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ATTPOBYBAHHA METOAY BUBHAYEHHS E®EKTUBHOI 1031
B AHI3OTPOITHUX I1OJIIX B YMOBAX ITIPO®ECIMTHOTO
OINPOMIHEHHS IHTEPBEHIIIMTHUX KAPI10JIOTIB

MeToto pob6oTu Gyna ekcnepuMeHTanbHa Nepesipka NPakTMYHOrO 3aCTOCYBaHHA po3pobneHoi ans ymos AEC meTogm-
KM OUiHKM iHAMBiAyanbHOi edeKTMBHOT A03M 3@ MOKa3aHHAMM YOTUPbOX [O3UMETPIB B YyMOBAaX HEOLHOPiAHOTO
30BHilUHbOTO FAaMMa-0ONpPOMiHEHHSA 3 BILOMUMMU KYTOBUMU XapaKTEPUCTUKAMM MO BUNPOMIHIOBAHHS.
Marepianu Ta meToamn pocCniAKeHb: NpoBefeHO ABi cepii eKcnepuMeHTanbHUX (DAHTOMHUX [OCHiIKEHb B YMOBAX
peHTreH-onepauinHoi Ha poboymnx Micuax nikapie iHTepBeHUiiHOT Kapaionorii nig yac npoBefeHHs onepauii.
Pe3ynbTaT Ta BUCHOBKU: NMOKa3aHo, WO [030Bi NOMsA B TiNi MEAUYHOrO MpauiBHUKA XapaKTEpU3YIOTbCA 3HAYHUMK
rpafieHTamy, MoKasaHHsA iHAWBIAYaNbHUX JO3UMETPIB, 3aNIEXHO Bif MiCLA PO3TAllyBAHHSA, MOXYTb Bifpi3HATUCS Bif
1,5 po 10 pasiB, 0TKe, BUKOPUCTAHHA OAHOMO JO3MMeTpa He A€ LOCTaTHbOI iHdopMauii ons [OCTOBIPHOT OLiHKM
edeKTUBHOT 103U. [JocnimKeHHs NiaTBEpAUIN MOXNUBICTb 3acTocyBaHHA MeToaukn AEC Ha poGoyomy micui iHTep-
BeHUiNHOro Kapaionora. MpoaeMoHCTPOBAaHO HEOOXiAHICTb KOHTPOIIO 403 Ha KPULWTANUK OKa.
KniouoBi cnoBa: edekTuBHa [03a, [03a Ha OpraHu, 4o3a ONPOMiHEHHS, GAHTOMHI BUMiploBaHHA, T/l go3umeTpis,
PEHTreHiBCbKe ONPOMiHIOBAHHS, IHTEPBEHLiHA pagionoris.
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Testing and validation of methods for dose measuring in anisotropic fields
under occupational exposure in interventional cardiology

Study objective. Experimental testing of the practical application of methodology developed for the individual

effective doses assay in an NPP staff by means of 4 dosimeters in case of non-uniform external y-exposure with

known angular characteristics of the radiation field.

Materials and methods. Two series of experimental phantom measurements were held at the workplaces of inter-

ventional cardiologists during a procedures in an X-ray operating room.

Results and conclusions. Dose fields in a body of healthcare professional are characterized by the high gradients

and readings of individual dosimeters depending on location can differ from 1.5 to 10 times. Thus a single dosime-

ter is not a source of sufficient information for accurate estimation of an effective dose. Studies have confirmed the

possibility of NPP technique application at the workplace of interventional cardiologist. The essential need for a

strict control of the eye lens doses is demonstrated.
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Bigomo, 1110 Ha CbOroHI HAMOINBIL 103U OMPOMIHEHHS
cepell YChOro MeAMYHOTO MepCoHany OTPUMYIOTh Ti, XTO
MpaIIoe B Tay3i iHTepBeHLitHOI pamioiorii [1—4]. s
3MEHILIEHHSI J030BOI0 HaBaHTaK€HHSI MEAUYHOIO MepCo-
HaJy BUKOPHMCTOBYIOTbCSI 3aXMCHi €KpaHM, LITOPKU, 11O
YaCTKOBO €KPaHYIOTh OIPOMIHEHHSI, a TAKOX PEHTICH-
3aXUCHI (papTyxu, KWIETH, KoMipu Ta okynsapu. Lle mae
3MOTI'Y Ha MOPSIAOK 3HU3UTHU e(PEKTUBHY 103y OITPOMiHEH-
Hs. BogHouac BizoMo, 1110 epeKTUBHA A03a F — 11e Be-
JINYMHA, SIKy He MOXHa BHUMIipOBaTH 0e3I10CepPeaHbO.
V npakTuii pagialiifHOTO 3aXUCTy NPUITHSATO KOPUCTYBA-
THUCS OLIiIHKaMU, 3p00JIEHMMM Ha OCHOBI BUMipIOBaHb TaK
3BaHUX OlepalifHuX abo poOOYMX BEIWYUH, IO
31iACHIOIOTHCS 32 JOMOMOIOIO CITeLialbHO KaTiOpOBaHUX
JIO3UMETPIiB, a caMe iHAMBinyaIbHUX €KBiBaJICHTIB JO3MU:
Hp(10) — nns epekTUBHOI 1031 Ha Bee Tijio Ta Hp(0.07) —
I 1031 Ha wikipy. ITpote, 3a 10MOMOrolo JIiMiie OgHOro
JIO3MMETpa HEMOXJIMBO OLIHWUTU 103y MPaliBHUKIB, 1110
BUKOPHMCTOBYIOTh 3aXMCHi (hpapTyxu, KOJM IIpallOl0Th B
IHTEHCUBHMX MOJISIX PEHTT€HIBCbKOTO BUITPOMiHIOBAHHSI.
OcTaHHiIM YacoM, y TaKMX BUIIaJKax peKOMeHA0BaHe O/l -
HOYaCHE 3aCTOCYBaHHS KiJIbKOX, TPUHANUMHI 1BOX, 1031~
MeTpiB [4—6]. Taki aaroputMu, 3a3Budaii, BAUKOPHUCTOBY-
FOTb IMOKA3aHHSI IBOX I03UMETPiB — OAHOTIO ITi 3aXUCHUM
(apTtyxoMm, iHIIOrO — Haa (hapTyXoM, SIKi y BUIJISII 3Ba-
JKEHOI CYMM AO03BOJISIIOTH OUIHUTU €(MEeKTUBHY 03y
npauiBHuKa. BogHouac, ciig BpaxoByBaTu, IO OIMN-
POMiHEHHS JliKapiB — iHTEpBEHLIMTHUX pagioyoriB BinOy-
BAETHCS Y CUJIBHO HEOIHOPIMHUX Ta aHi30TPOITHUX MOJISIX
BUNpomiHioBaHHs. Lls oGcTtaBuHA poOUTH BUOIp MicLis
HOCIHHSI O3UMeTpa JyxKe BianoBigaabHUM. Bubopy omn-
TUMAaJIbHOTO MiCIIsI HOCIHHS TO3UMETPa, SIKe pO3IJsiaano-
csl'y TEOPETUYHUI cIiociO (MoaetoBaHHS METOI0M MOH-
te-KapJjo), Oyjo npucBsiueHO podoTy [7], siKa rmokasana,
1110 HaBiTh IIPU PO3TAlLlyBaHHi JO3UMETPIB Ha 3aJaHOMY
piBHi (Tpyaeii 4u mosicy) mpaBo- a00 JIiIBOCTOPOHHE PO3-
TalllyBaHHSI JTO3MMETpa CHPAaBJsIE CYTTEBUIl BIIUB Ha
OLIiHKY e(eKTHBHOI n03u. BoaHouac, misi yMOB OIl-
pomineHHs TtepcoHany AEC y criIbHO aHi30TPOITHUX 1O~
JIsIX (POTOHHOTO BUIIPOMiHIOBaHHSI HAMU OYyB pO3po0iie-
HUIA aJITOPUTM, SIKMIT 6a3yEThCS HA AEIO iHIITAX ITPUHIIN -
nax [8]. B ocHOBY Bu3HaueHHS e(eKTUBHOI 403U B CUJIb-
HO aHi30TPOITHUX MOJISIX FaMMa-BUIIPOMiHIOBAHHSI MOK-
JIaZIGHO METOJ CyMiCHUX (OIHOYAaCHUX) BUMIipIOBaHb 3a
JIOTMTOMOT'O0 YOTUPHOX JO3UMETPIB, 110 PO3TALLIOBYIOThCS
Ha Topci MpaliBHUKa, MoNapHoO — crepeny Ta 33amy. Llei
METOA MHOXXWHHOI 103UMETPil OyB YCIILIHO NepeBipeHn it
Ha pobouunx micusgx AEC [9]. Metoro naHoi po6oTu 6yJ10
MEePEBIPUTU MOXKIUBICTb 3aCTOCYBAHHSI LILOTO aJITOPUTMY
Yy BUNAAKy CWJIBHO aHi30TPOIHOTO OIIPOMIiHIOBaHHS
JliKapiB iHTepBeHLiIiHOI pagionorii. Taky nepeBipKy MOXK-

It is known that interventional radiologists cur-
rently receive the largest radiation doses among all
healthcare staff [1—4]. Healthcare personnel use
protective screens and shields that partially reduce
the X-ray exposure, as well as protective aprons,
vests, collars, and glasses to reduce the radiation
dose. This results in about an order of magnitude
reduction of radiation doses. At the same time it is
known that an effective dose F is a quantity that
can not be measured directly. In radiation protec-
tion practice it is estimated on the basis of meas-
urement of the so-called operational quantities
that are assayed using specially calibrated dosime-
ters. Such quantities are the personal dose equiva-
lents Hp(10) for the whole body effective dose and
Hp(0.07) for the skin dose. However using a single
dosimeter it is impossible to estimate the dose of a
staff who use protective aprons when working
under the intensive X-rays fields. Currently in this
situation the simultaneous use of several, at least
two, dosimeters is recommended [4—6]. Typically
for such algorithms they receive readings from the
two dosimeters: one worn under the protective
apron and another on the apron. A weighted sum
is used then to estimate an effective dose on a
worker. It should be noted that exposure of inter-
ventional radiologists occurs in highly heteroge-
neous and anisotropic radiation fields. This fact
makes dosimeter’s positioning on the doctor’s
body quite critical. Studying the optimum location
of a dosimeter theoretically (by Monte Carlo sim-
ulations) [7] the authors have shown that even for
a given (chest, belt) level either right- or left-side
position of the dosimeter affects significantly the
assessment of the effective dose. Earlier for irradi-
ation conditions in highly anisotropic photon radi-
ation fields which are characteristic for a nuclear
power plant (NPP) personnel we have developed a
dose-assessment algorithm that is based on a
somewhat different approach [8]. The method of
effective dose assessment under highly anisotropic
fields of y-radiation is based on simultaneous
measurements with four dosimeters positioned on
the worker’s torso in pairs — two on the frontal and
two on the rear sides. This method of multiple
dosimetry was successfully tested for the NPP
working places [9]. In this study we have tested the
applicability of the mentioned algorithm in case of
strongly anisotropic radiation exposure of inter-
ventional radiologists. This test was done by a dosi-
metric phantom placing on the surgeon’s work-
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Ha 3po0UTH, PO3TalllyBaBLIN JO3UMETPUUHMI (haHTOM Ha
poboyoMy Miclli JiKapsi-Xipypra B omnepaliiiHiii mig yac
MPOBEJEeHHSI oIepallil Ha TPUBaIWi yac, 110 HeoOXimHUIA
JUTSI HAKOTTMYEHHS 1031 iIHAUBITyaJbHUMU JO3UMETPaMU
i, ronoBHe, TepmoatoMiHecueHTHUMU (TJI) meTekTopamu
BcepenuHi aHToMy. 103 MarOThb OyTHU AOCTATHIMU IS
BIIEBHEHOT'O BUMIipIOBaHHSI, TOOTO, 3HAYHO BUIIMMU 3a
nopir uyrnusocTi TJII cuctemu.

META JOCJIIJI2ZKEHHA

Mertoo pobotu Oyiaa ekclepuMeHTajllbHa IepeBipKa
MOXJIMBOCTI BMKOPUCTaHHS METOIMKU BHU3HAYEHHS
e(eKTUBHOI 103U 3a MOKa3aHHSIMU YOTUPHOX JO3UMETPIB
MpU OMPOMIHEHHI B CUJIbHO aHi30TPOMHMX TOJSX, SKY
OyJI0 CIoYaTKy po3po0JIeHO sl JO3UMETPUUHOIO KOHT-
pomio nipaiiBHuKiB AEC [8], g BusHauyeHHS e(heKTUB-
HOI 103U JIiKapiB iHTePBEHIIIITHOI PaIioorii, 110 Mpalfo-
I0Th Y aHi30TPOITHUX MOJSIX PEHTITeHIBCHKOTO BUII-
pOMiHIOBAaHHS B 3axUcHMX (apTyxax. ExcniepumeHTanb-
Hy TMepeBipKy OyJo 3miliCHEHO MeTomaoM (QaHTOMHUX
BUMIipIOBaHb MPU EKCITOHYBaHHI (paHTOMY TTiJl YaCc pyTUH-
HOTO MPOBEJAEHHS onepalliil iHTepBeHLIiIHHOT Kapioorii.

MATEPIAJIN TA METOJIN DOCIIJIZKEHb
Hns eKcnepuMeHTaTbHOIO BU3HAYEHHST 3HAUeHHS edek-
TUBHOI 1031 Ha pOOOYMX MICLISIX iHTepBEHLIHUX pajio-
JIOTiB BUKOPMCTOBYBaBCSl CTaHIAPTHUMN TeTepOreHHUM
antporioMoppHuit panrom Tuiry RANDO-ALDERSON.
BuyTpilHiit ycTpiii (paHTOMY BiAMNOBIZa€ XapaKTEePUCTU-
kaM “CrangaprtHoi moauan MKP3” [10] i BKimrodae KicT-
KOBY, JIETEHEBY Ta M’SIKi TKAHWHM Tijla JonuHu. JlaHnit
(hanToM ckiagaeTbes 3 39 1mapiB, CKPIIIEHUX CTSDKHUM
npuctpoeM. BeepenrHi haHToMy po3MmililytoThes (iMITIaH-
TOBaHi) TEPMOJIIOMiHECLIEHTHI JETEKTOPH, BUTOTOBJIECHI 3
TKaHMHOeKBiBajieHTHOro Marepiany LiF:Mg, Ti. ®antom
Moxke Mictuty 270 TJI geTekTopiB y MO3ULIiSX, IO Bi-
MOBiJAI0Th PO3TallyBAHHIO BUBHAYEHUX OPraHiB JIOANHMU.

1t 6ib1I TOYHOTO BU3HAYEHHST €KBiBAJIEHTHOI 103U
KOXHOTIO OpraHa y BillloBigHUX AOMY JIOKaTi3allisiX po3-
TalIOBYETHCS IO KilibKa JETeKTOPiB, MOKAa3aHHS SIKUX
ycepeaHooThed. ITin yac haHTOMHUX BUMipIOBaHb CITO-
pskeHuii TJI nerektopamu (aHTOM EKCIIOHYEThCS Y
MoJ1i BUIIPOMiHIOBaHHSI, TTiC/Is1 €KCIIOHYBaHHSI TTOKa3aH-
Hs1 TJI meTeKTopiB 3YUTYIOThCS, i, 32 JOIOMOIOIO Bil-
MOBiIHOIO YycepeaAHEHHS IO OpraHax, BU3HAYalOThCs 10-
31 Ha okpemi opraHu. [ToTim, BiAMOBigHO 10 CIiBBiAHO-
LIeHHY £ = Z w;H [10], MOXHa BU3HAYNTU e(DEKTUBHY
A03y. r

ITin yac excriepumeHTY, Ha (panToM 3 TJI neTekTopamMu
ONSTHYJIM CTaHAAPTHiI 3axMCHUIA (apTyx Ta KOMip,
e(eKTUBHUI 3aXUCT IKUX OyB ekBiBajieHTHMI 0,35 MM

place in operating room during procedures for
quite a long period of time required for dose accu-
mulation by individual dosimeters and above all by
thermoluminescent (TL) detectors inside the
phantom. Doses at that should be sufficient to
obtain the confident measurements, i.e. be signifi-
cantly higher than sensitivity threshold of the TLD
system.

STUDY OBJECTIVE

The study objective was to test the applicability of
the four-dosimeter technique for an effective dose
assessment in strongly anisotropic fields for the
effective dose estimation in an interventional radi-
ology staff who work in anisotropic X-ray fields
and use protective aprons. The technique was orig-
inally developed for radiation monitoring of NPP
workers [8]. Experimental verification was per-
formed based on the phantom measurements per-
formed by an anthropomorphic phantom exposing
during routine operations in an interventional car-
diology.

MATERIALS AND METHODS

A standard heterogeneous anthropomorphic
phantom of RANDO-Alderson type was used for
the experimental assay of an effective dose values
in the workplaces of interventional radiologists.
The internal structure of the phantom corresponds
to the “ICRP standard man” [10] and includes
bone, lung and soft tissues. This phantom consists
of 39 layers held together by an external assembly.
The thermoluminescent detectors made from soft
tissue equivalent material LiF. Mg, Ti are placed
(implanted) inside the phantom. Phantom can
contain 270 TL detectors at positions correspon-
ding to the location of specified organs.

Several detectors are placed at the respective
location of each organ and their readings are aver-
aged for more accurate determination of the
equivalent dose. During phantom measurements
the phantom equipped with TL detectors is
exposed in the radiation field. The TL detectors
are read after the exposure and their averaged
readings give dose values to individual organs
inside the body. Then, according to the equation
E= ZWTH 7 [10] one can determine the effective
dose.T

During the experiment a phantom with TL detec-
tors was dressed in the standard protective apron and
collar with an effective protection being equivalent
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CBUHILIIO, Micjs yoro aHToM OyB pO3MillleHUIA B Ore-
pauliiHiii cuMeTpUYHO A0 poOOYOro Micls JiKaps
(puc.l) y Takmii croci0, 1mo0 OyTh eKCITOHOBaHMM B
yMOBaxX, HaOJMXKEHUX JO YMOB OIPOMiHEHHS JIiKaps.
OaHoyacHO y MOJi BUMPOMIHIOBAaHHSI €KCIIOHYBaJIUCh
TJI nozumerpu HARSHAW), 1110 3aKpiruitoBajJiuch Ha MO-
BepxHi (anToMa. Jlo3MMeTpu pO3MIILyBaIlCh Ha I10-
BepxHi (paHTOMa (Ha piBHi Tpyneit, >KMBOTa Ta Tosica) K
i 3aXWUCHUM (PapTyXOM, TaK i HaJ HUM.

byno 3milicHeHO nBi cecii (hpaHTOMHUX BMMIpIOBaHb B
YMOBaX peHTreH-onepauiiHol Biiaily eHIOBaCKYJSPHOI
Xipyprii Ta aHriorpadii Y “HauioHanbHuii iHCTUTYT Xi-
pyprii Ta Tpancrutanrostorii iM. O.TamimoBa HAMH VY-
painn” (HIXT). ®antoMm mepeOyBaB y OIlepalliiiHii ITif
yac yciX KapIioJOoriyHMX BTpy4YaHb, 1O 3AIMCHIOBAJIMCS
pi3HUMU Opuragamu rpoTarom 25 Ta 21 poboUMnX JHIB IS
TepuIoi Ta Apyroi cecii, BianmosimHo. I1ix yac iHTepBeHIIili-
HUX MpOLEAYyp, He MOB’SI3aHUX 3 TOPAKAJIbHUM BiIiJIOM,
¢aHTOM TMMYACOBO BUIAJISIBCS 3 OITEPALiiTHOI y TIPUMIIIIe-
HHSI, eKpaHOBaHi BiJl peHTTeHiBCbKOTO BUITPOMiHIOBAHHSI.

PE3VYJIBTATU TA OBI'OBOPEHHS

ITouaTky excnoHyBaHHSI IiepeayBajio pajialiiiiHe oocTe-
KEeHHs omepalliliHoi. Byno mpoBegeHO BUMiproBaHHS
IMITyJIbCHUX TIOJIiB PEHTTE€HIBCHKOTO BUIPOMiHIOBAHHS
Ha BucoTi 120 cM Bia migioru (Ha BUCOTi po3TalllyBaHHS
JTO3UMETPIB Ha PiBHI Ipyaeit) mpu npsamiit mpoekiii C-
apku. BuwmipioBanHs mpoBenaeHi gosumerpoM JKC-
AT1123 B pexumi Tvar (KOPOTKOYACHOTO OIPOMiHIO-
BaHH¢). [Tpu mpoBeaeHHI BUMipOBaHb Ha omnepawliiiHO-
My CTOJIi pO3MilllyBajlach €MHICTh 3 BOmOIO ((paHTOM
MKPO), gxka monentoBaia po3CiloBaHHSI peHTIEHiBCh-
KOTro BUITPOMiHIOBAHHS TiJIOM Talli€HTA.

Pesynbrati iHTeproJsiiii BUMiplOBaHb J1030BMX IIOJIiB
HaBeZeHi Ha puc. 1. 3a TMOYaToK KOOpAWHAT TIPUIHSTO
Miclle po3TalllyBaHHS JIKepesia BUIIPOMiHIOBAHHS (PEeHT-
TeHIBCbKOI TPYOKM TpH MpsiMiii Tipoekitii). OTpuMaHi pe-
3y/IbTaTU AO3BOJIMIM PO3paxyBaTH OYIKYBaHUIU TEepMiH
eKCITO3M1Iii (paHTOMA Ta OLIIHUTHA HEOTHOPITHICTh TTOTYXK-
HOCTI JO03M B MeXax orepaiiiiHoi. Ik BUIHO 3 pUCYHKY,
PO3IOLT MOTYXKHOCTI 1031 PEHTTeHIBCHKOTO BUITPOMIiHIO-
BaHHS € Ty>kKe HeomHopigHUM. T1pu BinnaneHHi B axepe-
JIa TI0JIe 3MEHIIYEThCS uepe3 KoxHi 50 cM B pasu. Take
CITOCTEpEXXEeHHS 3aliBUIA pa3 CBIIUUTH MPO HEMOXIIUBICTh
OLiHIOBATH JI03U MEIWYHOTO TEPCOHATY iHTEPBEHIIIIHOT
paniofiorii 6e3 BUKOPUCTAaHHS iHAUBiAyaIbHUX 1O3UMETPIB
(TOOTO, B pO3paxyHKOBHIA CITOCIO 32 TAHUMH MOHITOPUHTY
pobounx Miciip). Crin Big3HAuUMTH, 110 HaBeAeHi Ha puc. 1
pe3yabTaTh XapaKTepU3yIoTh JIMIIE OAHY MPOEKIlilo Ta
Hampyry Ha TpyOuLi i MOXYyTb 3HAYHO (HA MOPSAKH)
BiIPI3HSTUCS Bif MOAIOHUX JAHWX AJISI iHILIMX MTPOEKIIilA.

to 0.35 mm of lead. The phantom was placed in the
operating room symmetrically to the doctor’s work-
ing place (Fig. 1) to be exposed under conditions
similar to doctor’s radiation exposure. Simultane-
ously several TL individual HARSHAW badge dosi-
meters were exposed being fixed on the surface of the
phantom. The dosimeters were placed on the surface
of the phantom (on the chest, abdomen, and waist
levels) both under and over the protective apron.

Two sessions of the phantom measurements were
held in an operating room of the Endovascular
Surgery and Angiography Department of the Sha-
limov National Institute of Surgery and Trans-
plantology of NAMS of Ukraine (NIST). The phan-
tom was exposed in the operating room during all
cardiac interventions carried out by the different
teams for 25 and 21 days in the first and second ses-
sions respectively. During non-thoracic interventio-
nal procedures the phantom was temporarily moved
out the operating room into the shielded space.

RESULTS AND DISCUSSION

Before phantom’s exposure we have conducted a
radiation survey of the operating room. Pulsed X-
ray fields were measured at a height of 120 cm from
the floor (corresponding to the location of dosime-
ters at a chest level) for the direct projection of the
C-arch. Measurements were performed with a
dosimeter DKS- AT1123 in Tvar mode (short
exposure). A water container (a [CRU phantom)
which modeled the X-ray scattering from the
patient’s body was set on the operating table dur-
ing the measurements.

The results of interpolation of dose fields meas-
urements are shown in Figure 1. The origin was
chosen as the location of radiation source (the X-
ray tube in a direct projection). The obtained results
allowed us to calculate the expected period of phan-
tom’s exposure and to evaluate the heterogeneity of
dose rate within operating room. As can be seen
from the figure the dose rate distribution of X-rays is
much heterogeneous. With the distance from the
source the field drops several times every 50 cm.
This observation proves again that it is impossible to
estimate the dose on the interventional radiology
staff using no personal dosimeters (i.e., calculating
with monitoring data). It should be noted that the
results shown in Figure 1 correspond to only one
projection and single tube voltage that can signifi-
cantly (by orders of magnitude) differ from similar
data for other projections and voltages.
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PucyHok 1. Kaprorpama notyxHocti ao3u B onepauiitHin HIXT Ha BucoTi 120 cm Ta npu npamin npoekuyii
(mk3B/ropn). KoopauHatu X, ¥V (B cM) BM3Ha4aloTbCA BiHOCHO JyKepena, Lo 3HaX0AUNO0Ch Y NONOXKEHH], AKe

BignoBigae npamin npoekuii.

Figure 1. Dose rate levels in the NIST operating room at the height of 120 cm and the direct C-arch projec-
tion (mSv/h). X and Y coordinates (in cm) are measured from the source set as for the direct projection

MaHTOMHI BUMIpIOBaHHS 3MiICHIOBAJIUCH y PEHTICH-
ornepaliiiHiil, ocCHallleHii Cy4acHOI MOHOILIAaHAPHOIO
iHTepBeHLiifHOIO aHriorpagdiuHo cucteMor Toshiba
Infinix-i, mogens INFX-8000F, komriekTanis CS-i.

ITpotsirom cecii (paHTOMHUX BUMipIOBaHb MEPIOANYHO
3HIMaJTMCh TTOKa3aHHsI KOHTPOJILHOTO A03uMeTpa Harshaw,
pO3TalllOBAHOTO Ha CIMHI (aHTOMa [Tl 3aXUCHUM
¢daptyxoM. Ha ocHOBi 1LMX BUMipIOBaHb POOUIUCS
BUCHOBKM MPO JOCTATHICTh eKCcro3uliil ¢aHToma. Tak,
HeoOXifHI piBHI ONpPOMiHEHHSI OyJM HAKOMNWYEHi ITic/s
14—15 pob6ouux pguiB. Ilim yac ekcmo3uiii daHTOM
pO3MilllyBaBCsS Ha CYBOPO BHU3HAUYEHOMY Miclli B
orepaliiiHii (sike O0yJlo mo3HaUYeHe Ha MiajI03i) JMILe TTif
yac KapAioJoTigyHUX TIpolienyp (aHriorpadiii Ta BTpyJaHsb),

Phantom measurements were performed in the
operation room equipped with a modern single
plane intervention angiographic system Toshiba
Infinix-i, model INFX-8000F, CS-I set.

During the phantom measurement session we read
periodically the indications of a control dosimeter
Harshaw located on the back of the phantom under
the protective apron. Based on these measurements
we made conclusions about the adequacy of phan-
tom exposure duration. Thus the required levels of
exposure were achieved after 14—15 days. The phan-
tom was placed during exposure on a strictly defined
place in the operating room (which was marked on
the floor) only during cardiac procedures (angiogra-

y 74



ISSN 2304-8336. Mpobnemn pagiaviiHoi meauwkm Ta pagiobionorii. 2013. Bun. 18.

ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

a Ha yYac iHImMX npoueayp (3 BiAMiHHOIO Bill TOpaKaIbHOI
JIOKaJTi3alli€l0 OMPOMiHEHHS) BMIAISIBCSA OO CYMIKHOTO
€KpaHOBAHOTI'O MPUMILLIEHHSI.

Pesynbratu (paHTOMHUX BUMipIOBaHb, OLIIHKY €(heKTHB-
HOI 1031, OTPMMaHi Ha iX OCHOBI, HaBe/IeHi B Ta0I1. 1 (mep-
1lIa cecisd BUMipIoBaHb, 25 IHiB). 3Ha4eHHST e(EeKTUBHOI
JIO3W TIOTiM TIOPIiBHIOBAJINCH 3 TIOKa3aHHAMU 12 103M-
METPpiB, 1110 OyJIM 3aKpiIieHi Ha (paHTOMi B HAMOIIbII iMO-
BipHMX MICIISIX HOCiHHS Mif (apTyxoM, Ta 7 TO3UMETPiB
MoBepX 3aXUCcHOro ¢apryxa.

3 omgay Ha OYIKYBaHWI Tepexid YKpaiHM IO BWKO-
pYICTaHHSI HOBUX MOKA3HMKIB TKAHUHHUX BarOBUX MHOX-
HUKIB, 1110 Oy 3anpornoHoBaHi MKP3 y 103-11 myGmikarrii
(2007 pik) [11] Ta BBeneHi B aito OCHOBHUMU MpaBUIaMU
oesneku MATATE y 2011 poui, B Tabn.1 HaBeneHi maHi,
po3paxoBaHi ISl IBOX HAOOpIiB BaroBMX MHOXHUKIB —
nirounx HUHI B Ykpaini HPBY-97 (mo3nauero sik ICRP60)
Ta iepcnekTuBHUX (TTo3HayeHo gk [CRP103). BunHo, mo
HayeOTO HeBeIMKa BiAMiHHICTb Y BArOBUX MHOXHMKAX JIA€
JJIsT YMOB OIPOMIHEHHSI iHTEPBEHLIIMHMUX palIioJioriB
06m3bKo 7 % po30iKHOCTI B €(heKTUBHII 1031, TTPHIOMY,
olliHeHa 32 HOBMMHU JaHMMM e(eKTUBHA /1032 € JEelI0
HIDKUOIO.

AHaJIOriyHi pe3ynbTaTd MU OJepKalu i ISl ApYyroi
cecil (hpaHTOMHUX BUMIipIOBaHb, siKa TpuBaja 21 HeHb.
O6uuciieHa 3rigHo 3 pekoMenaauisimu ICRP60 [10]
edexTuBHA g03a cTaHOBUTE 0,73 M3B, 3rigHo 3 ICRP103
[11] — 0,68 M3B.

Mu opepxaau BeJIUMKMU Tpagi€eHT pO3MNOAiAYy A03U
BcepearHi (aHToMa, 110 OOYMOBJIEHO iCTOTHOIO aHi-
30TPOMI€I0 MOJsI PEHTTeHIBCHKOTO BUIIPOMiHIOBAHHS B
omepalliifiHiil, Moro ekpaHyBaHHSIM 3aXWCHUM ap-
TYXOM, a TAaKOX OCJIa0JIeHHSIM BcepearHi (haHToMa (Tija
JoauHu). Beluka KiJIbKiCThb NETEKTOPiB BCepemuHi
¢danToMa nmo3BoJIMIIA TTOOYAYyBaTH PO3IOLIINA JO30BOTO
nonsl (JiHil i30103) y Tijli JIOAMHU Ta MPOLTIOCTPYBaTH
3HAYHY HEPIBHOMIpPHICTh OINPOMiHEHHS OKpPEMUX Op-
radis (puc. 2).

IToxkazaHHS1 XX J1O3UMETPIB, 1110 Oy/I1 3aKpirJieHi Ha Mo-
BepxHi (paHTOMA i1 (papTyxoM, BiIpi3HSIINCS Ha MOPSI-
nok. Haiibinb1ri 3a a0COMIOTHOO BETUYMHOIO TO3M CITOC-
TepiraloThCs y TOJ0Bi (paHTOMA (B TOMY YMCJIi — B Ooyax,
InB. TaOI. 1), IKa B iIHTEPBEHLIIHOTO pamiojiora He Ma€
3aXMCHOTO eKpaHyBaHHS. [Toka30BUMU TaKOX € JaHi OIl-
POMiHEHHSI KpUINTAIMKa OKa Yy (DaHTOMi 3a BiICyTHOCTI
3aXUCHUX OKYJIsIpiB. Tak, ycepemHeHe 3HaUYSHHSI TSI TIpa-
BOTO Ta JIiBOTO OKa Ha IOPSIIOK MePeBUIIYE e(EeKTUBHY
JI03y OIpOMiHEeHHsT (paHTOMa, MPUUOMY [103a IMPaBOro
(J1iBorO IS JiKapsl) KpUIITAINKA Y 2 pa3u TepeBUIILYE
nogy JiiBoro. Ile cnocTepexkeHHsT CBiIYUTh MPO BUCOKY
HeOe3MeKy ONpPOMiHEHHSI KpUILITAIMKa OKa Ta, 3 OISy

phy and intervention). During other procedures
(with non-thoracic localization of irradiation) the
phantom was moved to the adjacent shielded room.

The results of phantom measurements and
respective estimates of an effective dose are shown
in Table 1 (for the first measurement session of 25
days). The effective dose values were compared to
the readings of 12 dosimeters attached to the phan-
tom in the most likely wearing places under the
apron and of 7 dosimeters over the protective apron.

In a view of the expected transition to new values
of the tissue weighting factors that have been recom-
mended by ICRP Publication 103 (2007) [11] and
introduced by IAEA new basic safety standards in
2011 the data in Table 1 were calculated for two sets
of weighting factors i.e. for the current set from the
national standards NRBU-97 (marked as ICRP60
in Table 1) and for the perspective set (marked as
ICRP103). It could be seen that small difference in
the weighting factor results in about 7% difference of
an effective dose for the exposure conditions of
interventional radiologists. At that the effective dose
estimated with the new data was slightly lower.

For the second session of the phantom measure-
ments (21 days duration) we obtained similar results.
In this case thje effective dose calculated according
to the ICRP60 recommendations [10] was 0.73 mSy,
and according to ICRP103 [11] — 0.68 mSv.

We received a large gradient of the dose distribu-
tion inside the phantom being caused by a signifi-
cant anisotropy of an X-ray field in the operating
room, by shielding with the protective apron, and
by attenuation in the phantom (human body). A
large number of detectors inside the phantom
allow us to plot the dose distributions (isodoses)
within the human body and to illustrate a consid-
erable non-uniformity of exposure of specific
organs (Fig. 2).

Readings of the dosimeters that were attached to
the phantom surface under the apron differ by the
order of magnitude. The largest dose values were
observed in the phantom's head (including the
eyes, see Table 1) which had no protective shield-
ing. The eye lens exposure in the phantom in the
absence of protective eyewear was also quite signif-
icant. Thus the average values for the right and left
eyes were by order of magnitude higher than effec-
tive dose of the phantom. At that the dose on the
right (left for the doctor) lens was two-fold higher
than on the left one. This observation indicates to
a high risk of the eye lens exposure and given the
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Ta6nuusa 1
Dlo3u Ha opraHu ¢haHTOMYy Ta OUiHEHUN BHECOK B e(heKTUBHY 03y 3a JaHMMU (DAHTOMHUX BUMipIOBaHb B
onepauindin HIXT. [lo3u npuBepeHi nicna BigHiMaHHA ()OHOBUX 3HAUYEHb.

Table 1
Doses to organs in the phantom and their contribution to the effective dose assessed by phantom measure-
ments in a NIST operating room. Doses are given after subtraction of background contributions.

TkaHuHa a6o opraH Hr wr Hr wr wr Hr wr
Tissue or organ M3B / mSv ICRP60 m3B / mSv ICRP103 M3B / mSv
Kpuwranuk oka 10,81

Eye lens

KicTkoBmin MO30K 0,13 0,12 0,015 0,12 0,015
Red bone marrow

LLinyHok 0,19 0,12 0,022 0,12 0,022
Stomach

ToBcTa KuLka 0,52 0,12 0,062 0,12 0,062
Colon

JlereHi 0,60 0,12 0,072 0,12 0,072
Lungs

MonoyHa 3anosa 0,23 0,05 0,011 0,12 0,028
Breast

CeyoBuii Mixyp 0,54 0,05 0,027 0,04 0,021
Gall bladder

MeyiHka 0,75 0,05 0,038 0,04 0,030
Liver

Crpasoxip, 0,20 0,05 0,010 0,04 0,008
Oesophagus

LLuTonopjibHa 3ano3a 0,36 0,05 0,018 0,04 0,014
Thyroid

loHaau 1,48 0,2 0,296 0,08 0,118
Gonads

LLIkipa 0,43 0,05 0,021 0,12 0,052
Skin

MoBepxHst KiCTKM 0,25 0,01 0,002 0,01 0,002
Bone surface

Mo3sok 4,51 0,01 0,045
Brain

CnuHHa 3ano3a 6,15 0,01 0,062
Salivary glands

Pewra 1,28 0,01 0,013 0,01 0,013
Others

EdekTtusHa posa, m38 0,61 0,57

Effective dose, mSv

Ha HeJaBHE 3HIDKCHHS JIIMITY JO3M Ha KpUINTAIUK y 7,5  recent reduction in the (permissible — ed.) dose
pasa, mpo BMCOKY MMOBIpHIiCTh MIEPEBUILIEHHS 1030Boro  limit for the lens in 7.5 times it gives evidence of a
HOpPMAaTUBY MEIUYHUM ITIepCOHAJIOM — iHTepBeHLiliHU-  high probability of dose limit exceeding to inter-
MU paliosoraMH. vention radiologists.

Jlo3umeTrpu poaTailioBaHi Haja ¢GapTyXxoM IMOKa3aiu B Dosimeters placed over the apron have shown
10—20 pasziB 0inmbiry n03y, HixXX mig HuM. Coin BigzHaun-  10—20 times higher doses than under it. It should be
TH 1110 ITOKA3aHHS JO3UMETPiB, po3MillleHnX Ha ¢apTtyxy  noted that readings of the dosimeters placed on the
criepedy Biapi3HsuIMCh B 2 pa3u, a mig HuM B 4—10 paziB  front of the apron differ by the factor of 2 and under
(He BpaxoBYyIOUM [JO3UMMETPM, MOBHICTIO eKpaHOoBaHi the apron by 4-10 times (not including dosimeters
TiJIOM, SIKi OTpHUMaJn 30BciM HeBenuKy 103y). Lle roBo-  fully shielded by the body thus receiving extremely
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PucyHOK 2. Po3noain po3 BcepeauHi haHTOMa y ropu3oHTaNbHil NNOWMUHI, WO NepeTUHAE TiIO NIOAUHU HA
piBHi rpyaeit, m3B. PesynbTatu nepuoi cecii haHTOMHUX BUMipIOBaHb

Figure 2. Dose distribution inside the phantom in horizontal plane that intersects the human body at chest
level, mSv. The results of the first session of phantom measurements

PUTb PO HEOOXiAHICTh MPABUJILHO BUOMPATU MiCLIe PO3-
TalllyBaHHSI AO3MMeETpa Ta HEIOMYCTUMICTh BMKOPUC-
TaHHS TUIBKW OJHOTO IO3MMETpa JUIsl JO3UMETPUUHOTO
KOHTPOJIIO B TAKMX HEOTHOPITHUX MOJISIX.

3Baxawuu Ha Te, 10 3aXMCHMIA (dapTyx 3 KOMipom
3aKpMBa€ Malike BCi OpraHu, IO BPaxOBYIOTHCS IIpU
pO3paxyHKy e(peKTUBHOI 1031, KPiM YACTUHU KiCTKOBO-
IO MO3KY, III0 3HAaXOAMThLCS B KiHIIIBKAX Ta KiCTKax yepe-
mna, a TaKoOX KpiM MO3KY Ta CIMHHHX 3aJI03 (BBEICHO
ICRP103 [11]), mowiabHOIO BUAAETHCS CIIPOOa OL[IHUTH
e(eKTUBHY J03y METOJIOM CYMiCHUX BUMipIOBaHb 3a J10-
nomMoro 4 103UMETpIB, 110 HAXOMSIThCS Ha PiBHI Tpy-
nei, BinnmosigHo g0 Metoauku mist AEC [8].

Y meromuii [8] Oyso 3arpoOnOHOBAHO TIPEICTaBUTH
OLIIHKY e(PeKTUBHOI 031 £’ IK JiHiiTHY KOMOiHalIiIo TT0-
KazaHb 4 no3umeTpiB Hpi(10):

E’= ) a,Hp,(10) (1)
k=1,4
ne Hpi(10) — nokazaHHS BiIlIOBiIHOTO JO3MMETpa, O —
BaroBi MHOXXHWKH, HOPMOBaHi HACTYITHUM YMHOM:
Z a, =1
k=1,4

BaroBi MHOXXHUKM Oy JJISI TIOJIiB, XapaKTEPHUX JJISI PO-

6ouux micub AEC, MaloTh HaCTYMHi 3HaYEHHSI:
Olrpymu nisopys — Olrpymu mpasopyu — 0,35
(xcm/ma niBopy‘{ = (XCIII/IHa IpaBoOpy4 = 0515 (3)

low doses). This suggests the need for choosing of a
proper location for the dosimeter and confirms no
possibility to use a single dosimeter for radiation
monitoring in such inhomogeneous fields.

Taking into account that the protective apron
with a collar covers almost all the organs that con-
tribute to the effective dose except the parts of
bone marrow located in the extremities and in the
skull and except the brain and salivary glands
(introduced by ICRP103 [11]) it seems reasonable
to estimate an effective dose by 4-dosimeter
method at the chest level according to the proce-
dure developed for NPP [8].

According to the procedure [8] it is proposed to
assess the effective dose £’ as a linear combination
of four dosimeter readings Hpi(10):

E’= ) a,Hp,(10) (1)
k=1,4
where Hpi(10) is the dosimeter readings, oy is a
weighting factor normalized as:
Z a, =1
k=1,4

Weighting factors oy have the following values for

fields specific to NPP working places:
Olleft chest = Olright chest = 0.35
Olieft back = Olright back = 0.15 (3)
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BignosigHo 10 MeToauku [8], oTprMaHa OlliHKa BeIr-
YyuHU €(DEKTUBHOI 103U 3 IMOBIpHicTIO 95 % He Oyne
HMKYOIO 32 iCTMHHE 3HaYeHHs E.

OueBUIHO, EHEPTreTUUHUN CIIEKTP BUITPOMiHIOBAHHS
B PEHTIEeH-OMNepaliiiHill BiApi3HSETbCI BiJ TaKOro Ha
pobounx micusix AEC, ane, Ik Oyji10 mmoka3aHo B MoOIIe-
penHix mocmimkeHHsx [1, 12], kmodoBUM (PaKTOPOM,
1110 BIUIMBA€E Ha OLiHKY e(peKTUBHOI 103U € aHi30TPOITist
MoJisl BUIIPOMIHIOBAHHSI, a €HEePreTUYHMUI CKJIaj Mae
BiIHOCHO MeHIlIe 3HayeHH:s1. Tomy, B Hallliil cipobi 3ac-
TocyBaHHS MeTOTUKN AEC M1 BUKOPHUCTOBYBAJIN BaroBi
MHOXHUKH (3) 0e3 Oyab-sIKNUX 3MiH.

HageneHi y Ta6:1. 2 pe3yibraTy BUBHAYEHHSI e(heKTUB-
HOI J03M 3a ITOKa3aHHSIMMU YOTHUPHOX TO3UMETPIB JeMO-
HCTPYIOTh MPUMHSITHICTh TAKOTO ITiAXOMY.

EdexTtuBHa 103a, olliHeHa B OMMCAHUI BUIIE CITOCiO
3a 4 mo3uMeTpaMM B yMOBaxX OIlepalliiiHOi, BiIpi3HsI-
IOTbCS Bil YMOBHO iCTUHHOI (3a JTaHUMU (haHTOMHOTO
BUMiproBaHHS) no3u Ha 1 ta 11 % s mepinoi ta apy-
roi cecii, BiamoBigHo. Ilpu 3acTocyBaHHi BaroBMX
MHOXHUKIB wr MKP3 103 Mu oaepXyeMo BiaXuJieH-
Hs 110 8 %.

Ta6nauusa 2

According to the method [8] we get the value of
an effective dose with 95% probability of non-
underestimation of its true value E.

Obviously the photon energy spectrum within an
X-ray-operating room is different from a NPP
workplace but as has been shown in previous stud-
ies [1,12] the anisotropy of the radiation field
while energy composition has relatively lower
impact is a key factor affecting the assessment of
effective dose. Therefore in our attempt we use
NPP technique weighting factors (3) without any
changes.

The results shown in Table 2 i.e. the effective dose
assessments from readings from the four dosimeters
demonstrate the acceptability of this approach.

Effective dose evaluated using four dosimeters
in an operating room differs from the conven-
tionally true dose value (derived from the phan-
tom measurements) by 1 and 11 % for the first
and second sessions respectively. Applying the
weighting factor wy ICRP 103 we obtain the devi-
ation up to 8%.

MNopiBHAHHA eKCcnepMMeHTaNbHUX Ta TEOPeTUYHMX 3HAueHb KOHBepCinHoro KoediuieHTa pna (haHTOMHUX

BUMipIOBaHb
Table 2

Comparison of experimental and theoretical values of the effective dose for the phantom measurements

®daHToMHe BUMiptoBaHHS 1
Phantom measurement 1

®daHTOMHE BUMipIOBaHHS 2
Phantom measurement 2

EdekTnBHa 103a B GaHTOMI, BU3HAYEHA MO [03aM HA OpraHu

3 BaroBUMM MHOXHUKamu wr HPBY-97 0,61 0,73
Effective dose in phantom by organ doses and weighting factors wr NRBU-97
EdekTnBHa 103a B paHTOMI, BU3HAYEHA MO [03aM HA OpraHu
3 BaroBMmM MHoxHuKammn wr ICRP103 0,57 0,68
Effective dose in phantom by organ doses and weighting factors wr ICRP103
MokasanHs Hp(10) 4 nosumeTpiB
Readings of 4 dosimeters Hp(10)
rpyay 3niea 1,12 1,00
left chest
rpyau cnpaea 0,16 0,23
right chest
CnuHa 3nisa 1,04 1,42
left back
CnWHa cripaBa 0,07 0,04
right back
OuiHeHa edekTvBHA 032 32 MOka3aHHIMYM 4 [03MMETPIB, 3rifHO 3 popmynamu (1), (3) 0,61 0,65
Effective dose by four dosimeter readings according to (1), (3)
BigHoLeHHs! Eregp BIBHOCHO Eexcn, % 1,01 0,89

Ratio Etheor / Eexper, %
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BUCHOBKU

Bnepie B YkpaiHi npoBeaeHO (paHTOMHI BUMipIOBaHHS
J103, SIKi OTPUMY€E MeINYHUIA IEpCOHAN — IHTepPBEeHLiHI
paniosioru, 110 BUKOPUCTOBYIOTH CYYacCHY CHUCTEMY
aHriorpadii. IToka3aHo, 1110 1030Bi MOJIS B TiJli JIOAUHU
XapaKTepU3yIOThCs 3HAUHUMU rpaji€eHTaMu, a IoKa3aH-
HSl iHAWBiAyaJlbHUX JO3UMETPIB, 3aJeXXHO BiJ MicLs
po3TalllyBaHHsI, MOXYTh BinpizHsaTucs Big 1,5 mo 10 pa-
3iB. TaKMM YMHOM, BUKOPMCTAHHSI OJHOIO J03MMETpa
He Ja€ N0CTaTHbOI iH(opMallil AJ1s1 JOCTOBIPHOI OLIIHKHU
e(peKTUBHOI JTO3U.

MDaHTOMHI eKCITEpUMEHTH, 1110 OYJIM ITPOBEJCHI B YMO-
Bax ornepauiifHoi iHTepBEeHIIiIAHO1 KapaioJIorii, moKa3aiu
XOPOILUiA 30ir e(peKTUBHOI 103U, OLIIHEHOI 3TiTHO 3 Me-
TOOUKOIO, po3pobseHoio misg nepcoHany AEC [8], Ta
YMOBHO iCTMHHOI BEIMYMHU e(heKTUBHOI A03U, OLliHEe-
HOI 3a 103aMM Ha OpTraHu, BUMipSHUMU 0e3MMocepeTHbO
y danTtoMmi. JlochigKeHHs IiATBEPAUIN MOXKJIMUBICThb
3actocyBaHHS MeTogukn AEC B ymMmoBax HEOTHOPITHOTO
Ta aHi30TPOITHOTO 30BHIIITHLOIO OIMPOMiHEHHST Ha PO0O-
YOMY MicCIlli MEAWYHUX MPaLliBHUKIB, 110 MPALIIOIOTh TPU
Ilii peHTTeHiBCbKUX MPOMEHIB.

IammM mikaBuUM pesyabTaToM (PaHTOMHHUX BUMIpIO-
BaHb CTaJI0 BU3HAUEHHs 103 Ha KpUIUTaaukK oka. Ilpo-
J@MOHCTPOBAHO HEOOXiAHICTh 000B’SI3KOBOTO 3aCTOCY-
BaHHS 3aXMCHMX OKYJISIpIB Ta AOJATKOBOIO KOHTPOJIIO
I03H, SIKY OTPUMYE 1IsI pamiovyT/IMBa TKaHUHA.

byno exkcnepuMmeHTalbHO TiATBEPIXEHO TIPUI-
HSATHICTh BUKOPUCTAHHS METOIUKM [8] Ta JOCATHEHHS
BHUCOKOI TOYHOCTi BU3HAY€HHSI €(EKTUBHOI HO3M.
TouHicTh OLIIHKM e(pEeKTUBHOI IO3M Yy TaKMUX CITOCiO
(BimxuneHHs 10 15 %) BUsiBUIaCs BUIIOIO, HiXK ITPH 3aC-
TOCYBaHHIi aJITOPUTMY MOMABIHOI JO3UMETPil (OAUH O-
3UMETP Haa papTyxoM, OOUH — i1 hapTyxoM), SIKUii B
TUX caMUX YMOBax Iokas3aB BinmxuiaeHHs 10 30 %. Kpim
TOT0, OCKIJIbKM BCi YOTUPU JO3ZUMETPU PO3TALLIOBYIOTh-
cs mig apTyxoM, MOro 3axMCHi BJIaCTUBOCTI aBTOMa-
TUYHO BPaxOBYIOTbCS IPU OLIHLI €(heKTUBHOI J03U
(Tpeba 3BaxkUTH Ha Te, 10 aJITOPUTM ITOIBIHOT 1031~
MEeTpii aganTy€eThCs TiJ TUI Ta eKpaHyoUi BIACTUBOCTI
3aXMCHOTO OJSITY).

BoaHouac, BUKOpUCTaHHSI 4 MO3UMETPIB € He OyxkKe
3pYYHUM J1JIs JliKapiB — iIHTEPBEHLIIHUX PadiooriB, TOMY,
3 ypaxXyBaHHSIM JIEIIIO M’ SIKIITUX BUMOT 10 TOYHOCTI 103M-
METPUYHUX OLIIHOK, TIOCTaTHIM BUAAEThCS BUKOPUCTAHHS
TpaAULIIHHOrO aaropuTMy MOABiHOI mo3umeTpii. [Tpu
LIbOMY CJIiJI BpaXxOBYyBaTH, 1110 €KCIIOHYBAHHSI iHTEpBEH-
LIHUX pamioioTiB y CUJIBHO aHi30TPOITHUX IOJISIX BUII-
POMiHIOBAaHHSI BUCYBA€ XKOPCTKi BUMOTHY 0 MiCllb po3Ta-
1IyBaHHS o3uMeTpiB. HatoMicTh, METOIMKA BUMipIOBaH-
HS 32 JOTTOMOTOI0 4 TO3MMETpiB M030aBJieHa 1€l Baay.

CONCLUSIONS

For the first time in Ukraine the phantom meas-
urements of doses received by medical staff in
interventional radiology unit utilizing modern
angiography system were conducted. It was shown
that dose fields within human body are character-
ized by the large gradients, and readings of individ-
ual dosimeters depending on location can vary
from 1.5 to 10 times. Thus a single dosimeter gives
no sufficient information for accurate estimation
of an effective dose.

Phantom experiments performed in the operating
room of the interventional cardiology department
showed a good agreement between the effective dose
estimated according to the method developed for the
NPP personnel [8] and conventionally true values of
the effective dose estimated by organ doses meas-
ured directly in the phantom. Studies have con-
firmed the possibility of the NPP technique applica-
tion under conditions of heterogeneous and ani-
sotropic external radiation exposure in workplaces of
medical staff who works under the X-rays.

Estimation of doses to the lens of the eye was an
another interesting result of the phantom measure-
ments. The need for a mandatory use of protecting
glasses and additional control of doses received by
this radiosensitive tissue was demonstrated.

The acceptability of use of the technique [8] and
possibility to achieve high accuracy of the effective
dose assessment were confirmed experimentally.
Accuracy of effective dose assessment performed in
such a way (deviations up to 15%) was higher than
with a double dosimetry algorithm (with one
dosimeter over the apron and one under the apron)
that under the same conditions showed deviation of
up to 30%. Furthermore since all four dosimeters
were placed under the apron its protective properties
are automatically taken into account when assessing
the effective dose (taking into account the fact that
double dosimetry algorithm could be adapted to the
type and screening properties of protective clothes).

However, the use of four dosimeters is not very
convenient for the interventional radiologists,
therefore with respect to somewhat more relaxed
accuracy requirements to dosimetry the double
dosimetry estimates seem to be sufficient. At the
same time an exposure of interventional radiolo-
gists in strongly anisotropic radiation fields impos-
es strict requirements for the placement of
dosimeters, while the 4-dosimeter method of esti-
mation is free from these disadvantages.
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TakuM YMHOM, MOXHa 3POOUTH BUCHOBOK, 1110 JIJIsI 10~
TOYHOTO iHAMBIAYaJIbHOTO JTO3UMETPUUYHOIO KOHTPOJIIO
IHTepBEHLIMHUX PaaioJIoriB JOCTaTHHO BUKOPUCTOBYBA-
TU aJITOPUTM TOABIHOI JO3MMETpii, a Mpu 3OiliCHEeHHI
CMeliaIbHOro JO3UMMETPUYHOIO KOHTPOJIIO BapTO BUKO-
PUCTOBYBATU TaKOXK METOAUKY [8] OLIIHKY 1031 B CUJIBHO
AHI30TPOITHUX MOJISTX (POTOHHOTO BUITPOMiHIOBaHHS.

BAAYHICTD

Mu rmboKo BASYHI KoJieraMm 3 Bilily eHA0BACKYJISIp-
Hoi Xipyprii Ta anriorpadii HIXT 3a aktuBHE cripussHHS
Mpu IPOBeJeHHI BUMiplOBaHb B YMOBaX PEHTI€H-OIIe-
pauiiiHoi.
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Thus we can conclude that for a routine indi-
vidual monitoring in the interventional radiolo-
gists it is sufficient to use a double dosimetry al-
gorithm, and for investigational dosimetric mon-
itoring in strongly anisotropic photon radiation
fields the method [8] worth to be used for dose
estimation.
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