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BbJITAPCKO CMUCAHUE 3A OBLLECTBEHO 3 PABE
OPULMANHO U3OAHME HA HALIMOHATHMA LEEHTBP MO
OBLLECTBEHO 3PABE N AHATN3N

LE/1 U OBXBAT

“BbArapcko cnmcaHuve 3a obuiecTseHo 34pase” e MHoronpopuaHo
CrucaHue, KOeTo BK/OYBA Ny6AMKaLMKM B 06nacTTa Ha 34paBHaTa
NONUTMKA W MPaKTUKa, 3APaBHUA MEHUANKMBHT U UKOHOMMUKA,
enuaemmonorua Ha HeuHbekumosHuTe M 3apasHute 6onectu,
34paBe Ha HaceneHWeTo/}KeHnTe/aeLaTa, NPOMOLMA Ha 34PaBETO
1 npoduNakTUKa Ha BonectTute, OKo/Ha cpesa v 34pase, TPyL0Ba
MeAMLMHA, XPaHU U XPaHEHe, KPU3UCHU CUTyaLun 1 obLLecTBeHo
34pase, NCUXMYHO 3gpase. CnucaHmeTo Aasa Gopym 3a AUCKYCUA No
aKTyanHunpobaemu Ha obLiecTBeHOTO 34 pase B Bbarapus, EBpona,
CAUL n ap. cTpaHu. B cneumanHu npuaoxeHusa ce nybaukysaT
MaTepuanu, NOCBETEHU Ha aKTyalHU TEMM, MPOYYBAHUA, pe3iomeTa
W [OKNAAM OT MeXAYHapOAHW WM HaUMOHaNHU HayyHu dopymu
M Kpbraum macu. CnucaHMeTo Mma 3a Uesn Aa nonynsapusupa v
Hacbpyasa uscnesBaHus, 4O6PU NPAKTUKKM, NONUTUKM, yNpaBaeHne
1 obpasoBaHue B obaacTTa Ha obLecTBeHOTO 3apage. M3nusa B 4
KHUXXKM FOAMLIHO Ha 6bArapcku v aHMIMIMCKU e3uK, ny6anKyBaHu
Ha MHTepHeT CTpaHML,aTa Ha HauMOHaNHWA LeHTBbP Mo 0bLecTBeHO
3apase aHanusm (https://ncpha.government.bg/).

,BbArapcko cnucaHue 3a oblwecTBeHO 34paBe” e BK/YEHO B
Hay4yHuTe 6a3u gaHHu: Web of Science (CABI), EBSCO, ICI World of
Journals.
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PAOWALIMOHHA 3ALLUUTA
MO CBETA: CTAHOAPTMW,
NMPAKTUKN U UHOBALIUA

SIuka baneBa

Ynusepcumemcka mnoconpoghunna
bonnuya 3a akmueHo everue
,,Ce. Mapuna* — Bapna
Meouyuncku ynugepcumem — Bapna

PE3IOME

Paouayuonnama sawuma npedcmasnasa ynoamenmanen
KOMNOHEHM 8 NPAKMUKAMA C UOHUSUPAULO JIbYUCHUE 8 PAMKU-
me Ha OoAHUYHU U MeOuyuHcKy cmpykmypu. [puioscenuemo
HA CMPUKIMHU HOPMAMUGHU USUCKEAHUS U CIMAHOAPMUIUPA-
HU NPOMOKOIU € OM CHUJeCMBEHO 3HAYCHUE 30 2APAHMUPAHE
bezonacnocmma Kakmo HA MeOUYUHCKUMe CHeyudiucmi,
maka u Ha nayuenmume, NOONONCEHU HA OUACHOCMUYHU UTU
mepaneemuunu npoyedypu. Hacmosiwusim npeaned odxeawa
Cchlyecmeysawume 3aKOHO8U U pe2ylamopHu pamKu 6 obac-
mma Ha paouayuoOHHAmMa 3awumd, noOXooume 3d OYEeHKd
HA pUCKA, UCMOPU4eCcKama esonoyust Ha 3awWumnume mep-
KU, KaKmo U Hatl-HO8ume NOCMuICeHUsl 8 MexHoI02uume 3a
expanupane. Cneyuaien akyenm ce nocmaess 6vpxy OUCK)-
CUsIMa OMHOCHO e@eKmUeHOCMma U aKmyajiHOCmma Hd
20HAOHaAmMa 3awWumd, 6 KOHMEeKCma Ha HOBONPUEMU HACOKU
U HAYYHU CMAHOBUWA, NPOMEHAWU KOHYEeNnYyusima 3a paoud-
YUOHHA OE30NACHOCT 8 MEOUYUHCKAMA 00pa3HA OUACHOCMU-
Ka.

Cucmemamusupanusim aHaiu3 Ha MesiCOYHApOOHU NPEeNnopPb-
KU paA3KpUea siCHO U3pazena meHOeHYusi KoM Omoaieuasane
om mpaouyuUoHHUmMe nooxXo0u 3d NAYUEHMCKO eKpanupaue,
Kamo Ha npedeH Nian ce NOCMAasam cmpame2uu 3a OnMmuMu-
sayus Ha do3ama. Bvnpeku moea, ceneKmueHomo npuioice-
HUe HA 3aWUmHU MePKU 3aNa36d C80AmMa peiesanmHuocm npu
onpeodeneHu pucko8u 2pynu, SKIIOYUMENHO NeOUAmpuUyHU U
bpemenHu nayuenmu.

Cvepemennume MexHon02UU 34 ONMUMUZAYUSL HA 003amda
npedcmasineam no-e@exmusHu U Hay4Ho0OOCHOBAHU CPed-
CMea 3a 0SpPaHUvaaHe HA eKCNO3UYUAMA HA UOHUBUPAUIO
nvuenue. Ouaxea ce Ovoewume pazpabomku 6 obracmma
Ha paouayuoHHama 3awuma oa ce oKycupam evpxy nep-
COHANMUUPAHU 3AWUMHU CIPAme2ul, demoMamu3upano Ha-
Onr00enUe U aHATU3 Ha 003AMa Ype3 U3KYCmeEeH UHMeNeKim,
KaKmo u 6HeOPSGAHE HA YCbEbPUICHCMEAHY 3AWUmHU Manme-
PUAnU ¢ NOBUUEHA eEeKMUGHOCT.

KarouoBu gymu: paguanyuoHHa 3aniuTa, HOHU3Mpa-
110 JIbUeHHUE, 00pa3Ha INarHOCTHKA, PaAHAIlHOHCH
pHCK

RADIATION PROTECTION
AROUND THE WORLD:
STANDARDS, PRACTICES,
AND INNOVATIONS

Yanka Baneva

University Multiprofessional Hospital for Active
Treatment ,,Sveta Marina,” Varna
Medical University-Varna

ABSTRACT

Radiation protection is a critical aspect of working with
ionizing radiation in hospitals and medical facilities.
Strict regulations and protocols ensure the safety of both
medical personnel and patients undergoing diagnostic
and therapeutic procedures. This article examines
legal frameworks governing radiation protection,
risk assessment, historical perspectives, and the latest
advancements in shielding techniques. Additionally,
it evaluates the necessity of gonadal shielding and
explores emerging guidelines redefining radiation safety
practices in medical imaging.

A review of global recommendations reveals a shift
away from traditional patient shielding, emphasizing
dose optimization strategies instead. However, selective
shielding remains relevant for high-risk populations
such as pediatric and pregnant women.

Modern dose optimization techniques provide more
effective ways to minimize radiation exposure. Future
advancements in radiation protection will focus on
personalized shielding strategies, Al-driven dose
monitoring, and enhanced protective materials.

Keywords: Radiation protection, ionizing
radiation, shielding, diagnostic imaging, medical
regulations, radiation risks
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BbBEOEHUE

HopmamueHa pamka 3a paduauUOHHa 3awuma

PaﬂI/IaIII/IOHHaTa 3aliuTra € (ﬁyHHaMeHTaHeH KOMIIOHCHT 3a
OCUT'ypsABaHC 0e30IMacHOCTTa Ha MCAUIUHCKUSA NEPCOHAT U
MAallMCHTHUTC, N3JI0KCHU Ha ﬁOHH3HpaII.IO JIBUYCHUC.

PamuannonHata 6e30MaCHOCT Ce PEryaHpa OT MEKIYHAPOI-
HU OpraHU3aI[|K KaTo:

v MexyHapoaHata KOMHCHs TI0 paJMAllMOHHA 3aIluTa
(ICRP) — mpemocTaBs MpenopbKH OTHOCHO MPENEITHA JT03H H
HACOKH 32 eKCIO3HLIUS;

v/ MexyHaponsaTa arennus 3a aromna eneprus (IAEA) —
ompeens TIo0aTHU CTAaHAAPTH 33 paHallMOHHA 3aIUTa W
0e301acHOCT;

v CseroBHara 31paBHa opraan3amnus (C30) — pasriexna Bb-
MIPOCUTE Ha paJiMalliOHHAaTa 0e30MacHOCT B KOHTEKCTa Ha 00-
IIECTBEHOTO 3/[paBe U MEAMILIMHCKAaTa 00pa3Ha JIMarHoCTUKA.

JleliHOCTTa HA TE3W OPraHU3allMU OKa3Ba CHIIECTBEHO BIIH-
SIHAE BBPXY HAI[MOHAIHUTE MOJUTHKH, KATO TapaHTHpa, ue
EKCIIO3MIIUATA HA HOHU3UPALIO JIbUSHHE CE MO/ IbPKA HA Bb3-
MOYKHO Hali-HHCKH HHBA, KOUTO ca 0OOCHOBAHO MOCTHIKUMHU
(ALARA mpuHIHna), c OTINTaHE HA TEXHOJIOTHYHU, HKOHO-
MHUYECKH U COLIMATHH (HaKTOPH.

HopmamueHa ypedba Ha paduayuoHHama
3awjuma e bbneapus

Hapenbata 3a panmanmonHa 3ammuTa B bearapus, npueta c
ITocranoBnenue Ne2(0 (m3m. Ha 29.12.2020 1.), crieaBa mpuH-
nunute Ha ALARA. Cropesn Ta3u Hapen0a BesKa YOBEIIKa
JICWHOCT, CBbpP3aHa C HOHMU3MPAIIO JTbUeHHe, TPsOBa 1a Oble
Ha/IJISKHO 0OOCHOBaHA OT TJIEJHA TOYKA HA NKOHOMHUYECKH-
Te, colMaaHuTe M 31paBHuTe nomsu [1]. Toa rapanTupa, ue
00JTPYBAHETO € OMPABAAHO U Y€ MOTCHIIMAHATA 0J13a HaI-
BUIIIaBa ChOTBETHUTE PUCKOBE.

Hapen6ata mocTaBst ChI0 Taka aKIEHT BbPXY ONTHMHU3AIU-
Ta Ha J103aTa, U3UCKBAWKKN PaJUallMOHHUTE J03H 3a padoTre-
IIUTE JIUIAa ¥ HACEJICHUETO Jla ce MOAABPKAT Ha BB3MOXKHO
Hali-HUCKY HMBA, IPH 3ara3BaHe Ha e()eKTHMBHOCTTA Ha JiMar-
HOCTUYHUTE U TEPANeBTUYHU IPOIETYPH.

Pucksr oT pa3BuTHE Ha paIUdallMOHHO-MHIYLHUpPAH paK ce
yBeIMYaBa ¢ J103aTa U € 00paTHO MPONOPLUOHAIEH Ha Bb3-
pacTTa Ha MHIWBHA IPH 00IBpYBaHe [2].

HcTtopuueckn onaceHus OTHOCHO PaJMallMOHHATa €KCIIO3U-
U OpH Jiena ce npocneassar ouie oT 40-Te roAMHH, KOraTo
(ITyOpOCKOIICKM M3CJIeIBAHUS TIPH HOBOPOJCHHU IPEIN3BUK-
BaT MPENOPHKH 3a OrpaHUYaBaHe Ha yriorpedara um [3].

PanuannonHaTa 9yBCTBUTEIHOCT Ha THKAHWUTE € pa3JIMyYHA,
KaTo TECTHCHUTE Ca HAW-UyBCTBUTEIHUAT OPTaH MPH MBKETE
[4]. [Topaau BucOKaTa CH ysI3BUMOCT, T€ U3UCKBAT aJIeKBaTHA
3allliTa ¥ eKpaHupaHe 3a HaMaJsiBaHe Ha PaJIMallHOHHUTE YB-
pexIaHusL.

INTRODUCTION

Regulatory Framework for Radiation
Protection

Radiation protection is fundamental in ensuring the safety
of healthcare workers and patients exposed to ionizing
radiation.

Radiation safety is governed by international organizations
such as:

v International Commission on Radiological Protection
(ICRP) — Provides recommendations on dose limits and
exposure guidelines.

v International Atomic Energy Agency (IAEA) — Sets
global radiation protection and safety standards.

v World Health Organization (WHO) — Addresses
radiation safety in public health and medical imaging.

These organizations have shaped national policies,
ensuring that radiation exposure remains as low as
reasonably achievable (ALARA) principles while
considering technological, economic, and social factors.

Radiation Protection Regulations in Bulgaria

Bulgaria’s Radiation Protection Regulation, adopted
under Decree No. 20 (amended December 29, 2020),
follows the As Low as Reasonably Achievable (ALARA)
principles. According to this regulation, any human
activity involving ionizing radiation must be justified by
its economic, social, and health benefits.[ 1]. This ensures
that radiation exposure is warranted and that the potential
benefits outweigh the risks.

Additionally, the regulation emphasizes dose optimization,
requiring that radiation doses for professionals and
the public remain at the lowest possible levels while
maintaining effective diagnostic and operational
procedures.

The risk of developing radiation-induced cancer increases
with exposure dose and is inversely proportional to the age
of the individual at the time of exposure.[2]

Historical concerns about pediatric radiation exposure
date back to 1940, when fluoroscopic examinations on
infants raised alarms, leading to recommendations for
limited usage.[3]

The sensitivity of different tissues to radiation varies, with
the testes being the most radiosensitive organ in males.
[4] Due to their high vulnerability, they require proper
shielding and protection to minimize radiation-induced
damage.
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OCHOBHU NpuHyuUNuU Ha paduayuoHHama
3awuma

TpuTe OCHOBHM MPUHIUIIA HA paiMallMOHHA 3all[UTa ca: Bpe-
M€ — HaMaJIIBaHC Ha MPOABJIKUTCIIHOCTTA Ha CKCIIO3UIHA,
pa3cTosiHME — yBeJIUYaBaHEe Ha Pa3CTOSHUETO OT M3TOYHHKA;
eKpaHMpaHe — U3IOJI3BaHEe Ha 3alUTHH OapuepH U MaTtepHa-
M.

Upes chueTaBaHETO HA TE3U IPHHIUIIN MOXE 3HAYUTEIHO 1A
ce HaMaJIi JI030BOTO HATOBapBaHe P 00pa3Ha AUArHOCTHKA
U Tepamnus.

PaduauuoHHa 3awjuma e o6pa3Hama
duazHocmuka

Eeomouu;l HaA nayuerHmcKomo eKpanupane

B megununckara ITPpaKTHUKa CE€ U3MOJI3BAT OJIOBHU ITPECTUIIKA
3a 3alIiuTa Ha KPUTUIHU OPTaHU OT 00JIbYBAHE.

Ot 1976 1. B CAIll u3non3BaHeTO Ha TOHAJHA 3aIlUTa MPH
JIMarHOCTHYHU TIPOLETYPH € 3a/bJKUTEIHO ChITIacHO (eze-
panHuTe perynauuu [5]. Bernpeku ToBa, HOBU U3CIEABAHUS U
peryaaTopHH IPOMEHH MOCTABST I10J] BBIIPOC e(hEeKTUBHOCTTA
HA Ta3W JBJITOTOAMIIHA TPAKTUKA.

Hcropruyecky ToHaJHATa 3aliuTa € OMila BbBEICHA 3a Orpa-
HUYaBaHe Ha HaclencTBeHH edexTr. Ho mHec e sicHo, ue mpu
CBHBPEMEHHHTE JAWArHOCTHYHH HO3M: MBKKHUAT (QepTHUInTeT
He ce moBJusiBa npu no3u noj 250 mGy, xeHckata GpepTuli-
HOCT He ce 3acsira npu n1o3u noa 3000 mGy [6].

IIpe3 2007 r. Hoxnan 103 Ha MexyHapogHaTa KOMUCHS IO
pannanuonHa 3amurta (MKP3) peBusupa tersioBHus hakrop
Ha ronagute ot 0.20 Ha 0.08, oTpassiBaiiku HaMalleH PUCK OT
HacJeCTBEHH e(DEeKTH U TIOCTaBIWKHY IO BBIIPOC HYXK/1aTa OT
pyTuHHA roHagHa 3amuTa [7]. Taszu nmpomsiHa ce OCHOBaBa Ha
JTAaHHM, TIOKa3BaIllM MO-HUCHK PUCK OT HACJIEICTBEHU e(ek-
TH BCJEACTBHE HA PAAMAIMOHHO OOJI'BUBAHE, OTKOJIIKOTO CE
€ CMATaJIo Mo-paHo. HamaneHusT ThKaHEeH TEroBeH (hakTop
mpeanoaara HeoOXOAUMOCT OT MPEOLEHKA Ha PYTUHHOTO U3-
MOJI3BaHE HA FOHA/IHO EKpaHUpPaHe.

[TonoOpenara KonuManyst 1 HACTPOHKUTE HA EKCIO3UIUATA
py HUQPPOBUTE CUCTEMH BOIAT IO IO-BUCOKO Ka4eCTBO Ha
obpa3za pu eIHOBPEMEHHO HAaMaJleHa eKCIIO3MLUs Ha Malu-
eHra. [IpoyuBaHus mokasat, 4e H(ppoBaTa peHTTeHOrpaus
pexyLypa pagualyioHHaTa J103a 10 2.7 WBTH B CPaBHEHUE C
TpaAWIIOHHATA (HIMOBA pPEHTTEHOTpadus, KOETO MpPaBH
HEOOXOIMMOCTTa OT JOIBIHHUTEIHO €KpaHUpPaHEe I10-MaJIKo
ChHIIECTBEHA. TeXHOIOTNMYHUAT HAIIPEIbK HaMallsgBa 3aBUCH-
MOCTTa OT (h)M3MYECKaTa 3alluTa KaTO OCHOBHO CPEACTBO 3a
pagualMoHHa 3aIlUTa.

Hacokute Ha MexayHapoaHaTa areHIUs 32 aTOMHA CHEPT U
(IAEA) ot 2018 1. mogyepTaBaT, 4e U3II0OI3BAHETO Ha 3aITUT-
HU CPEJCTBA IIPHU MAIUCHTH TPsIOBa 1a O'b/Ic BHUMATEITHO IIpe-
[ICHEHO, C OTJIe] Ha BB3MOXKHHUTE €PEKTH BBPXY Ka4eCTBOTO
Ha o0pasa n aumarHoctudHaTa eekTuBHOCT [8]. HempasuiiHO
MIPIJIOJKEHATA 3aIINTa MOXKE J1a 3aKpHE Ba’KHU aHATOMUYHH
CTPYKTYPH, KOSTO J1a HAJOKM MOBTOPHU M3CICABAHUSA U J1a
JoBenie 0 yBenuueHa oOmia excriosunus. IAEA npenopbuBa
OajaHCHpaH MOAXO/, TPU KOWTO MOI3UTE OT 3aIUTATa CE Ch-
IIOCTAaBIAT C IIOTCHIIUAJIHUTEC % HECOOCTAaTbhIU.

Fundamental Principles of Radiation
Protection

The three primary principles of radiation protection
include: time, distance, shielding. Reducing exposure
duration minimizes the absorbed dose. Increasing
distance from the radiation source reduces exposure
intensity.

The use of shielding measures significantly reduces
radiation exposure, ensuring better protection for patients
during medical imaging and treatment procedures.

Radiation Protection in Medical Imaging

Evolution of Patient Shielding

In medical imaging, standard practice includes placing
lead aprons directly on patients to shield critical organs
from radiation. Since 1976, the U.S. Code of Federal
Regulations has mandated the use of gonadal shielding
in diagnostic procedures. [S] However, recent studies and
regulatory updates challenge this long-standing practice.

Historically, gonadal shielding aimed to protect
reproductive organs from hereditary radiation effects.
However, research indicates that during diagnostic
imaging: radiation doses in diagnostic exams are too low
to affect fertility, sperm production remains unaffected
at doses below 250 mGy, female fertility is not impacted
at doses below 3000 mGy.[6]

The International Commission on Radiological
Protection (ICRP) in Report 103 (2007) updated the
tissue weighting factor for gonads from 0.20 to 0.08,
reflecting a decreased emphasis on gonadal exposure
in radiation protection.[7] This change was based on
evidence indicating a lower risk of heritable effects
from radiation exposure than previously estimated. The
reduced weighting factor suggests a reassessment of the
necessity for routine gonadal shielding.

Enhanced collimation and exposure settings in digital
systems have improved image quality while minimizing
patient exposure. Studies show that digital radiography
reduces radiation dose by up to 2.7 times compared to
traditional X-ray film, making additional shielding less
critical. Technological advancements have reduced the
reliance on physical shielding as a primary means of
radiation protection.

The International Atomic Energy Agency (IAEA)
Guidelines (2018) advised that the use of patient
shielding should be carefully evaluated, considering
potential impacts on image quality and diagnostic
efficacy.[8 ] Improperly applied shielding can obscure
anatomical areas of interest, potentially leading to repeat
examinations and increased overall exposure. The [AEA
emphasizes a balanced approach, weighing the benefits
of shielding against possible drawbacks.
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B odunmannara cu nozunus ot 2019 r. AMepukaHckara aco-
nuanus Ha MexuuuHckute ¢umsunn (AAPM) mpenoppuBa
IpeKpaTsBaHe Ha PyTHHHOTO M3IOJI3BaHEe Ha TOHAIHO U (e-
TAJHO eKpaHUpaHe 110 BpeMe Ha JIMarHOCTUYHU OOpa3HU U3-
caensanus [9]. [IpoyuBaHusiTa Moka3BaT, ye 3alIUTATa MOXKE
Jla IoNpedr Ha paboTaTa Ha aBTOMATHYHNTE CHCTEMHU 32 KOH-
TPOJI HA €KCIO3UIMTA, KOETO Aa JIOBEJE A0 MOBHIIECHA 71032
3a MalMeHTa M BIOIICHO KayecTBO Ha oOpasa. [losunmsra Ha
AAPM otpa3zsBa mpoMsiHA B Tapagurmara — oT IpUJIaraHeTo
Ha yHUBEPCAJIHU 3aIUTHH MEPKH KbM ONTUMH3AIMS HA TEX-
HUKHUTE Ha 00pa3Ha THarHOCTHKA.

B cBoeTo prkoBoacTBO OT MapT 2020 r. BpuTaHCKUAT UHCTH-
TyT no paauonorus (BIR) nmpenoppuBa nanuenTckara 3auu-
Ta J]a He ce Ipujlara pyTUHHO, a 1a C€ Pa3riek]a caMo Clel
LSUIOCTHA ONTHUMU3ALIMS Ha apaMeTpuTe Ha ckanupaue [10].
AKIIEHTBT € NOCTaBeH BBPXY NPENH3HOTO HACTpOiiBaHE HA
eKCTIO3MIMATA, M3MOJI3BAHETO Ha MOAXOAIIA KOJIMMALHS U
MIPIJIATAHETO HAa ChBPEMEHHHU TEXHHUKH 3a 00paboTKa Ha W3-
0o0pa’keHHeTOo ¢ 1IeT MUHIMU3Upane Ha go3ata. Crmopen BIR
CBIIECTBYBAT M3KJIIOUCHUSA, NP KOUTO MHIUBUAYAJIHU 3a-
IIUTHU MEPKHU OCTaBaT MPUIOKUMH. TakbB IpUMeEp ca Ieau-
aTPUYHUTE MAI[UEHTH, IPH KOUTO CE€ MU3BBPIIBAT MOBTAPSIIH
ce U3CIIeIBaHMsI, U IPU KOMTO U3MO0JI3BAHETO Ha 3aIlUTa MOXKE
Ja ce oOMHUCIM C OrJie] OrpaHMYaBaHe Ha KyMyJaTHBHATa
€KCIO3UIIUSL.

Hcropruecku KOHIICHIHMSTA 332 paJUallMOHHATA 3alllhTa Ce
OCHOBABa Ha MMOJyUYeHATA /1032 M CBBP3AHUSI C HEesl pajInallfo-
HeH puck. C pa3BUTHETO Ha paJMalOHHATa Hayka oOaue,
HUBATa Ha JI03UTE U METOAMKHTE 32 OIICHKA Ha PUCKA IIPETHP-
Isaxa ChIIECTBCHU IMTPOMEHU. C'beeMeHHI/I JJaHHHW 3a paauo-
YYBCTBUTCIIHOCTTA HAa ThbKaHW W OpPraHu IIOKa3Bar, 4€ caMo
MeT opraHa — KOCTEH MO3bBK, MIICYHA JKje3a, 1e0eo 4epBo,
Osu1 P00 U cTOMAxX — JOMPUHACAT 332 OKoJIo 60% OoT 00U
paaualHOHHO-HHY IUPAH PUCK.

B npoxbimkeHue Ha ABITO BpeMe JielaTa Ha OKOTO ce € CUH-
TaJa 3a cabdo pagHovyBCTBUTENIHA. BhIpexu ToBa, akTyalHu
Hay4YHU J0Ka3aTelCTBa covaT, 4e paJuallMOHHO-HH Iy paHa
KaTapakTa MOXKe Ja ce pas3Bue mpu no3u ot easa 0.5 Gy. [Ipu
M3I0JI3BaHEe Ha 3aIUTHO EKpaHUpPaHe 3a OYHATA Jella, J03a-
Ta MOXke J1a Obie HamaneHa npubansutenso ¢ 50%. Beapekn
TOBA, CXOJHO HaMaJICHUE Ha J03aTa MOXKE J1a Ce IOCTUTHE U
Ype3 MOAYJIalusl Ha aHOJHUS TOK, KOETO T0[4epTaBa 3Haue-
HUETO Ha TEXHOJOTMYHHUTE CTPATETHH 3a ONTHUMH3AIMs Ha
J103aTa B IMarHOCTUYHATA PATHOIOT S

C men moAamomaraHe Ha Ipolleca 10 B3eMaHE Ha PEIICHUS
OTHOCHO HM3MOJ3BAHETO HAa WHAWBHIYATHH paJHallHOHHO3a-
IIUTHH CPEACTBA IPH MAIMEHTH, BpUTaHCKHUAT MHCTHTYT 10
paamonorus (BIR) mpenmara o6o0mieHa ckana 3a oeHKa Ha
pucka, 6a3upaHa Ha €KCHO3UIUITa OT HOHU3HUPAIIO JIBUCHHE.
Hesnauutenen puck ce cebp3Ba ¢ 103u moj 0.1 mSv. Munu-
MajieH puck —mexay 0.1 u 1.0 mSv. MHOro HUCHK PUCK — ITPH
no3u oT 1.0 1o 10 mSv. Hucwk puck — mexay 10 u 100 mSv.
YMepeH puck — npu ekcrno3unuu, Haasumasamu 100 mSy.

Bbrpeku ve qaHHUTE B TaOIUIATA OT PHKOBOACTBOTO (MapT
2020 r.) ce oTHacAT a0 eeKTHBHATA [103a (32 IAJTIOTO THIIO),
WHAMBUYaTHUTE PAJUANMOHHO3AIINTHA MEPKH TIpH Ma-
LMEHTH MMAT 3a I11eJ1 Jia HAMaJsT JO30BOTO HATOBAapBaHE HA
KOHKpeTHH opranu. CienoBaTellHO TabiuIaTa MOXE Ja ce
M3I10J13Ba KaTO IPOTHOCTHYCH OPUCHTHP.

In Position Statement (2019) the American Association
of Physicists in Medicine (AAPM) recommended
discontinuing routine gonadal and fetal shielding during
diagnostic imaging procedures.[9] Studies indicated
that shielding could interfere with automatic exposure
control systems, potentially increasing patient dose and
compromising image quality. The AAPM-‘s position
reflects a shift towards optimizing imaging techniques
over the routine use of shielding.

The British Institute of Radiology (BIR) in their
Guidance (March 2020)suggested that patient shielding
should not be used routinely and should be considered
only after comprehensive optimization of imaging
parameters.[10] Emphasis is placed on adjusting exposure
settings, utilizing appropriate collimation, and employing
advanced image processing techniques to minimize dose.
According to BIR, there are exceptions where individual
radiation protection measures may still be applied. One
such example is pediatric patients who require repeated
imaging studies, where shielding may be considered to
mitigate cumulative exposure.

Historically, radiation protection has been based on
received dose and the associated radiation risk. However,
over time, dose levels and risk assessments have evolved,
reflecting advancements in radiation science. Recent
data on tissue and organ radiosensitivity suggest that the
contribution of just five organs—bone marrow, breast,
colon, lung, and stomach—accounts for 60% of overall
radiation-induced risk.

For an extended period, the lens of the eye was considered
less radiosensitive. However, current evidence indicates
that radiation-induced cataracts can develop at exposure
levels as low as 0.5 Gy.

When radioprotective shielding is used for the ocular lens,
radiation dose can be reduced by approximately 50%.
Nevertheless, a similar dose reduction can be achieved
through modulation of the anode current, highlighting the
importance of technological dose optimization strategies
in diagnostic radiology.

To support decision-making in the use of personal radiation
protection measures for patients, the British Institute of
Radiology (BIR) advocates for a general risk scale based
on radiation dose exposure. Negligible risk is associated
with exposures below 0.1 mSv. Minimal risk corresponds
to doses between 0.1 and 1.0 mSv. Very low risk applies to
exposures ranging from 1.0 to 10 mSv. Low risk is linked
to doses between 10 and 100 mSv. Moderate risk occurs at
exposures exceeding 100 mSv.

Although the information presented in the table from the
Guidance (March 2020) relates to the effective dose (for the
whole body), the use of radiation protective measures for
patients is intended to reduce the dose to specific organs.
Therefore, the table can serve as a predictive guide.
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Hanpumep, korato pucksT, CBbp3aH C MOJydeHaTa /103a, Ce
KJacu(uImpa Kato ,,He3HAUUTENIeH ", MOXKe Ja ce 3aKJII0YH,
Ye M3MOJI3BAHETO Ha MHIWBHAYAJIHU 3alIUTHU CPEJCTBA OH
UMaJIo KpaifHO OrpaHuYeH TOJIOXKHUTENEH eheKT BbpXy HaMa-
JSIBAHETO Ha 7103aTa OT KOHKPETHOTO M3CJIe/IBaHE.

[Ipu menuaTpUyYHU MAIIMEHTH CJIE/IBA J1a Ce 0OBPHE CHennal-
HO BHUMAHME Ha NOBUILIEHATA PaJuOYyBCTBUTEIHOCT Ha OII-
pelenieHn Opranu, KOUTO TpsiOBa Ja ObJIaT 3allMTEeHN BUHATH,
KOI'aToO TOBA € Bb3MOXHO — HallpUMep ThKAHTA HA MJICUHUTE
JKIIE3U.

B oTroBop Ha MHOXECTBO MEXAyHapOAHNU ITyOIUKaNN, KOU-
TO MOAKPEIISAT MPEKPaTIBAHETO HA MHANBUYATHUTE 3aIIUT-
HU MEPKH [P MAIIMEHTH 110 BPEME Ha AMarHOCTUYHH PEHTTe-
HOBHU M3CIIe/IBaHUS, | epMaHCKaTa KOMUCHS O pagrallMoOHHA
3amuTa myonukyBa mpe3 centemBpu 2022 T. M3MCHCHHS |
nosicHeHus. Te3u akTyaIu3aluu NpeaoCcTaBsIT HACOKH OTHOC-
HO NpHJIaraHeTo Ha paguannonHa 3amuta (RP) B paznuunu
00pa3HN MOJAIIHOCTH, KaTO SICHO CE MOCOYBa KOra M KbJE
TpsiOBa MM He TPsIOBA Jla ce M3II0J3Ba 3aIUTa, KAKTO ¥ KOU
AHATOMUYHH 00JTaCTH TOAJICIKAT HA eKpaHupaHe [11].

Koza 3awjumama ece owje e Heo6xoduma?

BLHpeKI/I HNPCNIOPBHKUTE 3a OrpaHNYIaBaHC HA PYTUHHOTO H3-
MOJ3BAHC HA MHAUBUAYAJIHHU 3allIUTHU CPEACTBA, CKPpAHUPA-
HETO BCC OMIC CE€ CUNTA 34 YMECTHO U TIOJIE3HO B ONIPEACIICHU
KIIMHUYHU CUTYyalluu:

v Jlena, NOAJIOkEHH Ha MHOTOKPATHH O6Pa3HHU U3CIIeIBAHUS,
Mopaiy MO-BUCOKATa UM PaJUOYyBCTBUTEIHOCT [12];

v BpeMeHHU ManUeHTKH, IPU KOUTO OOTBYBAHETO € HEU3-
0eXHO W ce Hajiara 3ammTa Ha ioaa [13];

v KT wuscnenBauus Ha riiaea, MpU KOUTO M3IOJI3BAHETO Ha
IIMT 3a IMIMTOBHMIHATA JKJIE3a MOYKE Ja HaMaJld J10o3aTa C
1o 45% [14];

v/ 3amuTa Ha MJIeUHHUTE KIe3u npu pertrenorpadus u KT,
KOSITO MOXKE JIa pelyliupa eKkcro3unusita ¢ 10 75% [15].

BbbOewu Hacoku e paduayuoHHama 3aujuma

PasButuero na CTPATCTUUTE 3a paJuallMOHHA 3alllUuTa LCInu
IMOCTHUTaHe Ha OaJlaHC MEXKAY MaluEeHTCKA 0e30IacCHOCT U -
arHoCTu4Ha e(i)eKTI/IBHOCT. OyakBaHUTE 6'B,H6H.[I/I TCHACHIIUH
BKJIFOYBAT:

v Tlepconanusupany MIaHOBE 3a PaMAIMOHHA 3aIlUTa, Oa-
3UpaHU HAa MHUBHIyaJIeH PHCKOB MPO(HUI;

v Tlo-1mupoko mpuiokKeHHe Ha U3KYcTBeH HHTeNeKT (Al) 3a
MOHHUTOPHUHT U YIIPaBJICHUE HA paJUalliOHHATA J1034;

v/ Pa3pa6oTBaHe Ha yCHBBPUICHCTBAHH 3aIUTHH MaTepUaIH,
KOWTO HE KOMIIPOMETHPAT KaueCTBOTO Ha 00pa3a;

v Tlomo6peno obyueHne 1 KBanUDUKALMS HA METUIMHCKUS
NepcoHall, HaCOYCHO KbM ONTUMH3HMpaHa ynoTpeda Ha io-
HU3UPAIIO JTHYCHHUE.

For example, when the risk associated with the received
dose is classified as ,,negligible,” it can be inferred that
the use of individual radiation protection measures would
have an extremely minimal positive effect on reducing the
radiation dose from the examination.

For pediatric patients, special attention should be given
to the increased radiosensitivity of certain organs, which
must be protected whenever possible—for instance, the
breast tissue.

In response to numerous international publications
advocating for the discontinuation of individual
protective measures for patients during diagnostic X-ray
examinations, the German Commission on Radiological
Protection issued modifications and clarifications in
September 2022. These updates provide guidance on
radiation protection (RP) across different imaging
modalities, specifying when and where shielding should
or should not be used, as well as the appropriate body
regions for its application.[11 ]

When Is Shielding Still Necessary?
Despite recommendations to limit routine use, shielding is
still considered beneficial in certain cases:

v Children undergoing repeated imaging procedures, as
they are more radiosensitive [12];

v Pregnant patients, to protect the developing fetus when
exposure is unavoidable [13];

v CT scans of the head, where thyroid shields can reduce
radiation dose by 45% [14];

v Breast shielding in X-ray and CT imaging, which can
lower dose exposure by up to 75% [ 15 ].

Future Directions in Radiation Protection

The evolution of radiation protection strategies aims to
balance patient safety with diagnostic efficacy. Future
advancements will focus on:

v Personalized radiation protection plans based on
individual risk profiles.

v Further integration of Al in radiation dose management.

v Enhanced shielding materials to improve safety without
compromising image quality.

v Improved education and training for healthcare
professionals on optimized radiation use.
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3AKINIOYEHUE

PagmanmonHara 3amiuTa ocTaBa AMHAMHUYHA M HEMPEKbCHA-
TO pa3BHUBalla ce OOJIACT, KOSTO M3UCKBA aJalTUPAHE KbM
TEXHOJIOTUYHUS HAIpeIbK U MPOMEHAIIaTa ce HOpMaTHBHA
pamka. JIokaTo TpaJULIMOHHU METOIM KaTO TOHAIHATa 3all[u-
Ta MOJJIEKAT HA MPEOLIEHKA, CbBPEMEHHUTE TEXHUKHU 3a OIl-
THMU3AIMS Ha 103aTa Mpe;yiarar no-e(peKTHBHA ¥ KIIMHUYHO
000CHOBaHM MOAXOAN 32 MHHUMHU3WpPAHE HA PaTHaAllHOHHHS
PHCK.

braemero Ha paguanmMoHHATa 3aluTa € B IepCoHaIu3upa-
HUs, OCHOBAH Ha J0Ka3aTCJICTBa ITOJAXOM, KOUTO HWHTEr'pupa
TEXHOJIOTMYHU WHOBAIlMW, OUCHKA Ha pUCKa U MOHUTOPUHI
Ha eKCIo3unusATa B p€ajiHO BPEMC C LICI rapaHTUPAaHE HA Bb3-
MOKHO Hai-BHCOKO HUBO Ha 0€30MacHOCT KaKToO 3a MCIUITUH-
CKHUTC CIICHHUAJIMCTH, TaKa U 3a IIAalJTUCHTUTCE.
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NMPUNOXEHUE HA CHATGPT
B PEHTFTEHOJIOTUATA
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PE3IOME

Hzkycmeenuam unmenexkm (Al) u e3uxogume mooenu Kamo
ChatGPT moeam Oa ce usnonseam 6 meouyunama. B penm-
2EHONI02UAMA e UMam NOMEeHYUAL 0d A8MOMaAMU3Upam ao-
MUHUCMPAMUBHU U OUASHOCIIUYHU Npoyecu, 0a nodoopsim
06pazosamennume NPAKMUKY U 0a YIECHAM KOMYHUKAYUAMA
¢ nayuenmume. Llenma Ha nHacmoswemo usciedgare e 0a
ce u3BvbpULU cucmemamuien npeeied Ha NPUioNCeHUsMma Ha
ChatGPT 6 penmeenonoeuama, ¢ akyenm 6wbpxy noizume u
02PAHUYEeHUAMA NPU HE2080MO UHMEZPUPAHE 8 MEOUYUHCKA-
ma npakmuka u nepcnekmusume 3a 6voewu paspabomxu u
unogayuu 8 masu ooracm. Mznonseau e cucmemamuier noo-
X00 3a npezned Ha aumepamypama 6 bazu oannu PubMed,
Scopus u Web of Science ¢ karouosu oymu ,,u3Kycmeen uHme-
nexkm”, ,,ChatGPT* u , paduoroeusn”. Hzbpanu ca cmamuu,
u3Cne0sawy  AOMUHUCMPAMUSHAMA U  OUACHOCIMUYHAMA
NOOKpena Ha peHmeeHono3u, obyyenue na cmyoeHmu, cne-
yuarucmu u nayuermu, KOMyHUKayus ¢ NayueHmu u uHmep-
npemayusi Ha PeHmeeHON0SUHU OOKIAOU HA OOCMBHEH U
pasbupaem 3a nayuenma esux. Hszcnedeanusma noxazeam
nonodxcumennu peyamamu 3a npuiogiceruemo na ChatGPT 6
me3u obracmu, Ho cowam u peouya ozpanudenus. Mooenvm
He aHanu3upa OUPeKmHoO U300padicenus, TUNCed eMnamiis
U nepcoHanuzayus @ 0OWyY8aHemo u OUASHOCIMUKAMA, Umd
HeoOX00UMOC OM Pe2yIamopHU U emuyHU PAMKU 3d RPUILO-
arcenuemo my 6 meouyunama. ChatGPT uma nomenyuana oa
“mparncgopmupa’” penmeenonocusma upes asmoMamu3ayus
u onmumu3zayus Ha pabomuume npoyecu 6 unmezpayus ¢ Al
cucmemu 3a aHAIU3 HA PeHMeeHo2papcKu 1 opyeu uoose
usobpasicenus. bvoewume usciedsanus mpabea oa ce hoky-
cupam 8vpxy paspabomeane HA MYyIMUMOOAIHU NIaAM@op-
MU, ROO0OpsA6aAne HA UHMEPAKMUBHOCTIMA U Cb30d6aHe Hd
CReYUAnU3Upany gepcuu Ha mooena 3a penmeenonoaus. Ocu-
2YPABAHEMO HA Pe2YIAMOPHA PAMKA U eMUiHU CMAHOAPMu e
KJI04060 3d YCNEWHOMO My 6HeOPSABAHEe 8 KIUHUYHAMA NPAK-
muKa.

KuouoBu aymu: u3kycTBeH HHTENEKT (Al),
ChatGPT, penTreHonorus, TMarHOCTUYHA U aIMH-
HUCTPAaTHBHA MOAKPENa, 00pa30BaTeIHA PAKTUKH,
peryiaropHa paMmka

APPLICATION OF CHATGPT
IN RADIOLOGY

Yordanka Eneva!, Yanka Baneva!, Bora Dogan?
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ABSTRACT

Artificial intelligence (Al) and language models such
as ChatGPT can be applied in medicine. In radiology,
they have the potential to automate administrative and
diagnostic processes, improve educational practices,
and facilitate communication with patients. This study
aims to perform a systematic review of the applications
of ChatGPT in radiology, focusing on the benefits and
limitations of its integration into medical practice and
the prospects for future developments and innovations
in this field. A systematic approach was used to
review literature in the PubMed, Scopus, and Web
of Science databases with the keywords , artificial
intelligence,” ,,ChatGPT,” and ,radiology.” Selected
studies examine administrative and diagnostic support
for radiologists, education for students and specialists,
communication with patients, and interpretation of
radiology reports in a language that is accessible and
understandable to patients. The research shows positive
results for the application of ChatGPT in these areas
but also highlights several limitations. The model
does not directly analyze images, lacks empathy and
personalization in communication and diagnosis, and
there is a need for regulatory and ethical frameworks
for its use in medicine. ChatGPT has the potential to
Ltransform® radiology through the automation and
optimization of workflows in integration with Al systems
for analyzing radiographic and other types of images.
Future research should focus on developing multimodal
platforms, improving interactivity, and creating
specialized versions of the model for radiology. Ensuring
a regulatory framework and ethical standards is key to
its successful implementation in clinical practice.

Keywords: artificial intelligence (AI), ChatGPT,
radiology, diagnostic and administrative support,
educational practices, regulatory framework
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BbBEOEHUE

WskycTBenusaT uHTenekT (Al) e eqna oT Hail-O0BpP30 pa3Bu-
BalUTE C€ TCXHOJOTMYHM HHOBAMH C HapacTBAIIO BbB3-
JICUCTBHE BBPXY pa3iMuHU ChepH Ha )KUBOTA BKIFOYUTEITHO
u mequiuHara (1), (2), (3). Pentrenonorusara uma 0CHOBOIIO-
Jlaraiia pojs B JHarHOCTUYHMS MPOLEC U BHEIPSIBAHETO Ha
Al B peHTreHoJOrm4yHaTa NMPaKTHKa OTKPUBA 3HAYNTEIIHU
BB3MO)KHOCTH 32 TIOBHIIIABaHE Ha €PEKTHBHOCTTA, TOYHOCTTA
1 OBbp3uHATAa HAa JUATHOCTHYHHUTE Tpouenypu (4), (5) karto
CBIIEBPEMEHHO JIONpUHACS 3a 00JIeKyaBaHe Ha pabOTHOTO Ha-
TOBAPBAHE HA CHEINAINCTUTE ¥ HAMAJIIBAHE HA BEPOSITHOCT-
Ta oT yoBemku rpemku. Croco6rocTTa Ha Al na 06paboTBa
U aHaJIU3upa 0OEMHU MacUBU OT MEAUIIMHCKH M300paKeHUS
U 1aHHU (6) B KPaTKH CPOKOBE MPaBU TEXHOJIOTHATAa 0COOCHO
LICHHA.

ChatGPT e maTeHTOBaH roJsiM €3MKOB MOZEN, pa3paboTeH OT
OpenAl, mpoekTupan 3a pa3dupane nu o0paboTKa Ha TEKCT,
KOETO T'0 TPaBU MOIXOMAI] 33 MPHJIOKESHIE B METUIINHATA,
BKJIIOUMTEIHO U peHTreHoaorusATa. Toil He € ch3AaeH 3a Ju-
PEKTEH aHaJTu3 Ha MEIWIIMHCKHA U300paKeHUS, HO HETOBHUTE
CIOCOOHOCTH 32 00pabOTKa HA €3WKOBU JaHHU, TEHEPUPAHE
Ha TEKCT ¥ KOMYHHKAIUS C TTAITUEHTH MOTaT Jia TO MPeBbPHAT
B IICHEH MHCTPYMEHT 3a ONTHUMH3aLUs HA aIMUHHUCTPATHB-
HU 1 KOMyHHMKaTUBHU 3a1a4u B oOnactTa. ChatGPT moxe na
aBTOMAaTH3Mpa Mpolleca Ha ChCTABSIHE HA PEHTTEHOJIOTUYHU
otuetH (7), (8), (9), B3eMaHe Ha paauonorunduu pemieaus [10],
00sICHeHHU ST Ha MEIUITMHCKY TepMUHU 3a manueHTH (11) u mpe-
JIOCTaBSIHE Ha MHTEPAKTHBHU 00pa30BaTEITHU PECYPCH 32 Me-
TUIIAHCKY CTICITHAIICTH U CTyIeHTH (12).

Al mMoxe na monmomara peHtreHonosute (13) upe3 aBroma-
TU3aluMd Ha 3aJa4u, U3UCKBallU 3HAYUTCIIHU BPEMEBU U YO~
BEIIIKU PECYPCH, HO € HCOOXOMMO BHUMATEITHO MTPOYYBAHE U
OIICHKA Ha Besika Al TexHONOrus, U3MoI3BaHa B MEIUIIMHATA,
3a JIa Ce OCHTYypH 0€30IMacHO U €()eKTUBHO MPHUIIOKCHHUC B Pe-
AJTHU KJIMHWYHU YCIIOBHSL.

[lenTa Ha HACTOALIOTO M3CIENBAHE € Ja CE M3BBPIIN CHCTE-
MaTH4eH IMperyies Ha ChIIECTBYBALIUTE IPOYUYBAHUS OTHOCHO
npunoxenusta Ha ChatGPT B pentrenonorusra, ¢ akieHT
BBPXY NMOTEHIMAIHUTE MOJ3U U OTPaHUYEHUS NTPH HETOBOTO
HHTErpUpaHe B PyTHHHATa MEIMLMHCKA MpPaKTHKa U Tepc-
MEeKTUBHTE 3a ObACIIN pa3pabOTKH U HHOBAIIHH.

MATEPWAIN W METOOU

Mpeaned Ha numepamypama

3a HacTOALIOTO IPOYYBAHE € HATPABEHO CUCTEMAaTHYHO ThP-
ceHe B ocHOBHUTE Oasu nanHu — PubMed, Scopus u Web of
Science, 3a j1a ce uIeHTU(UIUPAT IPOYUYBaHUsTa 10 | HOEeM-
BpH 2024r. CtpaTerusiTa 3a ThpceHe ¢ pa3paboTeHa Ha Oa3ara
Ha KOMOMHMpaHe Ha TEPMHUHH, CBBP3aHU ¢ 0OJIEBH OIEpaTop
,, . I31on3BanuTe KIIOUOBU IyMH Ca ,,U3KYCTBEH UHTEICKT
u paauonorus u ,,ChatGPT u paguonorus®. Bxirouenu ca u
MIPOYYBaHUSI, OTTOBAPSIIH Ha YCIOBUSTA, IIPOCIIEICHU PBYHO
Ype3 MpenpaTky OT pasriefaHu TakuBa. DOKYCHT € BBPXY
MyOJUKAIIMK HA aHTJTUICKHU C3UK.
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INTRODUCTION

Artificial intelligence (Al) is one of the fastest-growing
technological innovations, with an increasing impact
on various fields of life, including medicine (1), (2), (3).
Radiology plays a fundamental role in the diagnostic
process, and the integration of Al into radiological
practice presents significant opportunities to enhance
efficiency, accuracy, and speed in diagnostic procedures
4), (5). At the same time, Al contributes to reducing the
workload of specialists and minimizing the likelihood of
human errors. The ability of Al to process and analyze
large volumes of medical images and data (6) within short
timeframes makes this technology particularly valuable.

ChatGPT, a proprietary large language model developed
by OpenAl, is designed for text understanding and
processing, making it suitable for applications in
medicine, including radiology. While it is not intended
for direct analysis of medical images, its capabilities in
natural language processing, text generation, and patient
communication make it a valuable tool for optimizing
administrative and communicative tasks in the field.
ChatGPT can automate the creation of radiology reports
(7), (8), (9), assist in radiological decision-making
(10), explain medical terminology to patients (11), and
provide interactive educational resources for medical
professionals and students (12).

Al can support radiologists (13) by automating tasks that
require significant time and human resources. However,
careful evaluation and assessment of each Al technology
used in medicine are essential to ensure its safe and
effective application inreal clinical settings. The objective
of this study is to conduct a systematic review of existing
research on the applications of ChatGPT in radiology,
with a focus on its potential benefits and limitations in
routine medical practice integration, as well as prospects
for future developments and innovations.

MATERIALS AND METHODS

Literature Review

For this study, a systematic search was conducted in
the primary databases — PubMed, Scopus, and Web of
Science — to identify relevant studies up to November 1,
2024. The search strategy was developed based on the
combination of terms using the Boolean operator ,, AND.*
The keywords used were ,,artificial intelligence and
radiology* and ,,ChatGPT and radiology.“ Additionally,
manually tracked studies meeting the inclusion criteria
were considered through references from the reviewed
literature. The focus was on publications in English.
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UN360p Ha uscnedesaHusi u Kpumepuu 3a
donycmumocm

W300pBT HA MOAXOAIIN H3CICABAHHUS € HAIIPaBeH OT aBTOPH-
T€ C He3aBUCHUM aHAJIU3 Ha MOJyuYeHHUTe OoT ThpceHero. Kpu-
TEPUUTE 32 BKIIOUBaHE 00XBAIAT OPUTHHAIHU U3CIIE/IBAHUS,
¢dokycupanu Bepxy npunoxenuero Ha ChatGPT B panunosno-
TUsTa, U3BJINYaHE U aHAJIU3 Ha JJAHHM, OL[EHKa Ha Ka4eCTBOTO
U CUHTE3 Ha OCHOBHUTE KOHCTaTallMH. To31 ChbBMECTEH MOJ-
XOJ1 JIOTIPHHACS 3a 1M0-00EKTHBHA 1 U3YepIIaTeIHa OLCHKA Ha
n30paHHUTE CTaTHUH, KaTO (GMHATHHUAT 0030p OTpa3sBa ChIJIa-
CHE MEX/1y aBTOPHTE.

W3non3BaHuTe CTaTHH OOXBaIaT PEBIOTAa M Pa3HOOOpA3HU
BUJIOBE H3CJICABAHUS, CpPEll KOUTO Ka3yCH, HAOIIOMATCITHU
W3CIICIBAHUS, PAHIOMH3UPAHU M KOHTPOJUPAHU IMPOyUBa-
Hus. V3KiroueHH ca myONUKaluK, KOUTO HE Ca CBBP3aHH C
ChatGPT B KOHTEKCTa Ha PaaUOIOTHATA, AYONHKATH WIIH
CTaTHH, KOUTO HE ca MIPEMHUHAIN PCIICH3U S, TEMHU, CBBP3aHHU C
JIPYTH 00JIacTH HAa METUIIMHATA, PE3IOMETa OT KOH(epeHIINH
M HeaKaJeMHYHHU U3TOYHHUIIH.

Ourypa 1 Buzyanusupa METOAOJOTHITA HA T10J00p, BKJIIOU-
Ballla CTBHIIKUTE 332 CTECHABAHE HA PE3yJITaTUTE OT II'bPBOHA-
YaJIHOTO THPCEHE U CelIeKTUpaHe Ha Hal-pelleBaHTHUTE CTa-
THH 32 HACTOSIILIUS IIPETJIeN.

Study Selection and Eligibility Criteria

The selection of relevant studies was conducted
independently by the authors through an unbiased
analysis of the search results. The inclusion criteria
encompassed original research focused on the application
of ChatGPT in radiology, data extraction and analysis,
quality assessment, and synthesis of key findings.
This collaborative approach ensured a more objective
and comprehensive evaluation of the selected articles,
with the final review reflecting a consensus among the
authors.

The selected articles included reviews and various types
of studies, such as case reports, observational studies,
randomized controlled trials, and other relevant research.
Excluded were publications unrelated to ChatGPT in
the context of radiology, duplicates, non-peer-reviewed
articles, studies focusing on other medical fields,
conference abstracts, and non-academic sources.

Figure 1 illustrates the selection methodology, outlining
the steps taken to narrow down the initial search results
and identify the most relevant studies for this review.

"AI AND Radiology"

Scopus (n =2073) PubMed
(n=11379) Web of Science
(n=1694)

Y

"ChatGPT AND Radiology"

Scopus (n = 330) PubMed
(n=435) Web of Science
(n=290)

Y

A 4

Ipernenanu 3arnaBus Ha
cratuu /Article titles
reviewed (n = 691)

----- » Duplicates removed (n = 138)

|

[pernenann abcrpakTn/

Selection/Cenexuus ] Sources/ 3Tounnm

Abstracts screened  t---- > Excluded (n = 384)
(n=553)
I
3 \ 2
=~
%’ E IIpernenanu
E 5 IIBJIHOTEKCTOBU CTATHH / e Excluded (n = 93)
— .
B0 & Full-text articles assessed
B (n=169)
e
) \ 2
X
S a2 [pernenann
29 TBJTHOTEKCTOBHU CTATHN/
S 2 Articles included (n =76)
S m
-

@ue. 1. Memodonoeus 3a nodbop Ha numepamypa
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lMpunoxxerusi Ha Al @ peHmeaeHos102usima

Al monenute, Oa3upaHu Ha ABIOOKH HEBPOHHU MPEXH U 00Y-
YEeHH 3a pa3lo3HaBaHE HA PEHTTCHOBH, KOMIIOTBPHO-TOMO-
rpadcku (KT) u marauTHO-pe3oHancHu (IMP) uzo0pakeHus
(13,14,15,16,17), neMoHCTpUpAT 3HAYUTENCH MOTEHIINAI 33 U3-
BBPIIBAHC HA MMPEABapUTCIIHA JUArHOCTHUKA ITPU pa3no3HaBa-
HE Ha MaTOJIOrMYHU aHOMaJIuH (18), CKpUHUHT Ha OHKOJIOTHY-
Hu 3abonsBanus (19, 20), 6enonpodHu naronoruu (21, 22) u
JIPYyTH CHCTOSIHUSI.

ChatGPT u apyru esukoBm momenu, kato Google Gemini,
Microsoft Capilot, m GPT-3, mpencraBmisiBaT 3HaYMMH HHOBA-
MU B o0acTTa Ha oOpaboTkaTa Ha ectecTBeH e3uk (NLP), Ho
morar Aa ca noie3uu B meaunmaara. ChatGPT moxe ma aBTo-
MaTH3Hpa U3TOTBIHETO Ha PEHTICHOJIOTUYHU JOoKIaau (8, 23),
Jla yJIECHSIBA Pa3sICHSIBAHETO HA CIIOKHU MEAMLIMHCKH TEPMH-
HHU, JIa TEHEpHUpa TEKCT C MPaBUITHO MEAULIMHCKO ChAbPKaHUE,
Jla TIPeIOCTaBs IEPCOHAIN3UPAHH yueOHH TIIAHOBE M MaTepH-
anu (25), na mogo0OpsiBa KOMYHHUKAIMITA MEXK]y MEUIIMHCKH
CTELMAIINCTH U NAaneHTH (26, 27), 1a reHepupa OTTOBOPH Ha
MEJUIIMHCKH BBITPOCH U JIa TIpeJyIara Bb3MOXKHH AH(EpeHIIN-
aJTHY JIMarHo3M Ha 0a3aTa Ha cuMnTomu (27, 28).

Bbripeku 3HaYMTENHUS CH MOTEHIMAN Ha e3ukoBuTe Al Mo-
JIeJTH, BCE Olle uMa Bh3mpersTcTBany Gaxropu (29, 30, 31) 3a
BHEIIPSIBAHETO UM B MEIUITMHCKATA MpakTuka. HeoOxomumo e
3a]1bJI00YEHO U3CIIC/[BAHE 32 YJIaBsSHE HA TEXHU I'PEILKH U TIpe-
[U3MPAHE Ha aJITOPUTMHUTE UM, OIICHKA Ha e(DEKTHBHOCTTA Ha
Mozena (32, 33), moaIpbKKa 1 MOHUTOPHHT.

WnTerpamus Ha oOyuern AW mozmenu 3a oOpa3Ha IHArHO-
CTHKa M e3uKoBH TakuBa (34), (35, 36) 6u mompuHecia 3a ocu-
TypsiBaHE Ha I0-33IBJIOOYCHU W MPEIU3HU Pe3yNTaTH. Ta3u
CHHEpTus O MO3BOJIMIIa KOMOMHIPAHETO Ha CHITHUTE CTPAHH
Ha e3uKoBaTa 00paboTKa W aHaTM3a Ha MEIUITMHCKH H300pa-
KEHHUA, KOETO € OT CBHIIECTBEHO 3HAYCHHE 3a ONTHMH3HPAHE
Ha JTMArHOCTHYHHS IPOIEC M MOBHIIABAHE HA TOYHOCTTA Ha
pe3yaTaTUTE B KIMHUYHATA MPAKTHKA.

lNMomernyuanHu npunoxeHusi Ha ChatGPT
8 peHmeaeHoJsio2usima

Wzcnensanute notennuanante nprioxkenns Ha ChatGPT B
PEHTICHOJIOTHSITA CIIOpeN] TPerie/iaHaTta JInTeparypa Morar jia
ce pasnessIT B Tpu HampasieHus (dur. 2): aaMUHUCTpaTHBHA
W AMAarHOCTUYHA MOAKpPEIa Ha PEHTTCHOJIO3H, 00pa30BaHUe U
po(heCHOHATHO Pa3BUTHE U KOMYHHKAIIMS C TAI[UCHTH.

Applications of Al in Radiology

Al models based on deep neural networks, trained to
recognize radiographs, computed tomography (CT),
and magnetic resonance imaging (MRI) scans (13), (14),
(15), (16), (17), show significant potential for preliminary
diagnosis in identifying pathological anomalies (18),
cancer screening (19), (20), pulmonary pathologies (21),
(22), and other conditions.

ChatGPT and other language models, such as Google
Gemini, Microsoft Copilot, and GPT-3, represent
significant innovations in natural language processing
(NLP), and they can be beneficial in medicine. ChatGPT
can automate the creation of radiology reports (8),
(23), assist in explaining complex medical terms,
generate text with accurate medical content, provide
personalized educational plans and materials (25),
improve communication between medical professionals
and patients (26), (27), generate responses to medical
questions, and suggest possible differential diagnoses
based on symptoms (27), (28).

Despite their considerable potential, language-based Al
models still face barriers (29), (30), (31) in being integrated
into medical practice. In-depth research is needed to
identify their errors and refine their algorithms, assess
the model’s effectiveness (32), (33), and ensure ongoing
support and monitoring.

Integrating trained Al models for image diagnostics
and language models (34), (35), (36) could contribute to
providing more detailed and precise results. This synergy
would allow the combination of the strengths of language
processing and medical image analysis, which is essential
for optimizing the diagnostic process and improving the
accuracy of results in clinical practice.

Potential Applications of ChatGPT
in Radiology

The potential applications of ChatGPT in radiology,
based on the reviewed literature, can be categorized
into three areas (Fig. 2): administrative and diagnostic
support for radiologists, education and professional
development, and communication with patients.

JlmarsocTHIHA

MOJKPeIla 33 PAJIHON03H

ObydeHne H

¢ JludepeHnHATHE JHATHO3H, Ga3HPAHH Ha OMHCAHHTE CHMIITOMH H
PEHITeHOIOTHIHH HAXOIKH
* [IpemophiBaHe HA JHATHOCTHYHH H TePaNeBTHIHH JeHCTBHA

Y

npodecHoHATHO
Pa3BHTHE

Que. 2. lNpunoxeHus KOMYHHKaIH C

Y

Cﬂmyna.um Ha KITHHHTHH CIy4aH

CHMYHEL[HH Ha B3aHMoJeHCTBHA MEXIY JIeKap H NalHeHT

HHTeprpeTalHs Ha CIOMKHH H300paskeH A
BHpTyaneH HHCTPYKTOp

Ha ChatGPT e
peHmeaeHonoausima

IAHEeHTH

Mpuaoxenns na ChatGPT B penTrenonoruasra

O6scHABaHe HA PEHTTEHONOTHYHH PE3yNTaTH ¢ MPOCTH TEPMHHH
IpexocTaBsHe Ha HECTPYKIHH 3a NAIIHEHTHTE NPe/IH H3CIeABAHHATA
OtropapsHe Ha TeCTO 33JaBaHH BEIIPOCH 33 MPONETyPH
O6neKIaBane Ha HATOBAPBAHETO HA 3IPABHHA MEPCOHAN
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AdMuHucmpamueHa u duazHocCmu4yHa
nodkpena Ha peHMa2eHoJs103uU

Enno ot xmrouosute mpunoxernus (Qur. 2) ma ChatGPT B
PEHTTEHOJIOTHTA € TIOMOMAraHeTo Ha PEHTTEHOJIO3UTE TIPH
AIMUHUCTPATUBHU U TUaTHOCTUIHH 3a/1a9i. MOIETET € CIIo-
co0eH /1a TeHeprupa aBTOMATH3UPAaHU PEHTTEHOJOTUYHH JI0-
knanum (37, 38, 39, 40, 41) B3 OCHOBA Ha NMPEABAPHUTEIIHO 0Opa-
0OTEeHM JaHHU WJIM aHAJIM3MPAHU PE3yJITaTh OT MEAULIMHCKH
n3o0pakeHus (42), KOETO 3HAUUTEIHO ChKpAIlaBa BPEMETO
3a pBYHO M3rOTBsIHE Ha JoKyMmeHTH. [IpoGnem (Tabx. 1) e,
4ye He € CllelHajJM3upaH 3a JAUPEKTeH aHaJu3 Ha MEIHIIMH-
CKH M300pakeHUs, a padOTH caMO C TEKCTOBU JaHHH. ToBa
orpaHn4aBa CIIOCOOHOCTTa MY Jla pa3lo3HaBa U HHTEPIIPETH-
pa pa3ITUYHH HaXOJKH, J1a pa3lindaBa HIOAHCH B CHMIITOMHU-
Te Ha MAIMCHTH W J1a aHATU3UPA CIOKHU KIMHUYIHU CITydan
0e3 moAKperna Ha APYTH THArHOCTHYHH HHCTPYMEHTH. Toif e
CHITHO 3aBUCHM OT JAHHHTE, C KOUTO € 00ydYeH, U JINIcaTa Ha
aKTyaJHU MEAUIIMHCKY 3HAHUS MOXKE J1a JIOBEJIe 10 HETIOX0-
JUAITN WM HEM'BJIHH, JOPH TPEIIHN JUarHo3u. MHTerpanns
Mexxay ChatGPT u cpmectByBamu Al cuctemu 3a pasmnos-
HaBaHEe Ha oOpa3su, kato Lunit (43) u Zebra Medical Vision
(manmpumep Visual-ChatGPT) (44, 45, 46, 47), kouto Beue
MOCTUTAT BICUATIISBAIIU PE3YJTATH MPHU aBTOMATH3UPAHUS
aHAJU3 HAa PCHTICHOBU W300pa’KCHUS W TaKWBa TONTYUYCHH
OT KOMIIOTHPHA TOMOTI'paUst U SAIPCHO-MaTHUTCH PE30HAHC,
Om yJecHWIa W TOAIIOMOTHATa paboTaTa Ha JICKApUTE U OH
TOTIPIHECTA 3a MO-TIPEIH3Ha JUATHOCTHKA W MO-C(PEKTHBCH
paboten mporiec. TakuBa cucTemMu oOenIaBaT HaPEIbK B aB-
TOMaTH3UPAHETO Ha HIKOW MPOIIECH, KaTo IMUCaHe Ha PEHTIe-
HOJIOTHYHHU JOKJIAAH, HHTEPIPETalns Ha KINHUIHU JaHHH,
B3eMaHE HAa CHOTBETHH PEUICHUS 3a JICUCHHE Ha MAI[HCHTa
(48, 49, 50). B peHTreHonorusTa, KbJeTo rpelKuTe MoraT Jia
MUMaT CEpHO3HM TIOCISTUIIH 32 3PaBETO Ha Mal[UeHTa, CHCTe-
mu kato ChatGPT-4Vision (47) morar ja npeiokar JA0mbJi-
HUTEJTHA IPOBEPKA, KATO aBTOMATHYHO FCHEPUPAT IMOIPOOHH
W TOYHHM ONHCAHMs Ha OTKpUTUTE aHoManuu (51), 1a komOu-
HUpAT UCTOPUATA Ha 3a00JISBAHETO C PAJHOJIIOTUIHHUTE U30-
OpaxeHHUs, 3a 1a IOCTABAT TU(EPEHIIHATHI TUAarHO3U (52) u
Jla TIPOCKTUPAT TIAHOBE 3a JIeUeHHe. TakuBa CHCTEMH WMAT
MOTEHIIHATa J1a PEBOJIOIUOHU3NPAT PEHTTEHOJOTHITA, HO
OpHUIIMATHOTO UM BBBEKJAHE B KIMHWYHATA MPAKTHUKA H3-
MCKBa J]a C€ YCTAHOBAT MPO(ECHOHAIHH MPEINa3sHi MEPKH,
Jla ce TapaHTHpa, 4e KaKTo JEeKapUTe, Taka U MallUeHTUTE ca
J00pe nHGOPMHUPaAHH 32 Bb3MOXKHOCTHUTE M OrPAaHMUYCHHUSATA
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Administrative and Diagnostic Support
for Radiologists

One of the key applications (Fig. 2) of ChatGPT in
radiology is assisting radiologists with administrative
and diagnostic tasks. The model is capable of generating
automated radiology reports (37), (38), (39), (40), (41)
based on pre-processed data or analyzed results from
medical images (42), which significantly reduces the
time required for manually preparing documents. A key
challenge (Table 1) is that ChatGPT is not specialized
for direct analysis of medical images and works only
with textual data. This limits its ability to recognize
and interpret different findings, distinguish nuances
in patient symptoms, and analyze complex clinical
cases without support from other diagnostic tools. It is
highly dependent on the data it has been trained on, and
the lack of up-to-date medical knowledge can lead to
inappropriate or incomplete, even incorrect, diagnoses.
Integration between ChatGPT and existing Al systems
for image recognition, such as Lunit (43) and Zebra
Medical Vision (e.g., Visual-ChatGPT) (44), (45),
(46), (47), which already achieve impressive results
in the automated analysis of radiographs, CT scans,
and MRI images, would ease and support doctors
work and contribute to more accurate diagnostics and
a more efficient workflow. These systems promise
progress in automating certain processes, such
as writing radiology reports, interpreting clinical
data, and making appropriate treatment decisions
(48), (49), (50). In radiology, where errors can have
serious consequences for patient health, systems like
ChatGPT-4 Vision (47) can offer additional verification
by automatically generating detailed and accurate
descriptions of detected anomalies (51), combining the
medical history with radiological images to provide
differential diagnoses (52), and designing treatment
plans. Such systems have the potential to revolutionize
radiology, but their official integration into clinical
practice requires establishing professional safeguards
to ensure both doctors and patients are well-informed
about the capabilities and limitations of the technology.
Extensive multicenter studies, involving diverse
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Ha TexHoyorusTa. HeoOxoqumu ca oOMIMPHE MHOTOIICHTPO-
BU MPOYYBAHUS, BKIFOYBAIIN Pa3INYHA HAOOPH OT JaHHU U
TEXHUKH 32 PeIBaApUTEITHO 00yUCHHE, 32 J1a Ce MOTBBP/IU He-
roeata e(puKacHOCT.

O6pazoeamesniHU NpuUnoXeHus

WznomssaneTo Ha ChatGPT kaTto oOpazoBaresieH HHCTPYMEHT
B peHTrenosorusra (53) n apyru cepu Ha MequiHata (54,
55, 56, 57) e emHO OT HAW-YECTO U3CICIBAHUTE TPUIOKCHHUS.
MozensT € crocobeH ja CUMyIHupa KIMHWYHH ciydan (56,
57), ma mpemocTaBs netairan obscHeHus (54, 55) 3a paznnd-
HU 3a00JBaHUS W TEXHUTE PEHTI'CHOJIOTHYHN XapaKTEpHC-
THKH, KOETO T'0 TPaBH [EHEH HHCTPYMEHT B O0OYUYEHUETO Ha
CTYIEHTH TI0 MenunuHa (25, 56, 57) u cnennaInucTH-peHTIe-
HOJ03H (55). CuMynupaiiku B3auMOICHCTBHE C TTAITUEHTH (57)
CTYJICHTUTE MOT'aT Jla pa3BUsT YMEHUs 32 IMAarHOCTUIMPAHE,
B3€MaHe Ha TEPaNeBTUYHM PELICHUS, 32 UHTEpIpeTalns Ha
KOMILIEKCHH 00pasu (54). MonensT Moxke na (QyHKIHOHHpa
KaTo BUpTyalsieH npenonasaren (58), koiiTo moanomara o0y-
JaeMHUTE Ype3 HACOKM M 0o0paTHa BPB3Ka B pEallHO BpPEME,
YJIECHABAWKH TSIXHOTO Pa3BUTHE U yCBOsSBaHE Ha KIIOUOBH
YMEHUS TIPH U3MOJI3BaHE HA HOBUTE TeXHOJOruu, karo PET/
MRI, SPECT/MRI, EEG-PET/fMRI, xouto Tparchopmupar
nuarnoctukara (60).

KomyHukauyusi c nayueHmu

Jpyro 3naunmo npuioxkenne Ha ChatGPT, koero moxe na
HaMalll CTpeca M aHTa)XKHPAHOCTTA Ha MEIUIMHCKHUTE CIie-
[UAJTICTH, € KOMYHHKaIusATa ¢ nanuerTrure (61). Toit moxe
na Obae M3MOI3BaH 3a OOSICHSIBAHE HA PE3yNITaTUTE OT PEHT-
TEHOJIOTUYHHUTE M3CIICIBAHUS HA pa3dupaeM M JOCTBIICH 3a
marueHTuTe e3uk (9, 62), mpenocTaBaiKku AeTaliHa U OMPO-
cTeHa HHpOpMAaIKs 32 ChOTBETHUTE HaxonkH (63, 64, 65) me-
JUIMHCKU MPOLEAYPH U METOAM Ha JieueHus. Moxe aa oTro-
Bapsl HA YECTO 3a1aBAHU BBIIPOCH.

Joctenst 10 napopmanus npe3 ChatGPT moxe na namanu
HAIPE)KCHUETO B OOIIyBAaHETO MEXKY CHEHAINCTHTE U TIa-
LUCHTUTE WIN TEXHUTE MPUIPYKUTEJIH, KaTO OTroBapsl Ha
BBIIPOCUTE UM M HAMaJsiBa pucka oT KoH(pauKkTH. ToBa € oco-
0EHO Ba)KHO B CUTYAIUH, TPH KOUTO HEZOPA3yMEHUSTA BOAST
1o eckamanus u arpecus. ChatGPT mombnBa dokyca Ha je-
KapuTe BbpXY JICUCHHETO, KaTO yJIECHsIBa KOMYHHUKAIUAITA U
noao0OpsiBa pa3oupaHeTo.

lMpedumcmea, o2paHuU4YeHusi u
npedu3eukamesicmea

B rabnuna 1 ca npeacTaBeHn NpeaMMCTBaTa, OTpaHUYCHUSTA
u pobsiemurte (65), (66), unero pemaBane Moxe Jia ObJie Ha-
COKa 3a OBJICIIN U3CIICIBAHHUS.

OCHOBHOTO IPEU3BUKATEICTBO € HECIOCOOHOCTTA Ha MOJIe-
Ja 33 aHaJIM3 Ha MEAMLUHCKU U300pa)KeHHs, KOeTO Ioauep-
TaBa HEOOXOAMMOCTTA OT Ch3JaBaHe HAa MYyJITUMOTAIHU Al
CHCTEMH U M3UCKBA 3a1bI00UCHU U3CIIEIBAaHUS 3a OLICHKA Ha
JIMarHOCTUYHUTE UM CIIOCOOHOCTH. TakuBa M3CleIBAHUS U
ouenku Ha ChatGPT (28, 29, 51, 52) ca npaBeHU B pa3nuyHH
HaIlpaBJICHUS Ha MEJUIIMHATA, HO Ca HEOOXOAMMHM H 3a ChB-
MecTHaTa paboTa Ha Mofena ¢ MyaTumonanaute Al 3a ana-
nu3 Ha n3o0paxenus (47, 48, 67). Heodxonumu ca u mpoyd-

datasets and pre-training techniques, are needed to
confirm their effectiveness.

Educational Applications

The use of ChatGPT as an educational tool in radiology
(53), and other areas of medicine (54), (55), (56), (57), is
one of the most frequently researched applications. The
model is capable of simulating clinical cases (56), (57),
providing detailed explanations (54), (55) for various
diseases and their radiological features, making it a
valuable tool in training medical students (25), (56),
(57), and radiology specialists (55). By simulating
interactions with patients (57), students can develop
skills in diagnosing, making therapeutic decisions,
and interpreting complex images (54). The model can
function as a virtual instructor (58), assisting learners
with guidance and real-time feedback, facilitating their
development and mastery of key skills when using new
technologies such as PET/MRI, SPECT/MRI, and EEG-
PET/fMRI, which are transforming diagnostics (60).

Communication with Patients

Another significant application of ChatGPT, which can
reduce stress and engagement for medical professionals,
is communication with patients (61). It can be used to
explain the results of radiological exams in a clear and
accessible language for patients (9), (62), providing
detailed and simplified information about the relevant
findings (63), (64), (65), medical procedures, and
treatment methods. It can also answer frequently asked
questions.

Access to information through ChatGPT can reduce
tension in interactions between specialists and patients
or their companions by answering their questions and
decreasing the risk of conflicts. This is particularly
important in situations where misunderstandings lead
to escalation and aggression. ChatGPT complements the
doctor‘s focus on treatment by facilitating communication
and enhancing understanding.

Advantages, Limitations, and Challenges

Table 1 presents the advantages, limitations, and
issues (65), (66) that need to be addressed and could
guide future research.

The primary challenge is the model‘s inability to
analyze medical images, which highlights the need
for the development of multimodal Al systems and
requires in-depth research to assess their diagnostic
capabilities. Such studies and evaluations of ChatGPT
(28), (29), (51), (52) have been conducted in various
areas of medicine, but further research is necessary for
the model‘s collaboration with multimodal Al systems
for image analysis (47), (48), (67). Additionally, studies
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BaHUs (68), CBbP3aHU C ONTUMH3HPaAHE Ha PAOOTHUS MPOLIEC,
KaTO PEerucTpalys Ha MAlUeHTH, INIAHUPAHE Ha Tperyienu U
KOHCYJITAIlMH, TOJyyaBaHe Ha W300pakeHHs, MHTEpIpeTa-
LU ¥ JOKJIAJIBAHE HA CIy4ad KaKTO Ha CIIEUAaTNCTUTE, TaKa
1 Ha MAIUEeHTHTE.

bprenoro pa3BuTHE Ha MOJIENIa MOKE JIa C€ ChbCPEIOTOUU BBP-
Xy MoI00psiBaHEe Ha MHTEPAKTUBHOCTTA, MEPCOHAIN3AIUATA
U aHTa)XXMPAHOCTTA C MOTPEOUTETUTE. YCHBBPIICHCTBAHUTE
aJTOPUTMH 32 MalIMHHO OOy4YeHue Ouxa ITO3BOJIMJIM Ha
ChatGPT na mpennara MHIMBUAYAIU3UPAHU KOHCYJTAIIMH,
NIepCOHAJIHYU TUIAHOBE M MHTEPAKTUBHU Pa3rOBOPH, KOETO OH
ro MO3UIMOHUPAJIO CPeJl BOJACIIUTE HHCTPYMEHTH 3a CHMY-
Janys Ha KJIMHWYHY CIy4yad U IPEA0oCTaBsHe HA HaydHA MH-
dopmanms.

Bobrpexu ue ChatGPT renepupa 10 rosisiMa cTerneH To4Ha Me-
JUIMHCKA MH(OpMaLs, 10 IpelieHKa Ha akaJeMUYHH JIeKa-
PH CIIEIMAINCTH, CHUIECTBYBAT U OIPAaHUYCHUS], N3UCKBAILU
pa3paboTBaHe Ha MOJEJN 332 KOPUTHpaHE Ha HETOYHOCTHUTE
n 3a Basnaupane. Pazsutuero va ChatGPT B obGnacrra Ha
PEHTI'CHOJIOTHATA 3aBUCH JIO TOJsIMa CTEIEH OT KauyeCTBOTO
1 KOJINYECTBOTO Ha JAHHUTE, N3IIOI3BAHM 32 O0YUCHHUETO MY.
W3cnenBanusi, CBbP3aHU ¢ HETOBATa TOUHOCT TP AUATHOCTH-
nupane (69), oTroBapssHe Ha BBIIPOCH OT PA3IMYHU 00JIACTH
Ha menunuHaTa (70, 71) m WHTEpHpeTaNNnsS Ha MEAUIIMHCKH
JIOKJIaW Ha JIOCTBIICH 3a MalueHTa e3uk (72), mokassar, 4e €
HE00X0AMMO Ja ce pa3paboTAT Mo-100pH aNTOPUTMHU 33 00Y-
YeHHUE.

Ta6bnuua 1. lNMpedumcmea, oepaHUYeHUs U nepcrekmusu 8
usnonseaHemo Ha Chat GPT e peHmeeHonozausima

(68) focused on optimizing workflow, such as patient
registration, scheduling of exams and consultations,
acquiring images, and interpreting and reporting
cases for both specialists and patients, are also needed.

Future development of the model could focus on
improving interactivity, personalization, and user
engagement. Advanced machine learning algorithms
could enable ChatGPT to offer tailored consultations,
personalized plans, and interactive conversations,
positioning it as a leading tool for simulating clinical
cases and providing scientific information.

Although ChatGPT generates largely accurate medical
information as evaluated by academic specialists,
some limitations require the development of models
for correcting inaccuracies and validation. The
development of ChatGPT in the field of radiology
depends significantly on the quality and quantity
of data used for its training. Research related to its
accuracy in diagnosing (69), answering questions from
various areas of medicine (70), (71), and interpreting
medical reports in a language accessible to patients
(72) indicates the need for better training algorithms.

nte

e He nobpa nepcoHanusauma Ha cayya-

Mpegumcrea OrpaHu4yeHun MepcnekTueu

o [loBuLeHa epeKTUBHOCT U e Hecnoco6HOCT 3a AMPEKTEH aHauU3 Ha e MHTerpauua c Al 3a 06pasHa AWarHoCTUKa

TOYHOCT MeANLMHCKM N306parkeHns 1 pa3BUTHE Ha MyNTUMOAanHM Al cuctemm
e VHbOpMMpaHe Ha NaLUeHTH e [oTpebHOCT OT N0-A06pa perynauma u e TogobpasaHe Ha UHTEPAKTUBHOCTTA M1
o [locTbN A0 60raTh MeAMULMHCKN eTUYHM CTaHAapTy nepcoHanmM3aumuaTa

3HaHUA e OrpaHuyeHa KAMHWYHA afanTUBHOCT e TogobpasaHe Ha anropUTMUTE 3a 0Byye-
e HamanaBaHe Ha YOBeLKUTe e OrpaHuyYeHa MHTEPaKTUBHOCT C NaLu- HWe Ha moJiena

rpewkm eHTU e Pa3paboTBaHe Ha cneLann3npaHi meam-
e llecTeHe Ha Bpeme e Jlunca Ha emnaTMA KbM NaLMeHTa UMHCKM Bepcuu Ha Al

e PaspaboTBaHe Ha TeCTOBE 3a OLLeHKa Ha
edeKTMBHOCTTA Ha Al B peasiHu ycnoBusA

e Pa3paboTBaHe Ha perynatopHa pamka,
onpegenalla NPaBHUTE U €TUYHU HOPMMU
3a M3non3sBaHe Ha Al B meguumHaTa
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Table 1. Advantages, limitations, and perspectives of
using ChatGPT in radiology

Advantages Limitations Perspectives
¢ Increased efficiency and ¢ [Inability to directly analyze medical e Integration with Al for imaging diagnostics
accuracy images and development of multimodal Al
o Informing patients o Need for better regulation and ethical systems
e Access to rich medical standards e Improvement of interactivity and
knowledge e Limited clinical adaptability personalization
e Reduction of human errors e Limited interactivity with patients * Improvement of training algorithms for
. . . the model
e Time-saving e Lack of empathy toward patients

e Poor personalization of cases

e Development of specialized medical
versions of Al

e Development of tests to assess the
effectiveness of Al in real-world conditions

¢ Development of a regulatory framework

defining legal and ethical standards for the
use of Al'in medicine

HeoOxognMu ca yHUBEpPCAJIHNM TECTOBE M METOIWKHU 3a H3-
ciexBaHe U oreHka Ha epexTuBHOcTTa HAa ChatGPT u apyru
Al, XKaKTO U aHAJIU3 HAa NOTEHLMAJIHUTE PUCKOBE U MOJI3H 3a
JICKapy U MaliuCHTHU.

Cb3aaBaHETO HA peryjaTopHa pamka (73), onpeaensina mpas-
HUTE U eTUYHUTE HOopMU (74, 75) 3a TSIXHOTO NMPUIOKEHUE
nMa KJIII0Y0BO 3HayeHue. Ts TpsiOBa J1a BKIIOYBA SICHU HACO-
KM 32 3alUTa Ha JUYHUTE JJAHHHU, IPOIEAYPH 32 OLICHKA Ha
0e30IacHOCTTa M MEXaHN3MH 32 OTTOBOPHOCT ITPY Bh3HUKHA-
JIY TPEUIKH, OCBEH TOBA /1A CE MPEBIIK/Ia HEMPEKBbCHATO Ha-
OJTIo/IeHNe M aKTyalIu3anus, 3a J1a ce aanTupa KbM 0bp30TO
pa3BUTHE HA TEXHOJOTHUTE U Ja CE rapaHTHpa MaKCHMaJlHa
TI0J13a ¥ CUTYPHOCT 3a MallUEHTHTE.

3AKNKOYEHUE

[IpunoxeHNEeTO Ha M3KYCTBCHHS MHTEJCKT M B YACTHOCT Ha
esukoBu Mozenu kato ChatGPT B pentrenonorusra obema-
Ba 3HAUMTEINICH HAIIPSIbK B MEAMIIMHCKATA MpakTHka. Hacro-
SIIOTO W3CIeBAHE UACHTU(HUITIPA TPU KIFOYOBH 00IaCTH Ha
BB3JICHCTBUE: aBTOMATH3alNs Ha aIMUHUCTPATHBHU W JHAr-
HOCTHYHH 3aJadd, MOJ0OpsSBaHEe HAa OOpa30BaHMETO W TIPO-
(heCHOHATHOTO Pa3BUTHE U yJECCHABAHE HA KOMYHHUKAIIHSITA C
ITAIMUCHTUTC.

YCTaHOBEHU ca CICTHUTE OrPAHUYCHUS: HECIIOCOOHOCT 3a JTU-
PEKTCH aHAJIM3 HA MEAMIIMHCKUA H300pa)KCHUs; MOTPEOHOCT
OT mo-1o0pa peryianus U eTHYHU CTaHIApPTH, OrpaHHYCHA
KJIIMHUYHA aJJalTHBHOCT M HHTEPAKTUBHOCT IPHU OOIIYBaHE C
MAITMCHTH; JIUIICA HA eMIATHs KbM TalMeHTa; He 100pa mep-
COHAJIM3AIMs Ha CITyYanTe U OTPaHWYCHA KIIMHUYIHA aJIalITHB-
HocT. Te3u mpenn3BUKATENCTBA OYEPTAaBAaT BH3MOXKHOCTH 32
OBJeIN U3CTICBAHNS U YCHBBPIIICHCTBAHE.

WnTerpamusaTa u cuaeprusita Ha notennuaita Ha ChatGPT c
Al cuctemu 3a aHaM3 Ha H300pakEHUS U CH3AaBaHE HA MYJI-
THUMOJIQJIHU CIIEIHATU3UPAHN METUIIMHCKH TI1aT(HOpMH MOraT
Jla TIOBHMILAT TOYHOCTTA IPU AHMATHOCTHIIUPAHEC Ha 3a00JIs-
BaHMsI, Ja MOJ00PSIT MHTEPAKTHBHOCTTA U e(DPUKACHOCTTA Ha
06y‘leHI/leTO Ha CieuaJiuCTu U CTYACHTH 10 MEIUIIHA.
PasBurueTo Ha deep learning MojenuTe U3UCKBA BKIIFOYBAHE
Ha Pa3HOOOpAa3HM KIMHHYHU CIIy4yaw 3a Mo-1o0pa alamnTHB-
HOCT H €()CKTHBHOCT.

Universal tests and methodologies are needed to
investigate and assess the effectiveness of ChatGPT and
other Als, as well as an analysis of the potential risks and
benefits for doctors and patients.

The creation of a regulatory framework (defining
the legal and ethical norms for their application) is of
key importance. It should include clear guidelines for
the protection of personal data, procedures for safety
assessment, and mechanisms for accountability in case of
errors. Additionally, continuous monitoring and updating
should be foreseen to adapt to the rapid development of
technologies and ensure maximum benefit and safety for
patients.

CONCLUSION

The application of artificial intelligence, particularly
language models like ChatGPT, in radiology promises
significant progress in medical practice. This study
identifies three key areas of impact: automation of
administrative and diagnostic tasks, improvement of
education and professional development, and facilitation
of communication with patients.

The following limitations have been identified: inability
to directly analyze medical images; the need for better
regulation and ethical standards; limited clinical
adaptability and interactivity in patient communication;
lack of empathy towards patients; poor case
personalization, and limited clinical adaptability. These
challenges outline opportunities for future research and
refinement.

The integration and synergy of the potential of ChatGPT
with Al image analysis systems and the creation of
multimodal specialized medical platforms could improve
diagnostic accuracy, enhance interactivity, and increase
the effectiveness of training for specialists and medical
students.

The development of deep learning models requires the
inclusion of diverse clinical cases for better adaptability
and effectiveness.
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“HENONYNAPHWUTE”
OEWHOCTU, USBBLPLUBAHU
OoT MEAUWLUMUHCKUTE ®U3NLN
N UHXXEHEPU 3A OMNA3BAHE
3APABETO HA HACEJIEHUETO

Mumtes U3paen'?, Muxaena UBanosa', lIBetesinna
Ilanamanosa', Buktopus 3apsioosa', [lerss UBanoBa',
Xpuctuna [erkopa'

'Hayuonanen yenmuvp no obwecmeaeno 30pase
u ananusu, Cogus
’Meouyuncku ynusepcumem — Ilnesen

PE3IOME

B nacmosiwama nybnuxayus ce npedcmass nozuyusi Ha vacm
om bvacapcKkume MeOUYUHCKU pusuyu 3a OeluHocmume, Kou-
mo He ce obxeawam om mpaouyuOHHOMO MUCIEHE 6 KJIUHU-
Kume, Kv0emo Qusuyume pabomsm OCHOBHO C U3MOYHUYU
Ha UOHUBUPAWU TbYeHUsl 8 00IACIIMA HA PeHM2eHON02UAMA,
HyKIeapHama meouyuna u ivuemepanusma. Tyk cmaea oyma
3a yyacmuemo Ha MeOUYUHCKUme Qu3uyl 8 MEOUYUHCKU 36e-
Ha, KOUMOo NpuLazam HeuoOHU3UPAUWU TbYeHUsL 3d OUASHOCTIU-
Ka u mepanus, KakKmo u maxkued, 3aHUMA8auju ce ¢ OYeHKd
HA eKCRO3Uyusma u pucka om opyeu Qusuuecku axmopu,
umMawu 3Haverue 3a 30pagemo Ha Y08eKd, Kamo id3epHul Tb-
YeHusl, Wym, UH@PPa u YImpaseyK, MUKpOKIUMAm u opyeu.
Bovnperxu ue 3a msax uma usuckeanus 3a kearugurayus u cne-
Yuanusayus 6 HaWama Cmpana, me He cd GKIUEeHU 6 K1ACU-
@uxamopa Ha npoghecuume, KAKMo U 8 3aKOHOOAMENCMEOMO
3a yuacmuemo um 8 MeOUYUHCKUMe 36eHd.

Huckycuama no npobiema e cevp3ana ¢ paxma, ye esponeli-
ckume cmpykmypu no meouyurcka gusuxa (EFOMP- Egpo-
netickama @edepayus Ha opeaHusayuume no MeOUYUHCKA
Qusuxa) pasnosnasea mesu ,,0pyeu’’ MeOuyuHcKU Quuyu u
mexHume OeliHocmu npe3 nociedHume 4-5 2o0unu u npe-
nopvusa me 0a 6v0am U3PABHEHU NO NPABA U 3A0BIHCEHUS
KaKkmo ,,ocmananume’’ 8 KiuHuuHume 36ena. [losuyuama na
agmopume e C8bP3AHA C 8b3IMOHCHOCTIUME 3a pa3pabomeane
HA MAKO8A 3AKOHOOAMENCMBO ) HAC.

KurouoBu xymu: MeauiHcKa Gu3mka, CAHUTapHO
WHXKEHEPCTBO, HeHOHU3UpallY JIbueHus1, EBpormneiicka
(dheneparus Mo MEIUIIMHCKA (DU3UKA, 3aKOHOAATEII-
CTBO

“UNPOPULAR” ACTIVITIES
PERFORMED BY MEDICAL
PHYSICISTS AND ENGINEERS
TO PROTECT THE HEALTH OF
THE GENERAL POPULATION

Michel Israel?, Mihaela Ivanova', Tsvetelina
Shalamanova!, Victoria Zaryabova!, Petya Ivanova!,
Hristina Petkova!

! National Center of Public Health and Analyses, Sofia
? Medical University — Pleven

ABSTRACT

This publication presents the position of some Bulgarian
medical physicists on activities that are not covered by
traditional thinking in clinics, where physicists work
mainly with sources of ionizing radiation in the fields
of radiology, nuclear medicine and radiotherapy. This
refers to the engagement of medical physicists in medical
units that apply non-ionizing radiation for diagnosis
and therapy, as well as those dealing with exposure and
risk assessment of other physical factors important to
human health, such as laser radiation, noise, infra and
ultrasound, microclimate, and others. Although there are
qualification and specialization requirements for them
in our country, they are not included in the classifier of
professions, as well as in the legislation for their work in
medical units.

The discussion on the problem is related to the fact that
the European structures in medical physics (EFOMP -
European Federation of Medical Physics Organizations)
recognize these ,,other” medical physicists and their
activities over the last 4-5 years and recommend that they
be equalized in rights and obligations as those in clinical
units. The authors’ position is related to the possibilities
for developing such legislation in our country.

Keywords: medical physics, sanitary engineering,
non-ionizing radiation, European Federation of
Medical Physics, Organizations legislation
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BbBEAEHUE

OcCHOBHHTE JIEHHOCTH, B KOUTO Ca QHTAKUPAHU MEAHUIINH-
cKnTe (PU3UIYU ¥ MHXKEHEPHUTE, TPATUIIMOHHO Ca CBBP3aHHU C
amaparypara U METOIMTE 3a AMArHOCTHKA U JICUCHUE Ha 3a-
OonsiBaHMS ¢ MpUIIaraHe Ha HOHW3MpAIIM JbueHus. Te ca B
TPH HAIPABJICHUS: PEHTTEHOBA JMArHOCTHKA, JIbUYEIICUCHNE
1 HyKJIeapHa MEAMIMHA. 3a Te3W JACHHOCTH MEINIMHCKUTE
¢u3UIM ydacTBaT KaTo €KCHEPTH B EKUIUTE HA OOMHUIUTE
WM ChOTBETHUTE MEIUIIMHCKH 3BEHA TPsIOBa J]a ce KOHCYII-
THpAT ¢ MEAMIUHCKU (U3HK, ChITACHO IIPABUJIATA, OITHCAHU
B Hapen6a No2 3a ycrmoBusITa U peia 3a OCUTYpsIBAHE 3aIATa
HAa JTUIaTa PH MEIUIIMHCKO 0bnpuBane, /1B 0p.13 ot 2018 1.,
n3MeHeHus u pomwbiHeHus B JIB 6p. 25 ot 2019 r. u /IB 6p.
1 or2020T.

OCHOBHHTE HOPMH 3a paJHalOHHA 3amuTa Ha MexXmay-
HapojHaTta areHnus 3a atroMHa eneprus (IAEA) ot 1996 1.
npenopwruBat, a Jupektusu 96/23 u 97/43 EBPATOM Ha
EBponeiickus chi03 M3UCKBAT YYACTHETO HA KBATUDHUIIUPAH
eKCIepT MO paJHallMOHHA 3aIIMTa U 110 MEIUITNHCKA QH3UKa
MPU BCUYKU ACHHOCTU ¢ HOHU3UPALIU JTHUCHUS.

CeriacHo neuHUANMSITa HAa MexIyHapoJHaTa OpraHu3aIus
mo memuiuHcka ¢usuka (IOMP) “meduyunckusm usuk
e uye ¢ YHUBEPCUMEMcKa CMmener Uiy HeuH eKeUAaieHm,
KOUMO OONBIHUMENHO Cheyuaiusupa 6 obracmma ma Qu-
BUYHUME NPUHYUNY, MEeMOOU U MEeXHUKU, U3NON36AHU 6 Me-
ouyunama u eu npuiaca, pabomeuxu HenocpeoCmeeHo ¢ me-
OUYUHCKUS NEPCOHAN 8 MEOUYUHCKUME 3a6e0eHUsl, 00w UIU
YHUBEPCUMEMCKU OOTHUYY, U3CIe008AMENCKU UHCIMUMYMU
unu rabopamopuu U Npuiaza u/uiu pazeuea MeOuyuHCcKu-
me mexHuKu u Memoou 8 NPAKMuKama u u3c1e08aHusima 3d
npegenyusl, OUAZHOCMUKA U jledeHue Ha Oojiecmume u/uiu
npoeescoa Kypcose no MeOUYUHCKa pusuka u opyeu cpoonu
HAayKu 3a uzuyu, UHICEHePU, MEeXHUYU U MEOUYUHCKU Che-
yuanucmu.”

B Knacudukaropa Ha npodecunre MeIUIUHCKUTE DUIUIIH
¢ nuTupaHute neiHoctr ca mox Ne 2111 ,busuk™, ¢ pasmiu-
perust 5021 ,,pu3uk, MenuUIMHCKA paguosiornyHa (Gusnka‘,
5023 ,,¢pu3uk, paguannonHa xuruena“, 5024 , bpusuk, panu-
obuonorus®. [Ipe3 2021 r. mpodecusita ,,MarucTsbp Mo MeIu-
nMHCKa (u3uka™ e Bnucana B Hannonaauus kimacupukaTop
Ha IpodeCUuTe U JUThKHOCTUTE ¢ Kog 2111 / 7026 — , dbusuk,
MenunuHcka Qusuka“ u 7027 — , hU3MK, eKCIepT Mo MEIu-
nuHcka ¢pusuka“ (1).

Oobpaszosanuemo na meduyuHcKu ghuzuyu B 001acTTa Ha HO-
HU3UPALIUTE JTBYCHUS ¢ OaKalaBbpCKa CTEIEH CE N3BBpIIBA
B TPU YHUBEPCUTETA, pasrienaHo BB Bpemero: LY , Enuc-
ko K. [IpecnaBcku™ (3a MbpBYU BT Y HAC, HO B MOMEHTA HE CE
npemoxnasa), CY ,,Cs. Ki. Oxpuacku®, ®nuznyecku Gpaxyirer,
Yy ,,IMaucuit Xunennapcku.

ITpe3 texymwust Mangar bearapckoTo apyskecTBo mo Owo-
MenunuHcKa Gu3uka u nHxkerepctso (BJIM®U) noakpernn
MY- Bapna ,,IIpod. n-p IlapackeB CTosSHOB® ma MOATOTBS
KaJpy 1o OMOMEINIIMHCKA TEXHUKA U TeXHOIOrnu. B Hacro-
SIIUST MOMEHT ca BbBeieHH B Co(MiCKUSI yHUBEPCHUTET U B
[T10BAMBCKHS YHUBEPCUTET MaruCTBHPCKU MPOTPaMH 110 pas-
JUYHHA aCTIEKTH HA MEIUIIMHCKATa GU3NKA, TEXHIUKA U TEXHO-
JIOTMH B MEANIINHATA.

INTRODUCTION

The main activities in which medical physicists and
engineers are engaged are traditionally related to the
equipment and methods for the diagnosis and treatment
of diseases using ionizing radiation. They are in three
areas: X-ray diagnostics, radiotherapy and nuclear
medicine. For these activities, medical specialists in the
hospitals or the relevant medical units must consult with
a medical physicist in charge as expert, according to the
rules described in Ordinance No. 2 on the conditions
and procedure for ensuring the protection of individuals
during medical radiation, State Gazette No. 13 of 2018,
Amendments and Supplements in State Gazette No. 25 of
2019 and State Gazette No. 1 of 2020.

The International Atomic Energy Agency (IAEA) Basic
Radiation Protection Standards of 1996 recommend, and
European Union Directives 96/23 and 97/43 EURATOM
require, the participation of a qualified radiation
protection and medical physics expert in all activities
involving ionizing radiation.

According to the definition of the International
Organization of Medical Physics (IOMP) ,,a medical
physicist is a person with a university degree or its
equivalent who further specializes in the field of physical
principles, methods and techniques used in medicine and
applies them, working directly with medical personnel
in medical institutions, general or university hospitals,
research institutes or laboratories and applies and/or
develops medical techniques and methods in practice
and research for the prevention, diagnosis and treatment
of diseases and/or conducts courses in medical physics
and other related sciences for physicists, engineers,
technicians and medical specialists.”

In the Classifier of Occupations, medical physicists with
the cited activities are under No. 2111 , physicist®, with
the extensions 5021 ,physicist, medical radiological
physics®, 5023 ,physicist, radiation hygiene®, 5024
,physicist, radiobiology*“. In 2021, the profession
,Master of Medical Physics* was entered in the National
Classifier of Professions and Positions with code 2111 /
7026 - ,,physicist, medical physics* and 7027 - ,,physicist,
expert in medical physics® (1).

The education of medical physicists in the field of
ionizing radiation with a bachelor‘s degree is carried out
at three universities, considered in following time order:
,,Bishop K. Preslavski‘ University (for the first time in
our country, but currently not taught), ,,St. Cl. Ohridski*
University, Faculty of Physics, ,,Paisiy Hilendarski
University.

During the current term, the Bulgarian Society of
Biomedical Physics and Engineering (BSMPE) supported
the Medical University of Varna ,,Prof. Dr. Paraskev
Stoyanov* to train personnel in biomedical engineering
and technologies. Currently, master‘s programs in various
aspects of medical physics, engineering and technology
in medicine have been introduced at Sofia University and
Plovdiv University.
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Cneoouniomnomo ofy4enue Ha MEVUIIMHCKUTE (PU3UIH ChC
CIIEIUAITHOCT ,, MEOUYUHCKA PAOUONOZUYHA husuKa“ ce n3-
BBPIIIBA ChINIACHO U3KCKBaHUATa Ha Hapenoda Ne 1 3a mpuio-
OMBaHe Ha CHELMATHOCT B CUCTEMaTa Ha 3/paBeolla3BaHeTo,
JIB 6p. 7 o1 2015 1. ¢ MHOKECTBO U3MEHEHUS M IOTbIIHEHHU S,
karo nocyieaHoTo B JIB Op. 25 oT 2024 1.

»HenonynsapHume deliHocmu*, usebpweaHu
om MeduyuHcKkume ¢usuyu

EnHOoBpeMeHHO ¢ ToBa 00aue, PU3UIINTE yIaCTBAT B MHOXKE-
CTBO OellHOCmU, KOUMO ,He ¢a NONYAAPHU® 3a 2ua10uama
Ha meouyuHcKume u3uyu B CBETOBCH Mamiao.

[Tpenn BcuuKo, TOBA ca MPHIIOKEHNUATA HA HEHOHNU3NPAIIUTE
JTBYCHUS B PA3JIMYHU OOJIACTH HA MEAWIMHATA — B KJIMHUY-
HaTa MPaKTHKa, B HAYYHUTE U3CIICBAHNUS, B IEHHOCTHUTE T10
ora3BaHe 3/IpaBeTo Ha pabOTEIMTE W HaceleHneTo. B kin-
HUYHHTE 3BEHA, B MEJUIIMHCKUTE LICHTPOBE HAN-IIMPOKO Ce
IpujaraT pajnov4ecTOTHH EJNeKTPOMArHUTHH CHEPrum 3a
Tepamnus, XUpyprus, HOICKOYECTOTHN MAarHUTHH TI0JIETa BbB
¢usnorepanusara, YB u MY mammu 3a Tepanus, mpopuiax-
THKa, B ONIEPAIIIOHHH, MUKPOOHOIOTHYHH, OOTTHUYHU U APY-
T'Yl TIOMEILEHMSI Topaan OakTepuuAHNA epeKkT Ha Y B irpue-
HUeE, JJa3€pPHHU J'IbYCHNS BbB BCHUKH 00JIACTH Ha MEUIIMHATA:
odTamMoorns, OHKOJIOTHS, XUPYPIHsl, YPOJIOTUs, T'HHEKO-
JIOTHsI, IEPMATOJIOTUSI U APYTU. TeleMeTpuuHNTe CUCTEMHU
3a IMCTaHIIMOHHO HAOIIOEHHE, 3a 3aIIHC U IIPOCIesiBaHe Ha
JKU3HEHHU TI0Ka3aTelld, 33 AUCTAaHIIMOHHA XUPYPrusl H3M0J3-
BaT PaJIMOYECTOTHHU €JIEKTPOMArHUTHH I10JIeTa 3a IPEHACSHE
Ha nHpOpManuAITa.

Yampa3zeykvm B ocneqHUTE TOOUHU C€ BKIIOYBA OT Mex-
JyHapoJIHAaTa KOMUCHS MO 3aIIUTa OT HEHOHU3MPAIIH JThUe-
Husg (ICNIRP) B cimerka Ha hakTOpHTE, 00CTMHEHH TTO]T HA3-
BAHUETO ,,HEHOHU3NPALIH JBUECHUS, HE3aBUCHMO U€ T€ HE ca
€JIEeKTPOMArHUTHHU BBJIHH TI0 CBOsATa (hm3ndHa mpupoma. Te
CBINIO Ce TIpujarat B oOpa3HaTa MTUArHOCTHUKA B Pa3THIHH
00J1acTH HAa MEAUILIMHATA - THHEKOJIOTHUTA, 32 U3CJACABAHE HA
BBTPEITHUTE OPraHH, BEB (PU3HOTEpANIHASTA.

CbBpeMeHHaTa 00pa3Ha JUarHOCTUKA MpUJiara ChOPbKEHUS
¢ AMP, kouTo ca M3TOUHULM HA HEHOHU3UpAIIU JTHUCHUSA
— TIOCTOSSHHM MAarHUTHH TI0JIeTa, HUCKOUYECTOTHH EJIEeKTPHU-
YEeCKH U MAaTHUTHH TIOJIETA, PAAHOYeCTOTHH €JIEKTPOMarHuT-
HU BBJIHH.

CTOMATOJIOTMYHUTE KAOMHETH H3I0JI3BAT MHKPOBBJIHOBO
JIBUYCHUE 3a TCpallusd, CBETIIMHHU JIaMIIU C BUCOKA HHTCH3UB-
HOCT Ha OIITHYHHUTC JIBUCHU .

OCBeH NMPUIIOKCHUETO HA HCHOHU3HUPAIIUTE JTHUCHUS B Me-
JMUIAHCKATA MPAKTUKA IPU JUATHOCTHKA U JICUCHHUE, MCIH-
IUHCKHUTE (UMLK U WHKCHEPU YYaCTBAT M B MHOTO JAPYTH
JIEHHOCTH, KOMTO Ca MPSIKO CBBP3aHU C OIIa3BaHE HA 3[[PABETO
Ha HaceyieHueTo. Te ca B HayYHUTE JTabOpaTOPHH, B OPIraHHUTE
3a KOHTPOJI Ha ()aKTOPUTE HA Cpejara, B CIyKOUTe Mo Tpy-
JIOBa MEIMIIMHA 3a OIICHKA Ha (pakTopuTe Ha paboTHATa Cpe-
Jla, B HAYYHUTE JIa0OpaTOPHUH 3a MPOYYBAHE BIUSHHETO Ha
pas3nuyHu GU3NYECKU (PaKTOPH BBPXY 3APaBETO HA YOBEKA —
MUKDPOKIUMAM, 6UOPAUUU, WYM, 2DAGUMAYUSA, YCKOPEHU,
HoHu3ayusa Ha 6v30yxa u opyzu.
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Postgraduate education of medical physicists with
a specialty in ,medical radiological physics“ and
“medical sanitary physics” is carried out in accordance
with the requirements of Ordinance No. 1 for acquiring a
specialty in the healthcare system, State Gazette No. 7 of
2015 with numerous amendments and supplements, the
latest in State Gazette No. 25 of 2024.

The “unpopular activities” carried out by
medical physicists

Atthe same time, however, physicists engage in numerous
activities that are “unpopular”. within the professional
community worldwide.

First of all, these are the applications of non-ionizing
radiation in various fields of medicine - in clinical
practice, in scientific research, in activities for protection
the health of workers and the population. In clinical units
and medical centers, radiofrequency electromagnetic
energies are most widely used for therapy, surgery, low-
frequency magnetic fields in physiotherapy, UV and
IR lamps for therapy, prophylaxis, in operating rooms,
microbiological, hospital and other rooms due to the
bactericidal effect of UV radiation, laser radiation in all
areas of medicine: ophthalmology, oncology, surgery,
urology, gynecology, dermatology, dentistry, etc.
Telemetry systems for remote monitoring, recording
and tracking vital parameters, and remote surgery
use radiofrequency electromagnetic fields to transmit
information.

In recent years, ultrasound has been included by the
International Commission on Non-lonizing Radiation
Protection (ICNIRP) in the list of factors grouped under
the name ,,non-ionizing radiation, even though they are
not electromagnetic waves by their physical nature. They
are also used in imaging diagnostics in various fields of
medicine - gynecology, for the study of human internal
organs, and in physiotherapy.

Modern imaging diagnostics uses MRI equipment, which
are sources of non-ionizing radiation — static magnetic
fields, low-frequency electric and magnetic fields, and
radiofrequency electromagnetic waves.

Dental offices use microwave radiation for therapy, light
lamps with high intensity of optical radiation, lasers for
treatment and surgery.

In addition to the application of non-ionizing radiation
in medical practice for diagnosis and treatment, medical
physicists and engineers are also involved in many other
activities that are directly related to protecting the health
of the population. They are in scientific laboratories, in
environmental factors control bodies, in occupational
health services for assessing working environment
factors, in scientific laboratories for studying the
influence of various physical factors on human health -
microclimate, vibrations, noise, gravity, accelerations,
air ionization, and others.
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HayuoHnasnHo 3akoHoOamesicmeo

Ta3u rpyna ot ¢pu3unyM ¥ WHXKEHEPU HE ca MPUIIO3HATH OT
HOPMATHBHUTE IOKYMEHTH, PErIaMEHTHpAIlH JCHHOCTHTE
no menunuHcka pusuka B EBpoma m y Hac. Hsama aupex-
THBA, Hapenda WIM CTaHJapT, ChIIACHO KOWTO Te Ja Obaar
YAOCTOBEpPEHH KaTO peryanpaHa npodecus B MEAUIITHCKATa
MpakTHKa, HE3aBUCHMO Y€ B MEXAYHapomgHaTa NeUHUIINS
3a MEIUIIMHCKH (HU3UK T€ MOTaT Ja OBAAT OTKPUTH, a CHIIO
YHHUBEPCUTETCKOTO 00pa30BaHHE HA MEAUIINHCKATE (DU3HIIH
BKJTIOYBA TOJISIMA YACT OT HEOOXOINMHTE 3HAHUS 332 U3BBPIII-
BaHE HA Te3W JACWHOCTH, 0€3 mpHiIarane Ha HOHU3UPAIH JTh-
gyenus. B o6macrra Ha C/1O y Hac e mpu3HaTa CrieuaaIHoCTTa
» MEOUUUHCKA canumapua uzuxa*, como u npodecusTa ¢
HomeHkiatypa Ne 2111, mogaomep 5022 — ¢pu3nk, MEIUITHNH-
cka caHnTapHa ¢usuka. Ilo oTHOmEHHE Ha CIIEHATHOCTTA
o CJ1O ,,canumapno unscenepcmeo*, Hsima HOMEHKIIATy pa
B KJacu(dukaTopa Ha peryirupanute npodecuu. Tosa 10 ro-
JIMa CTETeH HaMaJisgBa aTPaKTUBHOCTTA HA TE3U MPOQEeCHH
cpen GM3UIHUTE W MH)XKCHEPUTE W CIICIUATU3UPAIINATE TE3H
CHEIMAJTHOCTH B CTpaHaTa ca eAUHUIIN.

HacrosBaneto ot ctpana Ha b/IM®U, kakTo 1 HenpeKbCcHA-
TOTO HAaIlOMHSHE 3a ,, JPyTUTe" NeHHOCTH HAa METULIMHCKHUTE
GU3MIM ¥ MHXKEHEPH OT BCHYKHU O00JIACTH Ha TIPUJIOKEHHE B
MeIMINHATa, Ja ObAaT paBHO MPHU3HATH B €BPOIEHCKOTO H
HAI[MOHAJHOTO 3aKOHOJATEJICTBO, JOBE/E 10 CEpPHO3HA Mpo-
MsHa B monuTukara Ha EFOMP. 3a npomenu B ToBa Hampas-
JICHHE HACTOSABAT U IPYTH HALIMOHAJIHU CAPYKEHUS M0 METHU-
nuHcka ¢usuka B EBporna u B cera.

MexdyHapoOHuUmMe op2aHusayuu

IIpes mocnennute 10 roguau EFOMP paszpabortu, mpensio-
’KM Ha OOCBHIKJaHE U BBHBEAE HOBHM Statements, BKIIOUBAIIU
pa3iIu4HU ,,HEHOHU3Upau® ACHMHOCTH HAa MEIULIMHCKUTE
¢buznnu.

Karo npumep npe3 2012 . EFOMP nyGnukyBa IOKyMEHT,
orpesessl] NOJIUTHKATa 3a AeUHIpPAHEe Ha HOBH JICHHOCTH
B o0JacTTa Ha MEIMIIMHCKaTa (U3HMKa, KOUTO CIIE/Ba Jia J10-
BezaT 10 o0oraTsBaHe Ha M3MCKBAaHUSITA 32 KBaJU(PUKALIMS
U IIO3HAaHUSA Ha MCAUIMHCKHUTC (1)1/[314[11/1. E,D,Ha OT OCHOB-
HUTE NMPUYMHU 33 TOBA € MAacCOBOTO M3MOJI3BaHE HA CHOPbB-
)keHust ¢ AMP 3a nuarHoctuka, 4acT OT TSIX ChbBMECTHO C
KOMITIOTBPHU ToMorpadu u apyru TexHosioruu. Taka npes
2020 r. e BBbBeneHo nomnbiHenue PS No.14 “The Role of
the Medical Physicist in the management of safety within
the magnetic resonance imaging environment: EFOMP
recommendations”, TUCKY THPAIIO HEOOXOAMMOCTTA OT CIIC-
MHUAJIHUCTHU C BUCOKA KOMIICTCHTHOCT U 3HAHUA B 06HaCTTa Ha
HaykaTa, HapudaHu TaM “MR scientists”, mo-crenuamHoO B
KJIWMHUYHUTEC HAYKHU, B €KHIIAd HA JICKAPUTE B TCXHUTEC OLICHKU
u ipu tepanus. Cpel Te3u yueH! UMa MEAUIIMHCKN QU3UIH
C BUCOKO HUBO Ha MOJIOTOBKA U 3HaHU s, HapeueHu “Medical
Physics MR Scientists”, xouto TpsiOBa Ja ce BKJIOYaT B
MO-TOJISIMATa YacT OT JIeifHOCTHTE, N30POeHHU TT0-Tope.

National legislation

This group of physicists and engineers is not recognized
by the regulatory documents regulating medical physics
activities in Europe and in our country. There is no
directive, regulation or standard under which they can
be certified as a regulated profession in medical practice,
although they can be found in the international definition
of a medical physicist, and the university education of
medical physicists already covers much of the knowledge
necessary to perform these activities without the use
of ionizing radiation. In the field of postgraduate
education, the specialty ,,medical sanitary physics“
is recognized in our country, as well as the profession
with nomenclature No. 2111, subnumber 5022 - physicist,
medical sanitary physics. Regarding the specialty in the
postgraduate education ,,sanitary engineering®, there
is no nomenclature entry in the classifier of regulated
professions. This largely reduces the attractiveness of
these professions among physicists and engineers, and
there are only a few specializing in these specialties in
the country.

The persistent efforts of BSMFE, as well as the constant
reminder of the ,,other activities of medical physicists
and engineers from all areas of application in medicine,
to be equally recognized in European and national
legislation, led to a serious change in EFOMP policy.
Other national medical physics associations in Europe
and around the world are also pushing for changes in this
direction.

International organizations

Over the past 10 years, EFOMP has developed, proposed
for discussion and introduced new Statements covering
various “non-ionizing” activities of medical physicists.

As an example, in 2012, EFOMP published a policy
statement (PS) defining new activities in the field of
medical physics, broadening the qualification and
knowledge of medical physicists. One of the main reasons
for this is rapidly increasing use of MRI facilities for
diagnostic purposes, some of them in conjunction with
computed tomography scanners and other technologies.
Thus, in 2020, an addendum PS No.14 “The Role of
the Medical Physicist in the management of safety
within the magnetic resonance imaging environment:
EFOMP recommendations” was introduced, discussing
the need for specialists with high competence and
knowledge in the field of science, called “MR scientists”,
in particular in clinical sciences, in the team of doctors in
their assessments and in therapy. Among these scientists
are medical physicists with a high level of training and
knowledge, called “Medical Physics MR Scientists”,
who should be involved in most of the activities listed
above.
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[luTHpaHOTO JOIBIHCHUE CE OKa3a HEOOXOAUMO CIIC:

» Ily6nukyBanero Ha J{upextuna 2013/35/2013 3a 3amura
Ha pabOTEIUTE OT BB3JICHCTBUETO HA CJICKTPOMArHUTHH
npueHns (2);

e Pa3BuTHeTO W TpUIATaHETO HAa HOBU CHOPHKEHUS C
SIMP, xatro PET/MRI, LINAC/MRI, interventional MRI,
SPECT/MRI, parallel transmit RF systems, kakTo u Bb-
BeXKJIaHeTO Ha MHOTO MHTeH3uBHU MRI cuctemu (7 T),
BBHB BpPB3Ka C HOBUTE M3UCKBAHUA 3a 0€30IIaCHOCT Ha I1a-
[UEHTUTE U PaOOTEIINTE;

* Ilyonukysanero Ha EC RP 174 “European Guidelines on
Medical Physics Expert” mpe3 2014 1., kpaeto EBpomeii-
cKaTa KOMHUCHUS IPEIOPBYBA ... MBI KAMO cucmemume,
U3TBYBAUU HEUOHUSUPAUU TBYEHUS CHEMECHIHO C HOHU-
supawu, cmagam ece nogeue (kamo PET/MRI, SPECT/
MRI), 0a ce gxarouu excnepmvm no MeOUYUHCKA Pusuxa
(MPE), umaw nooxooswu 3Hanusi no omHuoulenue Ha me-
OUYUHCKOMO NPULOHCeHUe Ha Opyeu (pusuyecKu pakmo-

o,

pu
*  3HAYMTETHOTO pa3IIMpsBaHE Ha BHCOKOCICIIHATH3UPA-
HH SIMP TexXHUKH, KaTO CIIEKTPOCKOMNUsI, AU(y3MOHHO
1 nieppy3uOHHO TpeTeriieHo n3obpassBane, QyHKIIHO-
HanHo u3o0OpazsaBane (fMRI), mpererneno n3odpasspa-
He Ha yyBcTBUTenHOCTTa (SWI), Mmopdhomerpus, CEST
KOHTpPACT, apTepuaIHo CIMHOBO MapkupaHe (ASL), cun-
tetudeH SIMP u ap., KOMOMHUPAHOTO HW3MOI3BAHE HA
MHOTO OT T€3W TeXHHKH IIPH IIAHHPaHEe Ha XUPYPIrUd-
Ha HaMmeca, paJAnoTepanus WM MyJITHMOAaIHa o0pa3Ha
JMArHOCTHKA, CBIIO0 M HAPACTBAIIOTO MPIJIOKEHUE Ha
Artificial Intelligence (A1) B nnarHocTHYHATa PagHOIIO-
T'Us, KAaKTO M W3IMOJI3BAaHETO HAa KOJIMYECTBEHU O00pa3HU
OmoMapkepu, OCHOBaHHU Ha TaHHU OoT AMP.

B®3 ocHoBa Ha ToBa fonbiaHenrne EFOMP npaBu npenopbski,
CBBP3aHU C HEOOXOAMMOCTTAa MEIUIIMHCKUTE (BU3HUIIM Ja Ce
oOyuaBar noipoOHO B n3uckBanusaTa Ha Jlupexrura 2013/35/
EK, xakTo ¥ 3a nmpujaraHe Ha Jpyru pU3nYeckd (akTopH B
MeJIUIMHCKATa MpakTuKa. EqHa oT npenopbKkuTe BKIIOUBA U
oOorarsBaHe Ha 00YYEHHETO MO CHENHUATHOCTTA ,,MEANIINH-
cKa (pu3mMKa“ ¢ HOBUTE U3MCKBAHUS, U3BBH TC3U, CBBP3AHHU C
KJIMHUYHOTO MPUIIOKEHHUE Ha HOHU3UPAIIUTE JIBYCHU .

Jexnapanusta or Manara, KosTO € NpueTa OT BCUUYKHU Ha-
[MOHAJIHU JPYKECTBAa MO MEAMIIMHCKA (U3UKA, BKIIFOYBA
CBIIO M3MCKBAaHMS 332 MPOMSIHA HAa MOHATHUETO U ChAbpKAa-
Hueto Ha MPE (Memunmacku ¢usuk — exkcriepr MOE) (3). B
TEKCTa SICHO € 3alKcaHo, Y€ M3MOJI3BAHETO HAa HEeHOHU3Upa-
Y JTBYCHUS 32 00pa3Ha JUArHOCTHKA U 32 Teparus H3UCKBa
CIIENMAIHOTO BHUMaHUE OT cTpaHa Ha cneruaiucture MOE.
CHeKkThpbT Ha MEIUIIMHCKUTE yPeaIu U GU3NICCKUTE PaKTO-
PH, U3MO0JI3BaHU B HACTOSIIETO B OOJHHUIIUTE, MHOTOKPATHO
HaJIBUILIaBa CIEKTbpa Ha HW3MOJ3BAHUTE YpeAu C HOHU3M-
pamu 1 HeloHU3Mpalu JpucHus, Taka ue MOE TpsOBa na
W3BBPILNBA PA3TUYHN (HU3UOJIOTUIHU U3MEPBAHUS, N1a MPU-
Jlara TeXHOJIOTMU C U3KYCTBEH UHTENEKT U HAHOTEXHOJIOT M H.
Bceuuko ToBa M3KMCKBa CEpUO3HA MPOMSIHA B MPOTPaMHUTE 3a
oOyuenue Ha Medical Physics MR Scientist, BKIOYBaIIH
SIMP TexHosoruu, NazepHU MPHUIIOKEHUS, OLIEHKA HA pPUCKA
o EU Directive 2013/35/EC.
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The cited addition became necessary following:

* The publication of Directive 2013/35/EU on
the protection of workers from the effects of
electromagnetic fields (2);

* The development and implementation of new
MRI facilities, such as PET/MRI, LINAC/MRI,
interventional MRI, SPECT/MRI, parallel transmit
RF systems, as well as the introduction of very
intensive MRI systems (7 T), in connection with the
new requirements for patient and worker safety;

*  The publication of EC RP 174 “European Guidelines
on Medical Physics Expert” in 2014, where the
European Commission recommends “...as systems
emitting non-ionizing radiation together with
ionizing radiation become more common (such
as PET/MRI, SPECT/MRI), the involvement of a
medical physics expert (MPE) with appropriate
knowledge of the medical application of other
physical factors”;

* The significant expansion of highly specialized
MRI techniques, such as spectroscopy, diffusion
and perfusion weighted imaging, functional
imaging (fMRI), susceptibility weighted imaging
(SWI), morphometry, CEST contrast, arterial spin
labeling (ASL), synthetic MRI, etc., the combined
use of many of these techniques in planning
surgery, radiotherapy or multimodal imaging, also
the increasing application of Artificial Intelligence
(Al) in diagnostic radiology, as well as the use of
quantitative imaging biomarkers based on MRI data.

Based on this supplement, EFOMP  makes
recommendations related to the need for medical
physicists to be trained in detail in the requirements of
Directive 2013/35/EC, as well as for the application of
other physical factors in medical practice. One of the
recommendations also includes enriching the training in
the specialty ,,medical physics“ with new requirements,
beyond those related to the clinical application of
ionizing radiation.

The Malaga Declaration, which has been adopted by
all national medical physics societies, also includes
requirements for changing the concept and content
of the MPE (medical physicist expert) (3). The text
clearly states that the use of non-ionizing radiation for
imaging and therapy requires special attention from
MPE specialists. The spectrum of medical devices and
physical factors currently used in hospitals many times
exceeds the spectrum of devices used with ionizing and
non-ionizing radiation, so the MPE must perform various
physiological measurements, apply artificial intelligence
technologies and nanotechnology. All this requires
substantial changes in the training programs of Medical
Physics MR Scientist, including MRI technologies,
laser applications, risk assessment under EU Directive
2013/35/EC.
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Hpyru nexnapauun Ha EFOMP, cBbp3anu ¢ pasmiupsBaHe
Ha KOMIIETEHTHOCTTa Ha MEIMIIMHCKUTE (PU3HUIIM U3BBH TE3H,
paboTemu ¢ HOHU3MUpPAIIK JIBbUYEHUsS (HAKOH OT TSIX, B pa3pa-
00TKa), ca CICIHUTE:

e No.17 “The role and competence of medical physicists
and medical physicist experts in the different stages of a
medical device life cycle™;

e No.18 “Medical physics education for the non-physics
healthcare professions”;

e No.20 “Physiological measurements and medical
physicists”;

e No. 21 “The role of medical physicist in the management
of medical laser sources”.

Ne 17. MPPs (podecnoHanucTuTe Mo MEAUIIMHCKA (HU3HKA)
ce 00y4JaBaT B KJIOHOBETE Ha (pU3MKaTa, CBbP3aHHU C IIPAKTH-
KaTta Ha MeauuuHara. [IputexaBaliku conuHa Hay4Ha IOJ-
IrOTOBKA U TeXHUYECKU yMeHus1, MPPs ca MHOro nonxonsiu
Jla UTPasiT BOAEIIA POJIS BbB BCEKU €Tal OT KU3HEHUS [IUKBII
Ha MeAMIMHCKO u3aenue. Kato ce nma npeasun, ue QyHK-
[IHOHUPAHETO HA MEIUIIMHCKUTE YCTPOWCTBA U TIXHOTO
KJIMHUYHO NMPUJIOKEHNE B pPyTUHHATA KJIIMHUYHA TPAKTHKA U
M3CIIEABAHMS € OCHOBAHO INIaBHO Ha (PU3MKaTa U MHXKEHEp-
Hute Hayku, MPP e cuiHO cBBbp3aH ¢ HOBOCTUTE B HayKara
U CHbBPEMEHHUTE KIMHUYHU NPUI0KEHUS HA METUIIUHCKUTE
YCTPOWCTBA, KAKTO M CHC CBBP3AHUTE C TSIX (PU3MUECKU (Pak-
TOpH.

Ne 18. Ta3u nexnapanust 3a HONIUTHKA MpeACTaBs AeKjiapa-
LMY 332 MUCHS ¥ BU3MSI 38 MEIMLIMHCKY (PU3MLIK, 00yYaBally
JIpyTH crienuanucTy (He Gu3nim) u Ha MOTPEeOUTENN Ha Me-
JUIUHCKH YCTpOMCTBAa M mpujaramu ¢Gpusnuecku (Gakropu
B MEIMIMHATA, KaTO MPEJICTaBsl Hal-JOOpUTE NMPAKTUKH 3a
IperofiaBane Ha 3ApaBHU crequajnucTu (He ¢usnnm), mo-
eTarHus 1polec 3a pa3paboTBaHe Ha y4eOHA mporpama (Cb-
J'bp)KaHUe, METOJI Ha IperoJiaBaHe U OLEHKa) U 0000eHn
MPENOPBKY Bb3 OCHOBA Ha IIUPOK 00EM OT M3CIIeIBAHUSI.

Ne 20. ObocHoBkara Ha paboTHara rpyna: Ponnrte Ha Mean-
LUHCKUS (PU3UK ca CBBP3aHU C OCUTYpsIBaHE Ha IMArHOCTHY-
HO KayecTBO NpPH (HU3HOJOTMYHU W3MEPBAHUS B PA3INIHH
MEIUIUHCKH CIEIHMATHOCTH. 1€ TOCTaBsAT YHUKAIHU H3-
WCKBAHUS 32 TOYHU M OE30IacHU M3MEpBaHUS, KaTO BCSIKO
OT TSX M3HMCKBA CIICIIMAITHO MPOCKTUPAHN MHCTPYMEHTH 3a
n3MepBaHe, OTXBBPISHE/KOPEKIHs Ha apTedaKkTH, eKpaHu-
pamu pemreHust U copryep. MeaHIMHCKUAT PU3UK, pado-
Teml ¢ (U3UOJIOTUYHM M3MEPBaHUs, NONIy4aBa crenupuieH
cepTuduKaT Ha OCHOBaTa Ha HEOOXOonMMa KIMHWYHA TIPaK-
THKa, Ype3 MojaraHe Ha M3IMHUTH B o0OnacTTa Ha (U3MKaTa U
Ha METOAMTE eJICKTPOKapArorpadusi, enekrpoeHmnedanorpa-
¢us1, marauToeHnedanorpadus, eneKTpoMuorpadus, moIu-
coMHorpagus, pecriupaTopHa JHarHocTHKa, HHTPAOIepaTHu-
BEH MOHUTOPHHT, TPAaHCKpAaHHAJIHA MAarHUTHA CTHUMYJIAIHS,
CJIEKTPOCTUMYJIAIHS, EIEKTpHUecKa O€30MacHOCT | Ap.

Ne 21. ObGocHOBKaTa Ha paboTHaTa rpyma: ExcrepTute mo
MeIUIIHCKA QU3uKa, paboTemu B OOHHUIINTE, YECTO Ce Ha-
3HAYaBaT KaTO EKCIIEPTH IO JIa3epHa Oe30IIaCHOCT 3a Jla3epH-
Te, M3I0JI3BaHHU B MEAMLIMHCKH IPUIIOKeHUs. TaxHaTa posis e
Ja JOIIPHHACST 3a NOAAbPKaHEeTO Ha Oe3onacHa, e)eKTHBHA
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Other EFOMP policy statements related to expanding the
competence of medical physicists beyond those working
with ionizing radiation (some of them, in development)
are the following:

e No.17 “The role and competence of medical
physicists and medical physicist experts in the
different stages of a medical device life cycle”;

e No.18 “Medical physics education for the non-
physics healthcare professions”;

e No.20 “Physiological measurements and medical
physicists”;

e No.21 “The role of medical physicist in the
management of medical laser sources”.

Ne 17. MPPs (Medical Physics Professionals) are trained
in the branches of physics relevant to the practice of
medicine. Possessing a solid scientific background and
technical skills, MPPs are well-suited to play a leading
role in any stage of the medical device life cycle. Given
that the functioning of medical devices and their clinical
application in routine clinical practice and research is
mainly based on physics and engineering sciences, MPP
is strongly related to the scientific advances and modern
clinical applications of medical devices, as well as the
physical factors associated with them.

Ne 18. This policy statement presents mission and
vision statements for medical physicists educating other
professionals (non-physicists) and users of medical
devices and applying physical factors in medicine,
presenting best practices for teaching health professionals
(non-physicists), the step-by-step process for developing
a curriculum (content, teaching method and assessment)
and summarized recommendations based on a wide body
of research.

No 20. The working group‘s rationale: The roles of the
medical physicist are related to ensuring diagnostic
quality in physiological measurements in various
medical specialties. They place unique demands
on accurate and safe measurements, each requiring
specially designed measurement instruments, artifact
rejection/correction, shielding solutions, and software.
The medical physicist working with physiological
measurements receives a specific certificate based on
necessary clinical practice, by passing exams in the
field of physics and the methods of electrocardiography,
electroencephalography, magnetoencephalography,
electromyography,  polysomnography,  respiratory
diagnostics, intraoperative monitoring, transcranial
magnetic stimulation, electrical stimulation, electrical
safety, etc.

Ne 21. The Working Group's rationale: Medical physics
experts working in hospitals are often appointed as laser
safety experts for lasers used in medical applications.
Their role is to contribute to maintaining the safe,
effective and optimized use of laser-based devices for
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W ONTHUMHU3MpaHa yrnoTpeda Ha Jla3epHO Oa3MpaHu YCTPOU-
CTBa 3a MAI[MEHTH, EPCOHAN U moceTuTeu. [lo-crnennanio
TOBa BKIIFOYBa KOHTPOJI HA Ka4eCTBOTO, YIIPABJICHHE HA PU-
cka (00o3HayaBaHe HA 30HU, KOHTPOJIUPAHU C J1azep, nedu-
HUpaHe Ha pa3nopendu 3a 3al[UTa, BKIOYUTEIHO 3aI[HTHO
o00opyiBaHe, 3HAIM U T.H.), 00yUYCHHE Ha TICPCOHAJIA U TIOTPE-
OuTEeNUTEe, ONTUMHU3KUPAHE U OC30MACHOCT HA MPAKTUKUTE.

IMonmutukara Ha BJIM®U ¢ B mocoka Ha oOeqUHSIBaHE Ha
MEIHUIIMHCKUTE (QU3HIH U OHOMEIUIIMHCKUTEC WHKCHCPH
OT BCHUYKHU MPUIOKCHUS HA (PU3NYCCKH CHCPTHH M MCTOIH
B MEIWIIMHATa, He3aBUCHMO JaJI TOBA € B KJIMHUKaTa, Me-
TUIAHCKHS [ICHTHP, HAYYHOTO 3BCHO, 1a00paTOpUsTa 32 H3-
MEpBaHE M OI[CHKA HA EKCIO3UIINATA HA (PU3NUCCKU (PaKTOPH,
ciy>k0ara 1mo TpyoBa MeIuIuHA. ToBa MOXE J1a CTaHE CaMo
C BbBEXK/JJaHE HA MOJXOASII0 3aKOHOIATEJICTBO KAKTO B €BPO-
MEHCKUTE CTPYKTYPH, TAKA U Ha HAITMOHAITHO HUBO. 3a I[eJITa
€ Hali-Ba)KHO J1a CC YCHBBPIICHCTBAT MIPOTPaAMUTE 3a 00yUe-
HUC HAa MCIUIMHCKUTE (DU3HIIN, WHKCHEPH, KAKTO U TC3H B
o0nacTTa Ha CICIIUIUIOMHOTO OOydYEHHE MO MCEIUIIMHCKA
¢u3rKa 1 OMOMETUITUTHCKO HHKEHEPCTBO.

KHUronwuc:

1. MTCII. Cnucbk Ha ANbXHOCTUTE B HaUMOHanHarta knacudguka-
ums Ha npodecunte n anbxHoctute, 2011 r., NpunoxeHue 4 kbM
3anosen Ne P001-931/27.12.2010 r. ¢ BNe3nuTe B cuna npomMeHu
B HKIMA-2011 ot 01.01.2025 r. https://www.mlsp.government.bg/
uploads/24/nkpd/list-of-occupations-01-01-2025.pdf

2. OupektnBa 2013/35/EC Ha EBponeiickusa napnaMmeHT u Ha Cb-
BeTa oT 26 toHM 2013 roagnHa OTHOCHO MUHUMAaIHUTE U3NCKBa-
HUSA 3a 34paBe M 6e30MacHOCT, CBbP3aHM C eKcno3uuusaTa Ha
paboTHUUMTE Ha PUCKOBE, AbIXaLM ce Ha (PUINYECKU areHTu
(enekTpoMarHuTHM noneta)

3. BrendaBirne et al. EFOMP Malaga Declaration 2023: An updated
vision on Medical Physics in Europe, Elsevier, Physica Medica
111 (2023) 102620.

Anpec 3a KOpecnOHAeHIHS:

Mpod. Mumen Uzpaen

HaumnoHalsieH HeHTHp 10 00LIEeCTBEHO
3apaBe u aHanusu, Copus

en. aapec: michelisrael@abv.bg

patients, staff and visitors. In particular, this includes
quality control, risk management (designation of laser-
controlled areas, definition of protection provisions
including protective equipment, signs, etc.), training of
staff and users, optimization and safety of practices.

The policy of BSMFE is towards uniting medical
physicists and biomedical engineers from all applications
of physical energies and methods in medicine, whether
in the clinic, medical center, scientific unit, laboratory
for measurement and assessment of exposure to physical
factors, or occupational health service. This can only be
achieved by introducing appropriate legislation both in
European structures and at national level. To this end,
it is most important to improve the training programs
for medical physicists, engineers, as well as those in the
field of postgraduate training in medical physics and
biomedical engineering.
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NMPOLUEAYPA NO CBbITIACYBAHE
HA NMPOIrPAMMU 3A
MAMOIPA®CKUN CKPUHUHT
3A PAK HA MJIEYHATA XIE3A
U PE3YNTATU

I'eopru I'eoprues, ®uaun Cumeonon, lumurtpana
AmnrejioBa, Kpemena lBanoBa

Hayuonanen yenmuvp no paouobuonozus
U paouayuonHa 3awuma

PE3IOME

Buveeoenue: Mamoepagckusim cKpuHuHe e Kao4o8 uHCmpy-
MEHM 3a paHHO OMKPUBAHE HA PAK HA 2bpoama u 00OKA3AHO
HAMANABA CMBPIMHOCIING YpPe3 C80e8PEMEHHA OUACHOCTNUKA
u neuenue. B Bvieapus nuncama Ha HAYUOHATHA OPeAHU3U-
Pana npocpama Haiaea npuiaeane Ha I0KAIHU KAMAAHULHU
NnOOX00U U ACHU AOMUHUCPAMUBHU NPOYEOYPU 3d MAXHOMO
ooobpssane u konmpoa. E¢pexmusnama cmpyxkmypa u npo-
crnedseane Ha MAKUBA NPOSPAMU CA ON CHUECMEEHO 3HAUe-
HUe 34 OCUeypA6ane Ha paseH 0OCMbI U KA4ecmeso.

Len: Ilenma na nacmoswomo usciedgame e 0a ce npeocmasi
CMPYKMYpUpaH Cnucvk ¢ uzuckeanus om cmpana Ha HIJPP3
3a cvenacysame HA NPOSpAMU 3d MAMOSPAPCKU CKPUHUHE,
C aKyeHnm 6bpXy NpoyeoypHama npo3pavHoCcm U Cbomeem-
cmeuemo cvC 3aKoHogume U3UCK8AHUA. [[ONbIAHUMETHO ce
yenu ananus Ha npedcmagenume 003UMempuyHy CMouHOCMU
¢ o2ne0 onpedenane Ha munuunu oo3u (T/]) u cpaguaganemo
uM c esponetickume.

Mamepuan u memoou: Ilpunaca ce npoyedypa no cvenacy-
8aHe Ha NPO2PaAMa 34 MAMOSPAPCKU CKPUHUHS, pa3pabomeHa
om Hayuonannus yenmuvsp no paouodouono2us u paouayuoHHa
3auuma, Kosmo 6K1I048a ACHO OePUHUPAHU CITLIKU U UUCK-
BaHUA KoM MeXHUuYecKkume cpedcmea u ekund. B dozumempu-
yen anaaus ca exaoueHu oannu om 290 dcenu, npemunanu
08€ KPAMKOCPOUHU NPOZPAMU 34 MAMOSPAPCKU CKPUHUHS
npesz 2024 2., ¢ oyeHKa HA KAO408U 003UMEMPUYHU napame-
mMpu u cpasHeHue ¢ espPOneticKU pegepenmuu CmouHOCmu.

Pesynmamu: Cpednama odiciesucma 003a 6apupa om
0.67 mGy oo 1.12 mGy 6 3a8ucumocm om pazmepa Ha evpod-
ma, a 75-musm nepyenmun e mexncoy 0.72 mGy u 1.36 mGy,
KOemo nomewvpiucoasa CbOmMeemcmsue ¢ e6POnetcKume npe-
nopwku. Bv3oywnama Kkepma noxkazea meHOeHyus 3a no-6u-
COKU CIOTUHOCIU NPU CPEOHU 2bPOU, OMPA3AEAULA PA3TUYUS
6 mexHuuecKume napamempu u HACMpouKume Ha anapamy-
pama. Tonyuenume oannu 0asam 6vb3MOACHOCH 3a OehuHuU-
pane Ha MunudHu 003U U NOOOOPABAHE HA KOHMPOIA BbPXY
003060M0 HAMOBAPBAHE.

Oécvocoane: Buveeocoanemo Ha yHuuyupanu cmonxu
U CHUCHK € UBUCKBAHUS CKBCABA CPOKA 3d 0000peHue Ha
npoepamume 00 2—4 ceomuyu u 001eK4a8a KOOPOUHAYUSI-
ma medxncoy KOHMpPOIHUME OpeaHu U jeuebHume 3a6e0eHus.
Ipaxmuxama nosuwiasa eghexmusHocmma npu nOO20MOoGKd

APPROVAL PROCEDURE FOR
MAMMOGRAPHY SCREENING
PROGRAMS FOR BREAST
CANCER AND RESULTS IN
BULGARIA

Gueorgui Gueorguiev, Philip Simeonov, Dimitrana
Angelova, Kremena Ivanova

National Center for Radiobiology and Radiation
Protection, Sofia, Bulgaria

ABSTRACT

Introduction: Mammography screening is a key tool
for the early detection of breast cancer and has been
proven to reduce mortality through timely diagnosis
and treatment. In Bulgaria, the absence of a national
organized program necessitates the use of local short-
term campaigns and clear administrative procedures
for their approval and oversight. An effective structure
and proper monitoring of such programs are essential to
ensure equal access and consistent quality.

Aim: The aim of this study is to present a structured
list of requirements developed by the NCRRP for the
approval of mammography screening programs, with
emphasis on procedural transparency and compliance
with legal standards. Additionally, it aims to analyze the
reported dosimetric values to define typical doses (TD),
and to compare them with European benchmarks.

Material and Methods: An approval procedure for
mammography screening programs, developed by
the National Centre of Radiobiology and Radiation
Protection, was applied, including clearly defined
steps and requirements for technical equipment and
team composition. The dosimetric analysis includes
data from 290 women who underwent two short-term
mammography screening campaigns in 2024, with
evaluation of key dosimetric parameters and comparison
with European reference levels.

Results: The mean glandular dose ranges from 0.67 mGy
to 1.12 mGy depending on breast size, while the 75th
percentileis between 0.72 mGy and 1.36 mGy, confirming
compliance with European recommendations. The
entrance air kerma shows a trend for higher values in
medium-sized breasts, reflecting variations in technical
parameters and equipment settings. The obtained data
allow for the definition of typical doses, and help improve
dose monitoring and optimization.

Discussion: The introduction of standardized steps
and a requirements checklist shortens the approval
process for programs to 2—4 weeks and facilitates
coordination between regulatory bodies and healthcare
facilities. This practice increases efficiency in planning
and implementing screening activities and ensures
examinations are carried out according to the ALARA
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U USNBIAHEHUE HA CKPUHUHA U 2aPAHMUPA, Ye U3CTe08aHUI -
ma ce uzgvpuieam npu cnazeane Ha npunyuna ALARA. Yuac-
Muemo Ha MeOUYUHCKU DUIUK UU eKCREePn OCMABA K040~
80 YCNI0BUE 30 MEXHUYECKA U OO3UMEMPULHA CULYPHOCT.

3aknrouenue: Ilpoyusanemo OemoHcmpupa, ye npuiodice-
Hama npakmuxa 3a Cvelacy8ane u KOHMpOL e epeKmusHa
KAKmMo aOMUHUCMPAMUBHO, MAKA U O03UMEMPUUHO, KAMO
ChlUeBPeMeHHO ocucypasa 6aza 3a paspabomeane Ha MUnNUY-
Hu dozu. Tosa e 8ajcHa NPeonocmaska 3a XapMOHUUPAHe ¢
egponetickume CmarHOapmu u 3a U3epalcoane Ha ycmouuusa
cucmema 3a ckpunune ¢ Bwneapus. Pesynmamume noouep-
magam 3HAYeHUemo Ha CMAHOAPMUUPAH NOOX00 U 00Opu
NPAKMUKYU 8 NOA3a HA NayueHmume u 30padHama cucmemd.

KuarouoBu xymn: xamMmnanus 3a MaMorpa)cku CKpu-
HUHT, MaMorpa(cKi CKPHHHHT, paK Ha I'bpAa

BbBEAOEHUE

[Tporpamure 3a MaMorpad)ckKu CKpUHHHT Ca >KM3HEHOBaX-
HU 32 pAaHHOTO OTKPHBAHE HA PaK Ha I'bpJaTa, KaTo OKa3BaT
3HAYUTEIIHO BIMSHUE BBPXY HaMallsiBaHEe Ha CMBPTHOCTTA.
PakbT Ha r'bpIaTa € cpe Hall-uecTO CPelaHUTE PAKOBH 3a-
0oJsBaHMS B CBETOBCH Mamad M OTKPUBAHETO MY B paHHU-
T€ My CTaJM{ YECTO O3HAYaBa, Ue JICUCHUETO MOXKeE 1a ObJIe
KaKTO MO-MajKO MHBa3WBHO, TaKa W I0-yCIIECIIHO. Mamo-
rpadusiTa € peHTIeHOB 00pa3eH METOo/] ¢ HUCKA /1032, KOHTO
MOXe€ JIa OTKpPHE TyMOPH IIPEIH TE€ Aa ca JOCTATBUYHO rojie-
MH, 32 J1a ce yceTar ¢usnuecku. /lokazaHo e, 4e mporpa-
MUTE 32 paHHO OTKpPHBAaHE HaMaJsiBaT CMBPTHOCTTA OT PaK
Ha I'bpAaTa, KaTo MO3BOJSABAT HABPEMEHHA WHTEPBEHIIHS.
OcBeH paHHOTO OTKPHBAHE, MPOrPaMHUTE 32 MamMorpadcku
CKpUHUHT ITOMaraT 3a HaMalIsBaHE Ha pa3XOAHTE 3a 3/pa-
BEOIa3BaHe B IBITOCPOYCH IJIaH, KOSTO € 0COOEHO MOJIC3HO
3a HeZJ0(PMHAHCUPAHNUTE 3/[paBHU CUCTEeMH. PaHHOTO OTKpH-
BaHE Ha pak HE caMO MOAOOpsBa MPOLEHTAa HA MPEXKUBsIeC-
MOCT Ha NMAaIMEeHTUTE, HO ChIIO TaKa HaMaJsiBa (MHAHCOBA-
Ta TeXECT BbPXY 3/lpaBHaTa cucteMa. JIeueHneTo Ha paKoBU
3a00JABaHMS B PaHEH CTAJIU € TI0-€BTUHO U JIECHO B CPaB-
HEHHE C JICYCHHETO Ha HAallpeJHAIUTE CTAJIUU, KOETO YECTO
W3WCKBA MPOABIDKUTEIHA XOCIHUTAIN3AIMS, XUMHUOTEpa-
WS WK onepanny. To3u HKOHOMUYECKH acleKT € BaKCH B
YCIIOBHSI C OTPaHUUYCHH PECYPCH, Thi KaTo NPEBaHTUBHUTE
I'PHKN OOMKHOBEHO Ca MO-OCHIIECTBUMU M JIOCTBITHU. Spak
et al. aHanm3npa pe3yaTaTUTE OT Mperiean ¢ MOOHUIIHA Ma-
Morpadcka ypenda, nmposeaeHu B epuona 2012 — 2017 r. B
rpan XroctbH, CAILl, xaTo ce ¢pokycupa BbpXy MalUEHTH,
W3MpaBEHU MpeJl pa3InIHU NPEUKH 32 y4acTHE B TOAMIICH
CKPHUHUHT 3a pak Ha repaarta. Ot 9327 npernena ca OTKpUTH
14 pakoBu 3a00nsABaHUs (Y€CTOTAa HA OTKPUBaHE Ha pak 1,5
Ha 1000), kKaTo TOBEYETO ca MAaJKH W B HA4YaJCH CTAIUI;
JIOI'BJIHUTEIHO ca MOBTOpeHu 1686 mperiena u ca Hampa-
BeHn 98 ouorncun. IIporpamara e(peKTHBHO OTKPUBA PAKO-
BU 3a00JsBaHMS B HAYJICH CTaJWN MPH aCUMITOMAaTHYIHA
TIOITyJIALKsI, TOAYEPTaBaiiku HEOOXOAMMOCTTA OT MOJO0HH
WHULMATUBY 32 MM0J00psBaHe Ha JIOCTHIIA 10 CKPUHUHT 3a

principle. The involvement of a medical physicist
or expert remains a key condition for technical and
dosimetric safety.

Conclusion: The study demonstrates that the applied
approval and control procedure is effective both
administratively and dosimetrically, while providing a
basis for developing typical doses. This is an important
prerequisite for harmonization with European standards
and for building a sustainable screening system in
Bulgaria. The results emphasize the importance of a
standardized approach and best practices for the benefit
of patients and the healthcare system.

Keywords: screening program, mammography
screening, breast cancer, underprivileged
population

INTRODUCTION

Mammography screening programs are vital for the
early detection of breast cancer, making a significant
impact on reducing mortality. Breast cancer is among the
most common cancers worldwide and detecting it in its
early stages often means that treatment can be both less
invasive and more successful. Mammography is a low-
dose X-ray imaging method that can detect tumors before
they are large enough to be physically felt. Early detection
programs have been shown to reduce breast cancer
mortality by allowing for timely intervention. In addition
to early detection, mammography screening programs
help reduce healthcare costs in the long term, which
is particularly beneficial for underfunded healthcare
systems serving marginalized groups. Early detection of
cancer not only improves patient survival rates, but also
reduces the financial burden on the healthcare system.
Treating early-stage cancers is cheaper and easier than
treating advanced stages, which often require prolonged
hospitalization, chemotherapy, or surgery. This economic
aspect is important in resource-limited settings, as
preventive care is usually more feasible and affordable.
Spak et al. analyzed the results of mobile mammography
screenings conducted in Houston, USA, from 2012 to
2017, focusing on patients who faced various barriers
to participating in annual breast cancer screening. Of
the 9,327 screenings, 14 cancers were detected (cancer
detection rate 1.5 per 1,000), most of which were small
and early; an additional 1,686 repeat screenings and
98 biopsies were performed. The program effectively
detects early cancers in an asymptomatic population,
highlighting the need for similar initiatives to improve
access to breast cancer screening [1]. Schiinemann et al.
described the European Commission recommendations
for screening and diagnosis of breast cancer in women
aged 40 to 75 years who are at average risk, and the
importance of screening [2]. Duffy and al. assessed the
impact of participation in organized mammography
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pak Ha repaata [1]. Schiinemann et al. onrcBa npenopbKUTE
Ha EBpornelickaTa KOMUCHS 38 CKDUHUHT U JIMarHOCTUKA Ha
pak Ha I'bpJaTa MpH KeHU Ha BB3pacT oT 40 no 75 ronu-
HU, KOUTO Ca U3JIOKEHH Ha CPE/ICH PUCK, KAKTO U BaXKHOCT-
Ta Ha ckpununra [2]. Duffy et al. oneHsBa BaussHUETO Ha
y4acTHETO B OPraHHU3MpaH MaMorpa)CKu CKPUHUHT BBPXY
CMBPTHOCTTA OT paK Ha I'bpAaTa Ype3 u3MepBaHe Ha 4eCTo-
Tarta Ha (aTajeH pak Ha I'bpAara. AHAJIU3UPANKN JTaHHUTE
oT 549 091 mBencku keHu - okoso 30% OT momynanusTa,
OTTOBapslla Ha YCIOBHSTA 32 CKPUHUHT - €KUIIBT YCTAHO-
BsIBa, Y€ y4aCTHUIIUTE ca uMaiu 41% HaMmalleHHe Ha pUcKa
OT CMBPT OT pak Ha I'bpaTa B pamkuTe Ha 10 ronunu u 25%
HaMaJIeHHe Ha IIPOIIEHTa Ha pak Ha I'bpjaTa B HaNpegHal
CTagun B CpaBHECHHUEC C HECYYACTHULUTE. To3u 3HauuTenen
crnaj 1MokKas3Ba, 4ye MamMorpadCKusiT CKPUHUHT 3HAYMTEIIHO
HaMmaJIsiBa cily4yauTe Ha (aTalieH MU pak B HalpeaHal cTa-
nuu [3]. Canelo-Aybar et al. mpaBsiT cucteMaTH4eH nperJe/,
OLICHSIBAIIL ITOJI3UTE U BPEIUTE OT MAMOTPA(CKHSI CKPUHUHT
B pa3jM4HM BH3PAaCTOBH I'PYIH, 3a aa uHpopmupar EBpo-
nefckara Komucus 3a 0op0Oa 3a pak Ha r'bpiaTa. AHaju-
3upaiiku JaHHU OT 10 paHAOMHU3MPAHU KJIMHUYHU IPOYyU-
BaHUs, BKJItOUBamu 616 641 sxenu Ha Bb3pact oT 38 no 75
roguHHu, MpOY4YBaHCTO YCTAHOBHU, Y€ MaMorpa(bmlTa 3Ha4Yu-
TEJHO HaMaJIsiBa CMBPTHOCTTA OT PaK Ha I'bpJlaTa MpH )KEHU
Ha BB3pact 50-69 (otHOcuTeneH puck 0,77, BUCOKa CMBPT-
HocT) u 70-74 (oTHOCUTENEH puck 0,77, BUCOKAa CMBPTHOCT),
C I0O-MaJIKU HaMaJICHUA Ha CMBPTHOCTTA IIPH KCHU 1O 50
[4]. Marmot et al. onucBa Kak nporpamMuTe 3a CKpUHUHT Ha
pak Ha reppata B O0eIMHEHOTO KPaJICTBO CE MPOBEX AT Ha
BCEKHU TPU T'OAUHU M XKeHH Ha Bb3pacT oT 50 1o 70 roguHu e
JKEJIATEJIHO J]a y4acTBaT. 3aKJIIOUEHUETO €, 4Ye € HEOOXOAUM
nebar ¥ ONnTHMaliHA CTpaTerust 3a MOCTHUI'aHe Ha OasiaHC
MEXJy TOJI3UTE M BPEIUTE OT MaMOrpa)CKUAT CKPUHUHT,
ocobeHo OajaHCc MeX/y HaMaJisiBAHETO Ha CMBPTHOCTTA M
cBpbxauarHoctupanero [5]. Hooshmand et al. 3akirou-
BaT, 4e MaMOrpa)CKMsIT CKPUHUHI M3UCKBAa BHUMATEJECH
aHaJU3 Ha CHOTHOLIECHHETO MOJ3a/PUCK MOPaaH ONAaCEeHHUs
OTHOCHO M3JIaraHeTo Ha paJualus Mpu JAUarHoCTULHpaHe-
TO Ha paK. ABTOPHUTE MPaBsT 3aKJIIOUEHUETO, Y& KATO L5110,
HaMaJICHUETO Ha CMBPTHOCTTA, MOCTUTHATO YPE3 MaMOIpa-
¢usi, TpeBb3XoXkKaa cBbp3aHUTe pruckoBe [6]. Hacokure 3a
6opba c paka ot ChBera Ha EBponetickust crwro3 (EC) mpe-
JIOCTaBSIT paMKa OT CTaHAAapPTH 32 Ka4eCTBO IPU CKPUHUHTA
W JMarHOCTUKATa Ha paK Ha I'bpAAaTa C 11eJl yeJHaKBsIBaHe Ha
TPUKUTE B IbPKABUTE UYJICHKU. JlONMBIHUTEIHU pecypcu
[pU OpraHu3anusTa Ha eJlHa [porpaMa 3a CKpHHUHT, 3acsi-
raiiy OCUT'YpsIBAHETO U KOHTPOJa Ha Ka4yeCTBOTO, KaKTO M
NPHUABPKAHETO KbM JOOPH MPaKTHUKH, ca HaJIUYHU OT EB-
pomeiickoTo apyskectso no paguoinorus (ESR) [7] u Espo-
NEeHCKOTO IPYIKECTBO 10 00pa3Ha JUArHOCTUKA Ha I'bpJaTa
(EUSOBI) [8].

CKpUHHMHTBT NPEACTABIABA CUCTEMAaTHYHO H3CIIe/BAHE Ha
olpeziesieHa rpyma OT 3[paBH XOpa ¢ LeJI paHHO OTKpPHBaHE
Ha 3a00JgBaHUS B aCUMITOMATHYEH CTAJIMH, KOTaTo jede-
HUETO TUINYHO € Hal-e()eKTHBHO. B KOHTEeKcTa Ha MaMo-
rpadusTa ce pa3anvaBaT OCHOBHO /IBa BUJIa CKPHHHMHT: Ma-
COB (OpraHM3MpaH, MOMYJIAIMOHEH) CKPUHHUHT, IIPU KOHTO
ce oOxBaIa rojsiMa 4acT OT LieJeBara IMOIyJalnus 10 Ha-
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screening on breast cancer mortality by measuring the
incidence of fatal breast cancer. Analyzing data from
549,091 Swedish women—about 30% of the population
eligible for screening—the team found that participants
had a 41% reduction in the risk of dying from breast
cancer within 10 years and a 25% reduction in the rate of
advanced breast cancer compared with nonparticipants.
This significant reduction suggests that mammography
screening significantly reduces the incidence of fatal
or advanced breast cancer [3]. Canelo - Aybar et al.
conducted a systematic review assessing the benefits
and harms of mammography screening in different age
groups to inform the European Commission on Breast
Cancer. Analyzing data from 10 randomized clinical
trials involving 616,641 women aged 38 to 75 years, the
study found that mammography significantly reduced
breast cancer mortality in women aged 50—69 (relative
risk 0.77, high mortality) and 70-74 (relative risk 0.77,
high mortality), with smaller reductions in mortality
in women under 50[4]. Marmot et al. describe how
breast cancer screening programmes in the UK are
conducted every three years and women aged 50 to 70
are encouraged to participate. The conclusion is that
debate and an optimal strategy are needed to balance
the benefits and harms of mammography screening,
particularly the balance between reducing mortality
and overdiagnosis [5S]. Hooshmand et al. concluded that
mammography screening requires careful benefit-risk
analysis due to concerns about radiation exposure in
cancer diagnosis. The authors concluded that overall,
the mortality reduction achieved by mammography
outweighs the associated risks [6]. The Council of the
European Union (EU) Cancer Control Guidelines provide
a framework of quality standards for breast cancer
screening and diagnosis with the aim of harmonizing
care across Member States. Additional resources on
the organization of a screening programme concerning
quality assurance and control, as well as adherence to
good practice, are available from the European Society of
Radiology (ESR)[7] and the European Society of Breast
Imaging (EUSOBI)[8].

Screening is a systematic examination of a defined group
of healthy individuals with the aim of early detection of
diseases in an asymptomatic stage, when treatment is
typically most effective. In the context of mammography,
there are mainly two types of screening: mass (organized,
population-based) screening, which covers a large part
of the target population through a national program with
standard protocols, quality control, and regular coverage;
and opportunistic (unorganized, spontaneous) screening,
where individuals or groups undergo mammographic
examination on their own initiative or on a doctor’s
recommendation, without national coverage and
systematic control.

Currently, Bulgaria does not have a fully functioning
mass or nationwide breast cancer screening program.
Instead, limited campaign-based screening examinations
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LMOHAJIHA NIpOorpama cbC CTaHJAAPTHU HPOTOKOIH, KOHTPOII
Ha KauecTBOTO W peryisipeH oOXBaT, U ONOPTIOHHCTHYEH
(HeopraHu3upaH, CIOHTAHEH) CKPUHUHT, IPU KOHTO OTAEN-
HU JIMLA WIK IPYIH ce MOoAJIaraT Ha MaMorpad)cko u3ciel-
BaHe 110 COOCTBEHa MHHUIMATHBA WM 110 IIPENOpbhKa Ha Jie-
Kap, 0e3 HAllMOHATTHO IOKPUTHE U CUCTEMEH KOHTPOIL.

B B’BJ’IFapI/IH KbM MOMCHTA JIMIICBA HAII'bJIHO q)yHKLII/IOHI/I-
panr MacoB HMJIM Ha HAIIMOHAJIHO HUBO CKPHUHUHI 34 pakK
Ha I'bpAarta. Ha neroso mscro ce OopraHu3nupaT OorpaHuyec-
HU KaMIIaHUHHHA CKPUHHUHTOBHU TIPCrjiIcan Ha CHGLII/I(l)I/I‘IHI/I
rpymnu, KOUTO, BbIIPCKHU Y€ HC Ca CKBHUBAJICHT Ha IOIyJia-
OUOHCH CKPUHHHI, OCTAaBAaT BAXKXCH MHCTPYMCHT 34 paHHO
OTKpHUBAaHC Ha 3a00/IIBaHUSL. HpOBG)KZ[aHeTO M Tp?[6Ba Ja
C€ OCHOBaBa Ha 0;(06peHa nporpama oOT MI/IHI/ICTepCTBOTO
Ha 3ApaBCONa3BaHCTO, 3a 1a C€ rapaHTHUPAT MCAUIIUHCKATa
O6OCHOBaHOCT, KayeCTBOTO U 0€30IaCHOCT.

Llenta Ha TOBa M3CIEABaHE € Ja MIPEJICTABU HA 3aMHTEPECcO-
BaHMTE JIMIA CIIUCHK C M3UCKBaHUs OT cTpaHa Ha Hanwmo-
HaJHUS LEHTHP 10 PaIHOONOIIOr s U pagrallMOHHa 3al1Ta
3a ChIiIacyBaHe Ha Mporpama 3a MaMorpadcku CKpUHUHT, C
LeJ CTaHAapTH3alMs 1 ONTUMH3AIIUs Ha [polieca Ha ChIia-
CyBaHe, KaKTO W Ja MPEACTaBU JO3MMETPUYHHU Pe3yJITaTH
OT JIBE MpOrpamu 3a MaMorpadcku CKPUHHUHT, MPOBEICHH
npe3 2024 .

MATEPUANT U METOAU

A. B Penybnuka bearapus HaunvoHaJdHHSAT OpraH, KOMTO
pasriex/a u chriacyBa IporpaMuTe 3a MaMorpadcku CKpH-
HUHT, ¢ HallmoHamHUsT HeHTBP 110 PaJuoOHOIIOr st U pajina-
nuonHa 3amuTa (HIIPP3) [9]. CTenkuTe 32 TOBa BKJIIOYBAT:

[. 3asgBnenme B gemoopctBoTro Ha HI[PP3 B xapTuen u
€JIEKTPOHEH BUJI Ha €JIEMEHTUTE Ha Mporpama 3a CKPUHUHT
¢ mamorpadus. Crmopen HopMmaTHBHHTE pasnopendtu B Pb
TE3W €JEMEHTH Ca OIMCAaHU JASTaMJIHO B TOUYKHU 1-19%*, KakTO
cienBa:

1. 3asBieHue B CBOOO/IEH TEKCT 3a ChIJIaCyBaHE Ha ITPOrpa-
Ma 332 CKPHHHHT ¢ Mamorpadus, aIpecupaHo J0 JUPEK-
Topa Ha HI[PP3.

2. Ilporpama 3a CKpHHHHI ¢ Mamorpadus, ChAbpXKala
CIIEZIHUTE CEKIIMHU C NeTalHa nHpopMarus 3a*:

Pa3znen: OGocHOBKa M HEOOXOIWMOCT 3a TMPOBEXJIAHE Ha
nporpamara 3a ckpuHuHT (4. 11, an.1, na Hapenba Ne 2 Ha
M3/2018 r.). Hacoku npu ycTaHOBsiIBaHEe Ha 00OCHOBKaTa 3a
MPOBEX/IaHe Ha Iporpama 3a CKpUHUHT:

1. PanHO oTkpuBaHe Ha 3abossiBaHeTo: MamorpadckusT
CKPHHMHT TI03BOJISIBA TMATHOCTUIIMPAaHE HA PaK HA I'bp-
JlaTa B paHeH CTauil.

2. JloxazaHa epeKTHBHOCT: PakbT Ha TrbpaaTa € €IuH OT
MaJIKOTO BHJIOBE paK, MPH KOUTO CKPUHHUHTBT TOKa3aHO
HaMaJsiBa CMBPTHOCTTA.

3. JoctenHoCT M Oe3omacHOCT: MaMorpadusita € cpaBHHU-
TEJIHO €BTUH M 0e30maceH MEeTOJ, KOWTO ce Bh3lpHeMa
J00pe OT MaIUeHTHUTE.

are organized for specific groups, which, although not
equivalent to population-based screening, remain
an important tool for early disease detection. Their
implementation must be based on a program approved
by the Ministry of Health to ensure medical justification,
quality, and safety.

The aim of this study is to present to stakeholders a
checklist of requirements prepared by the National
Centre for Radiobiology and Radiation Protection for the
approval of a mammography screening program, with
the goal of standardizing and optimizing the approval
process, as well as to present dosimetric results from two
mammography screening programs conducted in 2024.

MATERIAL AND METHODS

A. In the Republic of Bulgaria, the national body that
reviews and coordinates mammography screening
programs is the National Center for Radiobiology and
Radiation Protection (NCRRP) [9]. Steps I - III, which a
mammography screening program goes through, include:

I. Submission to the registry of the NCRRP, in paper and
electronic form, of the elements of a screening program
with mammography equipment. According to the
regulatory provisions in the Republic of Bulgaria, these
elements are described in detail in points 1-19 *, as follows:

1. Application for approval of a screening program with
mammography equipment addressed to the director of the
NCRRP.

2. Mammography screening program containing the
following sections providing detailed information about™*:

Section: Justification and necessity for conducting the
screening program (Art. 11, para. 1, of Ordinance No. 2 of
the Ministry of Health/2018). Guidelines for establishing
the justification for conducting a screening program:

1. Early detection of the disease: Mammography
screening allows for the diagnosis of breast cancer at
an early stage.

2. Proven effectiveness: Breast cancer is one of the few
cancers where screening has been shown to reduce
mortality.

3. Accessibility and safety: Mammography is a
relatively inexpensive and safe method that is well
accepted by patients.

4. Requirements for successful screening (according
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4. HW3zucksanus 3a ycnemieH ckpunusr (mo C30): ma 006-
XBallla 3HAUYMTEIHA YacT OT PUCKOBaTa momyJanus (1o
BB3PACT U TOJT); Ia OCUTYPsIBA PABEH IOCTHIT M €IHAKHB
00XBaT 3a BCHUYKHU MOMJICKAIIH Ha M3CIEABAHETO; JIa CE
npuiara npu 3a0o0JsBaHUsI C BUCOKA 3a00JIEBAEMOCT M
CMBPTHOCT; J]a € HAJM4HO e()eKTUBHO JIeYeHue 3a 3a00-
JIIBAHETO B paHHUTC MY €Tallu.

5. HamansBane cMbpTHOCTTa: CKPUHHUHTBT € OCHOBEH HH-
CTPYMEHT 3a OrpaHUYaBaHe Ha PAaKOBUTE 3a00JIsIBAHUS B
CBETOBEH Malao.

6. ConualHi 1 MKOHOMUYECKHU MOJI31: PAHHOTO OTKpHBaHe
Ha paka HaMaJIsiBa Pa3XxOIUTE 3a JICUCHHUE.

7.  3HaunmMocT 3a bearapus: paksT Ha repaara € Hail-dyec-
TO CPELIAHOTO OHKOJIOTHYHO 3a00JIsIBAaHE CPEJl )KEHUTE B
CTpaHaTa; HallHOHAJHUTE IPOTrpaMy LEJIST J1a oA00psIT
3/[paBHUS CTaTyC HA HACEJIEHUETO, BKJIIOUUTEIHO YSI3BU-
MUTE TPYyTH.

Pa3nen: Llenu Ha mporpamata 3a cKpuHUHT (wi. 11, am. 1, Ha
Hapen6a Ne 2 mra M3/2018 1.). Hacoku npu yctaHOBSIBaHE Ha
LIEJIN Ha IPorpaMaTa 3a CKpUHUHT:

1. TlomoGpsiBaHe Ha 31paBEONa3BaHETO:

° HO,HO6pHBaH€ Ha HpO(bI/IJ'[aKTI/IKaTa, JuarHoCtukara u
JICHCHUCTO Ha OHKOJIOTHYHHN 3360J’I${BaHI/I$I;

e Opranm3upadHe Ha CKPUHUHTOBH W HWH(GOPMAIIMOHHU
IpOrpaMy 3a pak Ha I'bpPIara;

e OcurypsiBaHe Ha 10-J00pO 3paBHO 00CITy)KBaHE U BTO-
puyHa TPODUITAKTHKA;

*  KoopamHanms Mexay 3ApaBHUTE HHCTUTYIIHH U MOOWII-
HU JICKAPCKH CKHUTIH.

2. IlpeomonsBaHe HAa HETaTHBHUTE TEHICHIINH B 3/IPaBETO
Ha Pa3JINYHU TPYIH, KATO ETHHYECKH MaJI[HHCTBA!

° OrpaHI/IanaHe Ha 3a00J1eBaeMOCTTa OT PpaK Ha repJaara
4Ype3 paHHA AUATHOCTUKA U TCPpAIIUd;

* HamansBane Ha HepaOOTOCTTIOCOOHOCTTA M TIPEKICBpE-
MEHHaTa CMBPTHOCT;

e OcurypsiBane Ha 10-100p0 KauyeCTBO Ha )KUBOT 3a Malu-
€HTHUTE C OHKOJIOTHYHH 3a00JISIBAHMUSI.

3 OCI/IprHBaHG Ha paBCH AOCTBII 10 3/IpaBHU YCIIyTHU:

* TlomoOpsBaHe nmocThNa M0 MEIWIIMHCKA MOMOI 32 OH-
KOOOJIHM OT €THUYECKH MaJIIINHCTBA;

° OcnrypﬂBaHe Ha KayCCTBCHA OHKOJIOrMYHa IIOMOII B
CCJICKUTC, IINTAHUWHCKUTEC, U OTAAJICUHCHUTC paﬁOHH.

4. TloBumiaBaHe Ha 3/IpaBHaTa MHPOPMHUPAHOCT U 3HAHUSI:

° I/IH(l)OpMI/IpaHOCT OTHOCHO IIpaBaTa Ha MAUCHTUTC U
PaHHOTO OTKPUBAHEC HA PAK HA I'bpJlaTa;

* OOyueHue 3a 3HAYCHHETO HAa paHHATa TUArHOCTHUKA U
MPEBEHIUS;.

to WHO): to cover a significant portion of the at-
risk population (by age and gender); to ensure equal
access and equal coverage for all those subject to
the examination; to be applied to diseases with high
morbidity and mortality; to have effective treatment
available for the disease in its early stages.

5. Reducing mortality: Screening is a key tool for
reducing cancer worldwide.

6. Social and economic benefits: Early detection of
cancer reduces treatment costs.

7. Significance for Bulgaria: breast cancer is the most
common cancer among women in the country;
national programs aim to improve the health status
of the population, including vulnerable groups.

Section: Objectives of the screening program (Art.
11, para. 1, of Ordinance No. 2 of the Ministry of
Health/2018). Guidelines for establishing objectives of a
screening program:

1. Improving healthcare :

* Improving the prevention, diagnosis and treatment of
oncological diseases.

*  Organizing breast cancer screening and information
programs.

*  Providing better healthcare and disease prevention.

e Coordination between health institutions and mobile
medical teams.

2. Overcoming negative trends in the health of different
groups, such as ethnic minorities:

* Limiting breast cancer incidence through early
diagnosis and therapy.

*  Reducing disability and premature mortality.

* Ensuring a better quality of life for patients with
cancer.

3. Ensuring equal access to health services:

» Improving access to medical care for cancer patients
from ethnic minorities.

* Providing quality oncological care in rural,
mountainous, and remote areas.

4. Increasing health awareness and knowledge:

*  Awareness about patient rights and early detection of
breast cancer.

*  Education about the importance of early diagnosis
and prevention.
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IlonynsapusupaHe Ha aKTUBEH MOAXOX KbM 31pPaBETO U
npoIIaKTHKaTa Ha OHKOJIOTMYHUTE 3200 IsIBAaHUSI.

Paznen: OuyakBaHu NON3H OT Mporpamara 3a CKpUHHUHT (co-
[UaJTHH, HKOHOMHYECKH, JeMOrpadcku, MexAyHapOIHH, H
np.) (wr. 11, an. 1 na Hapenba Ne 2 na M3/2018 1.). Hacoku
OTHOCHO OYaKBaHUTE MOJI3H IPH MPOBESKIAHE HA €IHA IPO-
rpama 3a CKpHHUHT:

1.

ConuaaHu MOJI3H:

Panno OTKpUBAHEC Ha paK Ha MJICYHATa XJi€3a, KOCTO
YBClin4aBa HNIaHCOBETE 3a YCHICIIHO JICUCHUC,

HamansiBane Ha 3a00j€BaeMOCTTa OT paK Ha rbpAaara
Cpea )KCHUTE B pa3/indHa Bb3pacCT,;

HawmansiBane Ha Opost Ha XopaTa ¢ TpailHO HaMalieHa pa-
00TOCITOCOOHOCT;

[loBumiaBaHe Ha KaueCcTBOTO HAa JKMBOT HAa MAIIUCHTUTE
9gpe3 CBOECBPEMEHHO JICYCHUE,

OcurypsiBaHe Ha paBeH JOCTBHII 10 CHCIHAIU3NPaHa OH-
KOJIOTHYHA TTOMOII, BKIIOYHTEIIHO 32 YA3BUMHU TPYNH U
MAaJII[UHCTBA;

[MoBuinaBaHe Ha HHGOPMUPAHOCTTA HA HACEJICHUETO OT-
HOCHO 3HAYEHHETO Ha MpOo(pUIIAKTHKATAa U paHHATA JU-
arHOCTHKA.

DuHaHCOBH ITOJI3HU:

HamansBane Ha Pa3xoauTe 3a JICHCHUC HA HallpCAHAIN
CTaluU HA paKa, KOUTO Ca 3HAYUTCIIHO MO-CKbIIU;

CriecTsiBaHEe Ha CPEJCTBA OT OO/KETA Ype3 MHBECTHITNU
B Npo(UIIaKTHKA, KOUTO ca MO-e()eKTUBHU OT JICUCHHUE-
TO;

HamansBane Ha 3aFy6I/IT€ 3a UKOHOMUKATA, CBbpP3aHU C
HaMaJICHa pa6OTOCHOCO6HOCT ¥ OOTHUYHU OTCBHCTBUA,

OcurypsiBane Ha TO-TOJISIM OOXBaT Ha CKPHHHUHTA C
OI'PaHMYCHHU PECYPCH.

Jemorpadcku mos3u:

32

VYBenuuaBaHe Ha Oposi HA TPYAOCIIOCOOHOTO HACEIEHUE
4ype3 IpeJoTBpaTsIBaHe Ha IPEXKAEBPEMEHHA CMBPTHOCT;

HO,I[O6pHBaHG Ha 3JpaBHUA CTATYC HaA KCHUTE, KOCTO
JAOIpHHACA 3a CTaOMIHOCTTA HA ceMeHcTBaTa U O6H.[e-
CTBOTO,

VYiwkaBaHe Ha cpeHATa TPOXBIKUTEITHOCT Ha JKHBO-
Ta Upe3 paHHa TUATHOCTUKA U JICUCHHUE.

3npaBHU MON3H:
Penyuupane Ha CMBPTHOCTTA OT PaK Ha I'bplIATa;

[loBuiaBane Ha 3JpaBHAaTa KyJTypa Ha HACEJICHHETO
4ype3 00pa30BaTCITHI KaMITAHHH.

M KoHOMHYECKH TTO3H:

Hom(pena 3a MKOHOMHYECKaTa CTaOMIHOCT Ype3 HaMma-
JIIBaHC HA pa3XoqUTE 3a CONUAJIHU ITOMOIIN U IICHCHUHU 3a
WHBAJIUIHOCT,

IloBumiaBane Ha MPOAYKTUBHOCTTAa Ha HACCJICHHUCTO
4pe3 3ara3BaHe Ha 3IpaBE€TO Ha pa60THaTa cuia.

* Promoting an active approach to health and the
prevention of cancer.

Section: Expected benefits of the screening program
(social, economic, demographic, international, etc.)
(Art. 11, para. 1 of Ordinance No. 2 of the Ministry of
Health/2018). Guidelines on the expected benefits of
conducting a screening program:

1. Social benefits:

»  Early detection of breast cancer, which increases the
chances of successful treatment.

*  Reducing breast cancer incidence among women of
different ages.

*  Reducing the number of people with permanently
reduced working capacity.

* Improving the quality of life of patients through
timely treatment.

»  Ensuring equal access to specialized oncology care,
including vulnerable groups and minorities.

* Raising awareness among the population about the
importance of prevention and early diagnosis.

S

Financial benefits:

*  Reducing the cost of treating cancer in advanced
stages, which are significantly more expensive.

e Saving budget funds through investments in
prevention, which is more effective than treatment.

*  Reducing losses to the economy related to reduced
work capacity and sick leave.

*  Ensuring greater coverage of screening with limited
resources.

Demographic benefits:

* Increasing the number of working-age population by
preventing premature mortality.

* Improving the health status of women, which
contributes to the stability of families and society.

* Extending life expectancy through early diagnosis
and treatment.

3. Health benefits:

Reducing breast cancer mortality.

* Increasing the health culture of the population
through educational campaigns.

4. Economic benefits:

»  Supporting economic stability by reducing spending
on social benefits and disability pensions.

* Increasing the productivity of the population by
preserving the health of the workforce.
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MexayHapoaHU MOI3U:

° [loBumaBaHe Ha Bb3MOXKHOCTHUTE 3a Yy4aCTUC B MCKAY-
HapOJHU 3JIpaBHU NPOrpaMu U MHUIUATUBU 34 (I)I/IHaH-
CHUpaHe;

° HOHO6p${BaHG Ha UMUJI2KA HA CTpaHATa 4pe3 IEMOHCTPU-
PpaHC HAa aHTAXXUMCHT KbM O6H.[€CTBCHOTO 3[ApasBc.

6. OOmecTBEHN TIOJI3HU:

e VkpernBaHe Ha JOBEPUETO B 3J[paBHATa CHCTEMa 4pe3
JIOCTBITHU ¥ e(DEKTUBHH TPOTrpami;

* IlomoOpsiBaHe Ha OOILIECTBEHATa COMUAAPHOCT U I'PHXKA
3a ySI3BUMUTE TPYTIH;

e HacepuaBaHe Ha aKTMBHOTO OTHOLIEHHE KBM 31PaBETO
u nnpouIIaKTHKATA.

Paznen: [loreHnmanam puCKOBE, CBBP3aHU C IIpOrpaMaTa 3a
ckpuHHHT (wi. 11, an. 1 na Hapen6a Ne 2 na M3/2018 r.). Ha-
COKH OTHOCHO NOTCHIIMATHUTE PUCKOBE:

1.  OpraHusanMoHHU TPOOIEMH — HEAOCTATHYHO IJIAHUPA-
HE Ha MapUIPyTH U Tpaduily 3a MPOBEKIaHEe HA CKPH-
HUHTOBaTa MporpamTa, TPYAHOCTH IPH Ch3/JaBaHe Ha
e(eKTUBHA KOMYHHKAIIHSI C MECTHUTE BJIACTH U 3/IpaBHH
WHCTHUTYIUH.

2. Henoctur Ha ¢uHAHCOBM CpeicTBa — JIMIICA Ha JIOCTa-
THYHO (PMHAHCHUPAHE 32 IPOBEXKJAHE/IOBEKIAHE 10 3a-
BBpIIEK HAa IPOrpaMara 3a CKPUHUHT.

3. Mereoponornynu mnpodyieMu — HeONaronpusTHHA KIIU-
MaTHYHH YCIOBHS KaTO ABX, CHAT, HJIN CHJIHU BETPOBE,
KOWTO 3aTPYJHSIBAT IOCTHIIA IO OTAAJICUCHH PAHOHH NITH
320aBsIT MPOBEKJAHETO Ha ITPOrpamMara 3a CKpHHHHT.

4. TexHHUYECKH MPOOIEMHU — MOBPEAH B 000PYABAHETO MIIH
JIUIICa Ha PE3EPBHU YaCTH.

5. Jlumnca Ha MH(QOPMHUPAHOCT Cpel] HACEIEHUETO — HEJ0C-
TaThYHa MH(POPMALUS 3a MPEJICTOSIINTE CKPHHUHTOBU
Iperyien, KOeTo MOXKe 1a J0BEAE 10 HHUCKa IMocellae-
MOCT.

6. KyntypHu u comuanHu Oapuepu — cTpaxX, CTHTMa HIIN
HEJOBEepHEe KbM MEIUIMHCKUTE MPOLEIYPH B OIIpeesie-
HU OOIIHOCTH.

Pa3znen: Opranusanus Ha nmporpamara 3a CKpUHUHT B Jie-
Tainy, CThIKA 1o cThiKa (wi. 11, an. 2, 1. 2 Ha Hapenba Ne
2 Ha M3/2018r.), BKJIFOYUTEITHO U M3UCKBAHUSITA [IOCOYCHH B
qi1. 15 u 4. 16 Hapenoa Ne 8 na M3/2016.

Pa3nen: Yectora Ha mpoBexJaHe Ha IporpaMara 3a CKpH-
HUHT ¥ 1oA0Op Ha MallMeHTUTE B IporpaMara 3a CKpH-
HuHT (4. 11, an. 2, 1. 1 Ha Hapen6a Ne 2 na M3/2018 r.).

Pa3zpen: ®unaHcoBO ocurypsiBaHe Ha Iporpamara 3a CKpH-
HuHT (4. 11, am. 2, . 2 Ha Hapen6a Ne 2 ma M3/2018 ).

Pa3nen: Crniuchbk Ha JIMIATA, YYACTBAIIHM B €KHIIA MPOBEK-
JIaIl mporpamara 3a CKpUHUHT (PBKOBOJHMTEN Ha Mporpa-
Mara, Jiekap, PEHTI€HOJIOT, PEHTI'€HOB JTa00paHT, MEIUIIHH-
cku ¢usuk, u np.) (wr. 11, an. 2, 1. 4 va Hapenba Ne 2 Ha
M3/2018 r.).
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5. International benefits:

» Increasing the opportunities for participation in
international health programs and funding initiatives.

e Improving the country’s image by demonstrating a
commitment to public health.

6. Public benefits:

»  Strengthening trust in the healthcare system through
accessible and effective programs.

* Improving public solidarity and care for vulnerable
groups.

* Promoting a proactive attitude towards health and
prevention.

Section: Potential risks related to the screening program
(Art. 11, para. 1 of Ordinance No. 2 of the Ministry of
Health/2018). Guidelines on potential risks:

1. Organizational problems — Insufficient planning of
routes and schedules for conducting the screening
program, difficulties in establishing effective
communication with local authorities and health
institutions.

2. Lack of financial resources — Lack of sufficient
funding to conduct/complete the screening program.

3. Weather issues — Adverse weather conditions such as
rain, snow, or strong winds that make it difficult to
access remote areas or delay the screening program.

4. Technical problems — Equipment damage or lack of
spare parts.

S. Lack of awareness among the population —
Insufficient information about upcoming screening
examinations, which can lead to low attendance.

6. Cultural and social barriers — Fear, stigma, or distrust
of medical procedures in certain communities.

Section: Organization of the screening program in detail,
step by step (Art. 11, para. 2, item 2 of Ordinance No. 2 of
the Ministry of Health/2018), including the requirements
specified in Art. 15 and Art. 16 of Ordinance No. 8 of the
Ministry of Health/2016 .

Section: Frequency of conducting the screening program
and selection of patients  in the screening program (Art.
11, para. 2, item 1 of Ordinance No. 2 of the Ministry of
Health/2018).

Section: Financial provision of the screening program
(Art. 11, para. 2, item 2 of Ordinance No. 2 of the Ministry
of Health/2018).

Section: List team members conducting the screening
program (program manager, physician, radiologist, X-ray
laboratory technician, medical physicist, etc.) (Art. 11,
para. 2, item 4 of Ordinance No. 2 of the Ministry of
Health/2018) .
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Pa3nen: Onucanue Ha M3MCKBAHMATA KbM BCEKM YJIEH Ha
€KuIa, MPoBeXJall mporpaMara 3a CKpuHuHr (4. 11, an. 2,
1.3 Ha Hapenba Ne 2 na M3/2018 r.). OCHOBHHU 4JIeHOBE Ha
€KHIIa, TPOBEKIAIl €/IHa [TporpamMa 3a CKpUHHHT, BKJIIOYBA:
PBKOBOAMTEI HA ITpOrpamara, Jiekap, J1ad0paHT, MEMLIUHCKU
bU3MK, METUIMHCKHU (PUBHK EKCIIepT.

3. JlokyMeHT, B iu(pOB UIU XapTUECH BUJI, ChIBPIKAIIL OITH-
CaHMe U TEeXHHYECKAa XapaKTEPUCTHKA HAa PEHTIeHOBATA ara-
parypa, KosTo Iie Objie U3M0JI3BaHa B IpOrpamara 3a CKpH-
HuHT (wi. 11, am. 2, T. 3 w 9. 33, an. 1 Ha Hapen6a Ne 2 Ha
M3/2018 r.).

4. B cmyuai, 4e ce U3BBPIIBA CKPUHUHT C MOHTHPaHA B TIpe-
BO3HO CPEACTBO ypenda (MOHTHpaHa HE OT MPOU3BOAUTENST
Ha ypenbara), ce mpmiiarat JOKYMEHTH, YJAOCTOBEPSBAIIH
cra3BaHe Ha ycloBHsTa, mocodeHu B wi. 21 Ha Hapemba Ne
13 ot 16.12.2016 1. 32 ocurypsiBaHe Ha pagualiOHHA 3aIUTa
Npu padoTa ¢ pEHTIEHOBH ypea0r 32 MEAUITMHCKH TICITH.

5. Ilucmena oleHka Ha Oo4aKBaHATa J03a U PUCK, U3TOTBEHA
oT MeguIMHCKH $u3uK ekcnept (wi. 11, an.2, T. 1 na Hapen-
6a Ne 2 ma M3/2018 ).

6. IIpodecuonanna kBanuUKAIUA 32 U3BBPIIBAHE HA Ma-
Morpa)CKy U3CIE/IBAHUS HA JINLATA, yYaCTBAIIH B IIPOrpa-
MaTa 3a CKpuHUHT (wr. 11, an. 2, 1. 4 wun. 11, an. 6 va Hapen-
6a Ne 2 Ha M3/2018 1.).

7. YmocToBepeHHE 3a MPaBOCIOCOOHOCT Ha JIMIATa, y4acT-
Ballly B IIporpamara 3a CKpUHUHT.

8. Hanwuwne Ha panTOM 3a KauecTBOTO Ha 0Opa3a Mpu ypel-
6ure 3a mamorpadus (wi. 31, an. 11 na Hapenba Ne 2 Ha
M3/2018 r.).

9. TIIportokon ot [Ipuemuo m3nutBane (wi. 35 u wi. 39 Ha
Hapen6a Ne 2 na M3/2018 1.).

10. IIpotokon ot IlyckoBoTo n3nutBane (wi. 42 Ha Hapenba
Ne 2 ma M3/2018 ).

11. JloroBop 3a ocurypsiBaHe Ha KOHTPOJ Ha KA4€CTBOTO (W1
42 na Hapen6a Ne 2 ma M3/2018 1.).

12. CuabppikaHue Ha MPOTpaMa 3a OCUTYPsIBaHE KOHTPOJI Ha
kadecTBOTO (wi. 42 Ha Hapenoa Ne 2 na M3/2018r.).

13.  IIpoTOKOD OT MOCIEAHUS ITBJECH FOAUIIEH KOHTPOJ Ha
Ka4eCTBOTO, BKIJIIOUMTETHO MH(OpMaNMs 3a M3MOJI3BAHOTO
KaJInuOpHpaHO CPEICTBO 32 U3MEpPBaHe HA J103aTa Ha MalieH-
Ta Tpu o0IIbUBaHE, KAKTO U IIPOTOKOJI OT HErOBOTO KaJH-
Opupane (w1 31, an. 7 uwuin. 34, axn. 1, 7.4 va Hapenba Ne 2 Ha
M3/2018 ).

14. JToroBop 3a ocHTypsiBaHE Ha MPOTpaMa 3a CEPBU3HO 00-
ciyxBane (qi. 34, an. 2 n un. 3 Ha Hapen6a Ne 2 va M3/2018

T.).

15. CeabppkaHue Ha mMporpama 3a CEpBHU3HO OOCITY)KBaHE
(un. 34, an. 2 u . 3 va Hapen0a No2 na M3/2018 r).

16. JloroBop 3a U3BBPLIBAHE HA KOHTPOJ Ha MPOpECHOHAT-
HOTO oOrpuBaHe ([loroBop 3a HHAMBUAYAJICH TO3UMETPHUCH
KOHTPON).

Section: Description of the requirements for each member
of the team conducting the screening program (Art. 11,
para. 2, item 3 of Ordinance No. 2 of the Ministry of
Health/2018). The main members of the team conducting a
screening program include: program manager, physician,
laboratory technician, medical physicist, medical physicist
expert.

3. A document, in digital or hard copy format, containing
a description and technical specifications of the X-ray
equipment that will be used in the screening program.
(Article 11, paragraph 2, item 3 and Article 33, paragraph
1 of Ordinance No. 2 of the Ministry of Health/2018).
Manufacturers often provide this characteristic on their
website or in the User Manual.

4. In case screening is performed with a system installed
on a vehicle, post leaving the manufacturer, documents
certifying compliance with the conditions specified in
Article 21 of Ordinance No. 13 of 16.12.2016 on ensuring
radiation protection when working with X-ray systems for
medical purposes shall be attached.

5. Written assessment of the expected dose and risk
prepared by a medical physicist expert (Art. 11, para. 2,
item 1 of Ordinance No. 2 of the Ministry of Health/2018).

6. Proof of professional qualification for conducting
mammographic examinations for the personnel involved
in the screening program. (Art. 11, para. 2, item 4 and
Art. 11, para. 6 of Ordinance No. 2 of the Ministry of
Health/2018).

7. Certificate of legal capacity of all team members to
work with sources of ionizing radiation.

8. Presence of a phantom for image quality in
mammography systems (Art. 31, para. 11 of Ordinance
No. 2 of the Ministry of Health/2018).

9.  Acceptance Test report (Art. 35 and Art. 39 of
Ordinance No. 2 of the Ministry of Health/2018).

10. Commissioning Test Report (Art. 42 of Ordinance
No. 2 of the Ministry of Health/2018).

11.  Contract for the provision of performing quality
control (Art. 42 of Ordinance No. 2 of the Ministry of
Health/2018).

12.  Content of a quality control program (Art. 42 of
Ordinance No. 2 of the Ministry of Health/2018).

13.  Protocol from the most recent full annual quality
control inspection, including information about the
calibrated instrument used to measure the patient dose
during exposure, as well as the calibration certificate for
that instrument. (Art. 31, para. 7 and Art. 34, para. 1, item
4 of Ordinance No. 2 of the Ministry of Health/2018).

14. Contract for providing a service program (Art. 34,
para. 2 and Art. 3 of Ordinance No. 2 of the Ministry of
Health/2018).

15. Content of a service program (Art. 34, para. 2 and
Art. 3 of Ordinance No. 2 of the Ministry of Health/2018).

16. Contract for occupational exposure control (Contract
for individual dosimetric control).
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17. Komue oT nuueH3usATa OT ATEHIIUATA 32 SIAPEHO Peryiu-
pane (ASIP).

18. B ciyuaii, e me ce W3mon3Ba MOOMITHA MaMorpadceka-
Ta ypenda, HalIpHUMEp MOHTHpPAHa Ha IPEBO3HO CPEACTBO, €
HE0oOXOIMMO 3paBHO 3aKJIIOYCHHE 3a ChITACyBaHe Ha IUIO-
IaJIKa 3a pasnoyiaraHe Ha 00eKT ¢ M3TOYHHUK Ha HOHM3HPAIIH
IpUEeHUS OT Pernonanna 3ApaBHa UHCIICKIH.

19. 3ammarena Takca.

* Bvamooicrno e HIJPP3 oa noucka oonvianumennu mamepu-
anu, 6a3upanu Ha KOHKPEMHOMO 3ds181EHIUe 3d CHeNACYBAHE.

II. Cnen xaTo BCHYKU HEOOXOIMMH CIEMEHTH Ha IIporpama-
Ta 3a CKpUHHUHT, onrcanu B Cronka I, noctemst B HIPP3, e
Ce pasriIekaaT v ce n3naBa O(pUIHAIHO 3aKITIOYCHUE:

1. 3axiroueHue 3a ChIIIACyBaHE — BCHUKN HEOOXOANMH elie-
MEHTH ca HaJW4YHH, IIPOrpaMaTa 3a CKPHHHHT OTIOBaps Ha
CBIECTBYBAIINTE HOPMAaTUBHU HapenOu B Pemybnuka bbi-
rapusi 1 ce ChIlacyBa.

2. 3akJroueHue 3a ChIIacyBaHe — MPOrpaMaTa 3a CKPHHHHT
OTroBapsi 4YaCTHYHO Ha CHLICCTBYBAIIUTC HOPMAaTHBHU Ha-
penbu B PerryOnuka beirapus, Ho MMa JTUIICBALIY €JIEMEHTH.
[Tporpamara 3a CKpUHHHT MOXeE Ja CTapTHpa camo, KOrato
TE3H JIMIICBAIIHU €JIEMEHTH OBAT U3II'BJIHEHU U NIPEIOCTaBe-
uu Ha HIIPP3.

3. 3akIiroueHHe 3a JIMIMCBAIIU €JIEMEHTH — IporpaMara 3a
CKPUHMHT OTTOBapsi YaCTUYHO Ha CHIIECTBYBAIMTE HOpPMa-
TUBHH Hapenbu B PemyGnuka bearapus, Ho HEOOXOAMMU 3a
chIVIaCyBaHE €JIEMEHTH JuIcBar. JIumcpamure eleMeHTH
e Heobxoxammo na 6baaT npenoctaBenu B HIIPP3 B ymowme-
HATUAT B 3aKJIIOYEHNETO cpok. ClieBa pasriexkaaHe Ha Iis-
JIOCTHATa IOKYMEHTALMsI U U3/laBaHEe Ha HOBO 3aKJIIOUCHUE.

4. 3akJroueHHe 3a HechbIVIaCyBaHE — Iporpamara 3a CKpH-
HHUHT HC OTroBaps Ha ChbUICCTBYBAIIUTC HOPMATHBHU HApCI-
6u B PenyOnuka bbirapust 1 He Moxe J1a ce chIilacyBa.

III. TIpu nonydaBaHe Ha 3aKJIIOYEHUE 33 CBIIIACYBaHE OT
HIIPP3 neyeOHOTO 3aBelmeHWE cTapTUpa IporpaMara 3a
CKpHHHUHT. [lo Bpeme Ha MpOBEKJaHETO U JIe4eOHOTO 3aBe-
JICHHE TIOITBJIBA €JICKTPOHEH MJIM XapTHEH JTHEBHHK, ChIIbP-
JKalll JaHHM 3a: OCHOBHUTE TEXHUYECKH MapaMeTpu Ha CKPH-
HUHTOBHS IIPOTOKOJI, HOMEP Ha MAIUCHT U KOW CKPUHHHTOB
MIPOTOKOJI € U3MOI3BaH (P MOBEYE OT €AMH MPOTOKOJT), MO
U BB3PACT Ha MalMEHTa, Najalia Bb3AyLIHA KepMa, cpeaHa
JKJIE3MCTA J103a, OpOil M BHJ MPOEKLWH, JeOeTHa Ha KOM-
npecupanata repaa. (wi. 11, an. 2, 7. Ha Hapenba Ne 2 Ha
M3/2018 r.). IleproguvHO MK TPH MTPUKITIOYBAHE HA ITPOTpa-
Mara 3a CKPMHHUHT, KOIIHE OT TO3U JHEBHHUK CE M3IIpalia B
XapTHEH WM eJISKTPOHEH BU Ha jaboparopus P3MO kbM
HILIPP3.

[Tpn mbpBOHAYATHO TPOSIBEH MHTEPEC 3a IPOBEXKJAHE Ha
mporpama 3a CKpHHHHI ¢ Mamorpadcka ypenda, W3MCKBa-
Hute enemeHtu (maparpad I, 1-19) ce mpemocraBsT Ha Je-
4eOHOTO 3aBe/IeHHEe BBB (popMaTa Ha CIIMCHK C M3UCKBAHUSI.
Menunuackute pusuiy ot saboparopus P3MO ksm HIIPP3
OKa3BaT CHJCHCTBUE HA JIeUeOHUTE 3aBEICHM S, JKEJIACIN J1a
npoBenaT ckpuHUHT. Clel BbBEXKIaHEe Ha Ta3H NMPAKTUKA OT
HIIPP3 nmpouechr Ha pasriexjJaHe Ha MporpaMa 3a CKpH-
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17.  Copy of the license from the Nuclear Regulatory
Agency.

18. In the case that a mobile mammography unit will be
used, for example mounted on a vehicle, Regional Health
Inspectorate approval of the site where the unit will be
located is required.

19. Application Fee invoice.

* The NCRRP may request additional documents based
on the specific application submitted for approval.

II. Once all the necessary elements of a screening
program, described in Step I, are submitted to the
NCRRP, they are reviewed and a formal decision in form
of a conclusion is made:

1. Conclusion for approval — all necessary elements are
available, the screening program complies with existing
regulations in the Republic of Bulgaria and is approved.

2. Conclusion for approval — the screening program
partially complies with the existing regulatory regulations
in the Republic of Bulgaria, but there are missing elements.
The screening program can only start when these missing
elements are implemented and submitted to the NCRRP.

3. Conclusion - missing elements — the screening program
partially complies with the existing regulatory regulations
in the Republic of Bulgaria, but elements necessary for
the approval are missing. The missing elements must be
provided to the NCRRP within the deadline specified
in the conclusion. The entire documentation will be
reviewed and a new conclusion issued.

4. Conclusion of non-compliance — the screening
program does not comply with the existing regulations in
the Republic of Bulgaria and cannot be approved.

III.  Upon receiving Conclusion of approval from the
NCRRP, the healthcare facility initiates the screening
program. During its implementation, the facility
maintains an electronic or paper logbook containing
data on: the main technical parameters of the screening
protocol, patient number and which screening protocol
was used (if more than one protocol is applied), the
patient’s sex and age, entrance air kerma, mean glandular
dose, number and type of projections, and the thickness
of the compressed breast (in accordance with Art. 11,
para. 2 Ordinance No. 2 of the Ministry of Health/2018).
Periodically or upon completion of the screening program,
a copy of this logbook shall be sent, in paper or electronic
form, to the RZMO laboratory at the NCRRP.

When a healthcare facility initially expresses interest in
implementing a mammography screening program, the
required elements (Section I, items 1-19) are provided in
the form of a comprehensive checklist. Medical physicists
from the RZMO Laboratory at the NCRRP offer technical
and methodological support to facilities intending to
conduct screening activities. Since the introduction of
this standardized approach by the NCRRP, the review
process for screening programs has been streamlined,
significantly accelerating the approval procedure and
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HUHT ce YHU(HIIHPA, KOETO YCKOPH IIpoLieca Ha ChIlacyBaHe
U TO CKBCHU JI0 OKOJIO 2-3 ceAMUIH (IIPU YCIOBHE, Y€ BCUUYKH
U3UCKBaHU €JIEMEHTH, OIMHUCAHM MO-Tope, ca MPel0CTaBeHU
Ha HIIPP3).

b. Cnen ycnemHoTo BbBEXJaHE Ha CIUCHK ChC CTHIKH 3a
YCHEIIHO ChIVIacyBaHEe Ha Mporpama 3a KaMmmaHus 3a Ma-
MoOTrpa()CK CKPHHHUHT B HAcTosmaTa padoTa MpEACTaBsIME
aHaJu3 Ha AaHHuTe, npenanenu B HIPP3 cien npukiouBa-
HE Ha JB€ TaKMBa KaMIIAaHUM M BKJIIOYUIXA 0010 290 xeHu,
MpEeMUHAIH KpaHHUATHO-KayIaJIHa MaMorpadus ¢ aBTOMAaTH-
YeH KOHTPOJI Ha ekcrno3unusra. [IpoBepeno e panu cpeaHa-
Ta CTOMHOCT MOXKE Jla c€ M3I0JI3Ba KaTo TunuyHa no3a (TJI).
TunuvnHarta 103a € cpeiHaTa CTOMHOCT Ha J103aTa, KOsSTO 00u-
YalHO ce MpuJjara npu JIaJeH BUJI PEHTI'CHOBO H3CJIE/IBAHE
3a KOHKpETHA rpyrna NalueHTH MpU CTaHJAPTHU yCIOBUS Ha
pabora.

HIIPP3 uma nonabpkamia M aJIMHUHUCTPATUBHA poOJIs B
mpoleca Ha ChIVIACYBAaHE W MPOCIEIsSBaHE HAa MPOTPAMHUTE
3a MaMmorpa)cku CKpPHHHUHT, KaTO OCHUTypsBa HOPMAaTHBHA
paMKa, COUCHK C M3WCKBAaHUS W METOJUYCCKA/TPaKTHICCKA
TIOMOII] 32 JICYeOHUTE 3aBEeICHUS. BBIpeKn ToBa Ta3u poIs
HE 3aMeCcTBa HE0OXOIUMOCTTA OT MPSKOTO YUACTHE HA METH-
IUHCKH (PU3UK EKCIIEPT, KOUTO € KIFOYOB YJICH Ha CKHUIIA IO
ckpuHUHTA. [IpHCHCTBHETO HA MEIUITUHCKU (PH3UK T'apaHTH-
pa IpaBHITHATA OLICHKA HA JO3UTE, KAYeCTBEHUSI KOHTPOI Ha
amaparypara H Cria3BaHeTO Ha IPUHIIHIIA 32 MUHIMHU3HpaHe
Ha 00JIPYBAHETO CHIIIACHO MEKIYHAPOIHHUTE CTAHIAPTH.

PE3YNTATH

Tabnuma 1 ceabpka aHATU3 HA JaHHUTE Ha 00110 290 XKeHw,
y4acTBaJIM B IBE KAMIIAHUH 32 MAMOT'Pa()CKH CKPHHHHT TIPe3
2024 1.

Ta6bnuya 1. AHanus Ha 003UMEMPUYHU 8€/TUYUHU OM
290 nayueHmu, 8KIo4YeHU 8 08e KpamkKo-CPOYHU
CKPUHUH208U KaMnaHuu, npoeedeHu 8 bbreapusi rnpes

reducing its duration to approximately two to three weeks,
provided that all required documentation is submitted in
full.

B. Following the successful implementation of this
step-by-step checklist for the efficient approval of
mammography screening campaigns, the present paper
reports an analysis of data submitted to the NCRRP
upon completion of two such campaigns. These
campaigns involved a total of 290 women who underwent
mammography screening. The analysis assessed whether
the mean value or the third quartile of the measured
doses could serve as TD. A typical dose is defined as
the average dose usually delivered during a given type
of X-ray examination for a defined patient group under
standard operating conditions.

The NCRRP plays a supportive and administrative role
in coordinating and overseeing mammography screening
programs by providing a clear regulatory framework, a
checklist of requirements, and ongoing methodological
and practical assistance to healthcare providers. However,
this role does not eliminate the need for the direct
involvement of a qualified medical physics expert, who
remains a critical member of the screening team. The
presence of a medical physicist ensures accurate dose
assessment, rigorous equipment quality control, and
adherence to the principle of dose optimization in line
with international standards.

RESULTS

Table 1 presents an analysis of data from a total of 290
women who participated in two mammography screening
campaigns conducted in 2024.

Table 1. Analysis of dosimetric values from 290 patients
included in two short-term screening campaigns
conducted in Bulgaria in 2024

2024 2.
CpepaHa xnesucrta
n03a [mGy) KEPMA [mGy]
lonama rvpaa CpeaHo ronama Manka repga CpegHo ronama
X B ) N ~ fonama repaa B Manka repaa
(3M1 32 kV, Mo ropaa (28-30 (26-27 kV, Mo (31-32 kV, Mo-Mo robpaa (28-30 kV (26-27 kV, Mo-Mo
o punTHpP- kV Mo-Mo ¢un- | Mo duntbp-mu- UATHP- MUIEHa) Mo-Mo ¢un- UATBP-MULIEH3E)
MuLLIEHa) Tbp-MULLEHA) weHa) Tbp-MULLEHA)
Large breast | Mid-sized breast | Small breast (31I__a3r2gi\5)rls/laos:th Mid-sized breast Slr('r\1/a|'|V|bor_e'\a/lsot éﬁtGe-?
(31-32kV, Mo- | (28-30kV Mo- | (26-27 kV, Mo- filter-target) (28-30 kV Mo-Mo " arget)
Rh filter-target) | Mo filter-target) | Mo filter-target) filter-target)
MuHumanHa
crouHoct 0.34 0.36 0.42 2.53 2.21 2.12
Minimum
MakcumanHa
crouHoct 1.23 2.54 1.06 8.41 16.94 5.60
Maximum

36 M CneupanHo nsnanue M Tom 17 M K. 3 I M BBNTAPCKO CMMCAHME 3A OBLLECTBEHO 3[JPABE M 2025 M BULGARIAN JOURNAL OF PUBLIC HEALTH M M M Vol.17 M Ne 3 M Supplement M




CpepHa cToii-
HocT (TA)

0.82 1.12 0.67 6.09 7.66 3.45
Mean (TDs)
75 % 0.96 1.36 0.72 6.78 1.36 3.62
50 % 0.79 0.99 0.646 6.31 6.76 3.420
25% 0.71 0.83 0.61 5.61 5.14 3.19
CTaHpapTHO
OTK/IOHEHUue

0.16 0.43 0.13 1.04 3.10 0.71
St. Deviation

MpednoxeHu Kamo munu4yHu 003u (T4) ca cpedHume cmoliHocmu.

JlaHHWTE MOKa3BaT SACHO M3Pa3eHH BapHALNU B JO3UTE B 3a-
BHCHMOCT OT pa3Mepa Ha I'bpaTa U NPHJIOKECHUTE TEXHUUE-
CKHM TapaMeTpH. 3a TOJEMH T'bPAH CPEAHaTa KJIE3UCTA J103a
(CXK[) e 0.82 mGy (crammaptHO oTKioHeHHE: 0.16 mGy), ¢
MuHHManHA cTtoifHOCT 0.34 mGy m MakcumanHa 1.23 mGy.
ITpm rpymaTta cbC cpeneH pa3Mmep I'bpPAM CpeaHara a03a ¢
mo-Bucoka — 1.12 mGy (crammapTHO oTKIoHeHUE: 0.43 mGy)
u pocrura 70 2.54 mGy, 10KaTo MpH MaJIKU I'bPAN CPEAHATA
cToWHOCT ¢ Hail-HucKa — 0.67 mGy (cTaHIapTHO OTKIIOHEHUE:
0.13 mGy). Te3n cTOWHOCTH OTpa3sBaT OYaKBaHATA 3aBHUCH-
MOCT MEX[y JeOelnHaTa Ha KOMIIpecHpaHaTa I'bp/ia, KOM-
OuHausATa MunIeHa-GUIATHP U MOJTydeHaTa XKIIE3NCTa 1034,
KaTo 75-TUAT nepueHTwi, npuioxuM karo JIPIIH, Bapupa
ot 0.72 mGy (mManku repan) 1o 1.36 mGy (cpeneH pasmep),
KOETO € B ChOTBETCTBHE C MEX/IyHapOAHUTE Ipernopbku [10].

ITo oTHOImIEHNE HA BB3yIIHATA KEPMa, KOSTO XapaKTEePU3H-
pa Jo3aTa Ha BXOAALIOTO OOJBYBAHE HA I'bpIaTa, CBIIO CE
HaOJIIoaBaT OTYCTIMBH 3aBHCHUMOCTHU. IIpH rojemu repau
cpennata kepma e 6.09 mGy (CTAHJAPTHO OTKJIOHE-
HUE: 1.04 mGy), B rpanunu ot 1.06 no 8.41 mGy. I'pynara
ChC CPEAHU I'bPAM MOKa3Ba MO-BHCOKH CTOHHOCTH — Cpel-
HO 7.66 mGy (CTAHJAPTHO OTKJIOHEHMUE: 3.10 mGy)
u MakcumMyM 10 16.94 mGy, koeTo oTpassiBa MO-9eCTOTO
U3I0JI3BaHEe HA IO-BHCOKM EKCIIOHAIMOHHM IapaMeTpH 3a
IOCTHT'aHE Ha aJeKBAaTHO KauyecTBO Ha oOpasa. [Ipu maiku-
Te TBPAU cpeaHaTa Kepma e Hail-uucka — 3.45 mGy (CTAH-
JAPTHO OTKJIOHEHHME: 0.71 mGy). UHTepKkBapTUIHH-
AT JIUANa3oH I0Ka3Ba CPAaBHUTEIHO MAJKO pa3ceiBaHe NpH
MaJIKHTE T'BPAH, HO 3HAUUTEIHO MO-IINPOKH OTKIOHEHHS 32
CPEIHUTE I'bPIU, KOSTO MOAYepTaBa HyKaaTa OT HO-CTpOra
CTaHJapTH3aIMsA Ha TEXHUKAaTa B Ta3u rpymna [11].

The mean values are proposed as typical doses (TD).

The results show clear dose variations depending on
breast size and the technical parameters applied. For
women with larger breasts, the mean glandular dose
(MGD) was 0.82 mGy (standard deviation: 0.16 mGy),
with a minimum of 0.34 mGy and a maximum of
1.23 mGy. In the medium-sized breast group, the mean
dose was higher at 1.12 mGy (standard deviation:
0.43 mGy) and reached up to 2.54 mGy, while for small
breasts the mean value was the lowest at 0.67 mGy
(standard deviation: 0.13 mGy). These findings reflect
the expected relationship between compressed breast
thickness, the target/filter combination used, and the
resulting glandular dose. The 75th percentile, which
potentially can be used as a local diagnostic reference
level (LDRL), ranged from 0.72 mGy (small breasts) to
1.36 mGy (medium-sized breasts), which is in line with
European recommendations [10].

Regarding the air kerma, which indicates the incident
radiation dose at the breast surface, clear patterns were
also observed. For large breasts, the mean air kerma was
6.09 mGy (SD: 1.04 mGy), with values ranging from
1.06 to 8.41 mGy. The medium-sized group showed
higher exposure levels, with a mean of 7.66 mGy
(SD: 3.10 mGy) and a maximum value of 16.94 mGy,
reflecting the more frequent use of higher exposure
settings to achieve adequate image quality. In contrast,
the small breast group had the lowest mean air kerma
at 3.45 mGy (SD: 0.71 mGy). The interquartile range
indicates relatively low variability for small breasts but
a noticeably broader spread for medium-sized breasts,
highlighting the need for stricter standardization of
technique in this group [11].
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OBCBHXOAHE

BpBexxmaHeTO Ha CTPYKTYPHUPAaH CHUCHK C M3UCKBAHHS Ha
HIIPP3 3naunTenHO ynecHsABa mpoleca 1Mo chrilacyBaHe Ha
mporpamMu 3a Mamorpadcki CKpHHHHT W HamaisiBa aaMu-
HHUCTPATHBHOTO BpeMe 3a ofo0penue 1o 2—4 ceqmuiu. Taszu
MpakTHKa HE CaMO ONTHMH3UpPAa KOOPIWHALUATA MEXKIY
KOHTPOJIHHS OpraH ¥ JeUYeOHNUTE 3aBEICHIS, HO U TIO3BOJISBA
Mo-0bp30 CTapTUpaHe Ha CKPUHUHTOBHU AeiHOCTH. [1o TO3H
HAa4MH C€ IECTAT PECYypCHTE Ha 3/IpaBHATa CHCTEMa, KaTo
CBIIEBPEMEHHO CE€ rapaHTHpa MO-BUCOK 00XBAT W MO-100pH
3paBHU PE3yJITaTH 32 MAIMCHTHUTE, BKJIIOYHUTETHO HaBpe-
MEHHO OTKPHBAHE U JICYCHNE Ha PAHEH pakK Ha I'bpaaTa.

Hacrosoro n3cienBane chlIo Taka MOTBBPKAaBa, 4e cpell-
HUTE JIE3UCTH J03U NMpPHU MaMorpadckusi CKpUHHUHT B H3-
clleiBaHaTa rpyna ca B 'paHMINTE, npenopbyanu ot EBpo-
NEeHCKUTE PHKOBOJACTBA 32 KadecTBO. CpeHUTEe CTOHHOCTH
ot 0.67 mGy 1o 1.12 mGy ca chnocTaBUMH ¢ MyOJINKYBaHHU-
T€ TUIWYHHU AUATHOCTHYHU CTOMHOCTH 3a Pa3jiMyuHU TPYIH
no nebennHa Ha rppaaTa. Bee mak mo-Bucokara BapHanus
NP rpynara cbC CPeAeH pa3Mep I'bpPAu (CTaHIAPTHO OT-
kioHeHue: 0.43 mGy) nojckas3sa, ye uMa MSCTO 3a JOMNBJ-
HUTEJIHA CTaH/IapTHU3alUs Ha EKCIIOHAIMOHHUTE TapamMeTpH
W HACTPOMKHTE Ha amaparypara, 3a Jla ce HaMaJsiT HeHYX-
HUTE OTKJIOHEHUSI MEXJy OTIACIHUTE nanueHTH. KirouoBo
HaONIoIeHNe €, 4e MpH BBb3JyIIHaTa KepMa Hal-BHCOKHUTE
MakcumainHu ctorHocTd (16.94 mGy) ca ycTaHOBEHHU CHIIO
IIPH CPEeHUS pa3Mep I'bpau. ToBa BEpOSTHO OTpa3siBa pa3Ho-
o0pa3uero B TeXHHUKATa U N300pa Ha aHOJHO-(PHUITHPHA KOM-
OMHAIMs NPH Pa3IMYHUTE anaparu u onepatopu. Tl KaTo
BB3/yIIHATAa KEPMa € HHAMKATOP 33 BXOISANIOTO OOIbYBaHE,
MIPEKAJICHO BUCOKUTE CTOMHOCTH IPH YacT OT CIyYauTe MO-
rar Ja JIoBeJaT 0 M3JIMIIHO HaTOBapBaHE 0e3 3HAYMTENICH
IIPUHOC 32 Ka4ecTBOTO Ha o0Opa3a. [1onoOHM OTKPUTHS ChB-
najiaT ¢ APYTU eBPOICHCKH MPOYYBAHUS, KOUTO MPENopby-
BaT PEJOBHM KJIMHUYHH OJMTH W MPOBEXKJAHE HAa KOHTPOI
Ha KauecTBOTO, KAKTO M 00y4eHHUE Ha JIHUIIATa, IIPOBEKAALIH
MaMorpag)CKUTe U3CJIEIBAHNS 32 IOCTUTAaHEe Ha MAKCUMAJTHO
chOTHOLIEHUe noi3a-puck [10,11].

CobnocTtaBsiHeTo Ha 50-us ¥ 75-usl NepUEeHTUI NOTBBPKIABA,
Ye TeXHUTE CTOWHOCTHU Ca B CHOTBETCTBHE C E€BPONEHCKHUTE
yKa3aHMs 32 MaMOrpa)CKM CKPHHHMHT M MOTAT J1a TIOCITyKaT
3a 6a3a 3a THIIUYHH JO03U NMPH MaMOTrpad)CKU M3CICIBAHUS.
Hanpumep 3a crangaptHo Mamorpadceko nscnensane B Es-
pona tunununara CX /I Bapupa B auanason ot 1.0 10 2.5 mGy
3a eqHa npoeknus [10]. B momsaHenue, EBponelickure ph-
KOBOJICTBA ITPETIOPBUBAT 3a JIOKAITHUTE JTUATHOCTUIHH pede-
pentu HuBa (JIIPH) Ha mamorpadus croitHOCT oKoio 2.0
110 3.0 mGy 3a cranaapTHa KoMIpecus Ha repaata ot 50—60
mm [11]. B Hamms coryuait n3MepeHara Meana Ha CpeaHara
JKJIe3ucTa 103a 3a rosiemu repan e 0.79 mGy, a 3a cpeneH pas-
mep repau goctura 0.99 mGy, K0eTo e 3HaAYUTETHO 1O Top-
HaTa TpaHHIla Ha €BPOICHCKUS AMANa30H 32 TUIIHYHA 103a.
CbOTBETHO 75-MST MEPUEHTHJ B HAIIaTa U3BATKa € MEXIY
0.72 mGy (manxu repan) u 1.36 mGy (cpeaeH pasMep T'bp-
IIN), TIOJ] TIPEMOpPBYaHUTE eBpoIeiickn opueHTHpH 3a JIIPH
3a CTaHAapTHA KOMIIpecus Ha rbpza. ToBa MOTBBpKIaBa, ue
CKPUHHMHTOBATA MTPAKTHKA € ONITUMHU3UPaHa J030BO.

DISCUSSION

The introduction of a structured checklist of requirements
by the NCRRP has significantly facilitated the approval
process for mammography screening programs, reducing
the administrative approval time to approximately 2—4
weeks. This practice not only optimizes coordination
between the regulatory authority and healthcare
facilities but also enables a faster initiation of screening
activities. As a result, healthcare system resources are
used more efficiently while ensuring broader coverage
and improved health outcomes for patients, including
the timely detection and treatment of early-stage breast
cancer.

The present study also confirms that the mean glandular
doses measured within the screened cohort fall within the
ranges recommended by European quality guidelines.
The mean values, ranging from 0.67 mGy to 1.12 mGy,
are comparable with published typical diagnostic
dose values for various compressed breast thickness
categories. However, the greater variability observed
in the medium breast size group (standard deviation:
0.43 mGy) suggests that further standardization of
exposure parameters and equipment settings may help
reduce unnecessary variations between patients. A
key observation is that the highest maximum entrance
air kerma values (16.94 mGy) were also recorded for
the medium-sized breast group. This likely reflects
differences in technique and the choice of target/filter
combinations among different units and operators.
Since air kerma is an indicator of the entrance exposure,
excessively high values in certain cases may result in
unnecessary radiation burden without significant benefit
for image quality. Similar findings align with other
European studies, which recommend regular clinical
audits, robust quality control, and continued training
for personnel performing mammography to ensure an
optimal benefit-risk ratio [10,11].

Comparison of the 50th and 75th percentiles confirms
that the calculated values comply with European
recommendations for mammography screening and
can serve as a basis for establishing typical doses. For
instance, the typical MGD for a standard mammographic
examination in Europe generally ranges from 1.0 to
2.5 mGy per projection [10]. Additionally, European
guidelines suggest an LDRL for mammography of
approximately 2.0 to 3.0 mGy for standard compressed
breast thicknesses of 50-60 mm [11]. In our case, the
measured median MGD for large breasts was 0.79 mGy,
while for medium-sized breasts it reached 0.99 mGy,
both well below the lower end of the typical European
range. Accordingly, the 75th percentile in our dataset
ranged from 0.72 mGy (small breasts) to 1.36 mGy
(medium-sized breasts), indicating a value is lower than
the local diagnostic reference levels per the recommended
European thresholds for standard compression. These
findings confirm that the screening practice is well
optimized in terms of radiation dose.
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3AKINIOYEHUE

IIpouenypHOTO yeIHaKBSIBaHE U CTPYKTYPUPAHUAT IOJAXOJ
IpH 0J100psiBaHe Ha MPOrpaMu 3a MaMorpa)CKu CKPHHHHT ca
Ba)KHA CTBIIKA KBM YCTOMYMBO U JOCTBIIHO PAHHO OTKpHUBa-
HE Ha pak Ha rbpzara B bearapus. To3u Mozen 1eMoHcTpupa
Kak aJ[MUHUCTpaTHBHATa €(DEKTUBHOCT M SICHUTE CTAaHAAPTH
JOIPHUHACAT 3a I0-100pa 3ApaBHA MOJIUTHKA U KOHTPOJ Ha
KauecTBOTO. IIoCTOAHHOTO pa3BUTHE HA IPAKTUKUTE rapaH-
TUPA [IOBUIIABAHE HA JOBEPUETO U IIOCTUTAHE HA ChbBPEMEH-
HHU CTaHJApTHU B IPEBEHLIMATA HA PaK HA I'bplaTa.
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CNYYAU HA OLIEHKA
HA PUCKA OT NNA3EPHO
NBbYEHUE B CbOTBETCTBME
C USUCKBAHUATA
HA EBPOMNEUCKOTO
3AKOHOOATEJICTBO -
TPYOHOCTU NPU
MPUNATAHETO MY

Muxaesia UBanosa', Mumea Uspaen'?,
lBerenunna lMlanmamanosa', BukTopus 3apsoosa’

'Hayuonanen yenmop no obujecmeeno 30pase u anaiusu

Meouyuncku ynusepcumem - Ilnesen

PE3IOME

Buveeoenue: Jlazepume umam mno2o0polinu u 3HAUUMU npu-
JIOJICEHUSL 8 PA3IUYHU OOACMU HA CHEPEMEHHUSL HCUBOM. - Me-
ouyuna, 06pabomra Ha MamepuaIy, YemeHe u CoXpanenue Ha
OaHHU, UMepeane Ha pacmosinue u MHo2o opyeu. Taxnama
ynompeba e c8bp3aHa ¢ puckose 3a 30pagemo, KOUmo 6 3a6u-
CUMOCI OM YCIOBUSIMA HA YNompeoa, 6peMemo Ha eKCnO3UYUs
UL OKOTHAMA cpeoa, moeam 0a 008edam uiu He 00 Hebaa-
eonpusimuu epekmu 6wvpxy 30pasemo. Oyenkama Ha eKcho-
3UYUAMA HA TA3EPHO TILYEHUE Ce U36LPUIBA Upe3 USUUCTCHUEe
U Kaacugurkayus 6v3 0CHOBA HA CHLOMEEMHUL CMAHOAPI HA
Mescoynapoonama enexmpomexuudecka komucusi (IEC), na
baszama Ha mexHuuecKume XapaKmepucmuki Ha 1a3epHus u3-
MOYHUK - MaKa mo2am 0a ce uzbepam nooxoosujyu KOHMpOIHU
MEPKU 30 MUHUMUSUPAHE HA PUCKOGeme.

Len: Ha baszama na peannu ciy4au nHa OYeHKa HA 1A3epHU U3-
MouHUYY 0a ce YCMmanossm npobiemume npu npuiazamne Ha
3aKOHOOAMENCMBOMO 3a 3auUmMa Ha pabomeujume
Mamepuan u memoou: 3a oyenxa Ha iazepume/ia3epHOMO
Jbyenue, OMHOCHO Ocu2ypseane Ha 6e30nacHocm 6 pabommua-
ma cpeda, ca npuiodcenu cieonume npunyunu: Knacugura-
yusi Ha nasepume no cmenen Ha puck, Oyenka na cneyuguu-
HUme YCi08Us Ha pabomuama cpeoa/yciosus Ha U3ivyeane;
Obyuenue/keanrugpurayusi Ha NEPcoHaIa No 1asepHa be3onac-
HOC.

Pesyimamu u ouckycus: [Ipedcmaeenu ca HAKOAKO pea-
HU Cyuasi HA OYeHKA HA 1a3epu/1a3ephu cucmemu 6 pabom-
Ha cpeda. OcHoHume YCMAaHOBeHU NPOOIEMU CA C8BLP3AHU C
auncama Ha UHGoOpMayus OMHOCHO MeXHUYecKume xapaxkme-
pucmuku, pabomuama cpeodd u IUncama Ha Cneyudiu3supaHo
obyuenue 6 obracmma Ha iazepuama 6€30nACHOC Ha Onepa-
mopume.

3axnouenue: Jluncama na KOHmMpPoOL U AOEKEAMHU MEPKU 3d
3awuma ce OvadCU HA NpeHebpecsane Ha puckoseme 3a 30pa-
8€MO U IUNCA HA KOMREMEHMHOCT HA CLyaHcoume no mpyoosa
MeOUYUHA U KOHMPOJHUME OPeany 8 ma3u 001aAcm.

KaouoBn AYMM: JIA3€PHO JIBUYCHUEC, KHaCI/I(l)I/IKaIII/ISI
I10 CTCIICH Ha PUCK, OLICHKA, O6y‘IGHI/I€, KOMIICTCHT-
HOCT

40

CASE STUDIES OF RISK
ASSESSMENT OF LASER
RADIATION FOLLOWING
THE EUROPEAN
LEGISLATION -
DIFFICULTIES FOR
APPLICATION

Mihaela Ivanova', Michel Israel', Tsvetelina
Shalamanova', Victoria Zaryabova'

'National Center of Public Health and Analyses
2 Medical University, Pleven

ABSTRACT

Introduction: Lasershavemanyandessentialapplications
in different areas - medicine, material processing, data
reading and storage, distance measurement, and many
others. Their use is associated with health risks, which,
depending on the conditions of use, exposure time or
environment, may or may not lead to adverse health
effects. The exposure assessment of lasers is made by
calculation and classification on the basis of relevant
1IEC standard using their technical characteristics. On
the basis of classification, appropriate control measures
to minimize the risks could be selected.

Aim: Based on real cases of laser source assessment,
to identify problems in the implementation of worker
protection legislation.

Material and Methods: The following principles
have been applied to assess lasers/laser radiation in
terms of ensuring safety in the work environment: Risk
classification by degree of risk; Assessment of the
specific conditions of working environment; Training/
qualification of the personnel in laser safety.

Results and discussion: Several real cases of assessment
of lasers in working environment are presented. The
main problems established are related to the lack of
information regarding technical characteristics, the
environment and lack of specialized training in the field
of laser safety to the operators.

Conclusion: The absence of control and adequate
measures are due to neglecting health risks and lack of
competence of occupational health services and control
bodies in the field of laser safety.

Keywords: laser radiation, risk classification,
assessment, training, competence
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BbBEAEHUE

JlazepuTe mMaT MHOTOOPOIHU U 3HAYMMHU MTPHIIOKEHUS B pas-
JTUYHA 00T1aCTH HAa CHBPEMEHHHUS KUBOT. Te BKIIOYBAT MEU-
uHa (0 TaIMOJIOTHSI, AEPMATOIOT S, YPOJIOTHsI, pehpaKTHB-
Ha XUPYPrusi, ChI0Ba XUPYPIrHs, GU3HOTESPAIIHs, MEIUITIHCKA
JMaTHOCTHKA, CTOMATOJIOTHS M JIp.), KO3METHKA (STrIaIus,
oaAMJIaIsIBaHe | JIp.), 00paboTKa Ha MaTepuayn (ps3aHe, 3a-
BapsBaHe, TJa3ePHO MaPKUPAHE H JIP.), YeTCHE M ChXpaHEeHUE Ha
nanau (DVD, koMnakTIuCcKoBe, JJa3epHU MPUHTEPH), U3MEP-
BaHE Ha Pa3CTOSHUE U MHOTO JPYTH.

Paznukure Mexay jlazepuTe M OpYyTrH KOHBEHIIMOHAJIHU W3-
TOYHHMIIM Ha ONTHYHO JIBYCHUE Ca CBBP3aHH ChC creruduy-
HUTE XapaKTepHCTHUKU Ha JIa3€PHOTO JIBYCHUE: MOHOXPOMa-
TUYHOCT, KOXEPEHTHOCT, MaJIKa Pa3XOAMMOCT U HE3HAYUTEITHA
MIPOMSIHA B MOIITHOCTTA MJIM €HEPIUsATa Ha ABJITH Pa3CTOSHUS,
BB3MOXKHOCT 32 ()OKyCHUpaHE Ha JIa3epHUS JIbY BBPXY MajKa
rtonl. JlazepHOTO JIbUCHHE MMa TOJSIM TOTEHIMAJ Ja IMpH-
YHHU BpeIHU e(PEKTH BBPXY OUMTE U KOXKaTa Ha yoBeka [1,2].
JlazepuTe ¢ BUCOKA MOLIHOCT/@HEPrHUs CHILO MOTaT Aa Ipe-
CTaBJISIBAT PUCK OT MOXKap.

Hcropusita Ha a3epHaTa O€30MACHOCT 3aroyBa HEMOCpeEN-
CTBEHO CIleNl M300peTsBaHeTO Ha Jasepa mpe3 1960 r., Thid
KaTO paHHUTE U3CIICBaHNS OT BOCHHHU U aKaJIeMUYHU HHCTH-
TYTH TOKa3BaT BUCOK PHCK 33 OYMTE M KOXKaTa Ha EKCIIOHH-
pannte. [IbpBUAT onuT 32 pa3paboTBaHE HA PHKOBOACTBA IO
na3epHa 0€30MacHOCT € MPOEKT 32 AMEPUKAHCKH HAI[MOHATICH
cTaHaapT 3a Oe3omacHo mprIokeHne Ha nazepu ANSI Z136.1
oT 1966 r. [IbpBUAT B CBETA PUET HALMOHAJIEH CTAaHIApPT 3a
nmazepHa Oe3omacHocT ¢ ANSI Z136.1-1973 [3]. Toii BBBEekK I
KJIacH(UKALMs Ha JIa3epUTE MO CTENeH Ha PHUCK, T'PaHUYHH
CTOIHOCTH Ha EKCIIO3MIUSI U MEPKH 3a KOHTPOJI, KaTo OIpe-
JIeTIst 1 OTTOBOPHOCTHUTE HA CIY>KUTENS 110 Jla3epHa Oe3omac-
Hocrt (laser safety officer). I[IspBUAT MeXIYHAPOICH CTAHIAPT
3a na3zepHa 0e30MacHOCT € pa3paboTeH oT MexTyHapogHaTa
enekrporexamuecka komucus (MEK) IEC 825 (mo-kbcHO ce
paspabotsa cepusita IEC 60825).

B nacrosiiust momenT B EBpona e B cuia Jupextusa 2006/25/
EC na EBponeiickus napiamenT 1 Ha CpBeta ot 5 anpui 2006
I. OTHOCHO MMHUMAIJIHUTE M3UCKBAHHMsI 32 3[paBe u Oe3omac-
HOCT II0 OTHOLICHHEC Ha CKCIIO3HMLUATA Ha pa6OTHI/IIH/ITe Ha
PHCKOBE, IPOU3TUYAIIN OT (PU3UYHH areHTH (M3KYCTBEHO OIl-
TUYHO JpueHue) [4]. JlupekTuBara e TpaHCIIOHHPaHA B HAIIMO-
HAJHOTO 3aKoHOoAaTesIcTBO upe3 Hapenba Ne 5/2010 [5]. B Hes
ce MocoYBa, 4e ,,padoToAaTeNsT OICHIBA U, aKO € HEOOXO0/IH-
MO, U3MEpBa I/I/I/IIII/I HU34YHCIIsIBA HUBATa HAa €KCIIO3UIIMS Ha OIl-
THUYHO JTbUCHHUE, Ha KOUTO € BEPOsITHO pabOTHUIIMTE J1a ObJaT
eKCIIOHUpaHu*, 3a Ta3epHOTO JTHYCHHE OIICHKATa Ha €KCIIO3H-
LUSITa Ce M3BBPILBA YPEe3 U3UHCIICHUe/KIIacu(UKalus 110 cTe-
TICH Ha PHCK Ha Jia3epa Bb3 OCHOBA Ha JCHCTBAIINS CTAHIAPT
Ha MEK — IEC 60825-1 [5, 6], kato ce u3moi3BaT TeXHHUYe-
CKUTE XapaKTEepUCTUKM Ha Jla3zepa/cucremMara, MpeJoCTaBeH
OT MPOU3BOAUTENSL. 32 pa3iiuKa OT APYrH GU3NYHH (AKTOPH
Ha paboTHaTa cpena, KaTto ryM, BUOparim, eIeKTPOMarHuTHH
TOJIeTa U JIp., KOUTO CE Pa3mpoCTpaHsBaT B rojisiMa 4acT OT pa-
0OTHOTO MOMEIIEHHE, JIA3EPHOTO JThUSHUE UMa CTPOro OIpe-
JIeJIeH BT (Tpace) Ha pa3npocTpaHeHue. JIazepHoTo TpueHue
OT OIpe/IeieH N3TOYHUK HE TPOMEHS CBOMTE XapaKTEPUCTHKH

INTRODUCTION

Lasers have many and essential applications in different
areas. These include medicine (ophthalmology,
dermatology, urology, refractive surgery, vascular
surgery, physiotherapy, medical diagnostics, surgery,
dentistry, etc.), cosmetics (hair removal, rejuvenation),
material processing (cutting, welding, laser marking,
etc.), data reading and storage (DVD, compact disks,
laser printers), distance measurement, and many others.

The differences between lasers and other conventional
sources of optical radiation are connected to the specific
characteristics of the laser radiation: single wavelength,
coherence, low divergence, and negligible change in the
power or energy over long distances, possibility to focus
the laser beam to a small area. The laser radiation has
great potential to cause harmful health effects on eyes
and skin [1,2]. High power/energy lasers could represent
risk of fire as well.

The history of laser safety begins literally immediately
after the invention of the laser in 1960, because the
early research from military and academic institutions
experiments showed high risk to the eyes and skin. The
very first attempt to develop laser safety guidelines is a
draft for American National Standard for the Safe Use
of Lasers ANSI Z136.1 in 1966. The world’s first fully
approved national laser safety standard ANSI Z136.1-1973
[3]. It Introduced laser hazard classification, exposure
limits (MPE), and safety control measures and defined
responsibilities of the Laser Safety Officer (LSO). The
first international laser safety standard is developed by
the International Electrotechnical Commission (IEC)
IEC 825 (later series IEC 60825).

Nowadays, in Europe, the Directive 2006/25/EU of
the European Parliament and of the Council of 5 April
2006 on the minimum health and safety requirements
regarding the exposure of workers to risks arising from
physical agents (artificial optical radiation) [4] is in force.
The directive is transposed in the national legislation by
Ordinance No.5/2010 [5]. It states that “the employer,
shall assess, and, if necessary, measure and/or calculate
the levels of exposure to optical radiation to which
workers are likely to be exposed”. For laser radiation the
exposure assessment is to be made by calculation/laser
safety classification on the basis of relevant IEC standard
— IEC 60825-1 [5, 6] using technical characteristics
provided by manufacturer. Unlike other physical factors
of the working environment, such as noise, vibrations,
electromagnetic fields, etc., which disseminate in a large
part of the working premise, laser radiation has a strictly
defined route (path) of propagation. The laser radiation
from a certain source does not change its characteristics
as wavelength, beam diameter, pulse duration, repetition
rate, etc. These characteristics can only be changed
by operator intervention. This allows the exposure
assessment of the laser radiation to be performed by laser
safety classification according to the degree of risk on the
basis of the technical characteristics of the laser beam.
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KaTo JbJKMHA Ha BBJHATA, JUAMETHP Ha JIbya, IPOIBIIKHU-
TEJIHOCT U 4YeCTOTa Ha TIOBTOPEHUE Ha UMITyJica 1 Ap. Tesu xa-
PaKTepUCTHKHU MOraT Ja ObaT IPOMEHEHH CaMo Ype3 Hameca
Ha oneparopa. ToBa 1103BOJIsIBA OLICHKATa HAa €KCIIO3ULIUATA HA
Ja3epHOTO JIBYCHHE [a Ce U3BBPIIU upe3 Kiacudukanus Ha
Jla3epuTe MO CTENeH Ha PUCK B3 OCHOBA HA TEXHUYECKHUTE
XapaKTepUCTHKH Ha JIA3€PHHUS JIbY, a HE Upe3 U3MEPBaHE.

KrnacndukanmoHHUTe CXeMH 32 Jla3epH MOKa3BaT MOTEHIUAI-
HUS PUCK OT HeONIaronpusaTHU eeKTH BBPXY 3apaBeTo. Jlaze-
pute Morar aa Osaat rpynupanu B 8 kiaca: 1, 1C, 1M, 2, 2M,
3R, 3B, 4. [loTeHIMaNBT 32 MPUYNHSIBAHE HA BPSIHH eheKTh
3a 37JpaBeTO HapacTBa ¢ KJlaca Ha jia3epa/ia3epHaTa cucTeMa.
Bb3 ocHoBa Ha KiacuduKanuATa MOrar na Obaar M30paHH
TOIXO/SIIN KOHTPOJIHU MEPKH 33 MUHUMH3HPaHE Ha PUCKO-
BeTe. Te3n pHUCKOBE MOraT jaa JIoBear JI0 HeOJarompusTHH
TIOCJICTUIIM 32 3/PaBETO B 3aBUCUMOCT OT PA3JIUYHU (PAKTOPH
KaTo BpeMe Ha eKCIIO3UIIMs, HAYMH Ha yroTpeda, ycIoBus Ha
OKOJTHATa Cpeza.

LEN

Ha 6a3ara Ha peajiHu ciy4yau Ha OLICHKA Ha JIa3ePHU U3TOYHHU-
11 7]a C€ YCTAHOBAT MPOOJIEMHTE MPH IpUjIaraHe Ha 3aKOHO/1a-
TEJICTBOTO 3a 3al[UTa Ha paboTeIuTe

MATEPUANT U METOAU

3a OIICHKa Ha HaBepHTC/ﬂaSepHOTO JIBYCHUEC, OTHOCHO OCUTY-
psABaHC Ha 0e30I1aCHOCTTA B pa60THaTa cpcaa, ca IMPUJI0KCHU
CJICAHUTC IMTPUHINIIN:

1. Tlo3HaBaHEe Ha TEXHUYECKUTE XapaKTEPUCTHKHU Ha Ja3ep-
HaTa CHCTeMa M KJIacH(UKalus Ha ja3epa 1o CTeleH Ha
PHCK: IBJDKMHA HA BBIHATA, MOITHOCT/€HEPrUs Ha Jiase-
pa, BITIOB pa3Mep Ha M3TOYHHKA, TUAMETHD Ha Ja3epHUs
JBY; Pa3XOIMMOCT; BUJA Ha EMHCHATA — UMITYJICHA FUIN
HENpeKbCHATA; MPOABIDKUTEITHOCT M YECTOTa Ha IOBTO-
peHHeE 32 UMITYJICHH JIa3epH U JIp.

2. OreHka Ha cienU(pUYHUATE YCIOBUS Ha pabOTHATA Cpefa:
OIICHKA Ha KOHTPOJHMpaHa 30HA, OJIOKMPOBKH, YIIpaBie-
HUC C TPEBKJIIOYBATEIM, HAIWYUEC HA OTpa3sBalld TO-
BBPXHOCTH, HATMYUC HA MOAXOMSIIM JTUYHU MPEIIa3Hu
cpencta (JITIC), Hanuuue Ha 3Hany 1 Tabenu 3a 6e3omac-
HOCT; TOII'BJIHATEITHA PUCKOBE.

3. OOyueHne/kBamU(UKAIH HA IEpPCOHAIA TI0 JIa3epHa 0e3-
OITacHOCT — OOYYEHHETO TPsOBa a oOXBamia MoHe CIIe-
HHUTE TEMU: JIA3EPHO JIBYCHHUE, TPUIIOKCHNU S, OMOJIOTHIHH
edexTH, mazepHa OE30MacHOCT, KIaCH(pHUKAII Ha Jla3e-
pHTE TIO CTEIEH Ha PHCK, OLICHKa Ha padoTHaTa cpena u
M3MCKBaHUS KbM JIMYHUTE MIPEIIa3HU CPEICTBA.

TaknBa M3MCKBaHMS ca OINPE/ICIICHH KaKTO B HAIIMOHAIHOTO
3aKoHOmaTencTBo [5], Taka u B Jlupexktuna 2006/25/EK u He-
3a]IbJDKUTEITHOTO PHKOBOJICTBO 32 JI00pY MPAKTHKH 32 IIpHUJIa-
rane Ha J{lupexTuBara [4, §].

Hecna3BaneTo Ha HIKOH OT Te3U MPUHIOHUIIA MOXKE a JOBEAC
a0 HeGJ’IaFOHpI/IHTHI/I nocjaeany 3a 31paBe€TO KAKTO Ha pa60—
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The classification schemes for lasers indicate the
potential risk of adverse health effects. Lasers can be
grouped into 8 classes: 1, 1C, 1M, 2, 2M, 3R, 3B, 4.
The potential to cause harmful health effects rises with
the class of the laser. On the basis of classification,
appropriate control measures to minimize the risks could
be selected. These risks may lead to adverse health effect
depending on different factors as exposure time, method
of use, environmental conditions.

AIM

Based on real cases of laser source assessment, to identify
problems in the implementation of worker protection
legislation.

MATERIAL AND METHODS

Considering these specifics of lasers/laser radiation for
the ensuring of safety in working environment following
principles are applied:

1. Knowledge of technical characteristics of laser
system and risk classification by degree of risk:
wavelength, power/energy of laser, angular subtense,
beam diameter; divergence; type of emission —
pulsed or CW; time duration and repetition rate for
pulsed lasers, etc.

2. Assessment of the specific conditions of working
environment: assess to controlled area, interlocks,
key control, presence of reflective surfaces, PPEs,
labeling; additional hazards.

3. Training/qualification of the personnel in laser
safety — training should cover at least the following
topics: laser radiation, applications, biological
effects, laser safety, laser classification, assessment
of the working environment, and requirements to
personal protective equipment (PPE).

Such requirements are set as in the national legislation
[5] as in the Directive and Non-binding guide to good
practice for implementing Directive [4, §8].

The lack of any of these issues could result in adverse
health effects both to workers and to patients in medicine
and to clients in cosmetics.
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TEUIUTE C JIa3epHU W3TOUHHIIM, TaKa U HA MAIIUEHTUTE B Me-
JIMIIMHATA U HA KIMEHTUTE B Ko3MeTuKarta. Mima ciyuau, mpu
KOUTO € HEOOXOAMMO M3YHMCICHHETO Ha HOMMHAJIHO OIACHO
pascrosinue (NOHD), npu k0eTo HUBOTO Ha €KCIO3UIUS Ha-
MaJisBa JI0 TpaHMYHATa CTOMHOCT Ha €KCIIO3UITUS 32 KOHKPET-
HUS J1a3ep:

There are cases where a calculation of nominal hazard
distance (NOHD) where the level of exposure decreases
to exposure limit value for the particular laser necessary:

\/ i rc:;l;agz];/) Ll initial diameter
NOHD = :
divergence

KBJETO MOIIHOCTTA Ha W3JIbYBAHE € BHB BATOBE, HAYAIHUSIT
IUAMETHpP Ha JIbYa € B METPH; Pa3XOJUMOCTTa € B METpH, a
rpaHMYHATa CTOMHOCT Ha €KCIO3UIUs € BbB W/m?,

PE3YNTATU U ANCKYCUA

[TpescTaBeHu HAKOJIKO peasiHy Cllydasl Ha OLIEHKA Ha JIa3epH
B paboTHa cpena. M30paHuTe 1a3epHU CHCTEMU ca Kiacuu-
[MpaHu B KJac 4 (Ja3epu ¢ BUCOKA MOIIHOCT), KOUTO MOTatT
Jla Ch3/Ia1aT TOJISIM PUCK 32 3JPaBETO HA YOBEKA M M3MCKBAT
KOMILJIEKCEH MOJIX0/] 33 3allIHTa.

Cnyd4at 1. JlazepHa cucmema 3a 2pasupaHe:
ULS OEM, moden ULR-120 CO,, Universal Laser
Systems Inc.

Kﬂacu([mlcauuﬂ Ha jla3epa no cmenen Ha puck

Cucremara cpabpxka CO, nasep CbC CIEIHATE XapaKTEPUC-
TUKHU:

e JIpmkuHa Ha BhaHaTa: 10,6 pm;

e Momggoct: < 120 W;

e Tlonapuzanus: nuHeiHa;

e JlmameTsp Ha abya: 4 + 1 mm;

e Pexxumu Ha pabGota: ummysced u CW;

* 32 UMITYJICHOTO JIbYCHHE:

*  Cxopoct Ha HapacTBaHe Ha ummyica: 120 = 40 us.

B®3 ocHoBa Ha mpeAOCTAaBECHUTE OT MPOU3BOJAUTEIA TCXHU-
YeCKH XapaKTepHCTUKH JIa3epHaTa CUcTeMa € Kiacupuiupa-
Ha B KJac 4 Mo cTeneH Ha PUCK.

CHuMKa Ha Jla3epHaTa CUCTEMa € IIpeAcTaBeHa Ha ¢purypa 1.
Ouenka na cneyuguunume ycio6us Ha pabomuama cpeoa

ITo Bpeme Ha orjesia Ha MSCTO € YCTAHOBEHO, Ye Jla3epHaTa
CHCTEMA € Pa3MoNIoKEHa B MOMEIICHHUE C JpyTa Ja3epHa CUC-
TeMa U HsMa JPyTru pabOTHU MECTa, KOUTO HE Ca CBbP3aHH C
nasepute. B moMerieHrneTo MMa OTpassiBally MOBBPXHOCTH.
OpraHuszanusTa Ha pabOTHHS MPOIIEC MPE/Ioiara eJHOBpe-
MeHHa paboTa Ha IBETE JIAa3ePHHU YCTPOHCTRA.

J'[asepLT CC MU3M0JI3Ba 3a ITpaBUpPAHC U JIBYBT € HACOUCH IICP-
NEHAUKYIISIPHO HAa MOBBbPXHOCTTA HA 110Ja, HAa HUBO h= 1,1 M.
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where the radiant power is in Watts; initial beam diameter
is in meters; divergence in meters and exposure limit
value in W/m?.

RESULTS AND DISCUSSION

Several real cases of assessment of lasers in working
environment are presented. The chosen laser systems are
classified in class 4 (high power lasers) which have great
potential to cause harmful effects and require complex
approach for protection.

Case 1. Laser system for engraving: ULS OEM,
model ULR-120 CO,, Universal Laser
Systems Inc.,

Laser safety classification

The system contains CO, laser with the following
characteristics:

*  Wavelength: 10,6 pm;

e Power: <120 W;

e Polarization: linear;

* Beam diameter: 4 £ 1 mm;

*  Work regimes: pulse and CW;
*  For the pulsed radiation:

*  pulse rising rate: 120 + 40 ps.

On the basis of technical characteristics provided by
manufacturer laser system is classified as class 4 by the
degree of risk.

A photo of laser system is presented on figure 1.

Assessment of the specific conditions of working
environment:

During the site inspection, it was found that the laser
system is located in a room with another laser system
and no other workplaces that are not related to the
lasers. There are reflective surfaces in the room. The
organization of the work process implies simultaneous
operation of the two laser systems.

The laser is used for engraving and the beam is directed
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CucremaTa ©Ma OTBOPEH IIBT HA JIA3CPHUS JIbY 0€3 CKpaHU-
pane. JIumncBa 3ByKOBa /WM CBETJIHMHHA CHTHATH3AIUS 110
BpeMe Ha M3JIbYBaHe Ha cucremMaTa. Hsma tabenu Ha cucTe-
Mara, yKa3Balll MsJCTOTO Ha M3JIBYBAHE HA Ja3epa, a ChIIO
HsiMa Tabelsia 32 KOHTPOJMPaHa 30HA Ha BXOZA Ha MOMeIe-
HueTo c azepu. [lepconanst He e cuadaeH ¢ JITIC ¢ HeoOxo-
JuMarta OIITU4YHa IJIBTHOCT.

Oobyuenue

OmnepaTopute HIMAT CePTUPUKATH, TOKA3BAIIY CIICLUAJIN3HU-
paHo 00ydeHue 110 JiazepHa OE30MaCHOCT Ha eTala Ha OLCHKA
Ha CHeUU(pUYHNUTE YCIOBHS HA TPYH, BBIIPEKH Y€ CHCTeMaTa
BeUe Ce M3I0JI3Ba OT ABJIBI Iepuoa. Hsama 3apaBeH Hanzop,
cnerrrdryeH 3a paboTaTa ¢ JTa3epH.

B pesynrar Ha ycraHOBeHUTE (haKTH ca HalPaBEHH MPENOpPb-
KM K'bM paboTonaTels, 3a ja ce rapaHTUpa 0e30MacHOCTTa 110
BpeMe Ha paboTa C MOCOYCHUTE JIA3EPHU CHCTEMH.

perpendicular to the floor surface, at the level h = 1,1
m. The system has an open laser beam path without
shielding. Sound and/or light signaling is missing during
system emission. There are no labels on the system
indicating the place of laser emission, and there is no
label for controlled area at the entrance to the room with
lasers. Personnel is not equipped with PPE with needed
optical density.

Training

Operators don’t have certificates indicating specialized
training in laser safety at the stage of assessment of the
specific working conditions nevertheless the system has
been already used for long period. There is not health
surveillance specific for the work with lasers.

As a result, recommendations to the employer are made
in order to ensure safety during operation of the specified
laser systems.

Que. 1. Cnyyali 1. [lasepHa cucmema 3a epasupaHe: ULS
OEM, model ULR-120 CO,, Universal Laser Systems
Inc.

Cnydyau 2. JlazepHa cucmema Slim City 191 ¢ npu-
JIOXKeHuUe 8 Ko3Memukama (fla3epHa enusayus)

I(Jlacm[ml(auuﬂ Ha 1a3epa no cmenen Ha puck

CucreMara ChIbpXKa AUOJCH JIa3ep ChC CICIHUTE XapaKTe-
PHUCTHUKH:

°  JIbJDKMHHU Ha BBJIHUTE: 755 nm, 810 nm, 1064 nm;
«  wmommHOCcT: 300 W; ereprernyHa no3a: 10 - 25 J/cm?2;

*  MPOIBDKUTEITHOCT Ha mMmyica: 15 ms mo 110 ms; gec-
TOTa Ha IOBTOpeHue Ha ummyncute: oT 1 Hz no 10 Hz;

*  pasMep Ha MeTHOTO: 15x25 mm.

Bb3 ocHOBa Ha MPEAOCTABEHUTE OT NMPOU3BOIUTEINS TEXHU-
YEeCKM XapaKTePHCTUKH JIa3epHaTa CUCTEMA € KIacu(UIpa-
Ha B KJac 4 110 cTeleH Ha PUCK.

CHuMKa Ha JJa3epHaTa CUCTeMa € MpeJCcTaBeHa Ha Gpurypa 2.
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Fig. 1. Case 1: Laser system for engraving: ULS OEM,
model ULR-120 CO,, Universal Laser Systems
Inc.

Case 2. Laser system Slim City 191 for
cosmetics (hair removal)

Laser safety classification

The system contains diode laser with the following
characteristics:

« wavelengths: 755 nm, 810 nm, 1064 nm;
*  power: 300 W; radiant exposure: 10 - 25 J/cm2;

* pulse duration: 15 ms go 110 ms; pulse repetition
rate: from 1 Hz to 10 Hz;

e spot dimension: 15x25 mm.

*  On the basis of technical characteristics provided by
manufacturer laser system is classified as class 4 by
the degree of risk.

A photo of the laser system is presented on figure 2.
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Ouyenka na cneyuguunume yciosus Ha pabomuama cpeoa

Ilo BpEMC Ha orjcaa Ha MACTO € YCTAHOBCHO, Y€ JIa3CpHa-
Ta CUCTEMA € pa3noJIOKCHA B OTACJIHO NMOMCHICHHUC U HAMaA
Apyru pa6OTHI/I MECTa, KOUTO HE Ca CBbpP3aHU C JIAa3CPHOTO
IpucHHE. B momemenuneTo nma OoTpassaBaliu MOBBPXHOCTH,
CBBpP3aHHU C ,Z[PI3aI>iHa Ha CaJIOHA 3a KpacoTa.

JlazepsT ce n3Mo3Ba 32 00€3KOCMIBAHE U ITBTST Ha JIa3ePHO-
TO JIBUCHHUE HE MOXKeE Ja OB/Ie ONpeiesIeH - MO3UIUATA Ha U3-
J'BYBAIATA JIa3ep MOBBPXHOCT 3aBUCH OT Ipoueaypata. Toa
03HauaBa BB3MOXKHOCT 3a CIydallHO OOJBUBAHE Ha XOpa,
KOHTO C€ HaMHUpaT B KOHTpoJMpaHa 30Ha. JIUmcBa 3ByKoBa
1/WTU CBETJIMHHA CUTHAJIM3AIUS 110 BpeMe Ha U3IbYBaHE Ha
cuctemara. Ha cucrtemaTta e mocTaBeHa MpedylpeauTesIHa
Taberna, yka3Bala U3XoHaTa araparypa Ha jlazepa, HO HsMa
Tabena Ha BXoJa Ha oMenieHneTo. [lepconansT e cHabeH ¢
JITIC ¢ HesicHM XapaKTEepPHUCTHUKH, MOpaIH JTUICBAIATa Map-
KHPOBKA.

Oobyuenue

Omneparopute HSAMAT CEPTHU(PHUKATH, MOKA3BAIIH CIICIHA-
TU3ApaHO OOyYeHHE IO JTa3epHa Oe30TacHOCT Ha eTama Ha
OLICHKA Ha CIeHU(pHUYHHUTE YCIOBUS Ha TpyH. JJoCTaBUMKBT
Ha JIa3ePHOTO 000pYyIBaHE 38 KOSMETHYHH IPOLETYPH TBBP-
II1, 9€ TIPEIOoCTaBsa cepTuUInpaHo ooydeHne, Ho TO ce OT-
Hacs caMo JI0 M3BBpIIBaHATA IIPOLENypa.

B pesynrar Ha ycraHOBeHUTE (haKTH ca HalpaBEHH MPENIOpPb-
KM K'bM paboTonaTels, 3a ja ce rapaHTUpa 0e30M1acHOCTTA 10
BpeMe Ha paboTa C MOCOYCHUTE JIA3EPHHU CHCTEMH.

Assessment of the specific conditions of working
environment:

During the site inspection, it was found that the laser
system is located in a separate room and there are no
other workplaces not related to the laser radiation.
There are reflective surfaces in the room linked with the
esthetic design of the beauty salon.

The laser is used for hair removal and the path of laser
radiation cannot be defined - the position of the laser
emitting surface depends on the procedure. It means
possibility for occasionally exposure of people that are in
controlled area. Sound and/or light signaling is missing
during system emission. There is warning label on the
system indicating the place of laser emission, but there
is no label at the entrance to the room. Personnel is
equipped with PPE with unclear characteristics due to
the missing marking.

Training

Operators don’t have certificates indicating specialized
training in laser safety at the stage of assessment of the
specific working conditions. The cosmetic procedures
provider claimed the existing of certified training but it
is only in the field of procedure performed.

As a result, recommendations to the employer are made
in order to ensure safety during operation of the specified
laser system.

@ue. 2. Cnyyal 2. JlasepHa cucmema Slim City 191 ¢
MpusioXeHuUe 8 KoaMemukama (nasepHa enunayusi)

M CneupanHo u3nanve M Tom 17 M Ku. 3 I M BEBITAPCKO CMUCAHWE 3A OBLLECTBEHO 3[IPABE M 2025 M BULGARIAN JOURNAL OF PUBLIC HEALTH M i M Vol.17 M No 3 M Supplement M

Fig. 2. Case 2: Laser system Slim City 191 for cosmetics
(hair removal)
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Cnydalii 3. JlazepHa cucmema 3a MapKupaHe
Ha onakoeku 3a 6pawHo Focus S25, VideoJet
Technologies

I(ﬂacmﬁuxauuﬂ Ha j1a3epa no cmenen Ha puck

Cucremara cpabpxka CO, nasep Cbe CIEIHUTE XapaKTEPUC-
TUKHU:

*  IbJDKMHA Ha BbJHata: 10.6 um;

*  MOIIHOCT Ha JJA3ePHOTO JbueHHe: < 25 W;

*  IHMaMeThp Ha Jbua: 3.5 mm npeau Gokycupase;
*  HEMPEeKBHCHATO M UMITYJICHO U3IIHUBAHE;

*  NPOABIDKUTENHOCT Ha uMmmyinca: oT 10-3 no 10-15 s; gec-
TOTa Ha MOBTOPEHHE HA MMITYJICUTE: |/MUH - MUJIHOHH/
CeK.

Bb3 ocHOBa Ha mpeAoCcTaBeHUTE OT MPOU3BOIUTEIISI TEXHU-
YECKHU XapaKTEPUCTUKY Jla3epHaTa CUCTeMa ¢ Kiiacuuiupa-
Ha B KJAac 4 10 cTeneH Ha PUCK.

CHHUMKY Ha Jla3epHaTa CUCTEMa M IIOMEIICHUETO, B KOSTO €
MOHTHpAHa, ca IpeaCTaBeH! Ha GUTYpH 3 1 4.

Ouyenka Ha cneyuguunume yciosus Ha pabomuama cpeoa

[To BpeMe Ha oryieza Ha OOCKTa € YCTAHOBEHO, Y€ Ja3epHarTa
CHCTEMa € pa3IoJIOKeHa B OTJCITHO IOMEIICHUE/KOHTPOIH-
paHa 30Ha 0e3 JIOMBIHUTEIHU paOOTHHA MECTa 110 IIOTOYHATA
JUHUS, KOUTO HE Ca CBBP3aHU C JTa3epHOTO JIbueHue. [loTou-
HaTa JIMHUS € eKpaHUpaHa OT IOAXOSII 3allUTCH MaTepH-
aJ, 3a J1a ce MPeJOTBPATH SKCIIO3UIUATA C Ta3ePHO JIbUYCHUE.
ChLUECTBYBAIIUTE B EKpaHUPOBKATa OTBOPH 3a IPEMHUHABa-
HE Ha [MOTOYHATA JIMHUS HE ca I10 MMOCOKA Ha JIA3CPHHUS JThY.
JIocTHIBT 10 MOMEMICHHETO € OrpPaHWYeH 4upe3 OJIOKHPOB-
Ka Ha Bparara 10 Bpeme Ha padora. JlazepHaTa crucrema ce
BKJIFOUBA THCTAHIIMOHHO 4YpEe3 CEepHUs OT OMNEPAIHH, KOETO
HE TI03BOJISIBA TIPECTOM B KOHTPOJIUPAHATA 30HA IO BpeMe Ha
Jla3epHO u3abuBaHe. OcurypeHa € CBeTJIMHHA CUTHAIM3alus
o BpeMe Ha pabora Ha naszepa. Ha a3epHara riiaBa, Ha BXO-
Jla HA TTOMEIICHUETO U Ha EKPAHUPOBKATA MMa CTUKETH, Ch-
OTBETCTBAIM Ha Jla3epHa cucTema kiac 4. B momenieHneTo
MMa OTpa3sBally MOBHPXHOCTH Ha BH3IYXOBOIWUTE HA BECH-
THUJIALMOHHATA CUCTEMa, HO T€ HEe MOraT Ja Ch3/aJaT J0Ibi-
HUTEJICH PUCK OT 00J'bUBaHE, THil KATO B 30HATA HAMA XOpa,
KOTaTo Ja3epbT H3Ib4YBa. [IOMEIICHHETO € T0XKapOyCTOH-
YHBO, KOETO ChOTBETCTBA Ha JlazepHa cuctema kiac 4. JIIC
— 3al[UTHU OYMJIA C ONTHUYHA ILTBTHOCT, ChOTBETCTBAILA HA
XapaKTePUCTUKUTE Ha Jla3epa.

Oobyuenue
OOyucHHe ce OCUTYpsiBa Ha eTala Ha MOHTaXX Ha CUCTEMAaTa.

B To3u cmydaii paboTomarensT U eKCHepTUTE, MOHTHPALIH
cucTeMara, ca OCUTYPHJIN CIIa3BaHETO HA M3UCKBaHMATA Ha
3aKOHOJIATEJICTBOTO M TOBA € NMPHUMEp 3a JI00pH MPAKTHUKHU B
Ta3u obsact. Hamust onut nokassa, 4e NogoOHHU caydau Ha
no0pa MpakTHKa ca MO-PEKH U TOBA € CBBP3aHO C JINIICA Ha
KOMIIETEHTHOCT B 00JIACTTa Ha JIa3epHaTa 3aliuTa 1 KOHTPOJ
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Case 3. Laser system for marking of flour
paper packages Focus S25, VideoJet
Technologies

Laser safety classification

The system contains CO, laser with the following
characteristics:

*  wavelength: 10.6 pm;

*  power of laser radiation: < 25 W,

*  Beam diameter: 3.5 mm before focusing;
* CW and pulsed emission;

e pulse duration: 10-3 to 10-15 s; pulse repetition rate:
1/min- millions/sec.

On the basis of technical characteristics provided by
manufacturer laser system is classified as class 4 by the
degree of risk.

Photos of the laser system and the premise with laser
system are presented on figures 3 and 4.

Assessment of the specific conditions of working
environment:

During the site inspection, it was found that the laser
system is located in a separate premise/controlled area
without additional working places along the assembling/
flow line that are not related to the laser radiation.
Assembling/flow line is shielded by polycarbonate
walls to prevent exposure to laser radiation. There are
two holes in the shielding for the passage of the flow
line, but they are not in the direction of the laser beam.
Access to the premise is restricted by interlock on the
door during operation. The laser system is switched on
remotely through a series of operations, which does not
allow stay in the controlled area during laser emission.
Light signaling during laser operation is provided. On
the laser head, on the entrance of the premise, and on the
shielding there are labels corresponding to class 4 laser
system. There are reflective surfaces in the premise on
the air ducts of the ventilation system, but they cannot
create an additional risk of exposure, as no people are
present there when the laser is emitting. The premise is
fire proof which corresponds to class 4 laser system. PPE
— safety googles with optical density corresponding to
the laser characteristics.

Training
Training is provided at the stage of system mounting.

In this case the employer and the experts mounting the
system have ensured keeping the requirements of the
legislation and it is an example for good practices in
this field. Our experience shows that such cases of good
practice are rarer and it is related to a lack of competences
and control.
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@ue. 3. Crniyyali 3. JlasepHa cucmema 3a MapKupaHe Ha
nakemu c¢ bpawHo Focus S25, VideoJet Technologies

Fig. 3. Case 3: Laser system for marking of flour paper
packages Focus S25, VideoJet Technologies

Que. 4. Cniyyal 3. lNomeweHue ¢ nazepHama cucmema

Cnydau 1 1 2 ca TUIMYHM NPUMEPHU 32 Ja3epU B MPOU3BOJ-
CTBOTO M KO3METHKaTa, KbAETO HE € OCUTyPEHa J0CTaThuHA
3anuTa 3a paboTenuTe U KIIMeHTHTe. ToBa OT CBOS CTpaHa €
MPEIOCTaBKa 32 HeOIArONpUATHHU ITOCIESIUIH 33 3]]PaBETO
Ha IepcoHala, paboTel] C JIA3ePHUTE CUCTEMH M KIHMEHTUTE
B KO3METHUKATA.

3AKNKOYEHUE

OcHOBHUTE MPOOJIEMH, YCTAHOBEHH I10 BpEMe Ha OIIEHKaTa, ca
CBBP3aHU C JIMICATa Ha bJIHA WH(OpPMAIUS OT MPOU3BOJIU-
TeJisi OTHOCHO XapaKTEePUCTUKUTE Ha JIA3ePHOTO 000py/IBaHe,
OIIeHKa Ha CHeNU(UIHATE YCIOBHS HA paboTHATa cpesa, Kak-
TO W JIUTICA Ha CIIeIMaIu3upaHo oOydeHne B 00iacTTa Ha Jia-
3epHaTa 0e30macHOCT. B pe3ysirar Ha TOBa 3aIIMTHUTE MEPKH,
aKO CBHIIECTBYBaT, HE CHOTBETCTBAT Ha KiacH(UKaIMITa HA
Jla3epyTe Mo CTETICH Ha PHUCK M YCIIOBHsITA Ha pabOTHATA Cpea.
Kato 1510, npunHUTE 32 yCTAHOBEHUTE IPOOJIEMHU Ca CBBP-
3aHU ¢ MpeHeOpersaHe Ha 3paBHUTE PUCKOBE, TPOM3THYAIIH
OT eKCHO3UIMSTA C JIA3ePHO JIBUCHNUE, JIUTICA HA KOMITCTECHT-
HOCT TI0 J1a3epHa 0e30MacHOCT Ha CIIyXOHTe M0 TPY/I0Ba Me-
JIUIMHA U KOHTPOJIIHUTE OPraHu.

HabnromaBanuTe mpobieMn ca OT pelraBamio 3HAYCHHE 3a
OO0ILIECTBEHOTO 3/[paBe, Thil KAaTo JIa3epuTe Ca HM3TOYHHIIH,
M3IO0JI3BaHU B MOYTH BCsKa cdepa Ha )KUBOTA U OMXa MOTJIH
Jla TIPEJICTaBIsIBAT CEPUO3HU 3[[paBHH puckoBe. HeoOxomumo
€ CrelralHO BHUMaHUe OT CTpaHa Ha MPaBUTEJICTBOTO, KOH-
TPOJIHUTE OpraHu, CIY)KOUTE M0 TPYAO0Ba METUIIMHA U EKC-
MEepTUTE B Ta3u 00JACT, 33 J]a Ce TapaHTHpa CIa3BaHETO Ha
CBIIECTBYBAIIOTO 3aKOHO/IATEJICTBO.
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Fig. 4. Case 3: The Premise with laser system

Cases 1 and 2 are typical examples of lasers in
manufacturing and cosmetics where sufficient protection
for workers and clients is not provided. This, in turn, is
a prerequisite for adverse health effects in the groups of
laser operators and the personnel and clients in cosmetics.

CONCLUSION

The main problems established during the assessment
are related with the lack of complete information
concerning the characteristics of the laser equipment by
the manufacturer, assessment of the specific conditions
of working environment, also a lack of specialized
training in the field of laser safety. As a consequence,
protective measures if exist, do not correspond to laser
classification according to the degree of optical radiation
hazard and working environment conditions.

In general, the reasons for established problems are
connected to neglecting health risks arising from laser
radiation exposure, lack of competence of occupational
health services and control bodies in the field of laser
safety.

The observed problems are crucial for public health
because lasers are sources used in almost every scope of
life and could pose serious health risks. There is a need
of special attention from the government, control bodies,
occupational health services and experts in this field to
ensure compliance with the existing legislation.
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OLIEHKA HA
ENNEKTPOMATHUTHATA
EKCNO3nuunsd ot
TENEKOMYHUKALUUOHHU
OBEKTU B HACEJIEHU MECTA,
C AHAJIU3 HA CTPAXOBETE
CPEO HACENEHUETO

BuxTopus 3apsioosa', [{Beresnna lllanamanosa’,
Mumen Uspaen'?, Muxaesia UBanosa'

'Hayuonanen yenmuvp no obuecmeero 30pasge u anaiusu
Meouyuncku ynuseepcumem, Iliesen

PE3IOME

Buweeoenue: Ilpoyusane na Esponetickama xomucus (EK),
npo6edeHo Ha MepUmopuUsma Ha CMpAanume 4YieHKU npes
2009-2010 2., noxassa, ue @ nogeyemo CLy4au npuUYUHUme 3a
cmpaxogeme cped HAceleHUemo ca IUNCama Ha adeKeamHta
uHpopmayus, npomueopeyUsma 8 HayuHama aumepamypd,
KAKMO U CobMHEHUemo, ue npasumencmeama na Obpiucagume
He ca npeonpuenu a0eKeamHty MepKu 3a 3awuma Ha Hacee-
HUEmo no OmHoweHue Ha HOBUME MEXHON02UU.

Len: /la ce Ookadice, ye eneKmpOMASHUMHAMA eKCRO3UYUSL
8vpxy Hacenenuemo om bazosu cmanyuu (BC) 3a mobunua
KOMYHUKAYUsL € 8 2PAHUYUME HA MAKCUMATHO OONYCMUMUME
CMOUHOCMU Cb2LACHO HAYUOHATHOMO 3AKOHOOAMENCME0, d
cmpaxogeme HA HACEeHUemo ce ObINCAM 6 20ILMA CIMeNnet
Ha HedOCMAamvyHa UHGOpMayus.

Mamepuan u memoou: C memooume Ha CPAGHUMETHUS
aHanu3 ca anaIU3UPanU OAHHY OM USMEPBAHUS HA e1eKMpPO-
maenumnomo none (EMII), usnvueno om bC 3a mobuina xo-
MYHUKayus, cvoOpanu no cvemecmen npoekm na Hayuonai-
HUsL yenmuvp no oobuecmeeno 3opaese u anaruzu (HIJO3A) u
Meouyunckus ynueepcumem-Ilnesen npes 2014-2015 2. u om
uzmepeanus, uzgvputenu om P3U u HIJO3A 6 nepuooa 2018-
2021 e. Jlannume om usmepsanus ca paseniedanu 8 ceemiu-
Hama Ha pesyimamume OmM AHKEMHOMO NPOYUEAHE NO Cb-
Wusi nPOeKm, KAKMo U Om Hcaiou om epaxcoanul, NOIy4eHu 6
HIJO34 6 cvwus nepuoo.

Pesynmamu u Ouckycusa: Mzmepsanusama nokaszeam, ue
cmotinocmume wa EMII nagcaxkvoe 6 cmpanama ca 6 epa-
HUYume Ha MAKCUMAIHO OONyCmumume, ¢ eOUHUYHY USKTIO-
YeHuss, m.e. me OM208APAM HA USUCKEAHUAMA HA HAYUOHA-
Homo 3akonooamencmeo. bposm na scanbume, cevpzanu ¢
8b3MOJICHA HaOHOpMeHa excnosuyus Ha EMII, uma ounamu-
Ka 8 nepuooa Ha npoy4eanemo, Kamo Hamaiasa OpacmuyHo 6
nepuoda caeo 2012-2014 e. Ananuzom Ha xcanrbume noxasea,
ye nogeuemo cmpaxoee cped HAceleHUuemo He cd C8bpP3aHU
CbC 30paABOCIOBHU NPOOIEMU, d BEPOAMHO Ce OCHOBABAN 8bD-
Xy Opyeu npobiemu — HedoCmamvura UHGOPMayus 3a pea-
nama excnozuyus na EMII unu ukonomuuecku unmepecu u
NOAUMUYECKU BAUAHUSL.

EXPOSURE
ASSESSMENT OF
ELECTROMAGNETIC FIELD
FROM TELECOMMUNICATIONS
SOURCES IN POPULATED
AREAS IN CORRELATION
WITH PUBLIC CONCERN

Victoria Zaryabova', Tsvetelina Shalamanova',
Mishel Israel"2, Mihaela Ivanova!

'National Center of Public Health and Analyses
’Medical University, Pleven

ABSTRACT

Introduction: A study by the European Commission
(EC), conducted in the territory of the member states
in 2009-2010, shows that in most cases the reasons for
fears among the population are the lack of adequate
information, contradictions in the scientific literature,
as well as the suspicion that governments have not taken
adequate measures to protect the population with regard
to new technologies.

Aim: This study aims to prove that the electromagnetic
exposure of the population from base stations (BS)
for mobile communication is within the maximum
permissible values according to national legislation, and
the fears of the population are largely due to insufficient
information.

Material and methods: The methods of comparative
analysis are used to analyze data from measurements
of the electromagnetic field (EMF) emitted by mobile
communication base stations, collected under a joint
project of the National Center for Public Health and
Analysis (NCPA) and the Medical University-Pleven in
2014-2015 and from measurements carried out by the
RHI and NCPHA in the period 2018-2021.

Results and Discussion: Measurements show that the
EMF values everywhere in the country are within the
maximum permissible limits, with isolated exceptions,
i.e. they meet the requirements of national legislation.
The number of complaints related to possible excessive
EMF exposure has been dynamic over the study period,
decreasing dramatically in the period after 2012-2014.
The analysis of complaints shows that most fears among
the population are not related to health problems, but
are probably based on other problems - insufficient
information about real EMF exposure or economic
interests and political influences.
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3aknrouenue: Hanpasenusim ananuz Ha pesyimamume
om usmepsanusma na EMII ¢ nepuooa 2014 — 2020 . u
Ha ocanbume 6 nepuooa 2012 2. 00 Hacmoswus MoMeHm
nOmMeE®PIACOAsA XUNomesamad, e cmpaxogeme cpeo Hacee-
HUEMO, C8bP3AHU C 8bBENCOAHEMO HA HOBU MEXHON02UU C U3-
nvusane na EMII ne ca npsko cévpzanu ¢ Hebrazonpusimuu
nocieduyu 3a 30pasemo.

KuarouoBu 1yMu: enekTpoMarHuTHH Mojera, 0a30BH
CTaHIIMH, MOOMJIHA KOMYHHUKAIIHS, OIIeHKa Ha PUCKa,
KOMYHHKAIHs Ha pUCKa

BbBEAEHUE

3akiroueHusATa OT NMpoyuyBaHe Ha EBponelickata KomucHs,
npoBeneHo Ha Teputopusita Ha EC npe3 2009-2010 r.(1), mo-
Ka3BaT, 4e B IIOBEYETO Cllydal MPUUYUHUTE 32 CTPAXOBETE
CpeJll HaCEJICHUETO MO0 OTHOLICHHE Ha eJIeKTPOMarHUTHATa
SKCIIO3MIIMS ca JIMIcaTa Ha aJeKBaTHa MH(opMmaunus, 1po-
THBOpEYHSATA B HAay4HATa JINTEPATypa, KAKTO U ChbMHECHUE,
Ye MpPaBUTEIICTBATa HE NpPEANpUEMaT aJeKBaTHU MEPKHU 3a
3all[MTa HA HACEJIEHUETO IO OTHOUICHHE HAa HOBUTE TEXHO-
soruu. IIpe3 2012 r. C30 nHanpaBu aHanu3 HA MOJUTHUKATA
OTHOCHO PHCKa OT M3JIaraHe Ha €JIEKTPOMArHUTHHU II0JieTa
Ha pabOTHHIMTE W HacejeHueTo. Pesynrarure mnokasBar,
4ye M0BEYETO CTpaHH MIpUIIAaraT CXOAHM IOAXOAM 3a Orpa-
HUYaBaHE Ha eKcro3uuusTa u pucka or EMII, usimbueHo ot
0a30BM CTaHIMM 3a MOOWJIHM KOMYHHMKAallMM W HSAMa JOKa-
3aHM HeOJAaroNpHsTHH MOCIEAMIHN 33 3/[PaBeTO Ha Hacelie-
Hueto. ToBa ce MOTBBPXkKAABa M OT JoKiaguTe Ha Scientific
Committee of Emerging and Newly Identified Health Risks
(SCENIHR) xsMm EC ot 2009, 2012 u 2014 1. (2,3,4). Te3u
pe3yJiTaTu ca NOTBbpAEHU U B brarapus npes 2014-2015 1.

LEN

)_'[a CC MPOBCPU NaJIN CICKTPOMAIrHUTHOTO 06J'I’I)‘1BaH€, npu-
YUHEHO OT 0a30BH CTAaHIIMHU 34 MOOHUIIHA KOMYHUKalugd, ¢ B
rpaHUIIUTEC HAa MAKCHUMAJIHO AOIMMYCTUMHTC CTOMHOCTHU Cb-
rN1aCHO HAIUMOHAJIHOTO 3aKOHOAATCJIICTBO, a CTPAXOBETC HaA
HaCCJIICHUCTO CC ABbJIXKAT HA HEAOCTAaTh4YHA I/IHq)OpMaIII/Iﬂ nin
Ha IpyTU UHTCPECHU U IO-MAJIKO Ha HeGJ’IaFOHpI/IHTHI/I II0CJIC-
JAUIU 3a 31PaBETO.

MATEPUANN U METOAU

JlaHHUTE OT M3MEpBaHMITAa Ha E€JIEeKTpOMarHuTHaTa eKc-
MO3ULIMS, TOJYUYEHH B PAMKHUTE HA LUTHUPAHUS MPOEKT, ca
aHAJIM3UPAHU 4pe3 MpHujaraHe Ha CTaTUCTUYECKH METOJM.
TbpceHa e Bpb3Ka MEXAY PE3yJITaTUTE OT MU3MEPBAHUsS Ha
EMII B ,uyBcTBUTENHU  30HU B niepuoaa 2014-2015 r., kora-
TO € IPOBEJICHO U aHKETHOTO Mpoy4yBaHe Ha EBpoOGapoMeTsp
73.3 (1), kKaTo CHIIUTE Ca CPAaBHEHU C AAHHU OT U3MEPBAHUS
B niepuozaa 2018-2021 r., koraTo 3ano4Ba HaBJIMW3aHETO HA HOB
TexHojorunueH ctaaapT (5G). AHKETHOTO MPOYYBAHETO €
MPOBEICHO CpeJl MJIaJIe’Ku OT 12-u Kiac B yYUIIUIIA U CPEJL
CTYJICHTH MBPBH Kypc B yHUBepcuteTH. OOmusaT Opoi Ha
anketupanute e 277 nuua. Ot Tax 84% ca Ha BB3pacT 17-25
rogunu, a 16% - max 26 ronunu, kato 37% ca mbxke, a 63%
- )KCHHU.

Conclusion: The analysis of the results of EMF
measurements in the period 2014 - 2020 and of
complaints in the period 2012 to the present confirms
the hypothesis that fears among the population related
to the introduction of new technologies with EMF
radiation are not directly related to adverse health

effects.

Key words: electromagnetic fields, base stations,
mobile communication, risk assessment, risk
communication

INTRODUCTION

The conclusions of a European Commission study
conducted across the EU in 2009-2010(1) show that that
in most cases the reasons for fears among the population
regarding electromagnetic exposure are the lack of
adequate information, contradictions in the scientific
literature, as well as doubts that governments are not
taking adequate measures to protect the population
regarding new technologies. In 2012, the WHO
conducted a policy analysis on the risk of exposure to
electromagnetic fields for workers and the general
public. The results show that most countries apply
similar approaches to limiting exposure and risk from
EMF emitted by mobile communications base stations
and there are no proven adverse effects on the health of
the population. The same thesis is shared by the reports
of the Scientific Committee of Emerging and Newly
Identified Health Risks (SCENIHR) to the EU from 2012.

AIM

To verify whether the electromagnetic radiation caused
by mobile communication base stations is within the
maximum permissible values according to national
legislation, and whether the fears of the population are
due to insufficient information or other interests and less
to adverse health effects.

MATERIAL AND METHODS

The data from the measurements of electromagnetic
exposure, obtained within the framework of the cited
project, were analyzed by applying statistical methods.
A connection was sought between the results of
EMF measurements in ,,sensitive” areas in the period
2014-2015, when the Eurobarometer 73.3 survey was
conducted (1), and the same are compared with data
from measurements in the period 2018-2021, when the
introduction of a new technological standard (5G) began.
The survey was conducted among 12th graders in schools
and first-year students in universities. The total number
of respondents was 277. Of these, 84% were aged 17-25,
and 16% were over 26, with 37% being men and 63%
being women.
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PE3YINTATU

B namrata crpana e B cuna Hapen6a Ne 9, ot 1991 . (B, 6p.
35/1991 r.; m3menenune u gombianenue, B, Op. 8/2002 r.) na
MuHUCTEpCTBOTO Ha 3[paBeolia3BaHeTO U MHUHHUCTEPCTBO-
TO Ha OKOJIHAaTa cperda (5), BbBEXKAAIa MPEASTHO JOMYCTH-
My HUBA 3a EMII n u3uckBaHus 3a KOHTPOJI Ha TEIEKOMY-
HUKAIIUOHHU HU3TOYHMUIIU. MaKCI/IMaHHO ZlOHyCTI/IMOTO HUBO,
periIaMeHTUPAaHO B Ta3u Hapenda, 3a 0OJbYBAHE HA Hacelie-
aueto ¢ EMII 3a yectoren auana3zon 300 MHz — 30 GHz, ¢
10 pW/cm?, K0eTO ChOTBETCTBA HA MHTEH3UTET HA €JIEKTPHYE-
ckoTo moiie 6,14 V/m 3a o0iapuBaHe B JaJieduHa 30Ha OT U3JIbU-
BaTens. BcHuky mpencTaBeHn TYK pe3yiaTaTH OT H3MEpPBaHU-
sTa ca CPaBHEHU C Ta3W MAKCHMAITHO JIOITYCTUMAa CTOWHOCT.

HampaBeHnu ca 4ecTOTHO HECENEeKTUBHU M3MEPBAHUs Ha WH-
TEH3WTETa Ha EJEKTPUUECKOTO MOJe M Ha IUIBTHOCTTA Ha
MOIIHOCT B IIUTHPAHUS 4eCTOTEH 00XBaT. KOHTPOIBT Ha TO3H
TUI U3JIBUBATENIM B HAlllaTa CTpaHa CE€ U3BBPIIBA CBHITIACHO
M3UCKBAaHMTA KAKTO Ha 3aKOHA 3a YCTPOMCTBO HA TEPUTO-
pusita (6), Taka u Ha 3akoHa 3a 3apaBeTo (7). To3u KOHTpOIT
C€ OCBIIECTBSIBA OT OPraHUTE Ha AbPKABHUS 3paBeH KOH-
Tpoi, kakto u ot JJHCK. B npoueca Ha BbBeXJaHE HA W3-
JTBYBAIIATE OOCKTH B HaceleHHTe Mecta yyactBa 1 HIIO3A
gpe3 eKCIepTHA OIICHKA Ha XUTHEHHO-3aIIUTHATA 30Ha OKOJIO
CTAI[MOHAPHUTE U3TOYHUIM, HA OCHOBATa HA JOKYMCHTAIIHS,
MpEeI0CTaBeHA OT COOCTBEHUITUTE HA OOCKTHUTE.

W3mepBanusTa, usBbpiueHu ot ekuna Ha HIIO3A B nepuona
2018-2021 r., moka3Bar, 4e croiiHoctuTe Ha EMII HaBcsakbe
B CTpaHarTa ca B TPAaHUIUTE HA MAKCUMAITHO JOMYCTUMUTE, C
CMHUYHU H3KJIIOYCHUS, T.C. TC OTIOBapsIT HA U3UCKBAHUATA
Ha HAI[MOHATHOTO 3aKoHomatencTBo (dur. 1). B cpaBHeHME ©
neiicrBamara [Ipemoprka 1999/519/EO Ha CrBeta Ha EC (8),
MaKCHMAaJTHO JIOIyCTHMAaTa CTOWHOCT, CHIJIACHO HAIlHMOHAI-
HOTO 3aKOHOJATEJICTBO, € MHOI'O TMO-HHMCKA, KaTO 3a YeCTOTH-
Te, M3MO0I3BaHU B MOOIUTHAaTa KOMyHUKanus, T4 € oT 40 1o 100
ITBTHU T10-3aIUTaBaIla YOBCKA.

A, il

— —

RESULTS

In our country, Ordinance No. 9 of 1991 (SG, issue 35/1991;
amendment and supplement, SG, issue 8/2002) of the
Ministry of Health and the Ministry of Environment (5)
is in force, introducing maximum permissible levels for
EMF and requirements for control of telecommunication
sources. The maximum permissible level regulated in this
regulation for the exposure of the population to EMF for
the frequency range 300 MHz — 30 GHz is 10 uW/cm2,
which corresponds to an electric field intensity of 6.14
V/m for exposure in a remote area from the emitter. All
measurement results presented here are compared with
this maximum permissible value.
Frequency-nonselective measurements of the electric
field intensity and power density in the cited frequency
range were made. The control of this type of emitters
in our country is carried out in accordance with the
requirements of both the Spatial Planning Act (6) and
the Health Act (7). This control is carried out by the state
health control authorities, as well as by the Governmental
Commission for Construction Control. The National
Center of Public Health and Analyses (NCPHA) also
participates in the process of introducing emitting sites
in populated areas through an expert assessment of the
hygienic protection zone around the stationary sources,
based on documentation provided by the owners of the
sites.

The measurements carried out by the NCPHA team in the
period 2018-2021 show that the EMF values everywhere
in the country are within the maximum permissible limits,
with isolated exceptions, i.e. they meet the requirements
of national legislation (Fig. 1). Compared to the current
Recommendation 1999/519/EC of the Council of the
EU (8), the maximum permissible value, according to
national legislation, is much lower, and for the frequencies
used in mobile communication it is 40 to 100 times more
protective of humans.

Paayntami ot wamepaznKaA wa EMIMN, waespwans o nepuoga 2018-2021 r.
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@uaypa 1. CmolHocmu Ha nTbmHocmma Ha MOWjHocm,
u3mepeHu Ha mepumopusima Ha 28-me obnacmu Ha
bwneapusi
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Measurements of EMF in the period 2018-2021 year
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Fig 1. Median, average and maximal values of power
density measured in areas on the territory of 28
regions of Bulgaria

These data are also confirmed by the annual EMF
monitoring performed by the regional health inspections
in the country (Fig.2 and Fig.3).

M Pleven [l Haskovo W Dimitrovgrad | | Smolyan

Fig. 2. Quartile diagram of EMF values measured
within the project 2014-2015

ettt T L.

[umuTpoBrpag,
Dimitrovgrad

CmonsH
Smolyan

2018-2021 === =Mpeaento-aonycTma cTofiHOCT, V/m == == National limit, 6.14 V/m

Fig. 3. Average values of electric field strength for the
periods 2014-2015 and 2018-2021
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AHanu3eT Ha )KaJ'I6I/ITe IIOKa3Ba M3BCCTHA NWHAMHUKaA B IIC-
puona na npoyusaneto. [{o 2012 r. B HIIO3A ca peructpu-
paHu MHOXKECTBO kKajiou oT HacesieHueto (74 o6post 3a 2009
I.), KaTo B IIepHo/ia Ha ITPOYUYBaHETO TO3U Opoii HaMaJs (10 8
Opost 32 2021 r.), a B HACTOSIILIMSI MOMEHT TOM € He3HAUNTEIICH
(camo 4 6posi 3a 2024 1.). (dur. 4).
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@uaypa 4. bpoli Ha xanbume o 200uHuU, pedyyupaHu ¢
rnosmapswume ce

IIpe3 2019-2020 r., ¢ BBBEKAAHETO HAa HOBaTa 5G TeXHO-
Jorusi, ce HaOJII0aBa M3BECTHO yBEIWYaBaHE Ha Opost Ha
kanoute. HIUBUAYATHOTO NMPOyYBAaHE HA BCSKAa €AHA OT
TIOIaJICHNUTE KaJiOM TOKa3Ba, Y€ JacT OT jkKaJOuTe ca opra-
HU3HUPAHU OT TPyl aKTUBUCTH. BbIpekn ue Te3u rpynu ca
MaJIKo Ha Opoif, Te ca MHOTO ,,ATyMHHU M H3IIOJ3BAT Cpell-
cTBaTa 3a JIe3uH(POpMAIHs, KaTo IO TO3HW HAYMH MAaHUITYJIU-
paT cTpaxoBeTe Cpejl HacesleHueTo. B neproja Ha nmanaemu-
ata or COVID-19 te3u rpynu ce mpeHacounxa KbM APYT BUJ
nesnH(popMaIus U GaiinBi HOBUHU.

[To-nony ca mpeacTaBeHN HAKOM PE3YNTAaTH OT aHKETHOTO

npoy4BaHe, H3BbpIIeHO B iepuona 2014 — 2015 r., Ha ocHoO-
BaTa Ha KOMTO MOXKE J1a C€ OLECHU BB3NPHIATHETO Ha PUCKA

(¢ur. 5).

The analysis of complaints shows some dynamics during
the study period. Until 2012, numerous complaints from
the population (74 during 2009) were registered at the
NCPHA, while during the study period this number
decreased (8 during 2021), and currently it is insignificant
(4 during 2024). (Fig. 4).

Fig. 4. Number of complaints by year, reduced by
recurring ones

In 2019-2020, with the introduction of the new 5G
technology, there has been a slight increase in the number
of complaints. Individual investigation of each of the
complaints submitted shows that some of the complaints
were organized by activist groups. Although these
groups are few in number, they are very ,,noisy* and use
disinformation tools, thereby manipulating fears among
the population. During the COVID-19 pandemic, these
groups have shifted to other types of disinformation and
fake news.

Below are some results from the survey conducted in the
period 2014 — 2015, based on which the perception of risk
can be assessed. (Fig. 5).

Mo Balue MHEHWE, KONKO CUNHK Ca ENEKTPOMArHUTHUTE NONETa, U3NBYBAHM OT BA30BU CTaHLUK?
In your apinion, how strong are the electromagnetic fields emitted by base stations?

Muoro
cunuu 50%

high intensity
50%

@ueypa 5. Omeosopu Ha 8bMpPoc om Yacm 3 Ha aHKemHoOmo
npoy4eaHe, nposedeHo y Hac 8 nepuoda 2014-2015
2. [10 OMHOWeHUe Ha 8b3MpusmuUemo Ha pucka om
HacerneHuemo
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Muoro
cnabu 30%

low intensity
30%

moderate intensity CpepHo
20% Bucoku 20%

Fig. 5. Question from part 3 from the survey performed
in the period 2014-2015 on the base of
Eurobarometer 73.3 concerning the risk
perception of general public
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Ha ®ur. 6 e noka3zaHo MHEHHETO Ha aHKETHUPAHUTE MO Bb-
mpoca OT 4acT 5 OT aHKeTaTa, mpoBeaeHa B nepuona 2014-
2015 r.: ,,MauTu 3a MOOMJIHA KOMYHHUKAIIUs Ha MMOKPHBA Ha
yuunuine. Koiko omacHa crmopeji Bac € Ta3ud CHTyalus 3a
nmenara B yumnunieto?”. Ha ¢urypara ce Bikaa, 4e u3Me-
PEHUTE CTOMHOCTH B palOHUTE HA YUMIIUIIATA HE TPCBHIIIA-
Bar 1% OT MakCHUMajIHO JIOMYCTUMHUTE CTOMHOCTU CHIIACHO
OBJITAPCKOTO 3aKOHOAATEICTBO. SICHO € ,,IPOTHBOPEUHUCTO™ C
BB3MPHUATHETO HA PUCKA, KOETO MOKa3Ba, ue 69% OT aHKeTH-
paHUTE JIMIA CYUTAT, Y€ MOHTHPAHCTO HA 0A30BH CTAHIIMH
BBPXY YUHJIHIIA € OMTACHO 32 3/[PaBETo.

Cnopea aHKeTUpaHuTe,
Pa3noNOKEHNTE Ha NOKPHBH
Ha yurnuwa 6asosm cTaHLMK
Ca onacHu

From the responders
considered that base
stations on the school
rooftop is dangerous

@ueypa 6. Omzosopu Ha 8bMPOC om Yacm 5 om aHKemHoOmo
rnpoy4eaHe, nposedeHo y Hac 8 nepuoda 2014-2015
2. [10 OMHOWEeHUe Ha 8b3MpusamuUemo Ha pucka om
HacerneHuemo

OBCBbXOAHE

KakTo e cnomenaTo mo-rope, OposT Ha >kajOUTe HamalsiBa
JnpacTu4Ho B nepuona cien 2012-2014 r. Ot apyra crpaHa,
pe3yaTaTuTe OT HUTHUPAHUTE TO-TOpe M3MEPBAaHMsSI ITOKa3-
BaT CTOMHOCTH B TPAaHHUIIMNTE HA MAaKCHMAJHO JAOIYCTHMHUTE,
CBIVIACHO HAIIMOHATHOTO 3aKOHOJATEJICTBO M MHOTO IOJ pe-
(hepeHTHUTE CTOHHOCTH, MPEIIIOKEHN OT MEXITYHAPOTHUTE
oprannzanuu katro EC, ICNIRP (International Committee
of Non-lonizing Radiation Protection) WHO (World
Health Organization), IEEE (Institute of electronic and
Electrotechnical Engineers). ToBa mogkpens Hamara XHIo-
Te3a, 4e IIOBEUeTO CTPaxoBe Cpe/] HACEICHUETO HE ca CBbp3a-
HU CbC 3/IpaBOCIOBHU ITPOOJIEMH, a BEPOITHO CE OCHOBABAT
BBPXY APYTH MPOOJIEMH — HeIoCTaThuHa HH(OpMaIHs 3a pe-
anuHara excrio3uius Ha EMIT niny MKOHOMHYECKH NWHTEpEecH
U TTOJTUTUYECKHU BIIHUSTHHSL.
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Fig. 6 shows the opinion of the respondents on the
question from part 5 of the survey, conducted in the
period 2014-2015: “Mobile communication masts on
the roof of a school. How dangerous do you think this
situation is for the children in the school?”. The figure
shows that the measured values in the areas of schools
do not exceed 1% of the maximum permissible values
according to Bulgarian legislation. The “contradiction”
with the perception of risk is clear, which shows that
69% of respondents believe that the installation of base
stations on schools is dangerous to health.

smepenoTo EMI okono
YUMNULLETa e no-manko ot 1%
OT MaKCUManHO-AONYCTHMHTE
CTOMHOCTH B CTpaHaTa
(6,14 V//m)

Measured EMF values
around schools are less than
1% of national limit (6.14 V/m)

Fig. 6. Question from part 5 from the survey performed
in the period 2014-2015 on the base of
Eurobarometer 73.3 concerning the risk
perception of general public

DISCUSSION:

As mentioned above, the number of complaints decreased
dramatically in the period after 2012-2014. On the other
hand, the results of the measurements cited above show
values within the limits of the maximum permissible
values, according to national legislation and well
below the reference values proposed by international
organizations, such as the EU, ICNIRP (International
Committee of Non-lonizing Radiation Protection),
WHO (World Health Organization), IEEE (Institute of
electronic and Electrotechnical Engineers). This supports
our hypothesis that most fears among the population are
not related to health problems, but are probably based on
other problems — insufficient information about real EMF
exposure or economic interests and political influences.
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3AKINIOYEHUE

HampaBeHusAT aHainu3 Ha pe3ylTaTUTE OT U3MEPBAHUATA HA
EMII B nepuona 2014 — 2020 1. u Ha xaJIOUTE B TIepHUOIa
2012 r. 10 HACTOSIIIIMS MOMEHT IMOTBBPKIaBa XUIIOTE3aTa, Ue
CTpaxoBeTe CPe/l HACEIEHNETO, CBBP3aHU C BBBEK/IAHETO HA
HOBHU TeXHOJIOTuH ¢ u3nbuBane Ha EMII, He ca npsiko cBbp3a-
HU ¢ HEOJIarONPHUATHHU TTOCIIECANIIN 3a 3/1paBeTo. ToBa He Ha-
MaJjisiBa HEOOXOAMMOCTTA OT IMPHUJIaTaHe Ha ITOCIEAOBATEIIHA
JIbpKaBHA TIOTUTHKA 32 3alIUTa Ha HACEIICHUETO OT O0IbYBa-
He ¢ EMII nmpu HOBM TE€XHOJIOTHH, KAaKTO U OT pa3paboTBaHe
U TIOITBpKaHe Ha Mporpama 3a KOMyHUKAIHs U YIIPaBICHUE
Ha PHCKa C [1eJ]1 HaMaJIsBaHE Ha CTPAXOBETE CPe HaceleHHUe-
TO M OCUTYpPsIBAaHE Ha BH3MOYKHOCT 32 B3€MaHE Ha a/IeKBATHH
pemenus. To3u pe3yaTaT ChOTBETCTBA HA ITOJWTHKATa Ha
C30 B o0iacTTa Ha KOMYHHUKAIXsI HA PHCKA MO OTHOUICHUE
Ha eIEKTPOMAarHWTHATa EKCIIO3UIUS BBPXY HaceneHueTo (9),
KaKTO W Ha Hamu npeauinrau u3caenpanus (10).

bnazooaprnocm

Asmopume uskazeam 01a200apHOCM HA CB0sIMA Kole2d 2.
excnepm uHoic. Xpucmuna I[lemkosa 3a okazanomo cvoeli-
cmeue npu npeoCmassiHemo Ha epaguunume u300pasceHusl
HA pe3yimamume 6 npoy4eanemo.
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CONCLUSION

The analysis of the results of EMF measurements in
the period 2014 - 2020 and of complaints in the period
2012 to the present confirms the hypothesis that fears
among the population related to the introduction of new
technologies emitting EMF are not directly related to
adverse health effects. This does not reduce the need
to implement a consistent state policy to protect the
population from EMF exposure in new technologies,
as well as to develop and maintain a communication
and risk management program to reduce fears among
the population and ensure the ability to make adequate
decisions. This result is consistent with the WHO policy
on risk communication regarding electromagnetic
exposure to the population (9), as well as our previous
studies (10).
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