rtg snimke pluia u jednoj
Mer kur smo uvel. nove nifTskotonongrpfojeké&ah&os
doze zralenja koje pacijenti primaju priliko

REZULTATI
Od poletka uvolLenja metode CT kolonografi
do znalajnog poboljganja protokola snimanja.
I nici j &loma s$md i protokol za snimanje trbu

prosjelne izralunat &1 ®mSektui v mésgydmSe, olib v ies nsou
antropometrijskim karakteristikama pacijena
vrijteidnokup-aodosDeL Pl en ditzha porbojdeucgni mane ser i |
medicinskim fizilarom. Potvr Lene s u naknad
Utvrdivgi relativno visoke doze, tim je od
| i t er aptoudranciimma . Tablica 1 prikazuj e uspor e
radi ol ogkim pretragama.

TablicalUsporedba doza kod radiol ogkih

pretraga BLFE]

mSv

Rtg plul a 0,1
Rtg abdomena nativno 1
Pasaga crije 9
CT abdomena i zdjeliceativno 10
CTC (2 serije) 20
CTC ultraniskodozni protokol 2

CTC nage inic 31(1N31_37r§1)8v

* Data courtesy of www.radiologyinfo.org (RSNA)
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Postoj i nekoli ko strategija smanjenja do.

promjeérektri|l nih parametra snimanj a: promjen
debl jine snimanog sloja i konal no promjenu
zadovoljavajule dijagnostil|l ke kvalitete snim

Na -6l4o0j@Toum el aju promjena deblmmneoprionf asi
smanjenju3@0&ge od 20

Smanjenje jakost.i struje takolLer doprinos
Pickar[d@lappr edor uka | e-758A md rsjnen joe gd@ ds n @ aci
3BO0OMA s indeksom guma 50 za wurelaje s modu
Aqguilion 64 prd8p@Aukae saander d®@om-50ceviSjDa csiej ¢
kod urelaja tvrtke Toshiba odnosi na i ndeks

Stoga prvu seériljimasmiama moa moai ficiranim ni
SD 30, a drugu ser i j-nui sskmoidneazmjian ma ott mkwh w mu l
Prema i1 zralunima temelaj eprieng |l read avy r iojve st iomaa
parametri ma pacviiejngdanost edemffekti vne doze |
3,N8 ,mS v, odnosno zZa pr osme|7rkoyg -71pn@8cvi.] e Z B a
ultrani skodozni prot ok oNO,stnZevd,njadnvorsinjoe dmna spr

pacij eSnbtbd&v 0, 5

ZAKLJUL AK
MSCT kol onografija je metoda za otkrivanj

karcinoma koja ima bolju osjetljivost u de
usporedbi s kolonoskopijom [13].

Prednost i MSCT kol onogaapbpgroguji nesinviazk
usporedbi S kol onoskopij om, mogul nost Vi ge
prednost je mogulinost analize dijela c¢crijev,
Osobita | e prednost oememet athal mMmoguisvo it o
abdomena,spbadglbslgeosti koji nije mogule ulini
pacijentu g¢gtedi dodatno zralenje koje bi do
dal jnje kirurgko i/ 11l onkol ogko Ilijelenje.

Nedostaci su izl ogenost ionizirajulem zr
patohistologku analizu kao i sl abija osjet!
crijevnoj sluznici, usporelujuli je s kolono

UvolLenjem ni sknoksadorzinh hi pudtolol a probl em
smanj uj e i pretraga =zaista nosi jednak rizi
petogodi gnj i probi ri ovom metodom smatraju
Drugim rijelima,makargindtt eo@d detrakoim estadi | u
izl aganju ionizirajulem zralenju [10].

Zat o pr ema nagim iskustvi ma smatr amo Vo
osjetljivije i specifilnije metode bzraojdneitme k c
prednostima u usporedhbi sa sada korigtenim t
probira za CT kolonografiju je 5 godina, dok
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CT COLONOGRAPHY - RADIATION EXSPOSURE DUE TO
SCREENING METHOD?

J el e n &2 Nikolplvah Ledet, Vinko Vidjak?
School of medicine University of Zagreb, Zagreb, Croatia
2University hospital Merkur, Zagreb, Croatia
popic.je@gmail.com

CT colonography (virtual colonography) is a diagnostic imaging (ionizing) method for
colon cancer detection. Due to its high sensitivity this method has been chosen in 2016 as
equal to colonoscopy for colon cancer detection. The method is performed after proper bowel
preparation identical as for classic colonoscdfy optimal image quality, #hcolon should
be clean and completely distendedstBnsion can be achieved via a pressagulated
device with carbon dioxide (preferred) or room &fl scanning is ideally performed on a
multi-detector computed tomography (MDCT) scanner in both sugigeprone positions.
Image review with the use of twdimensional (2D) and thredimensional (3D) displays is
strongly advised for optimal evaluation. The whole exam lasts oniyidgtes. Virtual
colonoscopy has several advantages over conventional osclgoy: minimallyinvasive
procedure, therefore complication rate are lower, takes less time, can visualize colon beyond
the obstruction or narrowing, detects extracolonic pathology, so that patient does not need
further ionising evaluation for staging.f&€tive dose is about 3 mSv which is equivalent to
annual ambience dose. The dose is 10 times lower than during the same exam 10 years before.
Nowadays we usél o w odaonsde -lu b-dva&er ot ocol s with doses |
Therefore scgemat hgdwi shhtbghly recommended
radiation dose due to this method is conside
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KONTROLAKVALITETEZ AGTI TNI H OLOWGMILA RRE
KBC-U ZAGREB

Ana Buinac, Katarina Rugil, Vedran
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ana.buinac@kbezagreb.orgkruzic@kbezagreb.orgvedran.manestar@kizxaqgreb.org

UvoD

Ol ovne pregale i maju zn aihtaryemciskojuddiolggy. u di
Upotrebljavamo i h kao zagtitno sredstvo kako
ionizirajuleg zralenja bila gto manja mogul
upotrebom i nepravil ni ndor wkjaved rejng mm mddpey ko
i spunjavaju svoju svrhu te |je, ukoli ko ne p
znatno doprinesu primljenoj dozi zralenja ra

MATERIJALI | METODE
Pregledano je ukupno 184 pacakjgalle. s3ver agd
identificirane prema mjestu kojem pripadaju, namjeni, ekvivalentnoj debljini olova te

fotografirane. Svaka je pregledana prvo vVvi zl
zatim i taktil no, opimpaygyalng .e MK \kamtpil ted tniev rpa vp
na fiksnom rendgenskom +#mbelagruoizaobbal aa ISjAd
pomolu multimetra RTI Piranha 657 Kkojim smc
osli kavanjem kako bi pwkoitdemnnet idnuwtiaral pr eegdle
vidljive izvana. El ektril ni uvij et pod Kkoji
kako bi se rezultatdi mogl i jednostavnije us
100k V p , umno gk u sdt20mAp @z udaljenost ednieeyanaado aetektora 60

Pregl edani SuU svi di jelovi pregale gto znal
obzirom da je maksi malno otvoreno polje man
napravlijena pregledo sl i ka na monitoru wurelaja. Kriter

pukotine koja nosi dodatan rizik temeljen je na procjeni dodatne efektivne doze koju bi primio
radni k u godinu dana nodgenja ogtelene prega
2mSvkao10% z akonski ogranim®wmet evrjig egdmmrsd § e mad L2

zbog prihvatljivost.i veliline pukotine [1],
| CRP1982b [ 4]. To nam daj enSvkMaksanalneudozeblpedea t n u
veliline pukotina prema mjestu nastanka dane
TablicalMaksi mal ne dozvoljene veliline
Ekvivalent olova (mmPDb)
0,25 0,35 0,5
Tip preg Podr ul j AC =0.22 mSv
Krite_rij . Maksimalna duljina pukotine (cm)
odbacivanja
Dvostruka Cijelo tijelo 13,5 17,5 27
Gonade 4,4 5,6 8,7
Jednostruk Cijelo tijelo 59 5,6 54
Gonade 1,9 1,8 1,7
Gtitnj 19 1,8 1,8
Dvostruka PA (10%) 17
lat (30%) 9,8
LAT (75 %) 6,2
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REZULTATI

Rezultati ocjenjivanja |istole, gava i 0S|
do 5 gdje 1 oznalava izuzetno | ogu pregal u,
pregledane @or ¢e¢galpar,oc33 e e d)pdokiap svegad®Be ( ocC |
B8pregala) vrl oSkaldjavo (ocjena 1) (

Ocjena cistoce pregaca

80

Broj pregledanih pregaca

2 3 4 5

Ocjena

SlkalOcjena | istoile pregal a

Gavovi Supuegd&l & j ako dobri%ipdtvpwna r(adgij)
slabi (ocjena 1). Ostatak raspodjele vidi se na Slici 2.

Ocjena kvalitete Sava

Broj pregledanih pregaca

2 3

Ocjena

Slika20cjena kvalitete gava
Na dodir 57,66 pregala ima ocjenu 5 gt o %zhnel i da
jako naborano, pregale su otvrdnule od star
ocjenu 1. Pregal e ktavlenewem upotebeo st aj e ol ovo su
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Ocjena pregaéa taktilnom provjerom

125

Broj pregledanih pregaca

Ocjena

Slika3.0cj ena pregala taktilnom provj e
Transmisija j e provjeravana upotrebom wur
Pomolu multimetra Piranha 657 izmjerena je Kk
postotak transmisije iz omjera tih rdawiljidiurei

ekvivalentne debljine olova dane s ablici 2[1].

Tablica2.O|l eki vani postotak transmisije za raz
d (mmPb) Transmisija (%)
0,25 19
0,35 10
0,5 3,8

Kod 734% pregal a tr amprspmsang itojerancijp. eZa prevsiatina26t6

pregala koje imaju transmisiju velu od dozvo
18% do jedne pregale koja%]jeTpokaznkht at naspue
sebi imala nikakvihoznakga ni je bil o mogule ustvrditdi e kv
[ u vidljivo logem stanju s nizom ogtelenij
pregala je odbal ena i stavljena van wupotreb
vrijednostt r ansmi si j e, jedna prmemg@dnaekjivalentedldam, val ent
a 46 ih je ekvivalent olova OfAm. Pregal e ekvimmailOg5mmasu ol ov a
odbalene vodel:i se ostalim kriterijima (gav
pregal e inale bile u vrlo |l ogem stanju te
Slici4dana raspodjela i zmjerenih postotaka

[

j e
olova0,5mm. Obzirom da su ol eki v aneenice, smatfamadao s t i
je za pregale u dobrom stanju (ocjene za g@gayv
oslikavanjem) u redu prihvatiti i vrijednost transmisije d®5 pogot ovo zat o gto

slul aju, radi 0 prietgua | paantai jkeonjaet as | (uugkeu pznao z3a3g t
dozvoljena velilina pukotina ralunata za r
ionizirajule zralenje svaki dan, ova neznatn
riziku za pacijente pa swet pregal e i dalje u wupotrebi. De
pregal a, ustanovi | i smo da njih 12 imaju zn
preostalu pregal u, ustanovl jeno jmendahapojg e nj e
dr uigjailm el ektri | ni mkuwwj)et itnea j(en adpoodnatando m8 Qo r o
i ma zadovoljavajuli postotak transmisije.
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Izmjereni postotak transmisije za pregaée ekv. debljine 0.5mm

40

Broj pregledanih pregaca

Izmjereni postotak transmisije

SikadRaspodjela broja prengnalka|ekpiokalzajua vell a\
odnosu na ol ekivsasj@u vrijednost tra

Osli kavanjem pregal a o edreeng aal as uo dd ett zew.t i
ugriza (ogtelienja polukrudgnog oblika najleg
ol ovke na ovratniku), pukotina po gdjeluu pa s
pregale. Samo na osnovu Welpirleignag ap u( kuoktuipnnao, 1ot

ZAKLJUL AK

Prema Pravilniku o uvjeti ma i mj erama zag
djel atnost. S i zvori ma i otna sei momju plodegavatiz r a | e
naj manje jednom godignje. Tijekom ovog rada.
vVrigiti sve provjere te je napravljena osnovze
pregal a. Prvi nam r ez wlttaantjie pna k aez ubjiul od a ozgeet,
Su maknute iz wupotrebe. UvolLenjem ove redo\
naprijed u osnagivanju cjel okdamebog sustava k
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QUALITY CONTROL OF THE PROTECTIVE LEAD APRONS IN
UHC ZAGREB
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INTRODUCTION

Lead aprons have a significant and valuable role in diagnostic and interventional
radiology. They are used to keep occupational exposuresgfital personnel working with
ionising radiation as low as reasonably achievable (ALARA). Intensive use and inappropriate
handling can lead to defects which make aprons unsuitable for use. Without routine control
this could contribute to occupational dasestaff.

AIM

The aim of this study is to establish lead aprons base and to evaluate condition of all
lead aprons at UHC Zagreb in order to identify and reject damaged ones and to establish
protocol for regular quality control.

METHODS AND MATERIALS

184 aprons from several clinics and departments were examined. All of them were
photodocumented and identified regarding their purpose, lead equivalences and clinic they
belong. Inspection was done first visually in order to evaluate cleanliness and sdayn qu
then tactile. Quantitative evaluation included tear length and transmission measurements
which were done under the x ray machine using multimeter. Exposure conditions were kept
constant.

RESULTS

Out of 184 evaluated aprons, 33%3was consideredtbe clean and only 4% very
dirty. Seams are in 57% very good and strong and in 3.8% weak and barely holding. Tactile
evaluation showed that 576 aprons meets the required criteria and in%.8e found
significant flaws (folds and apron hardeniray)that they had been missing lead. Measured
transmission through the apron was found to be within prescribed tolerances. For the rest of
the aprons, 24.%, transmission was found to be higher than expected and the deviation
varied from 1.8%6 to 7%. Damages were detected in 30.4% aprénosn socalled vampire
bites, cracks in the seams, and even serious cracks in the center of the afronf ghe
aprons were rejected and they are no longer in use.

CONCLUSION

According to Croatian legislative, we awbliged to do quality control of the protective
lead garments once a year. During this work, we established a QC protocol for checking
protective equipment, but also laid ground for future acceptance testing of every new apron
that is bought. Firstresslt showed that the current conditi c
were unsatisfactory were rejected. By implementing this regular checkup, we made another
step in empowering the whole quality control system in the University Hospital Centre
Zagreb.
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IMPLEMENTATI ON OF PATIENT RADIATION DOSE ASSESSMENT
SYSTEM FOR NUCLEAR MEDICINE DIAGNOSTIC PROCEDURES
AT THE UNIVERSITY HOSPITAL RIJEKA

Dea Dundara Debeljut?, Svjetlana Grbad v a n ¥%d wiain  P“?, NavaaGirottd?,
Sl aven *3urkovi
lUniversity Hospital Rijeka, Rije&
2Faculty of Medicine, University of Rijekdrijeka
dea.dundara.debeljuh@kbgeka.hr

INTRODUCTION

In nuclear medicine radioactive substances are administrated to patigresform
either diagnostic or therapeutic procedure. While dose assessment for therapeutic procedures
is important for the outcome of the treatmentniurclear medicineliagnostic procedures dose
assessment is necessary for patient radiation risk estimalecision of an alternative
technique instead of nuclear medicine investigatmrotocol optimization and comparison of
local practice with national and international guidelines.

The doseassessmeritom radiopharmaceuticals begiwith the evaluatin of absorbed
doseto target organs and tissutsat are typically the sum of contributions from various
sourcesncluding targebrgan or tissue itsefil]:

ka Asa ViEfi (T« S)
Dy =—S i

mr

wherek is a proportionality costandls is the cumulatedactivity within the sourceegion vy is

the number of radiations with enerdy emitted per nuclearansition,E; is theenergy per
radiation for the radiationti ( T Y ®igfraction of energy emitteth a source region that is
absorbed in a target region amgd the mass of thearget regionThe absorbed fractions are
calculateahrough the use of anthropomorphic phantoms, mathemaiwaéls of the human
bodyfor a series of individuals of different siaead age (newborn, 1 year, 5 years, 10 years,
and 15 yeardemale and male adultahd the absorbed dose calculation is simplified as:

Dr =4 AS(T « 9)
S

where the values ( T YiSalled Svalues anddepends o the radiation type, the energy
emitted pernuclear transitionthe mass of the target organ, atmet geometry of the
mathematicaphantoms representing the adult and children of various ages [2].

Effective dose is a single parameter meant to reflect the relative risk from exposure to
ionizing radiation. It reflects the risk of detrimental biologiffects from a nonuniform,
partiatbody exposure in terms of a whddedy exposure [3]it combines organ dose with the
biological effect of the radioactive emissions and the radiobiological sensitivity of the organ
and sums over all organs:

E=awra wrDr R
T R

wherewr is the relative radiobiological sensitivity of organ or tissue T and vang the
radiation weighting factor.
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In International Commission on Radiological Protect{f®RP) publications the source
organ is assumed to be the total body and an approximation is used to c8malates on
the basis of At ot al bodyo source. The <cal cu
radionuclide specific absorbed doses perit activity administered (mGy/MBq)For
radionuclides used in diagnostic nuclear medicine, the effective dose is numerically equal to
that of the mean absorbed dose as the radiation weighting faci®taken as unity for these
radionuclides.

By Croatan rational legislation following the Directive 2013/59/EURATOM, an
information related to patient exposure as a part of specialist medical iepequired,in
order to achievédetter patient radiation protectioRegarding this, Department for medica
physics and radiation protection of the University Hospital Rij&kd Rijeka)has designed a
patient radiation dose assessment system for diagnostic nuclear medicine prod&gures.
knowing the activity administered and a set of relevant patient spediienationgiven by
technologists and nuclear medicine specialistsse assessment for diagnostic nuclear
medicine procedusds carried out based on ICRP publications 53, 80 and 128 [2,4,5].

If hybrid SPECT/CT technique is used, in addition to nuclesdicine dose
calculations, computed tomography effective dose estimates are calculated by using computed
tomography doséenght product (DLP) values [6].

The uncertainty in the estimate of the mean absorbed dose from nuclear medicine
procedure foranorga or ti ssue in a reference person
activity and the S valug?]. In order to minimize uncertainties in the activity administered
measuremenand to achieve accuracy of all physical parametecsrmaprehensive Quality
Control (QC) program is needed. Uncertainty in S depends on differences between the patient
and the mathematical model of the human body, so varstiamass of the target organ and
variations in the distance between the source and target organs areytinecomtributors of
uncertainties.

MATERIALS AND METHODS

At the department of nuclear medicine of UH Rijeka an assorted set of nuclear medicine
diagnostic procedures using different radionuclides sucti"ag, 2% and**! is offered to
patients andhybrid imaging SPECT/CT techniqig also availableFor every patient a form
with relevant procedure parameters and paspecific informations is completed by
technologists and nuclear medicine specialists. Required parameters include patient personal
data, type of procedure and target organ, applied radiopharmaceutical and administered
activity, CT dosimetric values and scanned region if computed tomography is used, and a set
of patientspecific informations that are relevant for the choice of thentisic model.

Medical physicists at UH Rijeka involved in the field of nuclear medicine have
implemented a patient radiation dose estimate system based on above mentioned formalism,
in form of worksheets that facilitate the absorbed dose and effectieeedtisnates on the
basis of collected patient and procedure specific dataradidonuclidespecific absorbed
doses per unit activity administered, givenlB&RP publications[2,4,5]. Additionaly a set of
different worksheets is prepared for peadiatricgrai using dose models for different ages
(newborn, 1year, 5year, 10year, and 15earolds). For computed tomography effective
dose estimate system utilizes a genemgthod based on DLP and conversion coefficlent
that depends only on the anatomicioegexamined [6], so

0O 0007
Conversion coefficient for head, neck, chest, abdomelvis and lower extremitiesare
taken from literaturg6, 7].
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In order to reduce uncertainties in administered actmgasuremenperiodical quality
controls areperformed by medical physicists and technologi€€. includes both quality
controls of radiopharmaceuticals [8] and periodic quality controls of activity meters at
frequencies recommended by national legislation [9]. Parameters of major importance
regardng QC of activity meters are, among others, accuracy, linearity and reproducibility
[10]. Concerning the accuracy and reproducibility, calibration sealed souré&3opf>3Ba,
137Cs are used on daily basis, while linearity test is performed on a monthly basis using high
activities of the most used radionuclide, which is, in this C8%&¢. A comprehensive quality
assurance programme for computed tomography is also needed int@rdetimize CT
procedures and assuaecuracy of indicated dose parameters for selected CT scan [10]. CT
dose measurements are performed at least once a year using computed tomography dose
index (CTDI) measurement set composed of a calibrated soliddstsgetor Black Piranha
(RTI Electronics, Swedenyith ionization chamber and CTDI phantoms for head and body.

RESULTS

At the UH Rijeka, patient radiation dose assessment system in nuclear medicine was
introduced in February 2018. From February 2018 Jatiuary 201@bsorbed and effective
dose was estimated for 4143 nuclear medicine diagnostic examinations (Figure 1). At the
Department of nuclear medicine of UH Rijeka in one year of experience, 22 different
diagnostic procedures were performed, so 22difft calculation worksheets were prepared
and introduced into clinical practice. In almost %2of nuclear medicine examinations
computed tomography imaging was performed as well. Alsh, & the total number of
patients were paediatric patients, butthis group no computed tomography imaging was
performed. Data for nuclear medicine diagnostic examinations for paediatric patients and for
combined SPECT and CT examinations in adults are shown in Figure 2. The number of
diagnostic nuclear medicine exantioas at the Department of nuclear medicine of UH
Rijeka per month is presented in Table 1; values shown represent total number of
examinations, number of CT scans in hybrid SPECT/CT imaging for adult patients and
number of examinations for paediatric pats between Februa?918 and January 2019.
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Figure 1.Number of nuclear medicine examinations at UH Rijeka per month,
from February 2018 until January 2019.
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CT- only adults

— Paediatrics

NUMBER OF EXAMINATIONS
L
C

Q ( Q

O O Qv Qy Oy A\ 9 N N\ O &N

Q Q Q AQ Q A Q AQ Q Q Q Q
R\ N ALY = v X, ’ v < 3 3 R
¢ & o o > o
o & o e & > > ¥ ¥ & N o

o e o~ ) N PO O o O N

N o < R N N o~
X ® 2 ~ & e >
2P X £ & & £ 9
X - N N
5 < S

MONTH

Figure 2.Number of nuclear medicine examinations where CT scan was performed as a part
of hybrid SPECT/CT imaging in adult patients and number of nuclear medicine diagnostic

examinations for paediatric patients (without CT) at UH Rijeka per month, from February

2018 until January 2019.

As a result of implemented patient radiation dose system, information on estimated
absorbed dose to target organs and organs of interest and effective dose calculation became a
part of patient medical documentation. A set of releyaarameters for dose assessment
calculation are also reported so they can be used for future alternative assessment methods.

Table 1.0ne year of experience: number of nuclear medicine diagnostic examinations at UH
Rijeka from February 2018 until Janua2@19 for which dose information is available in
patient medical documentation.
Feb Mar Apr May June July Aug Sept Oct Nov Dec
2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018
Number of
NM exami 357 432 385 422 314 238 276 305 403 360 259 4143
nations
Number of
paediatrics 17 15 10 19 19 15 11 18 26 17 16 203
examination
Number of
CT scans 45 61 48 38 37 34 36 31 45 44 10 483
(adults)

TOT

CONCLUSION

In diagnostic nuclear medicine awareness of the radiological risk related to the use of
radiopharmaceuticals is of extreme importance, which is the reason that both national and
international legislation require that relevant information about parameters related to the
patient exposure to ionizing radiation shall be a part of the medicatn@dmtation in order to
achieve better patient protection. For that reason, the Department for medical physics and
radiation protection of the UH Rijeka has developed and implemented a patient radiation dose
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assessment system, that allows absorbed doseget argans and organs of interest and
effective dose information to be available for every patient that underwent nuclear medicine
diagnostic procedures. A set of relevant parameters for dose assessment calculation is also
reported so they can be usedfitture alternative assessment methods.

Our oneyear experience shows improvement in understanding radiation risks and
quality of services provided, standardization of activity measurement and finally a good
collaboration between different professionalgoived in nuclear medicine diagnostics that is
of extreme importance for the successful outcome of nuclear medicine procedures.

Introduction of patient radiation dose assessment system at UH Rijeka was also an input
for setting local dose reference levélRL) for nuclear medicine diagnostic procedures and
starting a project of national DRL review that will be in the scope of our fugésearch
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In nuclear medicine radioactive substances are administered to patients to perform
either diagnostic or therapeutic procedure. While dose assessment for therapeutic procedures
is important for the outcome of the treatment, in nuclear medicine diagnastedpres dose
assessment is necessary for patient radiation risk estimalgmnsion of an alternative
technique instead of nuclear medicine investigatmrotocol optimization and comparison of
local practice with national and international guidelinBg. Croatian national legislation,
following the Directive 2013/59/EURATOM, an information related to patient exposure as a
part of specialist medical report is required, in order to achieve better patient radiation
protection. Regarding this, the Departmfar medical physics and radiation protection of the
University Hospital Rijeka (UH Rijeka) has designed a patient radiation dose assessment
system for diagnostic nuclear medicine procedures based on International Commission on
Radiological Protection (IRP) publications 53, 80 and 128 that was introduced in February
2018. If hybrid SPECT/CT technique is used, in addition to nuclear medicine dose
calculations, computed tomography effective dose estimates are calculated by using computed
tomography doséength product (DLP) values.

For every patient a form with relevant procedure parameters and psdesmific
information is completed bytechnologists and nuclear medicine specialists. Required
parameters include patient personal data, type of proceduretaaget organ, applied
radiopharmaceutical and administered activity, CT dosimetric values and scanned region if
computed tomography is used, and a sqtatientspecific information that are relevant for
the choice of the dosimetric model proposed in IQRPBlications. Collected patient and
procedure specific datre used by medical physicist to estimate absorbed dose to organs and
effective dose.

In order to minimize uncertainties in the activity administeneglisurement and to
achieve accuracy of all ghical parameters a comprehensive Quality Control (QC) program
is needed.

As a result of implemented patient radiation dose estimates system, information on
absorbed dose to target organs and organs of interest from applied radionuclide and effective
dosecalculation are available in patient medical documentation. A set of relevant parameters
for dose assessment calculation is also reported so they can be used for future alternative
assessment methods.

Our oneyear experience shows improvement in undedsten radiation risks and
guality of services provided, standardization of activity measurement and finally a good
collaboration between different professionals involved in nuclear medicine diagnostics that is
of extreme importance for the successful outeahnuclear medicine procedures.
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Monitor.i Koj i se koriste u svrhu olitava
osvjetljenjeu prostorijama u kojima se koriste ti monitori moraju udovoljavati minimalnim
propisanim zahtjevim§l]. Nadal j e, preporul ene karakteris
se nal i u melLunarodnim preporukama [@A5.ni m od

Kao i i zvore ionizirajuljéegsaer kloemjsa e kiorsivs
radi ol ogki h sni mki moraju oOosigurat.i redovi t |
|l i njenice da monitor. tijekom vremena degr
potrebno ih je redovito kalibrirati.

Ciljovoga rada je prikazat:. rezultate ispiti>
provedenog u | etiri zdravstvene ustanove.

MATERIJALI | METODE

U cilju wutvrlLivanja stanja vezano uz uvj
zdravstvene ustanove u RepuablHrvatskoj (dalje u tekstu: Ustanove), tijekom rujna i
|l i stopada 2018. godine provedeno |j%svihspiti:)
monitora koji se u u Ustanovama koriste u sv
uz 67 radnih stan&c Parametri koji su ispitivani dani su u Tablici 1. U svrhu ispitivanja
udovol javanja navedenih parametara propi san
fotometariluxmet ar proi zvolLal al8Wwordi[6]r s te AAPM TG

Tablica 1 Ispitivani parameir

Parametar Kriterij lzvor
. . . Minimalno© 17"

Vel il ina monltPrepor%ZG,"eno RCR[4]
Minimalno2 12801 1024

Matrica piksela Pr e p o r2i5p0¢ ROOO RCR[4]
2 20481 2560 ACR-AAPM-SIIM [2]

Udal jenost sr el <0,21lmm ACR-AAPM-SIIM [2]
Minimalno2 170 cd/nd

) Pr e p o r2 500 edind RCR[4]
Najvela osvi | e 2350cdm ACR-AAPM-SIIM [2]
ACR-AAPM-SIIM

2 450 cd/m MAMMO [3]
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Parametar Kriterij Izvor
Minimalno? 250:1

O”F.i ﬂ? r t'n a j.tv el e Prepg u | &500:1 RCR[4]
osviietienosh monriora 22501 ACR-AAPM-SIIM [2]
Jednol il nost o oy nanje 0% Pravilnik 53/18[1]
monitora
Razlika osvijetljenosti uparenih Odstupanje <5 % IAEA [5]
monitora (za olitavanj e mamogr

Nema artefakata. Ni j

vizualno kontinuiranog prijelaza od tamne pre
svijetloj. Linije ravne, a uzorak centriran T
monitoru. Vidljiva slova (QUALITY CONT).
5% kontrast vidljiv na tamnom (B %) polju.

Opla prosvjeelria | 5o onrast vidiiv na svijetlom (9800%) | Pravilnik 53/18[1]

TG18QC

pol j u. Vidljiwvi i r aiz
kontrastni uzorci ( N
monitora i centru.Mjera 50 mm i slike ng
uparenim monitori ma
Jednolilnost nwsgavijet]|
Pravilnik 53/18[1]
B RCRI[4]
. . - - N  %wOGSDF (Grayscale Standard Displaj] ACR-AAPM-SIIM [2]
Provjera kalibracijske krivulje Function) ACR-AAPM-SIIM
MAMMO [3]
IAEA [5]

CR/ DR radne st aldixce 1z
Mamograf ske r adnelb«t g

Ambijentalno osvjetljenje CT/MR/NMradnest ani ce za60 Iz || Pravilnik 53/18[1]
Hitna medicina 156 300 Ix
KI'inilke stani-258Ixza ¢
Za potrebe ovog rada, monitori kdd joil ogye&k i Un
sni mki podijeljeni su u | etiri skupine:
1. Dijagnosti-Ilmoini momit @mrioi zvedeni S namjerom
snimki,
2. Mamografski monitori- di j agnost i | ki monitori namijenj
snimki,
3. COTS (od englcommercial ofthe-shelj monitori namijenjeni
svrhe pa tako i u kulanstvu, a dostupni st
4.  Ostali medicinski monitoimo ni t or i Koj i su zaostald@ naka
uz koje su bili primarno korgt e ni kao akvizicijski mo n i
radi ol ogki tehnol ozi koriste samo u svrh

provedenom snimanju pacijenta.

REZULTATI

Zastupljenost pojedine vrste monitora u Ustanovama, a koji se koriste u svrh
ol itavanja radiologkih snimki pri kazana | e
moni tora koji su radiolozima te specijaliza
ostali medicinski monitori.

Zbog nedostatka odgotanavanmjse U pan konsten moniori a | u
razlilitih vrsta gto je prikazano na Slici

monitora (45 parova).
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18% m DIJAGNOSTICKI
= MAMOGRAFSKI
25% CoTS

OSTALI MEDICINSKI

Slika 1.Zastupljenost pojedine vrste monitora

4% 2% x ; i
0 ® Oba dijagnosticka - identicni

= Oba ostali medicinski - identi¢ni

Qba COTS - identicni

0,
7% Oba COTS - razliciti
58%

= Dijagnosticki + ostali medicinski

0,
16% m COTS + ostali medicinski

® COTS + dijagnosti¢ki

Slika2Zastupl jenost pojedioaog nalina upa

Oko 39% monitora koj.i se u Ustanovama kori s
ml ali su od 5 godi n &b mordtbra dasije &)5 gatlinak Najstariji 0 k o
monitori proizvedeni su 2004. godine (14 godina starosti u trenutku ispitivanpajn
proizvodnje nije bil%momtorgui e utvrditi za oko

nepoznata
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004

0 10 20 30 40
Broj monitora

Slika 3 Broj monitora ovisno o godini proizvodnje

Godina proizvodnje

U Ustanovama se koriste monitori | 1 je vel
RCR zahtjevima vezano ljiaxaju s\ lispithni manitorindok i t or a
preporul enim RCR zaht j% vVACRAAPMiSIIM \prepojulkamaa nj il
udovoljava 91% monitora. Broj i udio pojedine vrste monitora koji udovoljavaju navedenim
preporukama dan je u Tablici 3.
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Tablica3 Brojiudiomoni t ora Kkoj i udovoljavaju prepor

monitora
RCR- ACR-AAPM -
RCFf'gmgl PREPORULE SIIM
200 210

Vrsta Broj % Broj % Broj %
DI JAGNOSTI 51 100 51 100 51 100
MAMOGRAFSKI 14 100 13 93 13 93
COTS 29 100 28 97 27 93
OSTALI MEDICINSKI 20 100 13 65 13 65
ukupno: 114 100 105 92 104 91

UtvrLene udal j enost pixel pitc® da gqondore [xaji kse arl a (t
Ustanovama koriste za olitavanje mm@dsaH ogki h
i spitanih monitora samow)jetwrdlemoajdrm -3 omot
AAPM-SIIM preporuci (Tablica 4). Za 10 monitora¥® nij e bi | o mogul e ut vr c
sredigta piksel a.

Tablica4d Br o] [ udi o pojedine vrste monitora koc
udal jenost sredigta piksel a
ACR-AAPM -SIIM
< 0,21 mm
Vrsta Broj %
DI JAGNOSTI Lk 10 20
MAMOGRAFSKI 10 71
COTS 3 10
OSTALI MEDICINSKI 0 0
ukupno: 23 20
Najvelia osvijetljenost i s wd/n ado i74dcd/moni t or

Minimalnim zahtjevima danim u RCR preporukama udovoljav&®GBpitanih monitora, a
prepor ul e n%,nloksACRAARM-SIIM preporukama udovoljava 46 ispitanih

monitora. ACRAAPM-SIIM MAMMO preporukama udovoljava 6% monitora koji se

k or i st ®vani ananografskih snimki, odnosn@® svih ispitanih monitora. Za 1

monitor 1%) nije bilo mogulie utvrditi najvelu os
je provedeno ispitivanje monitor je bio u kvaru). Broj i udio pojedine vrste monitora koji
udovoljavaju navedenim preporukama dan je u Tablici 5.

Tablica 5 Broj i udio monitora koji udovoljavaju pojedinim preporukama vezanim uz
najvelu osvijetljenost monitora

RCR-MIN RCR- ACR-AAPM - ACR-AAPM -
2 170 cd/m? PREPORUL K SIIM SIIM MAMMO
2 500 cd/n? 2 350 cd/n? 2 450 cd/n?
Vrsta Broj % Broj % Broj % Broj %
DI JAGNOS| 35 69 3 6 25 49 2 4
MAMOGRAFSKI 14 100 6 43 13 93 9 64
COTS 14 48 0 0 1 3 0 0
OSTALI
MEDICINSKI 8 40 7 35 7 35 6 30
ukupno: 71 62 16 14 46 40 17 15
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osvijetljenost.i

Omj er najvele i naj manj e
Minimalnim RCR i ACRAAPM-S1T | M kriterijima z
udovoljava 926 moni t or a, dok RCR prepo
monitor (1%) ni je bilo mogulie utvrdit

a omjer najyv
rul®mnZam krit
[ omjer najyVv

vremenu u kojem je provedeno ispitivanje monitor je bio u kvaru). Broj i udio pojedine vrste
monitora koji udovoljavaju navedenim preporukama dan je u Tablici 6.

Tablica6 Br o] i udi o pojedine vrste monitora
kriterijima za omjer najvel e i naj ma
RCR-
RCR-MIN ACR-AAPM -SIIM
_ PREPORULE :
2 250:1 2 500:1 2 250:1
Vrsta Broj % Broj % Broj %
DI JAGNOST 50 98 35 69 50 98
MAMOGRAFSKI 14 100 14 100 14 100
COTS 23 79 21 72 28 97
OSTALI
MEDICINSKI 18 90 13 65 18 90
ukupno: 105 92 83 73 105 92
Odstupanje osvijetljenost.i rubni h dijel ov.

se od 20 do 92,5%.

Propi sanom

[ preporul enom

zaht|j

osvijetlienosti monitora udovoljava 94 ispitanih monitora. Za 1 monitor ¢) nije bio

mogul e i

sSpi

t

ati

jednol il nost

osvijetljenost

ispitivanje monitor je bio u kvaru). Broj i udio pojedine vrste monitora koji udovoljavaju
navedenom propisanom i

preporul enom

zahtjevu

Tablica7 Br o i udi o monitora Kkoji udovol jav
zahtjevu za jednolilnost osvijetfl]] enosti 1

Vrsta Broj %

DI JAGNOSTI L 50 98

MAMOGRAFSKI 14 100

COTS 25 86

OSTALI MEDICINSKI 18 90

ukupno: 107 94
Razli ke osvijetljenost.i upareni h mo¥mitor a
do 116%. Samo 43 parova monitora Kkoj.i koriste za
udovol java zahtjevu da u sl ul aju maieoogtr af s ki

upareni h monitor a%fblgTaklicai8) e bi t i vela od 5
Tablica 8 Br o] [ udi o parova monitora koji ud
za razli ku osvijetljenost:i upareni h moni
mamografskih snimki, akojanesmij bi ti %[®Hi a od 5
Vrsta Broj %
parova

DI JAGNOSTI L 12 24

MAMOGRAFSKI 6 43

COTS 2 7

OSTALI MEDICINSKI 2 10

ukupno: 22 19
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Opl u provj er u-QCkuzarak prolazi ukupnd @@ @onitora koji se u
Ustanovama Kkoriste za olitavanje sni mki Za
provjeru (u vremenu u kojem je provedeno ispitivanje monitor je bio u kvaru). Broj i udio
pojedine vrste monitora koji prolaze ovu provjeru dan je u Tablici 9.

TablicaQ Br o] i udi o pojedine vrste monitora

TG18QC uzorak
Vrsta Broj %
DI JAGNOSTI L 45 88
MAMOGRAFSKI 12 86
COTS 8 28
OSTALI MEDICINSKI 15 75
ukupno: 80 70

Svega 5%0 ispitanih monitora udovoljava propisanom kriteriju vezanom uz
kalibracijsku krivulju (a0od&$DE kridutje) @ablichk e no  ©
10.). Zalmonitor (%) nije bilo mogule ispitati udovol
kojem je provedeno ispitivanje monitor je bio u kvaru).

Tablica 10 Broj i udio pojedine vrste monitora koji udovoljavaju prepiem i
preporul enom kriteri[}]-88 za kalibraci]

Vrsta Broj %
DI JAGNOST I L 41 80
MAMOGRAFSKI 10 71
COTS 0 0
OSTALI MEDICINSKI I 35

ukupno: 58 51

Vagno je napomenut.i da ni ti jedan monitor
| 1 n &6 sfitb monitora) ne udovoljava navedenom zahtjevu. Primjer dobro kalibriranog
monitora dan je na Slici 4 dok je naasSlici
monitora se u Ustanovama koriste za o]litave
rekal ibriretismobgahih3moni% omoan,i tadra &l jilaijbu
utvrditi podr gavaju | DI COM r e k aronitbr kogic i j u.
pripada grupi COTS monitora nije mogulie reka

1,200 ~
1,000 A ‘\ e D|COM
AAYY - — = DICOM-10%
08007 v — — — DICOM+10%
;‘0,600 E
0,400 -
0,200 -+
0,000 T T T T |
0 1000 2000 3000 4000 5000
Grey Level
Slika4Pr i mj er dobro kalibriranog monitor a. I z m

GSDF krivulje (neprekinuta crvena linija), odnosno unutar isprekidanih linija kojima je
d o Z\k0B8ologl @SDB Igivued st upanj a

ozm | eno

podrul je
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Slika 5 Primjer | oge kalibriranog monitor a. Iz m
omelLenog isprekidanim | inijama kojima je o0z

N10 % od GSDF krivulje (neprekinuta crvena linija).

Ukupno odabranim minimalnim kriterijima danim u RCR preporukama udovoljava
46% i spitanih monitora, preporul e®wiamACRRCR kr
AAPM-SIIM preporukama njih 1%. ACRAAPM-SIIM MAMMO preporukama
udovoljava %%, a uz dodatni IAEA kriterij vezano uz razliku osvijetljenosti uparenih
monitora Kkoji s e koriste za ol i toaispdani) e ma n
monitora. Odabranim propisanim minimalnim Kriterijima udovoljava % lisgtanih
monitora. Broj i udio pojedine vrste monitora koji udovoljavaju svim odabranim propisanim i
preporulenim kriterijima dan je u Tablici 11

Tablica 11 Broj i udio pojedine vrste monitora koji udovoljavaju svim odabranim propisanim
i preportarjimani m Kr i

RCR- S ACR- ACR-AAPM -

RCRMIN | PREPORU | asph- | "Gl | e | "

' MAMMO + IAEA

Vrsta Broj % | Broj % | Broj % | Broj % Broj % | Broj %
DI JAGNOS] 38 75 0 0 9 18 0 0 0 0 41 80
MAMOGRAFSKI 8 57 4 29 7 50 6 43 4 29 10 71
COTS 0 0 0 0 0 0 0 0 0 0 0 0
O NSk 7| 35| 6| 30| ol o ol ol o of 7| 35
ukupno: | 53| 46| 10 9| 16| 14 6 5 4 4| 58| 51

Ambijentalno osvijetljenje u prostorijama u kojima se u Ustanovama koriste monitori za

olitavanj e sni mki kr el eekdike staimduxa) evismoloi vkstd | u x a
izvora svjetlosti. U prostorijama s prozorima ambijentalno osvjetljenje uvelike ovisi 0

godignjem dobu, viemenskim prilikama i dob
prozorima nije adekvatna u smislu osiguravanjgg odv ar aj ul i h uvij et a .
radi ol ogki h sni mki . U prostorijama bez pr o
upal jenih svjetala koja su nerijetko izveden
osvjetljenje u tim prostorijama dodatn ut j e| e i svjetlo iz hodni ka
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Uvjetima olitavanja radiologkih snimki po
projektiranja prostorija u kojima le se rad
monitora, kao i oWiglvrajrageardijia pa omriakmaz r adi
ustanove trebale bi programom oOoSiguranja obt
radi ol ogki h sni mki t e bi i h trebal o redovi
degradiraju, odnosnmi j enj aj u svoja SsSvojstva. U naveden
medicinski fizilar.

Nove preporuke prepoznaju postojanje COTS
stvarnos{7]. Razlika u cijeni, al i i razvo,] COTS n
monitor.i moraju udovoljavati p pricngbavsi @avakvim i pr
monitora potrebno savjetovat.i se sa strulnja
koji nisu prikladni za primarnu dijagnostiku velikd]. Ovo istragivanje |
pokazavgi da niti jedan COTS monitor ne wudov
Zahvala

Rad je izralen wzSveuwlainlcigtsk ulJ eoitparJurj a
putem projekta ZUR201815.
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DIAGNOSTIC IMAGES VIEWING CONDITIONS IN FOUR
HEALTHCARE INSTITUTIONS
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tUniversity hospital Dubrava, Zagreb, Croatia
2Univerity hospital Merkur, Zagreb, Croatia
3Faculty of Medicine, Wiversity of Zagreb, Zagreb, Croatia
4University hospital centre Zagreb, Zagré€lyoatia
® University hospital centre Osijek, Osijek
’QA MED, Osijek, Croatia
"Faculty of Medicine, Josip Juraj Strossmayer University of Osijek, Osijek, Croatia
8Faculty ofDental Medicine and Health, Josip Juraj Strossmayer University of Osijek, Osijek,
Croatia
ikralik@kbd.hr

Diagnostic monitors as well as ambient illumination in the reading rooms must meet the
minimum prescribed regrements. Recommendations regarding diagnostic monitors as well
as ambient illumination can be found in several international recommendations. The aim of
this study is to show the results of the investigation carried out in four healthcare institutions
in Republic of Croatia in which 114 monitors of twenty different manufacturers are used for
readings of radiographic images. %bof those monitors were diagnostic monitors, 12%
diagnostic monitors dedicated to mammography whil&e2% them were COTSommecial
off-theshel) monitors and 186 were medical monitors which were originally used as
reviewing monitors. Six recommended and four prescribed parameters were tested and it was
found that 5©6 of tested monitors met the prescribed requirements fortselparameters
and only 468% for the minimum recommended requirements. Only@®f diagnostic
monitors dedicated to mammography met recommendations given for this type of monitors.
None of COTS monitors met all selected prescribed and recommended remigeiirhe
ambient illumination in reading rooms ranged from several lux to several hundred lux,
depending on the type of light source and often depends on the time of day and the weather
conditions. Results of this study indicate the need for paying nitergian to the selection of
monitors which will be used as diagnostic monitors and to their regular testing and calibration
as well as to the reading rooms where these monitors will be used.
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SEKUNDARNO ZRAEEQWINSKOJRADIOTERAPIJI'T
PREGLED DOZIME TRI J SKI H | SJARJNGIAR BURADOS-
OVE RADNE GRUPE 9

Marija Majer, Geljka Knegevil, Save
u ime EURADO®ve radne grupe 9 )
Il nstitut RulLer Bogkovil, Zagreb

mmajer@irb.hr

uvoD

Zbog me L u dprirearnogv &diotempijskog snopa s materijom, nastanak
sekundarnog zralenja te ozralivanje tkiva iz
o malim dozama, nekoli ko redova veliline ma
povel at i v jastanakjsekundamih karcinana. iDa bi se moglo procijeniti rizik te
usporediti razlil]ite radioterapijske tehnike

U  okviru EURADOSove  European Radiation Dosimetry  Group
http://www.eurados.or@/radne grupe 9Radiation dosimetry in radiotherapyjapravljen je

ni z eksperimenat a, pol evgi od jednostavnih

stvarnih klinil]lkih simulacija tretmana antro
l1.ispt i vanja postojelih dozimetrijskih susta
fotonskoj radioterapiji,

2. usporedbe izmjerenih apsorbiranih doza
pl aniranje I anal i til] ki model i

3. usporedbe raspodjela dozairakli t i h radi ot erapijskih tehni
isti klinilki slul aj

U radu je prikazan pregled dozimetrijskih
vezani h za fotonsko sekundarno zralenje u fo

MATERIJALI | MET ODE

U skl opu radne grupe 9 napravl jene su
termol umi nescentne (TL), r a-dtimalifaree tlumihescantne e s ¢ e n
(OSL) dozimetrijske sustave. SIl'ijedom raz
najjedrostavniji vodeni fantom u obliku kvadra, slijedi tzv. BOMA@ngl. The Bottle
Mannikin Absorber phantom vodeni fantom konstruiran prema BOMABntomu
razvijenom 1949. godine [1] te na kraju antropomorfni fantomi (Slika 1). U prvom koraku

ispitan je odzivr az |l i | iti h dozimetara u radioterapi]
sekundarnom). Za tu svrhu korigt &30l §0em®j ednos
(Slika 1). Pogodnost takvog fantoma je jednostavnha geometrija u koju je lako precizno
postavi i dozimetre kao i referentni dozimetrij s
usporedbu rezultata. Nedostatak je gto se |
tretmani . Stoga je iduli korak bila izra:
poj ednostavlijzanotgr ulpovjjeeklkaori gten el i psoi d, P2
napravljeni od materijala PMMA (peinetil-metakrilat) i dobiven je tzv. BOMABantom

koj i se mogao koristiti U si mul aawifgntamua st v e
postavl jani su u drgale koji su omogul aval
razli |l itih tret mana kar ci noma prostate. U

ekvivalentnim antropomorfnim f antketehnkeea a si
tretman karcinoma u mozgu.
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10-year old 5-year old

SlikalKori gteni fantomi: vodeqwi sfifamnmomf @init joenv &
slika) i antropomorfni djelji fant omi (CIR
desetogodi gnj e i petogodignje dijet

1. Eksperimenti u jednostavnom vodenom tfanu napravljeni su u Commissariat a '
Energie Atomique (CEA), Paris 2010. [2,3,4]
| spitivanje dozimetara za fotonsku radioter
dozi metara postavljenih u matricu masur ni h t

napravljena u referentnom klinilkom snopu |
X-zr al enj a MV.ReferehtRa dozimetrf)a, potrebna za usporedbu s vrijednostima

koje pokazuju ispitivani dozi menerenjmanadr el e
pologajima dozimetara u vodenom fantomu. | S
vige informacija o njima moge se nali u ad
2. Eksperimenti u BOMABf ant omu napravl jeni su u Sveull

2011. i Centn za onkologiju, Krakow 2011. [6]
Simulacija terapije kar ci noma pr-nsbahéerj au

dobivenog LINAGIi ma i usporeleno | e nekol i ko radi
VMAT (6 MV), tomoterapija (6MV), IMRT (6,18 MV), 3D-CRT s ti polja (15MV),

3D-CRT s | etirMV)polymut(atr, ell8 psoi da koji j e
mogle su se umetat. cijevi u koje su posta
usporedbe razlilitih dozimetrlj kiubpousl ave
raspodjele doza u podrulju izvan ciljnog vc
prostate.

B3 Eksperi ment. u antropdéomaefn]l mtdj el pt mahantj

u mozgu [7,8,9] )
Zbogpretpostavkegdaj éei diebakadda se mogu | a

uzrokovani zralenjem primarnog karci noma, k
na odrasl e, dozimetrijska mjerenja i mogulr
Karcinom u mozgu odabrgne zbog veli ke u|l estalosti (u u
kod djece) te velikog postotka izljelenja.
zralenje karcinoma) (&mjgeé @t emognj ma al 6] ev o]

fantomima kojiss predstavl j al.i petogodi gnj e i dese
dozimetrijski sustavi su u Tablici 1. Kori g

- 3D konformalna radioterapija (30RT), 6MV, Centar za onkologiju, Krakow 2013.

- Radioterapija snopovima molihane jakosti (IMRT), 6MV, Centar za onkologiju,
Krakow 2013.

- Radi oneurokirurgija gama n o §eom(1.26Ma¥)) |, i zv
KIinil ki bol ni|l ki centar Rebro, Zagreb 201
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Da ©bi s e zaokrugila <c¢cjelina, zaavilenha dj e
dozimetrijska mj erenj a za tret man posebno
medul obl ast oma) koj i zahtijeva zralenje ci]j
zralenje). Obrada tih rezultata je u tijeku.

Tablica 1.Dozimetrijski sustavi i sudionici u svakom nizu eksperimenata

Dozimetrijski Institucija

Fantom sustay Vrsta(proizvol sudionika
Vodeni RPL GD-352M i GD-302M IRB, Zagreb
fantom (Asahi Techno Glass Corp.)
Srebrom aktivirano fosfatno stakl
OSL NanoDot (Landauer): ADs:.C CEA, Paris
TL TLD-100 (Harshaw)?@LiF:Mg,Ti IRB, Zagreb
TLD-700 (Harshaw)’LiF:Mg,Ti IRB, Zagreb
MTS-7 (IFJ, Krakow):LiF:Mg,Ti IFJ, Krakow
BOMAB- RPL GD-352M IRB, Zagreb
fantom (Asahi Techno Glass Corp.)
Srebrom aktivirandosfatno staklo
OSL NanoDot (Landauer): ADs:.C CEA, Paris
TL TLD-700 (Harshaw)’LiF:Mg,Ti IRB, Zagreb
MTS-7 (IFJ, Krakow):’LiF:Mg,Ti IFJ, Krakow
Antro- RPL GD-352M IRB, Zagreb
pomorfni OSL Luxel (Landauer Inc.): ADs:C SCK-CEN,
fantomi, Mol
Syi 10y TL MCP-n (IFJ, Krakow): SCK-CEN,
"3y jF:Mg,Cu, P Mol
MTS-7 (IFJ, Krakow):LiF:Mg,Ti IFJ,Krakow
REZULTATI
Spomenut [emo samo najvagnije rezultate,

sada objavljeni rezultati.
1. Eksperimenti ygednostavnom vodenom fantomu

Mjerenja u | aboratorijskim uvjetima i an;
dozimetrijski sustavi i maj u dobra svoj st
volumena (tzv. periferne ili engl. cof-field doze) [25]. Eksperimentalni dozimetrijski

razul tati za podrulje izvan <ciljnog volur
provjere analitilkih modela koji se razvi
radne grupe 9 iskori gt eenlia saup szoar bpirroavn ee rduo z

radi oterapijske25Mé0).i ke u podrul ju 6
2. Eksperimenti u BOMABfantomu
Unutar ciljnog volumena dobiveno je izvrsno slaganje izmjerenih vrijednosti doza i

vrijednosti predvi lLeni h suusSPayvomUzpogt alni
ciljnog volumena izmjerene danzedaljavaneme| e o
od ciljnog vol umena, odstupaaj pestobpanel a
doza za ciljni vol umen i bhoskbo ¢(kakoo gbo
padnu i spod odrelLene granice) doze se ne
vel a. PotvrlLeno je slaganje korigtenih pac
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3.  Eksperimenti u antropomorfnim fantomima9y

PotvrlLeno |jekamnibgtoemsillbagdmziemetrijskih sus
uvj eti ma. Kao i u prethodnom sl ul aj u, u
doze bile su vele od-owriij edchotstpanpjraeds/i L s
udaljavanjem od ciljnog volumenRe z ul t at i za tri i spitivane
su da se za slul aj odabranog karcinoma n
| MRT, dok je za podrulje uz granicu tumor
GK. Primjer usporedbe srednjih doza gamima za 1 Gy u tumoru i za ukupni tretman

(razlilite tehnike zralenja ukljuluju raz
K1 ini ]| ki sl ul aj tretmana velikih arteri o\

predstavlja petogonaSign8l.e di jete prikazan

t SG232RA0Yy2A ?Lyqzv

100000 - - 100000
I GKCJIMRT—e— GK_TotalDose{1 IMRT_TotalDose
10000 - - 10000
1000 - - 1000

Doza u organu za 1Gy u tumopmGy/Gy]
Doza u organu za cijeli tretmaimGy]

100 - - 100
10 - - 10
1- -1
o -+ -0

2 .

>

L

[ T R )| %) L c o Q0 v 0w v 0
Lo SIS SELLCSC 002223582 C
5 5 = as>SEcEopoXpaes CoSEPTST LY o E
ccg)még—'aﬁj L h s %_E.'QCDD-S‘_559|—®
T N = P = X = m L

Slika 2.Usporedba srednjih doza u organima za 1 Gy u tumoru [mGy/Gy] (histogram) i za
ukupni tretman [ mGy] (simboli) wu petogodi gnj
GK.Ukupni tretman z &yubHKrakagi B7.6 Y u 8/ frakecija adMR3I.0

ZAKLJUL AK

Nizom eksperimenata u sklopu EURAD@Sy e r adne grupe 9 zaokr
pasivnih luminescentnih dozimetara za mjerenje fotonskih doza izvan ciljnog volumena u
modernim radioterapijskim tehnikama te ss por el ene razlilite teh
pl aniranje. l ako ni su pr edmet ovog rada, S
napravljena i mj erenja doza sekundarnog neut
primarna f ot on svWaKagnastayak projektd aiganizidani 6u eksperimenti
vezani za dozimetriju sekundarnog (fotonskoc
protonskim snopovima.
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DOSIMETRY OF STRAY RADIATION IN PHOTON R ADIOTHERAPY
I RESULTS OF EURADOSWORKING GROUP 9

Marija Majer, Geljka Knegevil, Save
RulLer Bogkovi l Il nstitute, Zagreb,
on behalf of EURADOS Working Group 9

mmajer@irb.hr

Radiation doses to normal tissues caused by stray radiation in radiotherapy are
substantially lower than target doses, but they are inevitable and as such may be associated
with sideeffects of radiotherapy such as an increased risk of secondary candes. W
primary treatment goals such as target volume coverage and sparing of critical organs have
been achieved, the reduction of unwanted -siflects becomes a legitimate objective and
phantom dosimetry studies, using reliable dosimetry, are importanhdor ibvestigation.

Using organ dose assessment and appropriate risk model, cancer risk for associated cancers
can be estimated and protection of patients can be improved.

Within EURADOS European Radiation Dosimetry Groupttp://www.eurados.ory/
Working Group 9 (WG9, Radiation Dosimetry in Radiotherapy several measuring
campaigns, starting from laboratory conditions with watertank to more realistic clinical
conditions with anthropomorphic phantoms, were desigmeticarried out with the aims: to
gain information on the performance of different dosimetry systems used in photon
radiotherapy, to compare measured doses with values given by the treatment planning system
(TPS) and to evaluate and compare thedfdteld doses for the treatment of the same
clinical case using different radiotherapy techniques.

In this overview the main results regarding dosimetry of stray radiation in photon
radiotherapy and phantom studies carried out within EURADOS WG9 are shown.
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UTJECAJ PARAMETARA SNI MANJA DENTALNIM CBCT
URENAJEM NA DANAEERBIRIG&/NU DOZU PACIJENTA
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6Zubnir endgen dr . Lauc, Varagdin
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ikralik@kbdhr

UvoD
U slulaju dentalnog rendgenskog urelaja z
rendgenskim snopom (dalje u tekstu: CBCT, od eoghebeam computed tomography
raspodjela doze u pacijentu moglki butsnivmaoj a
Korisnicima su na raspolaganju rendgenski

snimanja |legi, sjedi il stoji. Rendgenska c
rotirati 360 ili 180°. Vel il ine pol | au KON, iodnenglfield of yiel&ddj e u t
veline dostupnih urelaja nepromijenjivih su
pravilu korisnik urelaja moge birat.i vige r

ovi sno o ¢el ja&rekonstruiragelsninike, odhosno o posebrioj kvaliteti snimke.

Cilj ovoga rada je utvrditi i prikazati kako na doze organa koje doprinose efektivnoj
dozi , dozu olne |lele | efektivnu dozu paci|j e
CBCT urgekaijemotaci je rendgensike tei juamnnio,g ake Isit
vremena ozralivanja).

MATERIJALI | METODE

U svrhu provedbe istragivanja korigten je
model Cranex 3Dx koji je izveden tako da pacijeéijigkom snimanja stoji. Anoda je
stacionarnog tipa izralena od volframa sa ¢ez¢
cijevi je nepromijenjiviiznosi9@Vv.Vel i | i-aes&EOVakolLer nepromije
su u Tablici 1 u kojoj sudania st al i proizvolLalem definirani
FOV moguie je odabrat.i Vige umnogaka struje
razlulivosti, odnosno velilini rekonstruirar

FOVdo4200m z aeiniajFvOV ( Tablica 1).

ProizvolLalem dekl ariran Kk @ (stvarnokutavicrotgcig r end
dani su Tablici 1) i nepromjenjiv je, a tijekom snimanja cijev rotira pacijentu iza glave.

S obzirom na to da su dimenzije detektora manje od dimepa gl ave pacijen
FOV-a ¢girine vele od girine deffserkdloirmgm umrada ]
podrazumijeva promjenu pol ogaj a rendgenske
rekonstrukcijom spajaju horizontalno snimljeshii | el ov i pacijenta-a( Sl i ke
visine vele od visine detofisktharanomni mdaj e ve
spajanjem snimljenih dijelova pacijenta, kako je to prikazano na Slici 1 i opisano u lifés2{uri
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Tablical. Pr oi zvolLal em definirani

par ametr.i

FOvV, Oznaka Vrijeme Vrijeme . Umno gak Kut rotacije
(mm?) razl ul Wkl ekspozicije (s) snimanja (s) SR () vremena (mAs) ©
Minidose 280 1,17 10,96 3,2 3,7 195
501 50 Std Res 200 2,34 10,96 8 18,7 195
High Res 125 6,09 17,4 6,3 38,4 195
Endo 85 8,7 17,4 5 43,5 195
- Minidose 320 1,17 10,96 3,2 3,7 195
61l 78 Std Res 300 2,34 10,96 8 18,7 195
High Res 200 6,09 17,4 6,3 38,4 195
- Minidose 320 1,17 10,96 3,2 3,7 195
781 78 Std Res 300 2,34 10,96 8 18,7 195
High Res 200 6,09 17,4 6,3 38,4 195
- Minidose 400 2,25 19,5 3,2 7,2 203
781 150 Std Res 350 4,5 19,5 6,3 28,4 204
High Res 250 8,5 24,28 5 42,5 204
- Minidose 420 4,5 39 3,2 14,4 204
130l 150 Std Res 380 9,0 39 4 36,0 204
High Res 320 9,0 39 6,3 56,7 204
Slika 1 Prikazoffsetnal i na rada (lijevo), hori
snimljenih dijelova pacijenta (sredina) i vertikalnog spajanja
snimljenih dijelova pacijenta (desno).
Za provedbu i stragivanja korigtena |

6.1.1betdq3] verziju programskog paketa MCNMMpnte Carlo NParticle Transport Codg
proizveden u Los Alamos National Laboratary New Mexico, SAD. Simulacija i

vrednovanje

dent

provedenoj studijj4].

al

no

g

CBCT wurelaja

S

ni ma
zont
e Mo

provedeneé

Slika 2 Prikaz ralunalnog antropomorfnog fanto

transverzalnoj ravnini (lijevo), koronalnoj ravnini (sredina) i sagitalnoj ravnini (desno).

Za izralun doze organa i procjenu efekt:i
antropomorfni Zubal fantom ljudske glave i vrd&g6] koji je postavljen u model CBCT
urelajam fUant omu l judska gl ava j e model ir
221 221 1,4mm* ( Sl i ka 2) u kojima se moge razli.i
Vokselizirani dio fantoma sege od donje rav
tkiva u fantomu (vrat trup, kraljegnica i dr
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MCNP ko d u . S obzirom na to da neke vrlo vagne

sublingvalne ¢glijezde te farinks) nisu ukljut
svakom organu iz r R | tallyn detekeor, madificikarann falddrireal Koj
fotonski tok pretvaraju u aps[@rbiranu dozu z

Simul acije su provedene za one protokol e
protokoli (Tablica 2), a koji se provode uz napon na rendgenskoj cijevi od 90 kV, kuteotacij
rendgenske cijeviod 180 u mnogak struj e i viemena ozr ali
Res (Tablicdl).

Tablica2 Naj |l egl i k1l inil ki protokold]i
FOV,vig (3ni Pol ogaa FOV
501 50 Maksilarni 1ijevi
Maksilarni zubniuk
611 78 Mandibularni zubni luk

Maksilarni zubni luk
Maksilarni zubni luk

781 78 Okl uzijska ravnin
Mandibularni zubni luk
Maksila

781 150 Okl uzijska ravnin
Mandibula

1301 150 Viscerokranij

Slika 3
maksili (gore) te na mandi buli (daolje). Cr

Za potrebe ispitivanja utjecaja kuta rotacije rendgenske cijevi na doze organa i
efekiivnu dozu pacijenta protokoli su simulirani i za kut rotacije 0d°360cilju ispitivanja
utjecaja pomaka FOd si mul i r ani su dodat nli50@¥loitjok o3 e
sredigte postavljalo na ol nj akaFDOVowae kwetlnjlak
781 150mn? i 1301 150mn? | i j a su se sr e dosig@saokompitama c al a
transverzalnu ravninu) od 22pdm do-22,5mm u odnosu na okluzijsku ravninu. U svrhu
i spitivanja utjecaja umno gk aokob simulirgnesuizavr e me
druge mogule umnogke dane u tablici 1. Kri t e
klinilkim protokolima su bil: udovoljavanje
manja od 0,002 (0.%0).

Ef ektivna dc&ezgrreanaumalegpor ukama MelLunarodr
zr al[@nj) a
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O BO ——, (1)

gdje su:
O -teginski faktor za tkivo ili organ vrste T
O-ekvivalentna doza u tkivu ili organu vrste

"O - ekvivalentnadozautkivuib r ganu vrste T ¢gene.

Tegi nski kfoglt prrieporul uje MelLunar od[Bla ko mi
predstavl!l jaju doprinose pojedinih organa i
ionizirajulem zralenju moge uzrokmsuaadadba u S mi
spol a i sva godi gt a. S obzirom na to da u
urelajem nisu ionizirajulem zralenju izlogen
se U ovom radu koristio mugkiratahamnal rsiu arotv
faktori kako je to opisano u prethodno objavljenoj stydiji

Ekvivalenta doza pojedinog tkival8li zral unat

O B 0 Oy (2)
gdje su:
O-teginski fakt[Bte zral enja vrste R

O - pr owsaj apdorbirana doza u volumenu pojedinog tkiva ili organa vrste T kao
posl jedica ozralenja zralenjem vrste R.

Crvena kogtana srg nije biDkz@azaoaVena ko g!
srg nije bilo mogule izmjlear ittkii vieakd ij e rtga ntei
iste primijenjen pristup prethodno objavljenih studgal?] .

REZULTATI

Doze organa izralunate MC simulacijom za
rendgenskoj cijevi od 9KV te kutove rotacije rendgenske cijevi od 18360° i umno g k o m
struje i viemena ozralivanja koji odgovar a
Tablici 3 . | znosi umnogaka struje i viemena o0zr a

protokol dani su u Tablicl. Za oba kuta rotacije rendgenske cijevi najmanju dozu primi

mozak (550 Gy z%i490830 z9d ,3@&@0 najvelu povrgihia kost
40060Gy zA ,30®0i sno okbluni Dobam il oteodiGgi e okr e
92900Gy u slulaju kuta rot%3cia eu reslnulgejock k leu tcd
680Gy doOdy.57Kao i slulaju doza organa, efek
protokolu gto j3e wi kirjeiDBo seDDHABHI sk ul aj kut
rendgenske cijevi od 18Ge od 360Sv d ®S2 14 a k°ulz podathka 3ahi u
Tablici 3 wvidljivo |jea draezpdwéiranjpeo vwed lainljiem
ef ekti vne doprmsi organmaaasopaeklta rotacije rendgenske cijevi prikazani su

na Slici 4.

Na doze organa i efektivnw didz el gada jpeord tod
gto je na Slikama 5 ia 6 epi Il 50melazebkit rataxije s | ul a
rendgenske cijevi od 180 360" Posebno su istrageni-autj ecs:
vel il I as®@mn? & 1301 150mn? po zosi u oba smjera u odnosu na okluzijsku
ravninu s korakom od po 4rbm i prikazani su na Slikama-70.
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Tablica3Dozeor gana (OGy) i efektivna doza
rotacije rendgenske cijevi od 18B60° (90kV, Std Res)
S0x30 | 61478 | 61x78 | 78x78 | 78x78 | 78x78 78 x 150 130 x 150
Rat Iug'val'ﬁri 4| Maksi | Mandb. | Maksi. | Obe | Mandib. | °X10| o | 8X390 | viscerokra
Organ f0t(3)C'Je il zubni luk | zubniluk | zubni luk | el j | zubniluk lelj nij
Kogt an 180 286 587 370 692 578 439 906 749 564 1034
(crvena) 360 322 597 400 719 621 480 916 785 607 1005
Gt i tnag 180 94 156 1252 199 535 1812 261 711 2465 2370
gl ij ez 360 104 159 1995 209 798 3053 266 943 3533 3384
Koga 180 84 114 125 128 147 138 179 198 180 277
360 72 96 121 110 136 135 159 185 178 256
Povr gi| 180 1139 2341 1474 2759 2305 1749 3610 2986 2248 4119
kosti 360 1285 2379 1596 2865 2476 1914 3649 3130 2418 4006
Mozak 180 80 276 55 343 155 69 522 227 96 625
360 76 266 49 342 153 63 489 210 87 523
Gl i j ez 180 768 1458 1278 1528 2045 1557 2136 2928 2275 2847
slinovnice 360 562 1037 1161 1166 1559 1338 1815 2427 2035 2371
Ekstratorak | 180 986 1583 296 1588 1477 460 1591 1483 536 1534
alnaregija | 30 1506 2574 361 2584 2386 588 2457 2264 642 2233
Limfa 180 490 981 112 1064 641 206 1376 846 273 1279
360 426 914 109 994 616 202 1348 839 285 1247
LR 180 425 775 1210 906 1247 1366 1197 1760 2024 2279
360 387 737 1119 852 1161 1298 1143 1614 1855 2123
ol na | 180 127 277 63 676 169 84 673 185 98 929
’ 360 161 390 68 948 232 100 1045 260 115 1507
Efektivna 180 31 56 75 61 74 104 76 95 142 170
doza 360 36 64 105 70 92 154 83 109 184 214
038 043
12,80
3,38 ‘ 442 -1,26 2,73 4,02 1,00
Kostana sri (crvena) = Stitna Flijezda Koia
Povréina kosti u Mozak u Zlijezde slinovnice
m Ekstratorakalna regija u Limfni évorovi u Migici
Slikad Pr osj el ni

(Osv)

doprinosi (%) pojedinog org
rendgenske cijevi od 18Qlijevo) i 36 (desno) (9kV, Std Res)
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Slika7 Doze organa i efektivna deft &|15%0mer Z81 i | i

od okluzijske ravnine (9RV, Std Res, kut rotacije od 180
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SikaQ Doze organa i efektivna dekel Baned a3Di | i
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200



5000 o

50
4000

]
= = 100 —
'g &
G 3000 E!
= g
2 g
= =
3 =
g 2000 =
200 &
1000
250
0 300
-25 -20 -15 -10 -5 i} 5 10 15 20 25
Udaljenost sredidta FOV-a od okluzijske ravnine (mm}
——Efektivna doza ® Kostanasri (crvena) sti'tna ilijezda Koia
Povriina kosti e Mozak Zlijezde slinovnice e Ekstratorzkalna regija
® Limfni Evorovi * MIBIci B QOénaleca

Slika 10 Doze organa i efektivna doze zarbzlit e u d al-§ ewnmelsitlii50raedtVl 3 0
od okluzijske ravnine (9RV, Std Res, kut rotacije od 390

Doze organa i efektivna doza | inearno pr
ozralivanja gto je prikazanojevuodI88@teluTablici 4 2z a
5 za kut rotacije od 360

Tablica4 Doze organa (OGy) i efektivna doza (O
ozralivanja za kut ro%(%kvM)je rendgensk
50 x 50
Maksil. 61x78 61x78 78 x 78 78 x 78 78 x 78 78 x 150 130 x 150
Oznaka lijevi pred. | Maksil. Mandib. Maksil. Obje Mandib. | 78 x 150 Obje 78 x 150 | Viscerokra
Organ razl ul zub zubni luk | zubniluk | zubni luk | el j [ zubniluk [ Maksila | el j | Mandibula nij

Minidose 61 126 79 147 123 93 237 196 147 378
Kogt an g StdRes 286 587 370 692 578 439 906 749 564 1034
(crvena) High Res 590 1148 723 1430 1195 906 1299 1074 809 1607
Endo 842 - - - - - - - - -
Minidose 20 33 268 42 114 386 68 186 644 866
Gtitna St.d Res 94 156 1252 199 535 1812 261 711 2465 2370
High Res 194 304 2446 410 1106 3741 374 1019 3534 3686
Endo 277 - - - - - - - - -
Minidose 18 24 27 27 31 29 47 52 47 101
Koga St.d Res 84 114 125 128 147 138 179 198 180 277
High Res 174 222 245 264 304 285 256 284 258 430
Endo 248 - - - - - - - - -
Minidose 244 502 316 588 491 373 943 780 587 1506
Povrgi St.d Res 1139 2341 1474 2759 2305 1749 3610 2986 2248 4119
High Res 2352 4574 2879 5698 4761 3612 5176 4281 3222 6405
Endo 3356 - - - - - - - - -
Minidose 17 59 12 73 33 15 137 59 25 202
Mozak St.d Res 80 276 55 343 155 69 522 227 96 552
High Res 165 540 108 709 321 142 749 325 138 858
Endo 235 - - - - - - - - -
Minidose 164 312 274 325 436 332 558 765 595 1041
Gl i j ez d StdRes 768 1458 1278 1528 2045 1557 2136 2928 2275 2847
slinovnice High Res 1585 2848 2497 3155 4222 3216 3063 4198 3262 4426
Endo 2262 - - - - - - - - -
Minidose 211 339 63 338 315 98 416 388 140 553
Ekstratorakal | Std Res 986 1583 296 1588 1477 460 1591 1483 536 1512
na regija High Res 2037 3093 578 3280 3050 950 2281 2127 769 2350
Endo 2906 - - - - - - - - -
Limfni Minidose 105 210 24 227 136 44 360 221 71 468
TWAr QW St_d Res 490 981 112 1064 641 206 1376 846 273 1279
’ High Res 1012 1917 220 2198 1323 426 1972 1212 392 1989
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50 x 50
Maksil. 61x78 61 x 78 78 x 78 78 x 78 78 x 78 78 x 150 130 x 150
Oznaka lijevi pred. | Maksil. Mandib. Maksil. Obje Mandib. | 78 x 150 Obje 78 x 150 | Viscerokra|

Organ razl ul zub zubni luk | zubniluk | zubniluk | | el j | zubniluk | Maksila | el j | Mandibula nij
Endo 1443 - - - - - - - - -
Minidose 91 166 259 193 266 291 313 460 529 833
Migili St_d Res 425 775 1210 906 1247 1366 1197 1760 2024 2279
High Res 878 1513 2365 1871 2576 2821 1716 2524 2902 3544
Endo 1252 - - - - - - - - -
Minidose 27 59 13 144 36 18 176 48 25 340
Ol na | Std Res 127 277 63 676 169 84 673 185 98 929
’ High Res 262 540 122 1397 349 173 965 265 140 1444
Endo 374 - - - - - - - - -
Minidose 7 12 16 13 16 22 20 25 37 62
Efektivha Std Res 31 56 75 61 74 104 76 95 142 170
doza High Res 63 109 147 126 153 215 109 136 203 265
Endo 90 - - - - - - - - -
TablicaS Doze organa (OGy) i efektivna doza
ozralivanja za kut ro%(kV)j e rendgen

50 x 50
Maksil. 61x78 61x78 78 x 78 78 x 78 78 x 78 78 x 150 130 x 150
Oznaka lijevi pred. | Maksil. Mandib. Maksil. Obje Mandib. | 78 x 150 Obje 78 x 150 | Viscerokra

Organ razl ul zub zubni luk | zubni luk | zubni luk | el j | zubniluk | Maksila | el j | Mandibula nij

Minidose 69 128 86 153 132 102 239 205 159 367
Ko gt an g StdRes 322 597 400 719 621 480 916 785 607 1005
(crvena) High Res 666 1166 782 1484 1283 992 1313 1126 870 1563
Endo 950 - - - - - - - - -
Minidose 22 34 427 44 170 650 70 247 923 1237
Gtitna St_d Res 104 159 1995 209 798 3053 266 943 3533 3384
High Res 214 310 3897 431 1648 6305 382 1352 5066 5262
Endo 306 - - - - - - - - -
Minidose 15 21 26 23 29 29 42 48 46 93
Koga St'd Res 72 96 121 110 136 135 159 185 178 256
High Res 149 187 236 226 280 279 228 266 255 397
Endo 213 - - - - - - - - -
Minidose 275 510 342 610 527 408 954 818 632 1464
Povr kpstin St'd Res 1285 2379 1596 2865 2476 1914 3649 3130 2418 4006
High Res 2654 4647 3117 5916 5113 3953 5232 4488 3467 6229
Endo 3786 - - - - - - - - -
Minidose 16 57 11 73 33 14 128 55 23 191
Mozak St_d Res 76 266 49 342 153 63 489 210 87 523
High Res 156 520 96 706 315 131 702 302 125 813
Endo 223 - - - - - - - - -
Minidose 120 222 249 248 332 285 474 634 532 867
Gl i j ez d StdRes 562 1037 1161 1166 1559 1338 1815 2427 2035 2371
slinovnice High Res 1160 2025 2268 2408 3218 2762 2602 3479 2918 3687
Endo 1655 - - - - - - - - -
Minidose 323 552 77 550 508 125 642 592 168 816
Ekstratorakal | Std Res 1506 2574 361 2584 2386 588 2457 2264 642 2233
na regija High Res 3110 5029 706 5337 4927 1214 3522 3247 920 3472
Endo 4436 - - - - - - - - -
Minidose 91 196 23 212 131 43 352 219 74 456
Limfni Std Res 426 914 109 994 616 202] 1348 839 285 1247
| vor ovi| HighRes 879 1785 212 2054 1272 418 1933 1204 409 1939
Endo 1254 - - - - - - - - -
Minidose 83 158 240 181 247 276 299 422 485 776
Mi g i il St.d Res 387 737 1119 852 1161 1298 1143 1614 1855 2123
High Res 800 1440 2187 1759 2397 2680 1639 2314 2660 3301
Endo 1142 - - - - - - - - -
Minidose 35 84 14 202 49 21 273 68 30 551
ol nal 4 Std Res 161 390 68 948 232 100 1045 260 115 1507
’ High Res 333 761 132 1959 480 206 1498 372 164 2343
Endo 475 - - - - - - - - -
Minidose 8 14 23 15 20 33 22 29 48 78
Efektivna Std Res 36 64 105 70 92 154 83 109 184 214
doza High Res 74 125 205 145 190 318 120 156 264 333
Endo 106 - - - - - - - - -
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DISKUSIJA

Doze organa koji doprinose efektivnoj doz
su raspona doza organa dobivenih u prethodno objavljenim studijama koje su provedene
eksperimentalnim mj erenji ma razli|litim doz
simulacijama [13-15]. U slulaju najlegiih klinilkih pr
rendgeske cijevi od 189 najmanju dozu primi mozak (5&y ) , a najvelu pov
(4119%Gy) (Tablica3 ) . lako pri mi najvelu dozu, povr gi
dozi s obzirom na malu radiosenzi t iongama st (p
efektivnoj dozi ovise o klinilkom protokol

protokola najvige d®)p, i qloisjee Zyd &)t sktiatarakalnpiez el a(
regija (21%) ( Sl i ka 4. ) . Ef ekvdovlPeSv.doze kreiu se o

Promjenom kuta rotacije rendgenske cijevi sa®180360u z zadr gavanj e i st
snimke, mijenjaju se i doze organa i efektiwv
u slulaju gtitne ¢l 1 j78autisa zsar epdddigniramenl ral i n e
mandibuli koje iznosi69% dok je najvele smanjenje u sl ul
vel il il végmmbsla sredi gtem pozicioni%.anUmshal ara
efektivne doze, promjena kuta rotacije uzrokovala je samomjezi povel anj e. N a
povelanje efektivne doaevaloilleiBroel$@l sr ediud tad
pozicioniranim na maksili (1%) , a najvel ea uvedlidl|vagmed sgBOV
sredi gtem pozi ci on%).rOaakva pronjeaa efaktime doze pdsljedica & 8
|l injenice da tij ek @ mndgeoskaacifev rotiea i antefiond za nazlikud 3 6
od18Ckada najvel.i di o vr emenanemHOVaoca maksils t er i o
prema mandi bul i povelava ozralenje ¢gtitne ¢
rotacije rendgenske cijeviod 189 amo | e pr oi zvolal &mtvathekitl ar i r e
rotacije razlikuje se od protokola do protokolai e | e £ do 2@2qTatlick §). Ukoliko
b i k ut bi o manji, i razli ke u dozi b i bil e
i stragivao utjecaj kuta rotaci | B3l.Pemjeagrenske
kuta rotacije sa 18ta 360 mijenja se i doprinos pojedinih organalgivnoj dozi (Slika 4)
kao posljedica toga da tada <cijev rotira I
doprinosi g t %)t irelestratgrbkalpjeeregifee(28) 3 5dok se doprino
slinovnica smanjuje (1%) (Slika 4).

Pr omj enne FOMal ibli tno utjelu na doze organa
doprinose organa efektivnoj <@dopioveTabli wai d)

koj i je u primarnom snopu il primarnim sn
povel aval isnea ir alsplrigenog zralenj a. Primjerice
FOV-ovom velli78mmhlei j6el se sredi gte nal ®m78l na mar
150mn?, doza gtitne glijezde se u s9%9mdnmgza kut a
49%, gl i jezda 9,h efektivvardoza smamjuge sedz#4Te je stoga posebno

vagno vela |pmiul aFglovdi t i klinilkom pitanju. Re

potrebu mogul nost i -apadstrapeekorsnikas loja ibil seilpgedilaF O Vv
antropometrijskim znal ajkama pacijenta.

Na doze organa i na efektivnu d@aflablicael i ki
3islke 5-10. ) . Lak se i u -as (BOU | 5ajmmf) zan kuf rotaciiej] e g F
rendgenske cijevi od 18@ri promj e n i pol og a-p s presinjeg dubagn kutnjgkO Vv
maksile primjeiuje povelanje doze gtitne ¢l
efektivne doze od 4%, 50%, 15% i 31%, respektivno. U slulaju
istog FOMasm egt enog na mandi bul i S prednjeg zuba
te se navedene d &z %%, Mm% ed7% (Stka b). Zakut tacije
rendgenske cijevi od 38pr omj ene su manj e izragene; nave

0,3%, 6%,3%i3% s premjegtanj e m-ap predojéggaybanasneksildi gt a
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odnosno za %o, 4%, 2 % i 4 % na mandi bul i gto je tal
rotacije od 360 cijev rotira i ispred pacijenta (Slika 6). Rezultati pomicanjaisr@d a-a F OV

vel i ll ®@mm7ia30l 150mn? po zosi (Slike7-10. ) dodatno ukazuj
pravilnog pozicioniranja s obzirom na to da
povelavaju njegovim spugtanj ®eml pgaima man diiam
mogu biti vele i do 3, W pefek({gvnanpgdalka), Od
Kl ini] koj praks:i ovi siti O antropometrijskirt
mal e udaljenost.i C i | ecihemta, valmaplgstirdas illkkgn odabia L aj a
pol ogapa OVM doze pojedinih organa i ef ekt
je zbog divergencije rendgenskog snopa kval.
od sredignje o0si snopa.

I doze organa i efektivna doza | inearno
viemena ozralivanja (Tablice 4 i 5).

l ako ne doprinosi efektivnoj dozi , u okyv
pojedinih parametara snolmanjami na tozdaobaBnce
vegu det er m{8n(Tablitei3} ke Slike -4 K 9 i Doze olne |lelie 't
parametrima snimanj a i za naj kGy@gd @a4dGy i ni | ke
slulaju kuta rotaci j%ed ¥MeGy dig 23438Ckye uciglewliajad
rotacije rendgenske cijeviod 360 Do bi veni rezul tat.i potvr Luju
CBCT postupaka ne moge dosegnut.i prag za det
prethodnoj studij[16].

ZAKLJUL AK

Vel il ia iFOVjegov pologaj treba prilagoditi
znal aj kama pacijenta |jer bitno utjelu na do
doze gtitne ¢glijezde i ¢glijezda slinovnica.

Ukol i ko rendgens$hkieurelajkutoromagiije rend
odabirati 180j er se na t aj nalin ne umanjuje kval
ozralenje organa koj i najvige doprinose efel
ekstratorakalna rgg).

S obzirom na to da doze organa I efektiwv
struje i vremena ozralivanja, kad god nije n
manji, a u skladu s klinil|lkim pitanjem.

Rezultat.i ovoglLuijsut ragi wenjmmi pwtwst ul aj u p
dentalnim CBCT urelajem ne moge dosegnut. pr
|l el u.
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INFLUENCE OF SCANNING PARAMETERS ON ORGAN DOSES
AND EFFECTIVE DOSE OF THE PATIENT UNDERGOING
DENTAL CBCT EXAMINATIONS

lvana Kralik, Tomislav Laug®*®>¢  Hr v o5’ ®ari@Pokedd| Hrvoje Vavrd,
Jel en @Y Pdpialr,darid Bapi |
tUniversity hospital Dubrava, Zagreb, Croatia
Faculty of Social Sciences and Humanities, University of Zagreb, Zagreb, Croatia
3Faculty of Dental Medicine and Health, Josip Juraj Strossmayer University of Osijek, Osijek,
Croatia
4 Faculty of Dentistry, Uniersity of Sarajevo, Sarajevo, Bosnia and Herzegovina
Dental Clinic Apolonija, Zagreb, Croatia
® maging center dr. Lauc, Varagdin,
"Faculty of Medicine, Josip Juraj Strossmayer University of Osijek, Osijek, Croatia
8QA MED, Osijek, Croatia
University hospital Merkur, Zagreb, Croatia
OFaculty of Medicine, University of Zagreb, Zagreb, Croatia
ikralik@kbd.hr

Cone beam computed tomography (CBCT) used in dental medicine results in complex
dose distributionswing to different performance of devices and examination procedures. The
aim of this study is to examine the influence of scanning parameters on organ doses and
effective dose of the patient undergoing dental CBCT examinations.

Investigation was performeoly the use of Monte Carlo simulation. CBCT dental unit
was simulated using Monte Carlo-MNar t i cl e transport code (M
calculation of organ doses and for the assessment of effective doses computational
ant hropomorphic phudbmt éim. wMostusedt dRZcl inic:
different exposure geometries including sizes and positions of FOV$,ah80360 X-ray
tube rotation angles and different tube cur@xposure time products (mAs) were simulated.

Organ doses in all simutsd CBCT protocols ranged from 886Gy ( br aiGQy t o 4
(bone surface) and effective doses from CBS v t ®Sw,14depending on
parameters. In average, thyroid gland has the highest contribution to the effective dé3e (31
followed by salivaryglands (23%) and extra thoracic region (24).

Results of this study indicate importance of careful choice of FOV's size and its position
in optimisation of CBCT procedures considering clinical question and anthropometric
features of the patient since siand position of FOV have great impact on organ doses and
effective dose, especially on thyroid gland and salivary glands. Choosifidot80e X-ray
tube rotation angle instead of 36@ould not decrease image quality but may significantly
decrease doseof the organs contributing the most to the effective dose.

Due to linear dependence of organ doses and effective dose on mAs, whenever possible
lowest mAs should be used, considering level of the image quality required.
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USPJEGNOST Z@XHEIZVAE PRI MARNOG PODRULJA
SNIMANJA U SLIKOVNOJ DIJAGNOSTICI ABDOME NA
KOMPJUTERIZIRANOM TO MOGRAFIJOM 1 PRELIMI NARNI

REZULTATI
Nikolalvan Ledet, Jel e'na GPb p k & Virkovediple v i |
KI'inilka Bolnica Mer kur , Zagreb
2’ nstitut RulLer Bogkovil, Zagreb

nikola.leder@gmail.com

UvoD

Zadnjih je desetljela nagl:i razvao,j kompj u
napretka kvalitete dobivenih dijagnostil kih
omogul uj e precizniju di jagnosti ku uwrneallaajjano
( MDCT, MSCT) [ mogulnostima multiplanarnih
aut omat skog i njektora Kkoji je omogulio sni
sli kovna dijagnostika patologkih st askoga i b
snimanja abdomena nativno i ultrazvulni h sn
osli kavanj a. Ova su osli kavanja prema moder i

prvog izbora u inicijalnim obradama nekih entiteta u abdomenu, a osobito nidbtoda u
pralenju onkdlis.g kKeao pmasljjeeddiaca bol je dijagn
melLutim i trend porasta doza ionizirajucedg
posebno CT dijagnostike. Prema literaturnim podacima ol S8upne doze iz medicinskih
izvora zralenja otpadd6,7na doze prilikom CT p
Vel i k broj |l iteraturnih podataka postoji
Problem doza odnosi se na ozralenjevdiki va i
broj literaturnih podataka. Literaturni podaci navode brojne tehnike i metode koje se
primjenjuju sa ciliem smanjenja doze, takozvane metode optimizacije CT pregleda.

Modulacijom jakosti struje i naponp4,8,9, al i [ progr amskistem r | e
naknadnu o Ipastprdcessisgl)i kpeo p(uAX al gori tama -12f er at i
mogul e j e prilagodit: nal in Ssni manj a dij a
karakteristikama pacijenta uz smanjenje doza na organe i tkiva u primarapm sn

Za razliku od dobro istragenih nalina s ma
problem doza koje primaju organi i tkiva izv
ti organi nisu od interesa za dijagnostiku. Osobiti problem predstawdjdjasenzitivha tkiva
[ organi te je upravo to tema ovog istragiyva

Prema | iteraturnim podacima doza kmj o] s e
plan@@) odnosno kada se nal azi Uu primarnom sno
melLut emi kevrazli ke prisutne zbog pri[dd ene r
18].

Apsorbirane doze izmjerene na doj ci takol
regija tijela kada doj ke ut-ef-planad ) .pr Tena smo nd o
uzrokovane rasprgenim i s e k un28m@ynii94]. Kaoal enj e
gto niz autora navodi [ kod snimanja van pol
od1,86 3mGy prili kom uobi | aj e 26%7]. tdenaturgse nafazek 0 g p
podaci kako dozaod 0.y na doj ku gene ml al%poastjer&ik godi
od razvoja karcinoma dojke u odnosu na bazalni fi28. Stoga je oligledno
na dojku kada je izvan primarnog snopa prilikom snimanjiz nal| aj ne i ni pogto
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Radovi koj i su do sada istragival: pokri

povrginske zagtite postignuto znalajno sman
doj ke u oba slul aja: i ukadaljeamj doji k& au ap rsiem
drugog dijel a. Rezultati ulinkovitostdi zagt.i
zral enij76% 1w ,@2vi snost.i 0 d[14k20,2224 t &/ mggop 1] @t o lsa la
primjena zagtidmulhj wwokmii mamnjaa u( rppor . zagtita
prsigta) i nherentno smanjuje kvalitetu dobi

struktura prsigta koje se trebaju prikazat.
inicijalnog snimanja tzv. topograma odnosno plana CT pregleda jer tada nastaje interakcija s
automatskom kontrolom ekspozicije, pa se i produljuje vrijeme snin{dnja Dostupni

radovi O primjeni pokrivala za doj ke kada su
[17,29, pa ni ti primjena zagtitnih pokrivala Kk
uobilajenom u klinil ko] praksi

S druge strane, uloga je zagtitnih pokri.v
snopa apsorpcija raspyjygefogim seepr&gndaspogen:
tijela pacijenta, na koje ovom metodom ne m
ne utjele na kvalitetu dobivenih sni mki [ ne

Malo je dostupnih literaturnih podataka o primjgrkrivala za dojke kod snimanja
drugi h di jelova tijela, a u svim publicira
mogulnosti zagtite dojke prekrivanjem doj ki
urelaja gdje se RTG icrig e3/6 kfa oo ki a vtoirj elraa | pang ie
kako Ie primjena zagtitnog pokrivala na nal
znal ajniju ulinkovitost i vel e smanjenj e
abdomena, kada dojka nije u primarm s nopu, u odnosu na sam
Pretragivanjem dostupne | iterature nije se T
prema Saznanjima autora prvi rad koji I Str s
omat anj em c idCa& bnongnjapzvas priqnarreog shapa.

Za procjenu ulinkovitost:.i novog pokrival a
doze na dojke kod snimanja abdomena, TLD dozimetrima.

Doze kojima su izlogeni pacijenti mr il i ko
dozimetrijom ili koristelid @Todose endep(@TDR me t r e
Adose length produit ( DL P) , a u konalnici se i[B0.agavaj
Met oda i zraluna doze -anane emedq usealkymidhisd i r
dojke u ovom istragivanju obzirom se doj ke n

MATERIJALI | METODE

ISPITANICI
Inicijalna mjerenja u ovoj studiji su provedena na 28 pacijentica podijeljenih u tri grupe:
bez zagtite, sa anteriornom zagtitom te sa n
|l stragivanj e ] e provedeno na pacijenti
tomografijom abdoomal ne regije u KB Merkur. Svim pac
masa i BMI i podijeljene s u tri skupine.
U ispitivanje su bile ukljulene pacijentic
A sve anatomske anomalije (npr. stanje nakon mastekfora , prethodni Kir

kifoskolioza),

A implantati dojki,
prisutnost stranih tijela wu predjelu reg
materijal),

A prisutnost kontrastnog sredstva u probavnoj cijevi od prethodnih pretrage,
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A pacijentiu | ogem klinilkom stanju kod kojih b
produl jiti boravak na radiologkom odjelu i
onemoguliti hitne mjere pomoli pacijentu
kontrasho sredstvo.
|l spitanice su ukl julivane postupkom sl ul

pacijenata kroz odjel, generirana je ise ran

ukl juliti i ne ukl juliti. Kako aliivieneeeu post
predvilenom za provolenje ispitivanja, |ista
od 1: 20, kako bi prosjelna vjerojatnost izbo

Pacijentice su bile ukljulene u ostizwz | spit
potpis informiranog pristanka kojeg je odobr

Za zagtitu dojke korigtena je posebno ski
olovnog sloja 0,5nm koj a pruga zagtitu <cijelimaopseg
pregala se razlikuje od svih do sada korigte
cijelom opsegom tijela, kao i od komercijal:

zagtitu sa prednje strane tijela.

SlikalZagtitna pregal a

Pregala ujedno pozicionira dojke koje su
Kori st se na nalin da potpuno prilijege uz
posebno osmigljenu |ilak traku. N @ isgitanice s e n a
nalazi izvan primarnog polja snimanja kako ne bi utjecala na sustav automatske modulacije
struje na RTG cijevi.

Sni manj e Kkompjuteriziranom tomografijom
slojnom CT wurelaju Toshi bataglAQHisudtav mjektora 83aX 10 1

kontrastno sredstvo. Sva snimanja su ralen:
zavoda za dijagnostil ku i intervencijsku rad
za pojedini pregled. Kod svih snimanja primjenjgn@ aut omat ska modul aci
Za mjerenja doza korigteni su tkivu ekvival
(TLD-100) . U svakom krugu mjerenja korigteni
Kalibracijski dozimetri pakirani su na it i nalin kao i Zza mjerenje
izvoru®Cs dozom od 5 mGy izragenom kao ker ma u

Prilikom snimanja dozimetri SuUu smjegteni r

dojke (mjesto najvele gositméearyljezpgdandbgi pai
tijela za kontrolnu skupinu u kojoj se mjer.i
praksa) te iznad i ispod zagtitne pregal e, u
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REZULTATI
Nakon gt o isprelimganii poda@, lizmeranih doza normalnost razdiobe

ispitana je Kolmogorossmirnovljevim i ShapiréeNi | ksovi m t est om. Obzir
odstupanje prikupljenih  vrijednosti od normalne razdiobe, podaci su analizirani

odgovarajulim nepdamame( Kruskiam Wwallis za pr
I zmelLu triju skupina odn. Ma nn Whi tney Za

cirkumferentnim pokrivalom te za pelsbc analizu rezultata Kruskal Wallisovog testa).

Uvidom u dobivenentsiciemkseu |iestkilrjiul peancei jiez i
vrijednosti na doj kama bez T4848mGy ebgoao =ma&dtij
1531 1343mGy sa prednjom zagi/mGymsaodbaobwat 0ol
(Tabl i ca 1redukcijgdopejamalzmab smo usporedbom dobivenih vrijednosti za
svaku dojku zasebno.

Dobi veni rezul tat.i unat ol mal om uzorku potyv
umanj uje apsorbiranu dozu u odnosu na pri m,
Uspo edbom i zmjerenih vrijednosti, prosjelna
studijije23%, a wuz primjenu cirkumferentne zagtite
antropometrijskih znal aj ki [ rajzd i k@z au mpa pdn
gledati kroz omjer doze izmjerene na dozimetru pozicioniranom na dojku i na visinu

ksi foidnog nastavka prsne kosti, a koji j e 1
analizom dobivamo ukupno redukciju doze od %4%kod primjene predne z agti t e, 0 C

uz primjenu cirkbmferentne zagtite 57

Za analizu rezultata ove pilot studije upotrijebljen je softverski paket NCSS/PASS
(Hintze, J. (2011). PASS 11. NCSS, LLC. Kays:cs
metodologiju po Machinu Zaru [3 1, 3 2] uz tragehuoWn@Ahu t est

statistil|lke znalajnost.i ( U) od 0, 05, trager
Promatrajul.i manje povoljan slul aj, desnu
standardned evi j aci j e vel e, korigtenjem identilne

uzorka od 28 pacijentica (Slika 2,3).

Tablica 1.lzmjerene vrijednosti TLD u grupama
Min Max

(MGy) (MGy) M SD Med
lijeva dojka 0,97 17,425 5,778 5,765 2,5625
bez pokrivala desna dojka 1,365 14,47 6,349 5,098 4,407
ksifoid 9,49 54,25 26,629 15,992 20,79
lijeva dojka 1,695 13,43 5,285 4,13 3,98
prednj a desna dojka 1,535 10,89 4,001 3,177 3,26
ksifoid 16,93 57,24 32,782 16,022 28,95
lijeva dojka 0,865 5,8 2,737 1,7 2,207
Obzur;"agmtai . desnadoka 0815 757 2975 2322 237
ksifoid 9,955 58,98 28,497 18,117 23,0475
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=2}

Lol

TLD lljeva dojka (mGy)

M2

4
l .
0

bez pokrivala prednja zastita obuhvatna zastita

Slika 2.1zmjerene doze na lijevoj dojci (mGy)

bez pokrivala prednja zaStita obuhvatna zastita

Slika 3.1zmjerene doze na desnoj dojci (mGy)

Lol

TLD desna dojka (mGY)

M2

=

ZAKLJUL AK

Dobiveni preliminarnir e zul t at i potvrLuju hipotezu da
prsigta znalajno doprinosi redukci ji doze n
znal ajna | ak i kada su dojke u <cijelosti [
inicijalnim mjerenj ma pot vr di | i hi potezu nastavljamo
pacijenata.

Ograni | enja ove studije su gto su sva mje
ustanovi te gto ispitanice nisu selekeirane
( BMI opseg grudi, postotak g¢glijezdanog t ki \
Ovo istragivanje ne wuzima u obzir i zvor zZr
i stragujemo in vitro mjerenjima na antropomo
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EFFECTIVENESS OF BREAST SHIELDING DEVICE IN OUT -OF-
PLANE COMPUTERIZED T OMOGRAPHY IMAGING OF THE
ABDOMEN 1 PRELIMINAR Y RESULTS

Nikola lvan Ledet, Jel ena GPb p k & Vinkovediple v i |
Clinical Hospital Merkur, Zagreb, Croatia
Ruler Bogkovil Institute, Zagreb,
nikola.leder@gmail.com

ABSTRACT

Aim:

To achieve significant reduction in breast dose during abdominal CT examinations (when
breasts are outside of the primary imaging plane) with the use of a shigddicg.

Materials and methods:

A customtailored shielding device was used which covers the thoracic region in the entire
circumference, unlike the currently available anterior protection. Radiation dose was
measured using TL dosimeters placed on theasardnd below the shielding device. Baseline
values were measured by dosimetry in the control group.

Measurements were done in patients admitted for regular abdominal CT examinations with
signed informed consent for study inclusion. All female patientd wid anatomical
anomalies were included in the study.

Expected results:

As expected, according to literature data, measured absorbed doses on the breasts were above
the threshold that epidemiological studies determine as increased risk for development of
breast cancer, although they were not in the primary imaging plane. Measured average dose
reduction with anterior shielding in our study was 42 % and with circumferential shielding
was 57 % compared to the doses measured in the control group with nmmghield

KEYWORDS

Breast, Multidetector Computed Tomography, Radiation Protection, Radiation Dose,
Thermoluminescent Dosimetry
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| STRAGI VANJE KONTAMI NACI JE PILETI NE F
SJEVEROZAPADNOJ HRVATSKOJ

Gina Branica, Zdenko Franil, Gor dan
Il nstitut za medicinska istragivanja i
gina.branica@imi.hr

UvoD

Radioaktivne tvar. prisutne u okoligu na:
| judske djelatnosti. Kontaminacija ¢givotne
fisijskim prodlk t i ma , a time i kontaminacija <ci kl usa
nekoli ko desetljela.

Najvele zagalenj e okol i ga fisijskim proc

eksperimenata nukl earnog oI958gdodine t€96a-19620 s f er i
godine i to zbog depozicije radioaktivnih oborif@lout) na povr gi nu Zeml j e.
slil nosti kaliju radioaktivni izotopi cezij a
Republ i ci Hr vat skoj radi oekol ogka i str.
dni h radionuklida provodi I nstitut za m
u od zralenja, kao di o ekeskomammnacienog p
a u Republici Hr vat skoj koj i je zapol
[ odign4dli.m Przaogreamgmage mpr ¢ Modi pod na
gku i nukl ear nu somgadmosno gréporukamba a r mo
o mi ije 1z 2000. godine o primjen
i [ ji vanje radioaktivnog onel i
odmah nakon | Il skerdavhraijie. viuge daese tsluj
koncentracija aktivnostf’'Cs u pi |l el em mesu u periodu od 19

o —

MATERIJAL | METODE

Uzorci pileleg mesa (5 kg) [ jaja (60 ko
Hrvatske. Uzorci su spaljeniuuf ol ni m pel i ma do pepela od | e
Koncentracija aktivnosti gamami t er a j e 0 -Gezohudijskama gamvai s 0 k o

spektrometrijskom metodom, akreditiranom sukladno zahtjevima Norme HRN EN ISO/IEC
17025, korigtengfemaGepbj a{ bhi hadetakknal ni su

REZULTATI | RASPRAVA )

Nakon | ernobil ske havar i®¥Ces lWwonpehelamijn
eksponencijalno je padala &d, 3 0 Bq k§*,ud987. godini do izmjerenih san@p04 KN
0,01Bq kg® u 2018. godini( S| i ka 1). Buduli da po%Csizi za Kk
1986. godine nisu bili dostupni, procjena je napravljena iz podéaléat-a. Naime, mjereni
podaci za koncentracije aktivnosti*’C s u pilelem mesu s u do't
koncentracijama aktivnosti*’Cs deponiranim na tlo putefallout-a.

Podatak za 1986. godinu za koncentraciiju
podataka pomolu jednostavnog regreSCsiwskog n
fallout-u (6410 Bq n¥) i iznosi 14,8 Bq kg.

Nekol i ko godi na nakon -1688Bedle uo|l dmreanpbkil
koncentracije aktivnost’Cs u mesu piletine kao i u jajima. Pad koncentracije aktivnosti bio
je vrlo brz u usporedbi s periodom koji je slijedio. Isiomodal no ponaganj e
vrijeme boravk¥Cs uol eno j e i kod druge ispitivane |
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Slika 1.Koncentracija aktivnost®Cs u pi |l el em mesu u korel ac
Kinetil ka jednadgba prvog reda primijenj
promjena koncentracija aktivnostt’'Cs u pil el em mesu i mj ereni
eksponencijalnu funkciju:
An(t) = An(0) EX 1)

gdje je:

An(t) vremenski ovisna koncentracija aktivndstCs u uzorku (Bq kg),
A(0) poletna kon¥GmwmutuzorkudBgkdp akti vnost i
I n(2)/ k efektivnb'Cseuknitko(goime). pol uvrij eme

Uperiodu1986-1988. funkci j s kfitamenpizmjereailgpodataka aan j e m

eksponencijalnu krivulju opisanu jé®aadgbom
pilelem mesu procijenjeno na 0,43 -goi8, (r =
efektivno ekol¥8gka p mduprbcienm¢nenjmea 8,0 godina (r = 0,88).

Ispitivani su i podaci za koncentracije aktivndstCs u jajima, te je ustanovljena jaka
korelacija s vrijednostima za pilele meso (r
Efektivna doza primljena uslijed unosa nekog radionuklida tijekomd r e L enog

vremenskog perioda zbog konzumacije kontaminirane hrane ovisi 0 koncentraciji aktivnosti u

hrani te konzumiranoj kol i |l ini. Efekti vna do
E=C4Q D7 A, (2

gdje su:

E efektivha doza u Sv,

C ukupna peocdpitakanjumacija hrane u Bq Ky

DY dozni konverzijski faktor za radionuklich, tj . efektivna doza po¢

koja pretvara ingestiranu aktivnost u efektivhu dozu i
Anm srednja godignja koncembuuzarku(Bplg). akt i vnost.
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U proralunima je pretpostavljena godignj a
kritilnu populaciju (>17 godina). Dozni k on\
zaodraslu osobu zZ8Cs j e 8%v,BE[8L O

Procijenjena godignja e
zbog unosa®Cs konzumacijom pil
promatrani period tj. 1987.2018.Pos | j edi | no, moge se zakl juli
mesa nije kritiCsumludleput za prijenos

ektivna doza koju
I

f
el eg MMeB@acSvlamajei

ZAKLJUL AK

Poslije nuklearne nesrelie u Lernobilu za
koncentracija aktivnostt’Cs u pil el em mesu. Efekti¥@o ekol
u pilelem mesu8piogiojdé mjaen Bujdasima dad*Csuw konc
pilelem mesu dobro korel i ralouta st kommequir @jceé |
jednostavnog matematil kog model a za predvi la
dogalaja odnosno nuklearnih nesreia.

Oplenito, nekol i ko godi na nakon nukl earn
aktivnosti®®Cs u pil el em me s uakdniehtracijesaktivnestfiCs mal geé ,

1987 godine bile ispod razine detekcije. Po s
ozral¥P@aeanjgmesenog u organizam konzumacijom p

Moge se zakl julitij dkao nuz uRveapcui bjlai cpii | Heriveagt snke
prijenosa radiocezija u ljude.

Monitoring uzor aka iz okoli ga kako b i S
maksi malnom koncentracijom aktivnost®Csi zrage
i 1¥Cs od 600Bq kg! za sve prehrambene proizvode, osim mlijeka, kako je uvjetovano u
preporukama Europske komisije (EC) No 733/2008 od 15. srpnja 2008. [9], implicira
svojevrsni binarni pristup u procjeni rizika qorisutnosti radionuklida u proizvodima
namijenjenim ljudskoj prehrani (ispod/iznad propisane granica odnosno ima/nema

kontaminacije). MeLut i m, napredak u razvoju
granica detekcijggamaspektrometrijskih wurelaja, ot var
validranhpodat aka o koncentracijama aktivnost.

proizvodi ma i posl jedilno, dozimetrijsku ana

trendova koncentracija aktivnosti ispitivanih radionuklida i provedbu prikladnihmjeray t i t e .
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RADIOCAESIUM CONTAMINATION IN CHICKEN MEAT FROM
NORTHWESTERN CROATIA

Gina Branica, ZdeMakroovFiriani I i
Institute for Medical Research and Occupational Health, Zagreb, Croatia
gbranica@imi.hr

Gor da

As a result of the accidents in the Chernobyl (1986) and Fukushima Daiichi (2011)
nuclear power plants, large quanstief radiocaesium were released into the environment,

especially***Cs and'*’Cs. This study presents the results of a {tsrg investigation into the

activity concentrations of4Cs and"®'Cs in chicken meat and eggs, as well as their transfer
from radpactive fallout. Following an initial increase in activity concentrations caused by the
Chernobyl accident, an exponential decrease occurred. The Fukushima Daiichi nuclear power
pl ant accident did not cause a damoationfoy cant
radioactivity; therefore, neither in chicken meat and eggs. After the Chernobyl accident, an
activity ratio for 13Cs/¥'Cs of 0.55 was determined in almost all environmental samples,
reflecting the radiocaesium inventory from the core ofrthelear reactor. After Fukushima,

this ratio was approx. 1. The effective dose that an adult member of the Croatian population
received from‘Cs and'*'Cs intake by means of chicken meat and eggs was very small in the
postChernobyl period, which inditas that their contamination by radiocaesium is not a

critical pathway of radiocaesium transfer to human beings.
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SEZONSKO PRALEMNRA®IAKTIVNOS Tl Be, *K,
137Cs, 232Th, 2%Ra | 2% U SUHOM TKIVU DAGN JI MYTILUS
GALLOPROVINCIALIS U PRIOBALNIM VODAMA JADRANA

Di j ana-HBme¥,i |liviana 2T ubceal kkodv iBar i gi |
Y"nstitut Ruler Bogkovil, Rovinj
2’ nstitut RulLer Bogkovil, Zagreb

dpavicic@irb.hr

UvoD )

U radu su ©prikazani rezul tat. pralenja s
Jadr ana k or Mgilusegallppeomncidliskgorindikatora za razdoblje od 11 godina
(2008.12018. ) . Dagnje se koriste kao |liimgdi katdarl i
da dnevno filtriraju i do 80 L vode te apsorbiraju i akumuliraju tvari otopljene u morskoj vodi
[ adsorbiraju suspendirane tvari . Prikaz
korigtenjem dagnj i pr ogi raarMeditesan MusselsWaehv a k i s
Sustavno ispitivanje radioaktivnosti u morskim indikatorskim organizrfiirbg

Prirodni radionuklidi’Be, 4%K, 232Th, 2%°Ra i 2*8J nalaze se u morskoj vodi ili u nju
dospijevaju donosom materijala i slatke vode s kopna tezidpm iz atmosfere. Donos

antropogenod® Cs u mor ski okofhlloujo d et & szt iartammojsaf err ek | (e
196Gi h i nesrele u Lernobilu 1986. godi ne) [
godi ne i dal j e | e pranidisenog lanta dospigva o brgagiame kofise p ut
koriste kao hrana zbog | ega je njegovu pris
Uzorci sa 13 postaja dug hrvatske jadranske

puta godi ¢gnj iejesenskompperiodu.j Kericantoanije aktivnosti svih navedenih

radi onukl i da o-spekeonetysii n suhasnukivg dagmge. Prikazani rezultati

di skutirani su i usporeleni s obzirom na | ol
vode i dru@ parametre.

MATERIJALI | METODE
U razdoblju od 2008. do 2018. godine uzorci dayhjigalloprovincialisprikupljani su

na 13 lokacija dug jadranske obal e, ugl avnor
uzorkovanja su mijereni salinitet | temper ur a mora na svim 1istra
Lokacije su prikazane na kart:i na Sl ici 1,

vrijednostima temperature i saliniteta u proljetnoj i jesenskoj sezoni prikazan je u Tablici 1.

Po uzorkovanju je prikupleno i zmeLu 4 | 5 kg svjegih dagnj
Nakon zagrijavanja u mikroval no]j pelnici, t k
sugioni ku do konstantne mase. Nakon pripreme
clindrilne mjerne posude poznate geometri] ¢
Vrijeme brojanja uzoraka iznosilo je izmelLu
analizirani su koristeli Genie 2006%Cs,%oftver.
232Th, 2Ra, Ui 'Be odrelene su s pripadnim progirer
Det ektor ski je sustav kalibriran odgovaraju
provjeravana i potvrLlLena u rimad dabordtorijnza | nt er
radi oekol ogi ju I nstitut a Ruler Bogkovi i u

odrelivanje koncentracije aktivnost.i / mas e

zahtjevima norme HRN EN ISO/IEC 17025.
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Tablica 1.Popislokagi a uzor kovanja s

vriijednostima temperature mora i sal
LoKkasia N £ Temperatura T ( AC Salinitet
proljele prolijel
D17 Limski kanal 45A 08 134A3, 2 15,6 /19,3 31,0/33,0
D27 Trget 45A 01 14A 03 16,6 /17,4 29,3/33,0
D37 Bakarskizalev 45A 18 14A 32 12,8/14,8 12,6 /21,5
D41 Martinska 43A 46 15A 50 15,2/21,0 33,4/34,4
D571 MarinaPoljica 43 A 30 16A 09 15,7/21,8 35,4/36,3
D61 Kagt el 43A 32 16A 24 15,9/21,8 35,9/36,8
D7i Girilil 43A 32 16A 24 16,3122,0 35,7/35,9
D81 Vranjic 43A 31 16A 27 15,8/21,4 33,4/34,4
D9i Stobre| 43A 30 16A 31 15,71 22,7 34,2 /34,9
D107 Bistrina 42A 52 17A 42 15,7/22,5 36,3/36,2
D117 Mali Ston 42A 50 17A 42 16,2/22,5 36,2 /36,9
D12i Dr al e 42A 55 17A 28 15,8 /22,3 36,6 /36,1
D137 Dubrovnik 42A 40 18A 07 16,1/22,0 34,6/34,6
Madarska
Slovenija

» Zagreb

Osijek «

Bosna i Hercegovina

Zadar N
W E
Jadransko more t
Sibenik
20 60 km
| -
D-13
Dubrovnik

Slika 1.Prikaz lokacija uzorkovanja dagmjl. galloprovincialisd u §
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REZULTATI

Koncentracije aktivnosti umjetnog radionuklidCs u t ki vu dagnji u
perioduv el i koj su velini slulajevd)biUesispajfedy
kada je'*'Cs detektiran radilo se o niskim koncentracijama (maksimalna vrijednost od 1,05
Bg/kg izmjerena je na lokaciji Martinska u jesen 2011. godine). Osim na lioRac{Limski
kanal) na kojoj niti u jednom uzorku nije detektirana prisutht€ts, na ostalim je lokacijama

¥Cs bio detektiran barem jednom (D6, D7 i D
(D2, D3, D10 i D12) put a6)'®0s bivadtektieah marfokagie b r o |
D10 (Stobrel). Uol eno ¥Cs deteltiramngegovo@isast/o nij@ ma g

ovisilo o sezoni. Uglavnom se radi o gotovo zatvorenim marinskim sredinama koje su pod
izrazitim utjecajem dotoka slatkih voda.igtustvo®*’Cs u dagnjama moglo bi biti posljedica
njegovog znalajnijeg unosa slatkim vodama u
dotoci u vremenskim periodima koji su prethodili uzorkovanju) i/ili izmjene jadranskih voda

zbog dotoka iz Jonskoglnosno Egejskog mora.

Prosjelne vrijednosti koncentracij®eakti v
tijekom proljela i jeseni , pri kazane su na
aktivnosti krelu sei8348Brkitkompraspemu GS<0,p
koncentracije aktivnosti u uzorcima prikupl]
one u Martinskoj (D4), vele od aktivnosti i
obzirom na to da se mambrane fitgplankigna,avakviserezsil@ati u st
i ol eki vani budul i da je tijekom proljeia bi
znal ajnija u odnosu na jesen, gto uzrokuje p
vrileme poluraspaddBe ( 53, 4 dana) [ | injenicu da u mo
oborinama i/il:] dotokom sl atke vode s kKkopn

rezultiraju niskim koncentracijani®e u tkivima dagnji tijekom rane jeseni.

=
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——t NP f 2506 S

e sesen / \
;:‘.-2“‘/ \_‘"’\/"‘\._;%

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13
Slika2Pr osj el n eije &ivmostiéBa (B kg ‘csuhe mase) u tkivima

dagnj i uzorkovanih u proljele (plavo) i |
2018. g. prikazane prema lokacijama uzorkovanja.

|
o
o
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o
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N
o

N
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U razdoblju od 2008. do 2018. godine, koncentracije aktivnosti primordijdfitog

tkivu dagnj i su u najvelem broju slulajeva
proljeie. 1znimka je uolena na najjugniijoj
koncentracija aktivnostf®K t i j ekom pr ol j el aaneosima Slitio3. j es e |
Oplenito, pojedinalne vrijednost:i koncentrac

223



l okaciju ni s obzirom na 749 Bgkgljsuhe daseb a i k
Prosjelne v jednostliilpw isezopmos g'at 2poreo | § el )
odnosno (304*uN j2BlenBgqUkgriobalnoj morskoj
promjena koncentracija aktivno$tK | ak ni t i u slulaju izrageni
da je njegova koncentracijag® anskoj vodi visoka ™. Staggsednal e
koncentracije kalija kao biogenog elementa, a time i mjerene koncentracije aktf{Kosti

tkivima dagniji, prvenstveno odraz kondicijskog stanja tih organizama.
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Slika3Pr osj el ne konc @(Bokd'wsihg rease ktkiviman o s t i
dagnj i uzorkovanih u proljele (plavo) i |
2018. g. po lokacijama

Koncentracije aktivnosti prirodnih radionuklid¥Th, 238 i ??°Ra u tkivima dagnjne
razlikuju se bitno s obzirom na sezonu i lokaciju uzorkovanja, uglavnom su se kretale ispod
granice detekciegamape kt r omet ri j skog odrelivanj a.
Sve izmjerene vrijednosti koncentracija aktivnosti radionuklida u tkivima dagnji
tijekom uzorkovanjao@ 0 0 8 . do 2018. godine dug Jadransk
publiciranim u znanstvenoj literaturi{d].

ZAKLJUL AK

Koncentracije aktivnosti®*’Cs u dagnjamaM. galloprovincialisuz or kovani m d
Jadranske obale u velini su slulajeva bil e
2018. godine. Niske vrijednosti koncentracije aktivnosti (maksimalna 1,05 Bgge mase

tkiva) u nekoliko su navrata detektirane gotovo na siokacijama, neovisno 0 sezoni
uzorkovanja.

Koncentracije aktivnostiBe u dagnj i kr el u02i8348Bgki)r o k o m
pri | emu su prosjelne koncentracije aktivno:
lokacijama, s iznimkom one u Marsnk o j |, vel e od aktivnost.i

prikupljenim u jesen
Prosj el ne oncenirgcia dkihnmesti’d u dagnji gotovo da i ne variraju s
obzirom na sezonu, nbi j ekom | eseni na velini | okacij a
koncentracija atkvnosti koje su mjerenepr ol. j el e
Koncentracije aktivnosti radionuklid&?Th, 238 i ??°Ra u dagniji izrazito su niske i
bitno se ne razlikujs obzirom na sezonu i lokaciju uzorkovanja.
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Ilzmjerene koncentracije aktivnosti pojedinih radionuklida u tkdagnji dokazuju

iznimnu sposobnost filtracije morske vode i izniman indikatorski potencijal ovih organizama.

Zahvala
Dio rada izralen je wuz financijsku potpor
sigurnost Sustavno ispitivanje radioaktivnostimorskim indikatorskim organizmin008-
2013).
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SEASONAL MONITORING OF ACTIVITY CONCENTR ATIONS OF
Be, YK, 1¥7Cs, 22Th, 2°Ra AND 2% IN DRY TISSUE OF MYTILUS
GALLOPROVINCIALIS MUSSELS IN CROATIAN ADRIATIC
COASTAL SEA

Di j ana-HBme¥,i |liviana 2T ubcea kkodv iBar i gi |
'Ruler Bogkovil Il nstitute, Rovinj,
Ruler Bogkovil Institute, Zagreb,

dpavicic@irb.hr

This paper presents the monitoring of radioactivity of the marine coastal seawater
environment using musseldytilus galloprovincialisas an indicator, during a period of 11
years (2008- 2018). Mussd ar e used as an I ndi pat but ioom:
moni t or i n gincepthey fjter apne 80 L of seawater daily, absorb and accumulate
dissolved/particulate matter from sea water. The results of radioactivity monitoring presented
in this paper @& a continuation and extension of the research prdjéetsterranean Mussel
WatchandSystematic Radioactivity Testing in Marine Indicators Organisms

The naturally occurring radionuclidéBe, 4°%K, 232Th, ?®Ra and?*® are omnipresent in
sea water, the also enter the marine environment through the atmospheric deposition,
underground fresh water discharges and river flows. Anthropod&@is entered the marine
environment after events such as nuclear weapons testing and the Chernobyl accident in 1986.
Due to the haffife of 31.1 years it is still present in the environment, and through the food
chain it also comes in organisms which are used for food. Therefore, its presence and quantity
need to be systematically monitored. Samples from 13 stationg #ie Croatian Adriatic
coast were collected and analysed twice a year in spring and autumn. Activity concentrations
of all of the mentioned radionuclides are determined by gaspeetrometry in dry tissue of
mussels. The results presented are discussédc@mpared regarding the sample location,
sampling season, fresh water yield and other parameters. All measuredofahdienuclide
activity concentrations in mussel tissues in coastal waters of the Adriatic are in line with the
results published ithe scientific literature.

Activity concentrations of*‘Cs in M. galloprovincialis mussels sampled along the
Adriatic coast were below the detection limits in most cases in the period from 2008 to 2018.
Low activity concentration values (maximum 1.05 Bygi*kn dry mass of tissue) have been
detected in several cases on almost all sites irrespective of sampling season. The values of
activity concentrations ofBe in the mussels were spread in a very wide range. Average
activity concentrations in the sampladlected in spring at all locations, with the exception of
the one in Martinska, were greater than the activity concentrations obtained in the samples
collected in fall. The average activity concentration 8K in mussels did not vary
significantly with respect to the season at all locations. However, the autumn values were
generally slightly higher than the activity concentrations measured in spring. Activity
concentrations of*?Th, 228U and??®Ra in mussel were mostly below the detection limit with
no seasonal changes.

Measured activity concentration of particular radionuclides in mussel tissues proves
their exceptional ability of the seawater filtration and their exceptional indicator potential.
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CEZlIJ U VUKOVI MA KAO MJERI LO RADI OLO
OKOL AGHRVATSKOJ

Gor dana 'MaSloavidosipKeskkjDjuio Hube?, Zdenko Frani i
Mak Avdidsmintka Senl ar
Ynstitut za medicinska istragivanja i
Veterinarski fakultet Sveuliligta u
marovic@imi.hr

UvoD

Vukovi , divlije givotinje, predator.i s vrh
radi ol ogkog oneligienja okol i ga. Nal in gi v
givotinjama nkomepatdiuvhpu vebprinose akumul ¢
nekoli ko puta vige u odnosu na ostale g¢givo
prirodnog okol i ga, |l ijim se proulavanjem mo
razdiobi i trendov ma onel i gl enj a okol iGpmis lypubtrogo feao v r ¢
zagtilen od 1995. godine Pravilnikom o zagti
ubijanje vukova, kao i njihovo uznemikkpavanje
sisavac i1z reda zvijeri [ najveli je pripadr
mu odlilno razvijeni. Skupina u kojoj gi ve
hrane se i odmaraju, zajedno su tijekom cijele godine. Kattgdp di ne |j edi nke na,
Vuk se hrani i skl julivo mesom, kostima i dru

U Jedinici za zagtitu od zralenja Institu
Zagrebu u suradnji s Veterinarskim fakultet&wv eu| i | i gt a u Zagrebu pr
radioaktivne kontaminacije divljih givotinja
stanja radioaktivnost: uzoraka ¢givotne sred
i stragivanjAnaslui zii raenkowiu. vukovi koj i su bi
(najleglie od udara vozila), od 2014. do 2018

Na uzorcima su odrelene kd¥Csid3Ctsnaai jme gakKtii
i iznutricamaKoncentracije aktivnosti*‘Cs bie suiznosom vrlo malene, na granici detekcije
i to tek u nekoliko uzoraka. Naime, tagdionuklid, relativno kratkog vremena poluraspada
(T12= 2,06 godina), u normalnim okolnostima nije prisutan u prirodi. Nai#f@s ne nastaje
u eksplozijama nukl earnog o r udlquta iz (pdrieda pos | j
intenzivnih atmosferskih proba nuklearnin bombi) jer se njegov prethodifs, stvara beta

raspadanjem izvornih proi zva dak sfpilsoizjiej at evke | n
Odnosno4Cs nastaje zahvatom neutrona u stabtfiCs koji je kao fisijski produkt nakon
dugotrajnog ozralivanja prisutan u gorivimg

se®Cs,osim nakon nesrnedveo upoljearviioobiu jrue zproat ni m
tek nakon nesrel e u ntDkaliaarhnoju ellagpkatnrua nui  oFguuk
[8], kao jasni pokazatelj da je negdje dogl o d

MATERIJALI | METODE

U suradnji s Veterinarskich akul t et om Sveuliligta u Zagr
godina sakupljani SuUu uzorci stradali h vukova
za gamaspektrometrijsko mjerenje pripremani
bilo zbimi, uor ak nekoli ko ¢givotinja. Uzorci Il znut
pripremani Ssu za mjerenje kao zbrojni uzorci
na 105 UC, usitnjeni, umrvijeni, p oipepeo s p al |
je potom spakiran u plastilne posudice za mj
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C

-

Svi uzorci obraleni s u vi sokorezolucij
akreditirano] prema zahtjevima nor me HRN EN
Ge(Li) detektor ORTEC rezolucije 78 keV na 1,33 Me\°Co i relativne efikasnosti od
16,8% na 1,33 Me\P°%Co i HP GMX detektor ORTEC rezolucije 2,2 keV na 1,33 Mé&vo
i relativne efikasnosti od 7% na 1,33 MeV®®Co povezani s elektroni
osobnim ralunal ostmosKal ipbrroavceidjean ae fjiek ast andar d
instituta. Osiguranje kvalitete provodi se sustavnim sudjelovanjima u usporednim mjerenjima
u organizaciij. MelLunarodne agencije za ator
organizacije (WHO) kao i Zajdni | ko g istragival kog centr a
Vrijeme mjerenja svakog pojedinog uzorka bilo je najmanje 80000 sekundi.

REZULTATI

Dosadagnjim istragivanjima koncentraciije
da je radiocezij prisutnijid i v I j al i negol i u domalim ¢givoti
prehrane akumulira radiocezi|j koji Je staln
Lernobakoplbier , u nekoli ko uzoraka (samo pet
zbrojnih) detektiran je i*Cs , Uu Vvrijednost. tek negto vel
posljedica nuklearne nesrele u Fukushi mi u J

U Tablici 1 prikazani su sumarni ¥fCezult at

137Cs i%%K, a na Slicil prikazane su koncentracije aktivnosStCs u vremenskom slijedu od
2014. do 2018. godine.

Tablica 1 Sumarni prikaz koncentracija aktivnoStiCs,*3'Cs i4%K u vukovima od 2014. do
2018. godine.

_ _ Koncentracija aktivnosti / Bq kb
Radionuklid : —
Prosjek Medijan Raspon
134Cs 0,044 0,038 0,014i 0,098
Bics 6,11 2,29 0,131 27,76
40K 97,5 99,5 68,61 122,1

100

-
o

Koncentracija aktivnosti 137Cs / Bq kg
|

| RRR

2014 2015. 2016 2017 2018.

Slika 1.Koncentracije aktivnost*’Cs u uzorcima vukova uzorkovanih od
2014. do 2018. godine.
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U 2014. godini izmjerena je maksimalna vrijednost koncentracije aktivid&ts
(27,8N0,1 Bqg kg") u uzorku mesa dvaju vukova (vuk WCRXB7 i vuk WCRG258).
Koncentracija aktivnostt**Cs i znosila je ©, 0¢tlo Nj e0, ®Di0l50 Bm

detekcj e . |l zmj erene su i iznutrice tih givoti
bubrega i jetara. OdrelLene koncentracije akt
vukova prikazane su kao udjel: ukupne aktivn
52.26%
K-40 meso
Cs-137
iznutrice
2.84%

0.02%
Cs-134

iznutrice

16.17%

29.69%

Slika 2.Udjeli koncentracije aktivnostf“Cs,*Cs i%°K u aktivnosti jedinki vukova
obil j egeni-2b7iNTCRO2Y8CHRovanih 2014. godine.

Koncentraciije aktivnosti cezija u dijelo
pokazuju daoste wetiajakakwmulirana u migilu,
nastavku istragivanja pokugat e se odredi:t
iznutricama kako bi se stekla cjelovitija sl

| znenal uyius ok a k onc e¥asrizanjerena de uajédinki vznakes t i
WCRO306 u 2018. godi Wi, (d206k, 8] eN*Cdspbe lgkanica k g ,

detekcije (<0,03 Bq k§ . Koncentracije aktivnost. cezij a
onih izmjerenih u medvjedima [4]. Koncentracije aktivno&tiC s i stragivanih
vukova, predatora, krajnjih dionika prehrambenog lanca u prirodi, direktna su posljedica
koncentracija aktivnost. prisutnih u okoligu

ZAKLJUL AK

Vukovi kao divlja vrsta u nagoj bl i zini d
Za boljeublmali énjrazl iakanpat seisnavea dstragi
drugih divljih g¢givotinja koja Kkoaltetuunkhbvogu | i | a
prirodnog stanigta uz pralenje [ drugi h par :
i stragivanja omogulit [ e bol j e poznavanje
prostornim i vremenskim razdiobama fisijske aktivnostinflaminacije) u svim sastavnicama
okoli ga.

Zahvala
Aut or i zahvaljuju Ljerki Petroci na pomol i
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CEASIUM IN WOLFES AS AN INDICATOR OF ENVIRONMENTAL

RADIOLOGICAL PURITY IN CROATIA

Gor dana !MaSloawidiosipKesbkjDjulo Hube?, Zdenkio Frani |
Mak Avdidsmi fka Senl]| ar
linstitute for Medical Research and Occupational Health, Zagreb
2Faculty of Veterinary Medicine of University of Zagreb, Zagreb
marovic@imi.hr

This study was conducted by the Radiation Protection Unit of the Institute for Medical

Research and Occupational Health in Zagreb in collaborationthdtFaculty of Veterinary
Medicine of University of Zagrelas part of an extensive monitoring programme of the
Croatian environmentSamples collected from 2014 to 2018 from wolves that were
accidentally killed were analysed by gamspectrometry to determin&’Cs and*Cs
activity concentrationst*4Cs activity concentrations were found to be very small, near the
values of the deteicn limits and could be attributed tive FukushiméDaiichi nuclear
accident of March 2011.

The averagé®’Csactivity concentratioin wolf muscle tissue was foundtobe 1 N 0. 2

Bq kg* (range was from 0.04 to 27Hq kg') and that of*"Cs 0. 0 20Bq kg (the O
range was from 0.014 to 0.098 Bq'ig
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%%y POVRLU U ZASWREBU |

Milica Kovalil, Ljerka Petroci, Ilva F
|l nstitut za medicinska istragivanja i
mkovacic@imi.hr

UvoD

Fisijski produkt®®Sr , emi ter beta | estica (maksi mum
posljedica nuklearnih proba i nesrela.

Prisutnost®'Sr predstavlja potencijalnu opasnost za ljudski organizam zbog dugog
vremena poluraspad2 8, 8 god) i dugog biologkog vremen
nedostatku kalcija, zbog kemijske i met abol i
i Zube. lz tih razloga, smatra se jednim
akumulz i j e u I judskom skeletu moge uzrokovati t

Hr ani dbeni | anac kontaminira se kroz raz
biosfere [2.Pov r i e se smatra vagnom sastavnicom zd
popul aci j e, osobito skupine populacije |ija
biljnog podrijetla. Jedan od osnovnih nalina
tlai vode dostupnima biljkamieao i unos radionuklida nadzemnim dijelovima biljke iz zraka,
folijarnim talpogghpemvinai l ostazl mhitim met ec
talogenja radionuklida, Vv r posdbiceadnos haabijkejsu r a z
velikom | i snadtnmmopmowvrakiviogm.povr i a il mesa (¢
kontaminiranih radionuklidi ma, |l j udsKki orgar
izl ogenosti ionizirajulem zralenju.

Jedinica zmalzemjtda t unwtdi tzuta za medi ci nska
provodi prailenje stanja radioaktivnosti gi vo
radi oekologka istragivanja svih vrsta namir
ljudskojr ani , koja su osnova za procjenu doza I
na ljudsko zdravlje.

U ovome radu su prikazani rezul PSxtui odr
odabranim vrstama zelenog povr liodu,od23. dovi j e |
2017. godi ne. l z tih podataka procijenjene ¢
za odrasle pripadnike opile populacije.

MATERIJALI | METODE

Uzorkovanje je provedeno u vrijeme sezone besba,l at a i blitva u pr
jesenna dvije | okacij e, Zagreb (kontinentalno
l okal ni h proizvolLal a. Nakon wuobilajene prip
pri kupljeni wuzorcai nsau 1sOusg elnd tnee kzoaltiikmo sdpaanl j e r

Zaanalizu®Sr uzorak se gari u mufol noj pel i na
ukl oni | i SVi organski dijelovi. Usitnjeni [

kiselini. Standardnom medom ekstrakcije tributifosfatom (TBP) uz dodatak itrijevog
nosal a ek®trr ateimed j®en radi*aktlisumd ogawnmotidgad
pl anget.i se mjeri u anti koincidentnom beta
GM-255. Kem |j s ko i skorigtenje itrija e odrelen
mjerenja uzoraka je najmanje 84000 sekundi.

Kalibracija efikasnosti provedena je standarddfif r Legkog metrol ogkoc
Osiguranjek val i t et e provodi s e B md jneel Louvl aanbjoerma t ar
uspor edbama u organizaciji MelLunarodne age
Zajedni| kog istragivalkog centra (JRC) Europ
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REZULTATI

Na Slici 1 prikazane su vrijednosti koncentracija aktivnd8ir u i spi ti vanonmn
tijekom petogodignjeg vremenskog perioda u
rasponu od 18,2 mBq Kgu uzorkusalate iz 2016. godine do 341 mBq'kguzorku blitve iz
2015. godine.

Zagreb
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Slika 1.Koncentracija aktivnosf®Sr u i spi t iZagrebem povr |l u u

Na Slici 2 prikazani su rezultati koncentracija aktivnd$s r u I spitivanom
tijekom petogodignjeg vremenskog perioda u z
od 42,3 mBq kg u uzorkukupusa iz 2013. godine do 244 mBq'g uzoku blitve iz2014.
godine. Izmjerene koncentracije aktivnosti su relativno niske na obje lokacije i variraju unutar
dva reda veliline. Uzroci razli ka mogu se ob
u biljke iz tla ovisi o vrsti biljke kao i systvima tla na kojemu je uzgajana, poput organskog i
kemijskog sastava, kapaciteta zamjene kationa (CEC), pH i dr. Svakako bi trebalo uzeti u
obzir i klimatske uvjete u vrijeme uzgoja, pogotovo za ovéelrsi snat og povr il a,

nal i n uzgoja. pRetulbDéti usporeleni S dost
i stragivanja u Europi (Gpanjolska) su u dobr
salate, dok su izmjerene vrijednost: koncent
Zadar
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% 0.25 T
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s 020
§ I Salata
2 0.15 T T T
% l J I l B Kupus
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Slika2. Koncentracija aktivnosiSr  u i spiti vanom povriu wu
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Procijenjene su godignje olekivan®refekti
ljudski organizam koje ovise o vrijednostima koncentracija aktivnosti izmjerenih i prikazanih

na Slikama 1 i2 . Za efektivne doze wunutarnjeg ozr al
podac.i 0O prosjeku godi g n ptanovrkka, lkojisuinavedenud r o g e n
statistilkom | jetopisu Drgavnog zavoda za s
iznose 10,7 kilograma za skupinu |lisnatog povr
zeljastog povria u koju pribrajamo kupus [ 6
stanovni ku su wupotrijebljeni i enaizaosakej e nu
godi ne. Ujedno je i uralunat konverzijski fa

za odraslog stanovnika (starijeg od sedamnaest godina) za radionuklid stroncija koji iznosi
2, 8Fsveqi[7].

Procijenjene vrijednostigoginj i h ol eki vani h efekt PSrnih do
koje je odrasla populacija primila unosom i s

na Slikama 3 i 4 . Vrijednosti za Zagreb se
ukupnom zbroju poedi nal ni h procijenjenih efektivnih
vrste povrla, dok su procijenjene vrijednost

Najviga ukupna godignja vrijednost efbktivne
a najniga procijenjena Vvr3ve erigednoss procijenjenihs t o j

godignjih efektivnih doza su mnogo nige od
pojedinca koja i8nosi 1 mSv godi gnj e
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g
=100 - Blitva
=
=
< 80 - = Kupus
g Salata
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2013. 2014. 2015. 2016. 2017.
Vrijeme (god.)

SlikadUkupne godi ¢n f%rkaefiesmdrdsla poputacijal poimila )
konzumiranjem ispitivanog povrla u

ZAKLJUL AK

l zralunate i prikazane v%Sinp 8lilkama Eit2isuvkoo nc e n |
ni ske za oba podrul j a. Procijenjene godignj e
popul aci ju unosom i spitivanog povria su ta
vrijednost.i doza proci j emepoepmoeijengere vrikdngstieab ne g
Zadar,Te primljene efektivne doze nemaju znal a
oplu populaciju konzumiranjem ovih vrsta pov
odrelene skupine p o poethrigaicaca] i@ veganap uzt poddikeea e
prehrambenim navikama pridonijeli bi boljim saznanjima o primljenim dozama. Svakako bi
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trebal o | ubudule pratit:i stanje radioakt:i

| mbeni k a, da bi sepoltekngad jadbiniol ¢ api omjoghk e I
negel jeni ulinci na zdravlje | ovjeka.
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%S5r IN VEGETABLES IN THE CITY OF ZAGREB AND ZADAR

Milica Kovalil, Ljerka Petroci, |va
Institute for Medical Research and Occupational Health, Zagreb, Croatia
mkovacic@imi.hr

The Radiation Protection Unit of the Institute for Medical Research and Occupational
Health in Zagreb monitors activity concentrations of radionuclides in environmental samples
in the Republic of Cro&. This paper presents the results of monitofiy in samples of
lettuce, chard and cabbage, obtained in the period from 2013 to 2017 at two locations, in
Zagreb and Zadar.

Results for the samples of lettuce, cabbage, and chard vary within two ofders
magnitude, ranging from 18.2 mBq kdor lettuce to 341 mBq kyfor chard, both samples
being collected in Zagreb. These differences can be explained by various factors like pH,
organic and chemical properties of soil, different climatic conditidues, e

We calculated the annual effective doses fid8r intake by ingestion. The highest
value 0f146.79 nSwvas estimated for 2015 for Zagreb, and the lowestl 6 nSvfor Zadar
for the same year.

Since the upper limit of public exposure is 1 mSv pearyee can conclude that the
estimated doses are low and do not present a health hazard for the population living at these
locations and consuming these types of vegetables. Certainly, the radiological condition of the
environment and the influence of afllated factors should be monitored, in order to detect
changes and potential radiological contamination that in the future possibly could have
adverse effects on human health.
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RADIOAKTIVNOST | ELE MENTI PLATINSKE SKUP INE U ZRAKU

ZAGREBA
GordanaP e hne c, Jasmina Rinkovec, Gordana Marovi
|l nstitut za medicinska istragivanja i

gpehnec@imi.hr

UvoD )

Sustavno pralenje stanja rHvdtske pravodi seruo st i
|l nstitutu za medicinska istragivanja i medi c
kvalitete zraka zapolela gezdesetih godina
lokaciji IMI provode se uzorkovanja zraka kmza z | i | i te fil tre i razl. i
su odrelivanje koncentracija akt i wkeniskei u z
analize sastava | ebdelih |estica.

U zraku su prisutni prirodni radionuklidi, oni kozmogenog podrijetla ali i omognog
terestrijalnog podrijetla. U ove potonje spdf& sveprisutan u prirodi, u svim sastavnicama

okol i ga®®™bdmk gjie |l |l an uranijevog prirodnog r a
2p u zraku mogle bi bit kojinases U puspdduktima ii e h n o |
proizvodima ili otpadu/ispustu wuslijed istih
El ement i pl atinske skupine zbog svojih spe
kemijskoj, naftnoj i farmaceutskoj industriji, zrakoplovstvu, poljoprivredi, stomatologiji i
medi cini . Najragireniju pri mj enu h)iumagdiu pl at
automobil skih katalitil|l kih pretvornika, | i
motornih vozila u zrak. Zbog sve ragireniije

dolazi do porasta njihovih koncentracija u zr§ikj

U ovom mdu prikazani su rezultati mjerenja koncentracija aktivnttii 2!%Pb te
maseni h koncentracija Pt, Pd i Rh vezanih
manjeg odilOu Oar M s ciljem utvrLlivanja nji

MATERIJ ALI | METODE
Mijerenja koncentracije aktivnostiK i 2'%Pb, kao i masenih koncentracija Pt, Pd i Rh u
PMio frakciji |l ebdelih | estica provedena su t
Zagrebu. Mjerno mjesto nalazilo se u sjevernom, stambenom dijetla graumjerenom
gustolom prometa (urbana pozadinska postaja)
Za odrelivanje kof% érf'tPb aizoicij zaka askupljpjiv 8e0 s t i
neprekidnim pumpanjem vel i k-850 HUSoHigh mvdumea zr ak
sample) stanice preko Petrianov filtareEFPR15-1.5) postavljenih 1,5 metara iznad tla.
Uzorak za gamaspektrometrijsko mjerenje zbrojni je uzorak jednog do tri filtra. Svi uzorci
obraleni s u vi sokorezolucijskom gamaspektr
zahtjevima norme HRN EN ISO/IEC 178:2007. Gamaspektrometrijska analiza uzoraka
provedena je gamaspektrometrijskim sustavom
zralenja. Detektor.i su kristald@ germanija Vv
SAD, sljedeiih karakteristika:
1 Ge(Li) detektor (rezolucija 1,87 keV na 1,33 Mé{Co, relativna efikasnost 1698 na
1,33 MeV,%°Co)
 HP Ge GMX detektor (rezolucija 2,24 keV na 1.33 Meé{Co, relativha
efikasnost74,3%6 na 1,33 Me\f°Co)
Detektor.i Su smjegt eni sue oolsoivgnuer akl oan tzeaj gnteirte
zralenj e; povezani Ssu na ralunal a -spekarao gr a ms
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kao [ obradu skupljenih gamaspektar a. Kor i
proizvolLala ORTEC. Kadddonmnacj gasedntkasdiomnad i L g
instltuta osiguranje kvalitete odrelivanj a
usporednlm mj erenjima u organi zaci|j.i MeLunar
Svjetske zdravstvene organizadygHO) kao i JRC EU

Za odrelivanje masenih koncentracija Pt,
sakupl jani s u na filtre od kvar cihzraka uv Il akar
razdoblju od 28.12.2015. do 2.1.2017. godine. Uzorci su pripravljeniroraknom
razgradnjom u kiselini (smjesa HNO HCI ) pod povigenom tempe
analizirani spektrometrijom masa uz induktivno spregnutu plazmu-SP Kao unutarnji
st andar d MR Granige detekcijp za Pt su 0.045 pgdaa Pd0.908 pg m3i za
Rh0.177pgm3 Tol nost met ode odrelLena je dodavan
standardne otopine Pt, Pd and Rh na referentni materijal NIST 1648 i ERM CZ120 (PM
like CRMs). Djelotvornost metode bila je 862400 % za Pt, 92 %115 % za Pd i 90 %
104 % za RK2].

REZULTATI

U Tablici 1 prikazani su sumar nKi¥%bati st
iz izralunatih masenih koncentracija kali]je
PMpo frakci ji | ebdel i h | esti ca tijekom 2016.

koncentracije aktivnosti’ i ?!%Pb, a na Slici 2 hod masenih koncentracija Pt, Pd i Rh
tijekom 2016. godine.

Tablica 1.Sumarni podaci koncentracija aktivnd®& i 2P b ,  unatitr naagenih
koncentracija K, te masenih koncentracija Pt, Pd i Rh whjgkom 2016. godine
na jednoj lokaciji u Zagrebu.

Broj Srednja

Minimum  Maksimum . Medijan
uzoraka vrijednost
40K (mBg m3) 14 0,003 0,034 0,011 0,009
K (0§ n 14 0,09 1,09 0,35 0,31

210Ph (mBq nT3) 14 0,256 1,060 0,587 0,585
Pt (pg m 53 0,091 1,895 0,489 0,377
Pd (pg n 53 n.d.* 9,562 2,904 2,845
Rh (pg M § 53 n.d.* 1,580 0,429 0,366
*ispod granica detekcije metode

Kako bi se i spitald:i elameénats, onasene komakmracgei Pt, n a v e
Pd i Rh uprosjelene na ist.i nalin kao gto s
dvotjedno usrednjavanje). Met odom | inearne I
i zmelLu el emenata (Tablica 2).
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Tabica 2. Linearni korelacijsku koeficijenti
elemenata Pt, Pd i Rh i koncentracija aktivntftii 21Pb (N = 14).

Pd Rh 40K 210pp
Pt 0,495 0,915* 0,498 0,653*
Pd 0,662* 0,693* 0,157
Rh 0,522 0,658*
K 0,447
*statistil ki znalajne korelacije (p < 0, 0!
WK
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Slika 1.Hod koncentracija aktivnost?K i 2'%Pb tijekom 2016. godine na jednoj
lokaciji u Zagrebu.
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Slika 2.Hod masenih koncentracija Pt, Pd i Rh tijekom 2016. godine na jednoj
lokaciji u Zagrebu.
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ZAKLJUL AK
Koncentracije aktivnosti*®K i 2'%Pb, masene koncentracijie K, kao i masene

koncentracije Pt, PdAiRmar i rale su tijekom godi ne, a na
pravilu u hladnijem dijelu godi necimafoglei gene
bi biti povezane s izgaranjem drva u kulnin
1,1:6,7:1 gto je slilno odnosu platine, pal e

pretvornicima (61 : 816 : 1) te ukazuje na promet kao donmmtidazvor ovih elemenata u
zraku.

Statistilki znalajna korelacdKjdae(peine@m) F
219pp. Koncentracije Rh korelirale su s Pt, P4Pb. Ovi rezul tati mogl
njihovo zajednilko ©pojej&klnml nbg 2gaklzjaul kan
istragivanja na velem broju uzoraka.
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RADIOACTIVITY AND PL ATINUM GROUP ELEMENT S IN THE AIR
OF ZAGREB

GordanaPe hnec, Jasmina Rinkovec, Gordana Marovi
Institute for Medical Research and Occupational Health, Zagreb, Croatia
gpehnec@imi.hr

Systematic monitoring of radioactivity in the environment of the Republic of Croatia
has been performed at the Institute of Medical Research and Occupational Health (IMROH)
since 1959, while air quality research began in the 1960s. Various analysesiate ardr
including gamma spectroscopic measurements of air samples and physicochemical analysis of
particulate matte%K and?'®Pb are terrestrial radionuclides of natural origin. Platinum group
elements due to their specific properties have signifiapptication in different branches of
the industry. The most widely used applications are those of platinum (Pt), palladium (Pd) and
rhodium (Rh) in the production of automotive catalytic converters, whose purpose is to reduce
the emission of harmful gasBsm motor vehicles to the air.

This paper presents the results of measuremenfs @ind%Pb radioactivity and mass
concentrations of Pt, Pd and Rh bound to airborne particulate matter with an aerodynamic
di ameter s mal |16 during R0d6nat ohedlocalion in(Z&Mb (urban background
station).

Average activities of*°K and ?'%Pb were 0.011 mBq thand 0.587 mBq m
respectively. Average mass concentrations of Pt, Pd and Rh were 0.09%, p@85 pg 1
and 0.734 pg M, resgectively. All of the measured elements/isotopes showed characteristic
variations with the highest values during the colder part of the year. Concentration ratio
Pt:Pd:Rh was 1.1:6.7:1 which is similar to the ratio of these elements in newer automobile
catdytic converters (€l : 816:1). Traffic is indicated as a dominant source of Pt, Pd and Rh
at this location in Zagreb. A statistically significant correlation (p<0.05) was found between
Pd and*K, and between Pt an’Pb. Rh correlated with Pt, Pd ad¥Pb. These results
could indicate their common origin, but to make a final conclusion it is necessary to continue
the investigation on a larger number of samples.
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ANALYSIS OF INFLUENCE OF METEOROLOGICAL PARAMETERS
TO COSMOGENIC RADIONUCLIDES IN FALLOUT

Nataga B. Sarap, Milica M. Rajalil, Mari]j
Jelena D. Krneta Nikol il
University of Belgrade, Vinla Institute of

natasas@yvinca.rs

INTRODUCTION

Radioactivity in the atmosphere is caused by the presence of radioactive gases and
aerosols. These radioactive substances enter the atmosphere as a result of both natural and
marntmade processes, namely naturally radioactive material, cosmgge@uiuction, nuclear
weapons testing and nuclear accidents [1].

Among natural radioactive substances are the isotopes of radon, which are formed
through the radioactive decay ©fU, *2Th, and?*®U. These isotopes enter the atmosphere
through the exchege of soil air with atmospheric air (exhalation) or through diffusion. Most
of the other natural radioactive isotopes, suchBas 1Be, 3°S, 32P, 33P, 22Na, 14C, and*H
arise from the interaction of cosmic rays with the nuclei of the elements pregbet air.
Mentioned radioisotopes are formed in the stratosphere, which is also the area of their highest
concentrations [2].

Radioisotope’Be (haltlife of 53.3 days) with its shotived progenies, is the most
abundant among naturally occurring radiomles in air [3]. Tritium is a radioactive isotope
of hydrogen (haHife of 12.4 years) that occurs in nature, can originate from natural sources,
i.e., from the interaction of cosmic radiation with atmospheric nitrogen. Besides that, elevated
levels of trtium arise from anthropogenic sources, thereby disturbing the natural level of
tritium [4]. This radioisotope is readily incorporated into water and falls to Earth as
precipitation, thus entering the natural hydrological cycle [5].

Artificial radioactive aerosols are formed in nuclear explosions and contain different
radioactive isotopes. Among thes®r, 1¥’Cs,C, and'®} are considered the most toxic. The
altitude that the radioactive aerosols attain and the way in which particles are dispersed,
depend on the power of the explosion and on the size of the particles [2].

Radioactive aerosols are removed from the atmosphere mainly by precipitation. This
study reports on ten years continuous measurements of concentratibhsrod ‘Be in the
fallout. The present research was undertaken with the following principal goals: to perceive
variations of3H and 'Be concentrations in fallout, to identify the main meteorological
parameters which are responsible for the variations of these concentrations ainaste ése
correlation between the ground level concentrations associated with changes in
meteorological conditions.

MATERIAL AND METHODS

Daily fallout samples were collected at s
44A 47', E: 90miusiBg2collectorawith arda wid0e24?.mAbout 500 mL
composite monthly sample was distilled to remove iamyurities, to reduce quenching, and
to prevent the introduction of other radionuclides, which might influence the results of
determination ofH measurement. Determination ‘@e in fallout samples was performed in
composite monthly samples formed from daily samples which were evaporated to dry residue
under infrared | amp, and after then mineral.
sanple waspacked in geometry gflanchet.
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The distilled samples were prepared for measuremendi afoncentration using the
method of electrolytic enrichment. The activity concentration of tritium was determined by
measuring samples on uli@v-level liquid scintillation spectrometer LKBVallac 1219
RackBeta. The measurement time was 1200 s with series of 12 repetitions for each sample.
The tritium concentration was calculated as an average of multiple measurements.

The activity concentration dBe was detenined by gamma spectrometry on Canberra
HPGe detector of 23 % relative efficiency. The counting time was 60 000 s. The spectra were
analysed by Canberra software Genie 2000. The activity concentratiBe wfas determined
via the emission of gamma rayZt7.6 keV.

RESULTS AND DISCUSSION

One of the possible ways of tracking the time change in the concentration of
cosmogenic radionuclides in lower layers of the atmosphere is the regular determination of
their activity in samples of the total deposit7]B, In this study, the monthly activity
concentrations ofH and 'Be, given as activities of composite monthly sample per volume
(for 2H) or surface (fofBe) are presented.

The results of measurements of monthly activity concentratidrend ‘Be during he
period of ten years (1998005), are showed in Figures 1 and 2. The activity concentrations of
3H ranged from 4.03 to 62.47 Bg/L (Figure 1), while the valuesSBerwere between 0.18
and 9.76 Bg/r(Figure 2).

il HHM I th\mli\‘\H i H;\‘[”M|'|||||||\_”|Ij[‘|

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Figure 1 Monthly activity concentration 6H during 19952005.
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Figure 2 Monthly activity concentration dBe during 19952005.
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It is evident that the activity concentrations of investigated radionuclides varied during
year, so the average values of monthlstivity concentrations of each month (monthly
indices) were determined. The mentioned values are showed in Figure 3.
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Figure 3 Monthly indices ofH and’Be activity concentration during 192905.

It was noticed that in warmer period of year the higltoncentrations of both
investigated cosmogenic radionuclides were detected. This indicates the seasonal character of
concentration of cosmogenic radionuclides in the lower layers of the atmosphere. The effect
of seasonal character is more pronouncedBer(Figure 3).

Given that the values of meteorological parameters change with seasons, it was
examined in this study how and to what extent these parameters correlate with the change of
the concentration of cosmogenic radionuclides in lower layers ofatmosphere. The
Pearson's correlation coefficients (r) between the monthly indices of the cosmogenic
radionuclides and meteorological par ameters
pressure (mbar), cloudiness (scale from 0 oktas cloud to 8 otas- no blue sky), humidity
(%) and amount of precipitation (mm) are presented in Table 1.

Table 1.The Pearson's correlation coefficients between cosmogenic radionuclides and
meteorological parameters.

Pear;qn S PRTETEEE el ol Cloudiness Humidity  Precipitation
coefficient temperature pressure
°H 0.77 -0.83 -0.67 -0.70 0.60
Be 0.83 -0.85 -0.77 -0.85 0.51

Based on the correlations given in Table 1, it was noticed that increase of air pressure,
cloudiness and humidity influence on decreaseadivity concentration of cosmogenic
radionuclides in lower layers of atmosphere (r < 0), while the increase of average daily
temperature of air and amount of precipitation has the opposite effect (r > 0). The correlation
with meteorological conditions isssociated with the change in the stability of the
atmosphere. The increase in air temperature leads to bigger vertical mixing of air, thus
enabling the cosmogenic radionuclides formed in the stratosphere to descend into the
troposphere easily.
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CONCLUSION

This study is focused on the analysis of the resultsiaind’Be activity concentrations
in fallout coll ected at site in Vintermm | nst.i
measurements of mentioned radionuclides, seasonal variations wereedbsEne both
investigated cosmogenic radionuclides showed the maximal values concentrations in summer
months and minimal in winter months, with the fact that the effect of seasonal character is
more pronounced fofBe. Besides that, the influence of thetewgological parameters to
concentration offH and ‘Be in fallout is analysed. The calculated Pearson's correlation
coefficients were indicated that the investigated meteorological parameters have significant
influence on the concentration of the both oadiclides in fallout.
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TO COSMOGENIC RADIONUCLIDES IN FALLOUT

Nataga B. Sarap, Milica M. Rajalil, Mari]j
Jelena D. Krneta Nikol il
University of Belgrade, Vinla Institute of

natasas@yvinca.rs

The knowledge about cosmogenic radionuclides behaviour and their concentration in
fallout is of extreme importance for prevention and control of atmospheric contamination.
Due to this, the aim of this study is the determinatiofHofind’Be activity concefrations in
fallout and the relationship between their activity concentration and the meteorological
parameters. For the purpose of this study the fallout samples from the territory of Belgrade
city (Republic of Ser bi a) , Sclerwesaweie chosevVforn| a |
investigation. The longerm measurements of concentration of mentioned cosmogenic
radionuclides in the samples of fallout from this location is performed continuously.

Because of the seasonal character of variation in actigitgantrations ofH and’Be
the monthly indices were determined. It was evident that the higher concentrations of both
investigated cosmogenic radionuclides detected in warmer period of year. The calculated
indices imply that the changes in the climatessea are followed by the changes in He
and’Be activity concentration in fallout. Having in mind since the measured radionuclides are
produced by the interaction of the cosmic radiation with the nuclei of the elements present in
the atmosphere, the loénce of the atmospheric parameters as average daily temperature,
atmospheric pressure, cloudiness, humidity and amount of precipitation on monthly indices of
the cosmogenic radionuclides was examined. It was concluded that the investigated
meteorologicalparameters have significant influence on the concentration of the both
radionuclides in fallout.
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ODREnNI| VANJE BYBHENNALNGG EKVIVAL ENTA DOZE
(H*10))t) U KOPALKOM RI TU
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UvoD

Dunav kao druga najmaelpao selbramp szknaa | raijj euk ae k
Rijelni sliv podlogan je razlilitim vanjski.a
uzrokovane l judskim djelovanjem poput bl iz
nusprodukata raznih industrija, eksgloar anj a poI joprivredni h zeml
el ektrana. Park prirode opal ki Rit (PPKR) ]
pologaja u blizini uI|Jevanja Drave u Dunav,
zagtilenie Mmaenkkmmuuitrood e podrulje, u najvel oj
utjecaja | judi. Cijelo podrulje PPKR podl ogr
korita donosi novi materij al koj i se u plavi
nukl earne el ektrane Paks u MalLarskoj. St oga
okoliga kako bi se odredila pot el Meranjana z ag
brzine ambijentalnog doznog ekvivalental*(10)/t) ga ma z Kolpanhjka mu r it
provedena su u sklopu zajednil kog projekta
rada iz Zagreba [ Odj el a za fiziku Sveul i

karakterizacija Kopalkog rita'"'"

MATERIJALI | METODE

Mjerenja su povedena metodom "ME 608- 002 Odrelivanje brzi:
(ambijentalnog) ekvivalenta dozef*(10)/t" koja je akreditirana prema zahtjevima norme
HRN EN | SO/IT EC 17025. Mjereno -4jl@(l0nsvérl1@] em Th

mSv/h; 30 keVi 4,4Me V) | pripadaj-DetectonFHZ 672 d6 (b nSV/B R
100 OSv/ hi;4,40 MeeV, umjerenima u SSDL Inst.i
Vremenski interval mjerenja bio je 5 s, a ukupno mjerenje na pojedinoj lokaciji trajalo je
minimalno 15 mint a , gto daje 180 pojedinalnih mjer.
viijednost s pripadajulom nesigurnogl u.

l zbor mjernih | okacija nije bio proizvol]

potrebno | e bil o uskl adi t i lokaogakna ma kogma [@j er en
provedeno uzorkovanje i mjerenje ostalih parametara (radon, koncentracija aktivnosti

radi onuklida u tlu), kako bi se mogl i dobit
podrulje PPKR zbog svoj enojaanmeesena maeroip/élj@n nost i
|l okaci j ama. Stoga je bilo potrebno odabrati
godi ne, s obzirom da juwlavadnuneprohodna bnedosjupmraaa o d
vrrgenje ispitivaantjia.zaPrl X alzakacisjua rnreaz ukdj i ma
od |l okacija nalaze se van samog parka prirod

OVU Vrstu ispitivanja.

REZULTATI
Na Slici 1 prikazane su |l okacije 15 mjerni
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MADARSKA

SRBIJA

Beli Manastir 44 124
® .. 14 4

/ T2,
DRAVA’ Bilje 4
N N
= Osuek B
— @ HRVATSKA
\"\:‘m - BIH P 3
AN
Vukovaﬁ

Slika 1.Lokacije mjerenjai*(10)/t.

1 Batina, 2 Bilje, 3 VIuikkovveagr,, 64 ZKnaetgneav ig r'

7 PodunavliePar k prirode, 8 Kazuk, 9 Dvorac Ti kv
12 Mirkovac, 13X opal ko Jezer o 4Sokdlavdc,dy Lk i kanal

U Tablici 1 dane su vrijednosti za svaku pojedinu lokaciju. Rezultati prikazani u
navedeno,j tabl i ci srednje su vrijednost:i SV
razdoblju od 2016. do 2018. godine.

Ukupna srednja vrijednogta ci j el o mjerno podrulje iznos

'0@10)= (88 N 9) nSv/h

te je niga od prosjelne vrijednost.i brzine
Hrvatsku [2].
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Tablica 1.VrijednostH*(10)/t na svih 15 lokacija.

Lokacija

H*(10)/t (nSv/h)

1 Batina

,\
(o)
N

2 Bilje

N 6
N .

~
o

3 Vukovar
4 Knegevi Vi
5 Tikveg
6 Zlatna Greda
7 Podunavlje Park prirode
8 Kazuk
9 Dvorac Ti
10 Zlatna Greda Il
11 Kozjak
12 Mirkovac
13 Kopal ko Jeze
14 Sokolovac
15 Lug

e Ve
AW

L~ |~

l~ |/
oo|oo|oo|oo|o|o|F|®P|o|w|F|o|m|F

2

ol
Z
Nlo|on

~

— |~

2 = =,

Y

&)
Z

o|N|wN[R|a|ClIPIN|w[Clw|o|@P

— |~ |~~~
Y 2 2 2 ZY 2
gjoforjor|ofon

ZAKLJUL AK
Provedena su mjerenja brzine ambijentalnog doznog ekvivaldhig)/t) na podr ul j
PPKR na 15 lokacijeRezultati pokazuju vrijednosti brzine ambijentalnog doznog ekvivalenta
manje od prosjeka u RH [2]. Ostala mjerenja koja nisu ovdje prikazana, a dio su projekta
"' Radiologka karakterizacija Kopalkog rita’

prosilel|l vrijednost.i te da na <cijelom podrul
vrijednosti brzine ambijentalnog doznog ekvivalet&(10)/t) [3].

Daljnja mjerenja I i spitivanja su u plan
dogovoru s ostalimsuradnc i ma na projektu mogda I e se mje
lokacijama.

Zahvala
Sva mjerenja izvrgena su uz logistil ku poc

Osijeku te im se ovim putem zahvaljujem na suradniji.
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AMBIENT DO SE EQUIVALENT RATE (H*(20)/t) | N KOPAL KI R
NATURE PARK

Tomi s| av? BiakotPetrneti [ Mar k o', Gag #aHedtiari nj Marj a
| gor Mf kIDawnlkliol Babi |
linstitute for Medical Research and Occupational Health, Zagreb, Croatia
2J.J. Strossmayer University in Osijek, Department of Physics, Osijek, Croatia
tomislav@imi.hr

This paper reports on results of the measurements of ambient dose equivalent rate
'Opmat 15 | ocat i on NaturePark These ieasurhekts weR ipérformed
between 2016 to 2018.

The primary focus of this research was to obtain the valu&d qf min the area, in
order to check whether they are below the limits set up by the State Office for Radiological
and Nuclar Safety. Each measurement was carried out at 1 meter above the ground (soil), the

sampling time being 15 minutes.
Measurement results show no significant differences between the locations, and the

measured values are lower than or within the range aésdbr natural background radiation
in Croatia. Further monitoring and measurements are planned.
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RETROSPEKTIVNI PRIKA Z RADIOAKTIVNOSTITE K UL 1 H
ISPUSTA IZNUKLEARNE ELEKTRANE KRGKO

Gor ana KalvamarCohd i i1 vana?TuAlaekgo tMBorlt Brazmig e k
Gel j ko! Grahek
Ynstitut Ruler Bogkovil, Zagreb,
Nukl earna elektrana Krgko, Krgko,
zgrahek@irb.hr

UvoD

U tekulim ispustima iz Nuklearne elektral
rezidui radioaktivnih izotopa zaostalih iz p
pranja radne odjele koja se upotrebingava u
i spugteni h 1 z waste menitodtankadMTra dok e daprnes.radioaktivnosti
ostalih ispust a, kao gto su 1 spust.i par ogene
Zzanemari v. S obzirom da domal dopudgtedmnaemagnodn
vrijednosti radioaktivnosti koja se smije ispustiti u prirodni vodotok, u sklopu redovitog
nadzora rade se analize sadrgaja radionukl:
ukljuluje pralienje kol i laj®%rte? e Stogatieglavniltilj g a ma
ovog rada ©prikazat. kolilinu ispugtenih rad;i
2018. godine te usporedit:.i dobivene podat ke
radi oakt i vnost ipokazatisppdudhmdsinrezultatae mjegerjd radionuklida u
tekulim ispustima koje |itavo -ateiLgberatoejza st ovr
radioekologiju (LRE) Instituta RulLer Bogkovi
scilemocieneppzdanosti i tolnosti dobivenih rezult

MATERIJALI | METODE

Kolilina ispugtenih radionuklida procjenj
odrelivanja u mjesel ni m-akgimn@ priprentaju iuzimanjemo r c i
alikvota svakog pojedinog ispta tijekom mjeseca. U kompozitnim uzorcima radionuklide
odreluju oba | abor at oraikjoal.er L akbvoarnattiofriicji r ME K &

pojedinom ispustu. Za kvantitativno odreliva
akreditirane metoel s ukl adno melLunarodno]j nor mi | SO 17
emitere, LSC (liquid scintillation countimige k ul i nsko scinti | #Fetej sko I
beta brojenj®%Sza doGhmal ievnaintjeer i i triigiaj odr e
8995ri®% e samo u LRE. Usporeluju se rez-u$stati

rezultatima mjerenja kompoziut(fiRB/NEK ikommoritf edi n a
| RB/ NEK pojedinal no) .

REZULTATI | RASPRAVA

Operativna dozwolgomddgpugt a sNEKt 45 TBg tr
radionuklida (gama emiterp>Fe, 89r) u vodotok rijeke Save. U razdoblju od 2008. do
2018. godine NEK je proizvela 61,3 TWh sat
volumenom tekul BPgodd8l@aida Ui naWsldenom jedanae
razdoblju prema mjerenjima IR8 ukupno je iz WMIa i spugt e #Hp358INBg T B g

gama emitera, 63 MBepFe i 0,9 MBg®*°Sr . Ral unaj uli prema dopugt
jedanaestogodi gnYeod azambdt ene zalotsiiviiRdst i Z a
ostale radionuklide od | ega 85 % |ine ispust
tricija i 1100 GBg ostalih). U Tablici 1 pri
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te postotak spugtenog tricija I gama emitera u odn
iz rezultata mjerenja IR [1,2]. Nadalje, na Slikama 1 i 2 prikazani su rezultati mjerenja

i spugtene aktivnosti trici-puiaNBKku. godi nama u |

Tablica 1.Godi gnja proizvedena elektrilna energi
aktivnosti tekulih i1 spustauWMIual unati h

Godina 2008. 2009. 2010. 2011. 2012. 2013. 2014. 2015. 2016. 2017. 2018.

TWh 597 546 538 590 524 504 6,06 537 543 597 5,49

*H(%) 151 152 476 94 338 251 31 39,7 47,8 22,7 26,7
Gama(%) 0,065 0,049 0,028 0,023 0,084 0,045 0,032 0,016 0,006 0,003 0,006

Kao gto je vidljivo, najvele ispugtene akt
48% od dopudgtene na godignjoj razini. Treba 1
45 TBqgq za godignj.i i spust s ama geaspaeglibsi vrol
primjerice 19 PBgqg koli ko je dopugteno za god

2,10E+13 } \ 3H

— <—NEK kompozi

g 1,60E+13 } J

9 —A— NEK pojedinc

O 1,10E+13}

2

< 6,00E+12F =

/N
1,00E+12 — . . — . .
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Godina
SikalUsporedba rezultata mjerenj 8HizgMvdiagnj e uk
dobivene kao umnogak vol ume n aijeaktvpostigricie ne v od
izmjerenog u laboratorijima IRB i NEK-a.

«’é‘ 1,10E+10 }
= m °H _
@ 9,00E+09 F v &—NEK kompozit
g == |RB Lab
O 7*OOE+09L', A NEK pojedino
2 N
< 5,00E+09 \ ‘
“S |/
2 300E+00} )
(@]
X |

1,00E+09 -~

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Godina
Sika2Usporedba rezultata mjerenmrdaWMTadi gnj e K

Prema mjerenima NE@ u poj edi nalnim wuzorcima u | ec¢
i spugt eno trcia i 402 MBq hd8ng emitera, a prema mjerenjima kompozitnog

uzor ka, 120 TBq tricija I 216 MBQg gama emi:¢t
ostalih). Usporede | se rezultati mj erenj a
odstupanj8,2% za poj ed reaal rkeomp o7,i g ni uzorak gto gc
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pouzdanost. procjene ukupne ispugtene godi gr
| aboratorija koriste akreditiranelmet odez zlat :
mjerenja na mjese|lnoj bazi . Na Sl ici 3 proi
mjerenjima u kompozitnom wuzorku te u pojedi
odstupanja u mjerenjima u NEK i IRB-u su u granicama prihvatljivosti tm da valja
napomenut.i da u promatranom razdoblju (11 ¢
i zme Lu |- kampokithekuzorkeiznost2, a za p®w) edi nal ne 4

1,40
— 3H
S 1,20 e
s- v 0
£ 105 108 108 118
© 1,00 T, L4 101 | o, ¢
E 100 N 8104 A A 097 096 108 * e 1,07
o ¥ og4h 101 B 0093 W097 099 100 A 0,04
o 0,97 ’ [ 0,97 0,96 0,86 4
= 0,95 ) '
E 0,93 0,92 A
8 0,80
£
o

¢ IRB/NEK kompozit H IRB/NEK pojedino 4 NEK kompozit/NEK pojedino
0,60 s s s s s s s s .
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Godina

Slika3MeLul aboratorijska odstupanym@uimgjngrognijra z

U usporedbi s tricijem, ukupna i spugtena
vrijedi i u odnosu na aktivnost dopugtenu za
1,00E+09

Ukupna Gama3°Fe i °9Sr

1,00E+08| R

=

L 1 00E+07(Qm) wa Ty
3 wy T

e o o) wy T

2 1,00E+06

< NEK kompozit=s—I1RB-—=a—NEKpojedino~0O—Fe-551RB==#==Sr-90-IRB

1,00E+05 /A\ %

1,00E+04
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Godina
Slika4Usporedba mjerenja ispugtene ukupne godi
i spugt en &Fea’St mjereneona IR\
Uz t o, postoj i vidljiv trend smanjivanj a

2018. godine (Slika 4). Tako je u@® godini IRB u kompozitnom uzorku detektirivn,

%8Co, %0Co0, %7r, Nb,M%mAg, 12°Sh, *Cs i®Cs dok je NEK u pojedina
navedene izot OpMe PWidfektU ral8.oggodi ni u poj e
spor adi | n oni>Vn, BCoe’iCe KPAY +3'@s te®Nb i °°Sb, a IRB je detektirao
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samo®Co, ®°Co, 11%"Ag 13Cs. Na Slici 4 prikazani su rezultati usporednih mjerenja gama

emiteraulRBUINEK-u za promatrano razdoblje koji po
rezulata mjerenj@*Fe i®SrulIRBu modge se uol iti trendFeopadan
dok j e i spu%¥Strengao taokvtoi vknoonsstt antna kroz | itavo
na Slici 5 gdje su dane koncemtorda @injj e ga ktoil wr
te mjerenja godignjih aktivnost:i koje je rad

1,00E+06

El,OOE+05 =0==S5r-90 —~O—Fe-55 =l=Gama

(e

m

= 1,00E+04 nITn

‘g :

1,00E O

s 00E+08 w4 I {n3Xcwm

& 1,00E+02 -~ -

c e~

S 1,00E+01

%%

1’OOE+OO A A A A A A A A A

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Godina
Slika5.l spugtene godignj e konceWwailfSarciijzer aalkutni avtneo
godi gnj eg i s pug t-a mjergnihakdbvnastmairRB WMT

Za razliku od uspodnih mjerenja koncentracije aktivnosti tricija, gdje je podudarnost
rezul tata mjerenja na zavidnoj razini, k od
Naime, iz rezultata prikazanih na Slici 6 proizlazi da su odstupanja u pojedinim godinama
v e | a50%.dTa odstupanja rezultat su metodologije gamaspektrometrijskin mjerenja. U
pravilu, odstupanja su vela za godine u koji
detektirao aktivnosti ispod svog propisanog praga detekcije. S druge strane HRBgje
znatno dugeg vremena brojenja odredio niske

za izralun ukupne aktivnosti pa od tuda proi
godi ni nije detektirao ni | etnhaunorakpdMia@aa dekmi t er
je IRB u tom razdoblju detektirao barem jed
Prema t ome, iz kalkulacija je proizaglo da
rezul tat.i mjerenja pojedinnishh icdstoapal u omj] @S ¢
10 % (iako je sporadilno bil o i 30 % odst up:
druge strane, odatunpapppedizmadza e yadiKwbilokje | I
svega 5 %. Raz | og ptesiekaktivhosti sgh ispusta ed kdjilo malp magu t
biti bez aktivnost.i dok se kod svakog i spust
i kod pojedinalnih mjerenja mogemo primijet:
Nai me, i Dmoatradi kao maultptemetpdologije mjerenja jer se kod kratkog vremena

mj erenj a smanj uj e tol nost t e povel ava mj e
podcijenjenosti ili precijenjenosti stvarne aktivnosti. Ako se pogledaju rezultati u Tablici 1 te

na Slikama , 5 1 6, vidjet [ emo da su melLusobna o
kad je vela ispugtena gama aktivnost [ obrn
godina kad je postotak i spugtene alRt% vnost.i
MelLut i m, unat ol o d % tuuzadajih jnekolike gddiramza @mmattafo

j edanaestogodignje razdoblje razlika-au proc
NEK-a na monitoru iznosi 1% (3,58E+08 Bqg IRB, 4,02E+08 Bg NEK monitor). To knia

da j e procijenjena I spugtena gama aktivnost
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dopugtene grani ce. Usporedbe radi, i spugter
jedanaest godina jednaka je aktivnosti jedne PET CT pretragé {34/MBq pokilogramu

ma s e pacijenta), odnosno gotovo ] e dv a put
upotrebljava kod scintigrafije kostiju (740 MBg"Tc) [4,5].

Ukupna Gama

1,60
. 151 o ml5! €153
= ® IRB/NEK
7]
g 1,40 T.78 1:1 pOjedan
2 . 118 + IRB/NEK
% 1,20 1.05 L 4 1,08 kompozit
< 0,95 = *
s ] 0,89
o .90 B)o m
@ 0,74
= 0,80
e [ ]
5 057 057 059
a 0,60 [ | | 0,48
O
0,40 s s s s s s s s "
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Godina

Slika6.Me Lul aboratorijska odst upamjpagodinama er enj u

Tablica2.Usporedba godignjih ispugtenih aktivnos
koncentracijom aktivnosti tricija u savskoj vodi na lokaciji Jesenice

Godina 2008. 2009. 2010. 2011. 2012. 2013. 2014. 2015. 2016. 2017. 2018.

3

(;'B'\C'DEK 678 68 214 421 152 11,3 1,68 17,6 21,5 10,2 12,0
3

HSava ;4 13 36 11 31 22 053 19 34 14 13
(Ba/)

Na kraju, ako se analiziraju prethodni r
radi oaktivnom zagalenju r i e kaenin®an,vae tajpdiot em t
uglavnom je rezultat i spusta tricija. Nai me
Save gto se moge vidjeti iz rezultata prika:
koncentracije tr i cing aktivnosti Siaja iz NBKa,itjs utiecap nai s pu g
godi gnj o] razini je vidljiv kad ispugtena ak
tricija krele se do 1 Bg/l) o | emu je detal]
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RETROSPECTIVE REVIEW OF RADIOACTIVITY OF LIQUID
EFLUENTSFROM THE NUCLEAR POWER PLANT KR

Gor ana KalvamarCohdi i1 vana?lTuAlaekgo tMBarltBrezmif e k
Gel j ko! Grahek
'RulLer Bogkovil Institute, Zagreb,
Nucl ear Power Plant Krgko, Kr gko,

zgrahek@irb.hr

I n I'iquid effluents from Nuclear Power Pl
Sava River, residual radioactive isotopes are left behind from the process of liquid waste
treatment. Most of the isotopes released come from the waste monitor tanksGWEIT that
domestic and international legislation prescribes permitted limit values of radioactivity that
can be released into natural watercourses under regular surveillance, radionuclide content
analysis has been carried out in liquid waste for manysyd&ais includes monitoring the
amount of gamma emitters, tritiud¥;°’Sr and®>Fe so that the results of the measurement of
the amount of discharged radionuclides in the Sava River in the period2@@88are
presented and compared with the permisgiatioactivity limit. Simultaneously the match of
the results of the radionuclide measurements
(NEK) and the Laboratory for Radioecology of

In the eleveryear peiod according to the IRB measurements, 129 TB#Hf358 MBq
of gamma emitters, 63 MBq 6fFe and 0.9 MBq of°Sr were discharged from WMT into the
Sava River. According to NEK measurements of single release samples from WMT in the
elevenyear period, 12 TBq of*H and 402 MBq of gamma emitters were discharged into the
Sava River. In addition, 120 TBq &H and 216 MBq of gamma emitters were discharged
according to the NEK measurement of composite samples. These values reached for eleven
year period 266 of the permitted tritium discharge and only 0.@88of the permitted
discharged radioactivity for other radionuclides in which/8%vas gamma emitters (for 11
years 495 TBq ofH and 1100 GBq of other radionuclides can be discharged according to
operationalicense, 45 TBq per year for tritium and 100 GBq per year of gamma and others).

If the results of measurementf activity are compared, it arises that the difference between
assessedH activity in IRB laboratory and in NEK laboratory was $&@2and 75 %, for
measuring single released and composite samples, respectively. These results support the
reliability of the reported total annu3H activity discharge into the Sava River. Compared

with tritium, the total released gamma activity is almost ndgkgand shows visible trend of
reducing the discharged activity from 2008 to 2018. Unikewhere high correlation in the
measurement results in both laboratories was observed, there are specific deviations between
NEK and IRB results for gamma emittingdionuclides. These deviations can be attributed to

the methodology of gamma spectrometric measurement. Namely, the deviations were greater
for years with low released activity, where NEK did not detect the activities below its
prescribed detection thresld, while, due to the use of significantly longer counting time, the

IRB determined the lovevel activity of certain nuclides, which were then considered for the
calculation of total activity and hence resulted in greater deviations.
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|IZOTOPNE ANALIZE U ZAGREBALKOM VODONOSNI KU
VODOCRPI LI GTE KOSNI CA

Jadr ankd ReorreadidenaPaddy | vona?d MiljnatsoKirfaj car B
Andrej d& ShaminiiBorkovil
'l'nstitut Ruler Bogkovil, Zagreb
’Rudarskeg e o l-ogkbni f ak uuZagreby, ZaGrebe ul i | i gt e

3IFB Eigenschenk GmbH, Deggendorf, Bavaria, Germany
jbaresic@irb.hr

UvoD

U okviru IAEA (engl. International Atomic Energy AgencylC (engl. Technical
Cooperation projekta An environmental isotope investigation of the groundwsieface
water interactions at the regional well field Kosnica in the area of the city of Zagreb,

CRO7001, pralena je koncentracija aHKftevnosti
omjeri sabilnih izotopa®H/*H i *0f%0 u uzorcima s opagdgal ki h po
vodocrpiligta Kosnica. l stragivanja ovog Vvod
toka podzemne vode i podrulja pri hijednopd vanj a
gl avni h vodocrpiligta =za vodoopskrbu grada
i zotopnom sastavu povrginske savske vode i C

niz godina u svrhu prikupljanja podataka za svjetsku bazu podataka (@NR Global
Network of Isotopes in Riverspdnosno za svjetsku bazu podataka GNIP (eGipbal

Network of Isotopes in Precipitatiof)-3] . Obj e baze odr gavane su ¢
sakupljeni u bazama sluge kKaodruwlgazhnii spadajdiv
pri kazani rezul tati odnose se na razdobl je

spomenutog IAEA TC projekta.

UZORKOVANJE | METODE

Uzorci podzemne vode sakupljani Ssu u gire
mj es®,] u razdoblju od veljale 2016. godi ne ¢
(Slika 1).

Sikal Lokacije uzorkovanja piezometara
voda) i |l okacija Domovi nski mo
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Za pralenje l zotopnog sastava povr ginske
Domovinskom mostu, a izotopni sastav oborina
sakupljanju na meteorologkoj stanici Drgavno

Koncentracija aktivnosti tricija A%H ) odrelena je u Laborator
radi oaktivnosti Instituta RulLer Bogkovil, mj
Quantulus 1220 (engLiquid Scintillation Counter LSC). Prije mjerenja u LSC, uzarsu
obogal eni obzirom na ‘trici] metodom el ektrc
tricijem iznosio je 29,6 N 2,2, a odrelen | e
razlike u koncentracijfH uzorka poznate aktivnosti (tzspike prije i nakon elektrolize [5].

Sve aktivnosti i zragene s utritum unit, 1 U50d418i m | e c
Bq/L).

Omijeri stabilnih izotopa vodike?i/H) i kisika (80/°0) o d r e ILabaratorijusza U
spektroskopijlRudarskeg e o | -naffjiogf akul t et a Sveul i | iLiWtAa u Zac
45EP tvrtke ALos Gat os (LGRg qSlikar2) doivenom u okviru IAEA TC
naci onalnog projekta. Za pripremu, obradu i
sustav za upravljanje laboratorijskim podacima LIMS (endlaboratory information
management systéni6]. |l zmj erene vrijednost: izragene
promilima u odnosu na standat8H i ('°0:

@ )= %% - 183 1000 1)

tandard -

pri | Boomj ¢ e koncentracije teBg4),oidnoshoastaridardy i z ot
(Rstandar()-

Slika2 Urelaj za odr el i v alHHigd%O®m| WA-45ER.t abi | ni

REZULTATI

Koncentracije aktivnosti tricija u jednog
piezometara, savskoj vodi i oborinama prikazane su na Slici 3, a popis lokacija sa srednjim
vrijednostima izotopnog sastava dan je u Tablici 1. Vrijednosti izmjereneruiobo i krelu s

rasponu4,510, 4 TU gto odgovara aktivnost. at mosf
|l jetne vrijednost. posljedica su godignjeg
jet stream|[7]. Aktivnosti izmjerene u piezometrian (podzemna voda) nalaze se (izuzev

piezometra Mgb) unutar intervala 7,719, 8 T U. Povigene aktivnost
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posl jedica su utjecaja AZbuvse iy ekdojiosjp ujge aing mj e
iz Nukl ear ne el epkotdrzaenmren i Kir gvkood.a Qdezirnvaj Ho | | j i v

koji je najbligi SaviAHiZInjka eln)a. uNaSiamda, (mMabk8s

listopadu 2016. godine jasno se odrazila na piezometabMps dva mj eseca za

smanjenom aklt,iznfgédpuoodU3 ali ipak znatno v

podzemnih voda (13,1 N 2,2 TU). Treba nagl as

godine relativno kratko i da je do povelan

piezometrimaa | i s velim kagnjenjem koje nije obuhyv
[

tome govore povigene aktivnost u pAHEZOoOmet r|

podzemnoj vodi (10 20 TU).

35 - - 180
—A-2-1 —Cdp-12/3 ¢dp-13/1

50 | ——Cdp-8/2 Cp-8 ——Mp-5 41 160
——Pkb-3/1/3 ——Pkb-5/1/3 == P-Gri¢
—Sava Cp-101  ——Pkb-1/1/3 1 140

1 120

1 100

1 80

41 60

1 40

1 20

A3H (TU) - povriinska voda, Sava (Domoviski most)

A3H (TU) - podzemna voda (pezometri) i oborina (Gric)

Slika 3 Koncentracije aktivnosti tricija, lijeva skalgpiezometri i oborina,
desna skala Sava .

|l zot opni sastav stabilnih izotopa vodika

vode i dvrigdpestima prikazan je na Slici 4. Izotopni sastav savske i podzemne vode

je ujednalen tijekom ci j®@Himosipddld n -7 d@ a%s pon
(Slika 4), aii'®0 vrijednosti su unutar raspor, 6 -8, 7 a. | zot inpwloje sast a:
vari jabil an i ovisan o at mosf @H swkroijj &demmsetria t
od-109, 4 -2a3 , ddo i8Q vrijednostiod1 4, 6 -8, 8o0a. 1z navedeni
proi zl azi da je prosjelni ivodeo pwi | s astiialarr
i zotopni sastav oborine malo drwugaliiji, gt o

linijju meteorske vode (endlLocal MeteoricWater Ling LMWL, Tablica 1, Slika 5).
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Tablica 1. Sr ednj e vrijednost. i i zotopnog sastava
vodocrpiligta Kosnica (piezometri), povrgin.
(meteorol ogkai Grtialn)i.caVrZiajgadkerbo st i se odnose
uzorkovap a ( vel jsiljael2a0nj6.2017 . )

Lokacija A3H (TU) H (&) utto ( a
A-2-1 13,4 N 62,3 KN -9, 3 N
L d-p2/3 15,6 N 61,3 K -9, 2 K
L d-p3/1 9,0 N 61,0 KN 9,2 N
L d-p/2 15,4 N 626N 0, -9, 3 N
Podzemna voda L p101 11,0 N 61,9 N -9,3 N
(piezometri) L p8 13,2 N 60,7 K -9, 1 N
Mp-5 15,9 N 62,0 N 9,2 N
Pkb-1/1/3 11,2 N 61,2 K -9, 1 K
Pkb-3/1/3 13,2 N 61,4 K 9, 2 K
Pkb-5/1/3 12,75 N 62,3 K 9, 2 K
Podzemna voda Srednjavr. 13,1 N 61,7 KN 9,2 N
Povrginska 22,8 N 62,0 N 9,2 N
Povrginskal gegaw., 13,9 N 61,7 K 9,2 &
voda
Oborina Zagrebi Gri 7,7 N 64,7 N -8,9 N
_15 L
LAY
’ \ =
35 F I’ \‘ ’I “\
/ \ 7 \
[ \ / \
! \ ¥ \\
’ \ 7 ~
<-55 ’ ~ S -
é\i i~ ss e -1i’-—o == = _——————— = :—-’ _‘_'L-'_.-—'.-“LTE]E
NI Sosen® ', —_—— \‘
W 75 L 'l \\
! \‘
L= H— ¢dp-12/3 —&dp-13/1%,
95 27 AN H Cdp-8/2 ¢p-101 Cp-8 \
N ) —Mps —— Pkb-1/1/3 —— Pkb-3/1/3
N/ Pkb-5/1/3 «e++ Sava -==Gri¢
-115 - : - - . - - - - : - -
sij-16  vlj-16 0Zu-16 tra-16 svi-16 lip-16 srp-16 kol-16 ruj-16 lis-16 stu-16 pro-16 sij-17
Slika 4.1zotopni sastavifH) podzemne i povrginske vod:¢

ZAKLJUL AK

|l stragivanje izotopnog sastava voda na g¢gi
su da izotopni sastaifH, (%0 podzemnih vodgpiezometri) odgovara izotopnom sastavu
povrginske vode (Save) gto potvrLuje prihra
sastav oborina ovisi o temperaturi te su vr
maksimalnih ljetnih vrijednosti dminimalnih zimskih.
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B A2 o Cdp-12/3 s Cdp-13/1 P
-30 o Cdp-8/2 o Cp-101 a Cp-8 X
40 L ©Mps o Pkb-1/1/3 © Pkb-3/1/3

© Pkb-5/1/3 X Sava X Gri¢
50 | - LMWL - Grig .. bl

;\§ y=7,7x+3,7
—-80 R?=0,97
“© .90 | 5
X X
-100
-110 x
g = . l 1 1 . ,
-16 -14 -12 -10 -8 -6 -4
680 (%o)
Slika 5.1zotopni sastavifH, *80) i stragi vani h voda i | okal
vode (LMWL): (PH = 7,700 + 3,7.
Postojanj e i zravne veze i zmelu rijeke S
detaljnijeg pralenja izotopnog sastava povr g

prihranjivanju vodonosnika je potrebno detaljnije kvantificirati. Treba napomenuti da
izmj erene povigene kldnaoemtavacikjae gkotsil\ reas tcia

vode iz Nukl earne elektrane Krgko, ne pred
aktivnostima koje su pet puta ni geuovdm oni h
slulaju pokazao kao odlilan traser infiltrac
daje u piezometar(Mp) koji je najbligi Savi voda iz S
informacije su vrl o bit neokapdzennevodelpogotovaly n o st
podrulju izmelLu rijeke Save i vodocrpiligta
smjera kretanja podzemne vode omogulit 1[e |
mjera zagtite vodocrpiligta Kosnica.
Zahvala

Radjei zr alen u sklopu I AEA TC projekta CRO7
vodama i Bioinstitutu iz Lakovca na pomol i i
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ISOTOPIC ANALYSES OF ZAGREB AQUIFER T KOSNICA WELL

FIELD
Jadr ank3 ®eorreagieénaPaddy | vona® MiljnatsoKirfaj car B
Andrej a, SDamini'lBor kovi l
'‘RuLer Bogkovil Institute, Zagreb,

2Faculty ofMining, Geology and Petroleum and Qil Engineering, University of Zagreb,
Zagreb, Croatia
3IFB Eigenschenk GmbH, Deggendorf, Bavaria, Germany
jbaresic@irb.hr

This paper presents results of isotopic investigation (tritium actifty, stable isotope
compositionlPH and (*%0) of water samples from Zagreb aquifeKosnica well field, the
future main well field of the Zagreb County. Research was conducted highilrAEA TC
projectAn environmental isotope investigation of the groundwsiigface water interactions
at the regional well field Kosnica in the area of the city of ZageRO7001. Results
obtained from 10 piezometers (ground water) and surface waaéea,( Domovinski most)
showed that stable isotope values are within very narrow range baifHf@ndi'0: -64.3
ai(57.0) B @nfd. 7) a, respectivel w=dm™d37it wi
(Local Meteoric Water Linepbtained from precipiteon collected within ongear period
from Meteor ol ogiZageb. A% bfgptedipdgation €owedl natural values
between 4,5 and 10, 4 TU. The maximiAdk of 168,6 TU observed in the Sava River due to
discharge of cooling water from Nuclear Powe Pl ant Kr gko (30 km upst
in piezometer nearest to the Sava River BJpvith 2month delay and smaller intensi#cH
= 32.3 TU), indicating\®*H as excellent tracer for the Zagreb aquifer studies.
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PROCJENA RADI OUTEEGAI® BOSFOGIPSA NA BIOTU
UPORABOM PROGRAMA ER ICA TOOL

Tomi sl av Bituh, Bogena Skoko, Branko Pe
|l nstitut za medicinska istragivanja i
tbituh@imi.hr

UvoD

Fosfogips je materijal Naturally Occurring Radioactive Material NORM) koji
nastaje tijekom proizvodnje fosforne kiseline kao dijela postupka proizvodnje fosfatnih
mineralnih gnojiva.

Fosfatna ruda, sirovina koja se koristi u
prirodnu radioaktivnost radionuklida uranijevog i torijevog prirodnog radioaktivnog niza. U
procesu proizvodnje fosfatnin mineralnin gnojiva prirodflU ugl avnom se zad
proizvodima, dok se njegov potom&dRa pot puno ugralujeCaufosfo
kemijskoj strukturi. U mokrom postupku (postupak sa sumpornom kiselinom) na svaku tonu
fosfatne rude koja ulLe u proces nastane oko
Ti me se fosfogips definira kao uNQRMnamaptoevriig e
prirodna radioaktivnost f]. Kemijski, fosfogips je sastavljen uglavhom od CaSQH-O

(95,62%) , dok ostatak | i n éb),neetppijeaifluprasjikati (4,2%), f os f a
zaostali topivi POs (0,36%), te minerali i organskivari (<1 %).

Odl agaligte fosfogipsa smjegteno je oko 5
Parka prirode Lonjsko polje. Sastoji>tese od

dubine oko 4 m. Kapacitet odtragatngt @adjegésb
milijuna tona fosfogipsa [1,2].

Vel duge vrijeme istragivanja su usmjerena
se uU odrelLenim omjerima 71 abi za i zradu t eme
remedijacije rudnikay pr oi zvodnj i sumpora te u agrikult
i spitivanju potrebe za radiologkom =zagtiton
pripadajule biote, posebice s obzirom na spe

Naime, radionuklidi iz fosfogipsa mogu utjecati na ekosustav Parka prirode Lonjsko
pol j e, koje Jje bogato divljim i domalim ¢i
odl agaligta. Osim radioaktivnosti, bkogpsa jsKki
takolLer mogu utjecat:. na biotu. Nadal j e, p oS
za budul u s anaciAnaphaofditicasy 8 ltogagje konzdrvativri pristup
izraluna radi ol ogkog rizi ka nsap j& ulsklakdues i gi
preporukama ICRR 0 nugnost.i Zznanstveno evidentne
okoliga [6]. U tu svrhu je korEnvrdanmental RRislo gr am
from lonizing Contaminants: Assessment and Managén@ijt omogul uj e i poj et
procjenu radiologkog rizika za biotu s obzi:
parametara na dinami ku radionuklida wunutar n

odrelivanju smjersitceaknsgustavanjuenepalkirledoo]j

MATERIJALI | METODE

Uzorci fosfogipsa uzet.i su povrginski na
|l okacija na dubinama od 50 c¢cm, 100 c¢cm, 150
temperaturod 105 UC, homogenizirani i pakirani u
1L. Uzorci trave i tla wuzeti su oko odlagal:i
Su prosijani (sito 2 mm) te sugemti mi gakemi

263


mailto:tbituh@imi.hr

450 UC u mufol noj pel i i pakirani u her meti |
rezanjem 5 c¢cm iznad tla, te sugena tijekom ;
450 UC u mufolnoj pel i posudiweadd LOO min Svi uzcecr stajalit i | K i
su najmanje 30 dana rad#Repostizanja ravnoteg

Koncentracije aktivnosti prirodnih radionuklid®%U, 23U, 232Th, 2%Ra, 210Pb, i4K)
odrelLene su gamaspektrometr i j s(kezolrcijadjSeked nj e m
na 1,33 MeV*°Co, efikasnost 18,%) mjereno najmanje 80000 sekundi.

SlikalLokacije uzorkovanja fosfogipsa na odI
tl a i trave u blizini odl agaligta (11

Za procjenu radiologkog rizika utjecaja f

Tool. To je ralunalni program za procjenu br
radiologkog rizika, a sama procj eintanetskie odvi
povezan sa bazom podataka o [/t aHojagelseopksnim ef e
saget ak poznatih bi ol ogkih efekat a koji se
izl ogenosti razl il itim br zi nama d ikarija . Tak
radi onuklida koji naj vige doprinose brzini
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