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BIIJIUB CUCTEMU TKAHUHHUX 3BAXKYIOUNX PAKTOPIB
HA OLIIHKHA 103

MeTta pocnigKeHHA. Bu3HaueHHs BNAKMBY CUCTEMU TKAHWHHUX 3BaXylOuMx hakTopiB wr, BCTaHOBNEHWUX MiXHApoa-
HOO KOMiCi€0 3 PafioNioriYHOro 3aXMUCTy, Ha OLiHKM [03 ONPOMiHEHHS NIOLUHU.
Marepian Ta meToau pocnipkeHHA. EdhekTMBHA 4033 BU3HAYAETLCA K CyMa AOOYTKIB €KBiBANEHTHUX 403 B OKPEMMUX
opraHax i TKaHMHAax Ha BiANOBiAHI 3HaYeHHS wr. 3aCTOCYBaHHS Pi3HUX CUCTEM Wr 10 NEBHOIO Habopy 3HayeHb eKBiBa-
NIEHTHUX 03 NPU3BOAUTL A0 OTPUMAHHS Pi3HMX OUTHOK edeKTUBHOT 103K, MOpiBHAHHA 3HaYeHb ePeKTUBHUX O3 [A€
3MOry OTPMMATW yABY NPO BNJAWUB CUCTEM Wr HA J030Bi OLiHKK.
Pe3ynbratu. Po3msHyTO BNAUB CUCTEM Wr, BCTaHOBEHMX [y6nikauiamm 26, 60 i 103 MKP3, Ha oUiHKM 03 30BHilUHb-
0ro i BHYTPilIHbOTO ONPOMiHEHHs ntoauHUM. [lpoaeMoHCTpoBaHoO, Wo nepexig cuctemu wr Big My6nikauii 26 o
My6nikauii 60 MKP3 npu3BiB o 3HaYHO GinblwKx 3MiH B OLiHLI eeKTUBHUX [03 30BHilHBOrO onpoMiHeHHs (fo 30
pasiB), Hix BignoBigHui nepexig Big My6nikauii 60 MKP3 go Myb6nikauii 103 MKP3.
BucHoBKM. 3acTocyBaHHsA cuctemun wr i3 Mybnikayii 103 MKP3 y nopiBHaHHi 3 My6nikauieto 60 MKP3 He npu3BoamnTh
[0 3MiH OUiHKM edeKTUBHMX 03 Oinblie HiX Ha 20 % ANA BCiX paAioHYKNiAiB npu oLiHKax [03 30BHilIHLOMO On-
POMiHEHHS i ANf 3HauHOT GinbWwocTi pagioHyknigiB (97 %) npw ouiHKax 403 BHYTPILHbOrO OMPOMiHEHHS 3@ paxyHOK
NepopanbHOr0 HAAXOLKEHHS.
[ns 6inbWoCTi pagioHyKNigiB WOAY OLiHKA 403 BHYTPIlHLOrO ONPOMiHEHHs 3MeHWuTbCA (80 20 %).
OuiHKM e(heKTMBHMX [03 BHYTPiWHLOTO OMPOMiHEHHA 33 paXyHOK iHranAuinHoro HaaxopeHHa ana 67 %
pafioHyKniaiB 3meHwWwarbcs. OCHOBHUMM NPUYMHAMM 3MEHLUEHHA € CKaCyBaHHA “npaBuna po3wenneHHa” (BBefeHOro
My6nikauieto 60 MKP3) i 3MeHwWeHHA 3HaYeHHa wr Ans wutonogibHoi 3ano3u 3 0,05 fo 0,04.
KniouoBi cnoBa: TKaHMHHI 3Baxyloyi akTopu, 03U ONPOMIHEHHS.
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Role of the weighting tissue factors in dose assessments

Objective. To determine the influence of system of tissue weighting factors wr, established by the International
Commission on Radiological Protection, on the dose assessment in human.

Material and methods. The effective dose is defined as a sum of equivalent doses in specified organs and tissues,
each multiplied by the appropriate wr value. Application of different wr systems to a specific set of equivalent doses
produces different assessments of effective doses. Comparison of the effective doses values provides an opinion
about the wr system influence on dose assessment.

Results. The role of wr systems, established in ICRP Publications 26, 60 and 103, on the assessment of external and
internal exposure to humans is reviewed. It has been demonstrated that the transition of wr system from ICRP
Publications 26 to ICRP Publication 60 has resulted in a significantly greater changes in the assessment of effec-
tive doses of external exposure (up to 30 times) than the corresponding transition from ICRP Publication 60 to ICRP
Publication 103.
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Conclusion. Application of wr system from ICRP Publication 103 compared with ICRP Publication 60 does not
change the assessment of effective doses for more than 20% for all radionuclides in the assessment of external doses
and for the large majority of radionuclides (97%) in the assessment of internal doses due to ingestion.

For most iodine of the internal dose assessment will decrease (up to 20%).

Assessments of effective internal doses due to inhalation will decrease for 67% of radionuclides. Cancellation of the
“splitting rule” (introduced by ICRP Publication 60) and decrease wr value for the thyroid from 0.05 to 0.04 are the

primary reasons of the decrease.
Key words: tissue weighting factors, exposure doses.

Problems of radiation medicine and radiobiology. 2013;18:38-49.

EdexktBHa mo3a BU3HAYAETHCI SIK CyMa JTOOYTKiB
eKBiBaJIECHTHMX 03 B OKPEMMX OpraHax i TKaHMHax Ha
BiMTOBiAHI TKAHWHHI 3Baxytoui hakTopu. YucaoBi 3Ha-
YeHHs1 1MX (PaKTOPiB BU3HAYAIOTHCS OCHOBOITOJOXKHU-
MU nyo6iikamisMyu MixHapogHO1 KoMicii 3 paaiosoriy-
Horo 3axucty (MKP3). 3miHa cucteMu TKAaHUHHUX 3Ba-
KyHUnX (aKTOpiB MPU3BOAUTH IO KOPEKIlii OIIHOK
e(peKTUBHUX 103 0€3BiIHOCHO A0 TOrO, UM 3MiHIOIOThCS
iHII (paKTOpH, IO MAIOTh BIUTMB Ha (POPMYBAHHS OIli-
HOK 103 OITPOMiHEHHSI.

META JOCJIIJIZKEHHA

BusHaueHHs BIUIMBY CUCTeMU TKAHMHHUX 3BaXKyHOUMX
¢axTOpiB HA OLIIHKYU 03 30BHILIIHBOTO i BHYTPilIHHOTO
OINPOMiHEHHSI.

MATEPIAJI TA METOIU TOCIIII2KEHHA
EdexTuBHa no3a onmpoMiHeHHs BUBHAYAEThCST OaraTbMa
YyUHHMUKaMU. JlesKi eleMeHTH y BUKOHAHHI OLIiHOK €
cneuupiyHUMU JJI 30BHIILIHBOTO (Fr€OMEeTpisl OMpoMi-
HeHH$) ab0 BHYTPIIIHBOTO (XiMiuHa (popMa pamioHyK-
JIiTHOTO 3a0pyIHEHHSs, MOJeJli 0i0KiHETUKM B OpraHi3Mi
JIIOAVMHU) ONPOMiHEHHSI, 6arato iHILIMX 3aCTOCOBHI IS
000X 3 HUX (CIIEeKTpaibHi XapaKTepPUCTUKU 3a0pyaHEH-
Hs, pedepeHTHI aHATOMIUHi XapaKTepUCTUKN JTIIOTUHH,
paniauiiiHi i TKAaHMHHI 3BaXKytovi (pakTopu Ta iH.).

11 BUBHAYEHHS 703 OIIPOMiHEHHSI BUKOPUCTOBYIOTh-
cs KoeilieHTH, sIKi iIHKOPIOPYIOTh B COOi TaKi YMHHU-
KW i TIEBHI pO3pPaxXyHKOBI MPOLEAYPU — NO3U HA OOUHU-
110 KOHIIEHTpallil y cepeaoBUIli (MOBITPsI, IPYHT, BoJa
TOILIO), 103U Ha OAMHULIO HaaXoMKeHHs. Jdani 1 uux
TEpMiHiB Oylde BHKOPUCTOBYBATHUCH CIIOBOCIIOYUCHHS
“mo3oBuii KoediuieHT” (xoua “Hopmu pagiamiiiHoi 6e3-
neku Ykpainu (HPBY-97)” He BUKOpUCTOBYIOTH TaKUii
TEPMiH, IPOTE BiH € 3pYYHUM IJISI CKOPOYEHHSI, KOJIN
OIHO3HAYHO 3PO3YyMLJIO, IKi caMe KoedilliEHTU MalOThCs
Ha yBa3i). 3BUYaifHO, 3aCTOCYBaHHS 3araJIbHUX JO30BUX
Koe(dillieHTIiB HEe MOXe OXOIIMTU BCi BapiaHTU yMOB
OMNPOMiHEHHSI — HaINpUKJIadA, NpU CKIaAHIlA reoMmeTpii
OIPOMiHEHHSI, KOJIM JJIsI KOPEKTHOTO BU3HAYCHHS 103
JTOLiTbHE BUKOPUCTAHHS KiJIbKOX JO3MMETPIB (B3araii,

The effective dose is defined as a sum of the prod-
ucts of the organ or tissue equivalent doses and the
appropriate tissue weighting factors. The numeri-
cal values of these factors are determined by the
fundamental publications of the International
Commission on Radiological Protection (ICRP).
Change of the system of the tissue weighing factors
leads to correction of effective dose assessments
regardless any change of other factors that have
influence on the dose assessment.

OBJECTIVE

To determine the effect of tissue weighting factors
system on the external and internal dose assess-
ments.

MATERIAL AND METHODS
The effective dose is determined by many factors.
Some elements in the performance of assessments
are specific to external (geometry of the exposure)
or internal (chemical form of radionuclide con-
tamination, biokinetic model in the human body)
exposure, many others are applicable to both of
them (spectral characteristics of the contamina-
tion, the reference anatomical human characteris-
tics, radiation and tissue weighing factors, etc.).
To determine the doses some coefficients are
used that cover such factors and certain calcula-
tion procedures i.e. doses per unit concentration
in the environment (air, soil, water, etc.), doses
per unit intake. The “dose coefficient” syntagm
will be used hereafter for those terms (although
that term is not used in the “Radiation Safety
Standards of Ukraine (RSSU-97)”, it is conven-
ient however to make shortening when it is defi-
nitely clear which coefficient is implied). Of
course, the use of generic dose coefficients cannot
cover all kinds of the exposure conditions — for
example for the complicated geometry of the
exposure when use of multiple dosimeters is
appropriate for the correct dose determining (gen-
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JIO3U 30BHILIHBOTO OIPOMiHEHHS TepCOoHay sl iX
iHAMBiAyani3allii, SK MpaBUJIO, BU3HAYAIOTHCS 3a AOIO-
MOTOIO iHIWBimyanbHUX mo3uMmeTpiB). OmHaAK i Oa-
raTbOX CHUTYyaIlili, a 0COOJIMBO JJIsI OLIIHOK /103 HAceIeH-
HsI, BUKOPMCTAHHSI 3arajJbHUX TO30BUX KOEMIlliEHTIB
OiIbLI HiXK JOCTATHHO.

Ha ueit yac ais OouiHOK 103 BHYTPILIHBOTO OII-
POMiHEHHSI BMKOPHMCTOBYIOTBCSI J030Bi KOedIiLliEHTH 3
pizHux nyosikauii MKP3, BoHM 3i0paHi B MixKHapo-
HUX OCHOBHMX HOpMax Oesmeku [1]. 3 m030BUMU KO-
edilieHTaMn 30BHIITHBOTO ONPOMIHEHHS CHUTYyallis
MEHII ogHo3HauHa. HaltuacTile mxepenom IJid HUX €
TaK 3BaHa aMepHUKaHCbhKa (pemepasbHa HacTaHoBa No 12
[2]. O6GuaBa ki1acu J030BUX KoeillieHTiB Oyau po3pa-
XOBaHi 11e 1o cepenrHu 90-X poKiB MUHYJIOTO CTOJITTS.
ITomroBxoMm mis iX po3paxyHKy OyJa mosiBa [lyomikatii
60 MKP3 [3] (1991 p.), sixa iHiuiroBanga 3MiHU y BCiii
CUCTEMU PaIioJOTiYHOTO 3aXUCTY.

Bxkazani 1030Bi koedillieHTU 0a3ylOThbCsI Ha TaKUX J1a-
HUX:
> XapaKTepUCTUKU pamioHykimigiB — Ilyomikamis 38
MKP3 [4] 1983 p. (y 2008 Buitma IlTy6aikauis 107
MKP3 [5]);
> pedepeHTHI aHaTOMIiYHi i (iziosioriuyHi xapakTepuc-
tuky moguHu — Ily6aikauia 23 MKP3 [6] 1975 p. (v
2002 Buitnuia Ilyonikauis 89 MKP3 [7], y 2009 p. —
[Ty6mikamis 110 MKP3 [8]);
> wMofei OioKiHeTMKM B OpraHi3Mi JIOIMHUA —
[Ty6rikaris 66 MKP3 [9] 1994 p. 3 Moaeutio quxaabHOL
CUCTEMM JIIOAWHM, iHIII € 1ie Ginbin panHiMu (y 2006
puitna Ilyomikamis 100 MKP3 [10] 3 moxemtio TpaB-
HOTO TPaKTY);
> padiallilHi i TKaHWHHI 3Baxymodi ¢dakTopu —
Iy6nikauis 60 MKP3 [3] 1991 p. (y 2007 Buiinuia
[Iy6nikamis 103 MKP3 [11]).

Sk BugHO, Maitxke njis Beix rmyosikariint MKP3, sxi O0y-
JIU BUKOPUCTaHI JUISI PO3PaxyHKIB JAilOUMX TO30BUX KO-
edilieHTiB, BUMIILUIM iX HOBi aHAJIOTH, SIKi iHKOpITopyBa-
J1 B cobi 3HaHHS, HAKOIIMYEHI 3a OecsIThb — ABaIlsTh
POKIB ITiC/Is1 BUXOMY iX MOTIepeIHUKIB.

[Mossa IMy6nikarii 103 MKP3 [11] (six i [Ty6uikartii 60
MKP3 [3] 3a 16 pokiB 10 Hei) TAKOXK MOBMHHA IIPU3BEC-
TH 10 3HaYHMX 3MiH. OJHAaK ii iMITJIeMeHTalIisT y cucTeMi
PamioaoriYyHOro 3aX1UCTy HE € IIBUAKUM IIPOLIECOM, B TO-
MY YHMCJTi Y TAKOMY, 31aBaJIOCh O, YTUJIITApHOMY MPOSIBI,
K OHOBJIEHHS J030BUX Koe(illieHTiB (HaBiTh uyepe3 6
poKiB miciasa mogBu myoOsikaiii). Lle BimoGpasmioch
HaBiTh y TOMY, III0 B OHOBJIEHUX MiXKHApPOJHUX OCHOB-
HUX HOpMax Oe3rneku (mpoMixHe BuUgaHHS) [12] Oyau
npoayobOBaHi 4030Bi KOedilliEHTH, PO3paxOBaHi 11ie 3a
IMyGnikauiero 60 MKP3 [3].

erally the external doses to the workers are usually
determined by personal dosimeters for their indi-
vidualization). For many situations however (espe-
cially for the dose assessment to members of the
public) the use of the generic dose coefficients is
more than enough.

At this time the dose coefficients from various
ICRP publications being they collected in the
International Basic Safety Standards [1] are used
for the internal dose assessments. The situation
with external dose coefficients is less clear. Mostly
the source for them is the US Federal Guidance
Report No 12 [2]. Both classes of dose coefficients
were calculated before the mid-nineties of the last
century. The appearance of ICRP Publication 60
[3] (1991) which initiated the change in the whole
system of radiological protection gave the rise for
calculation of those dose coefficients.

The mentioned above dose coefficients are based
on the following data:
> characteristics of radionuclides — the ICRP
Publication 38 (1983) [4]; in 2008 the ICRP
Publication 107 was published [5];
> reference anatomical and physiological charac-
teristics of the human — the ICRP Publication 23
(1975) [6]; in 2002 the ICRP Publication 89 [7] was
published, in 2009 — the ICRP Publication 110 [8];
> biokinetic model in the human body — the
ICRP Publication 66 (1994) [9] with the human
respiratory tract model, others are even earlier
ones; in 2006 the ICRP Publication 100 [10] with
Human Alimentary Tract Model was published;
> radiation and tissue weighting factors — the
ICRP Publication 60 (1991) [3]; in 2007 the ICRP
Publication 103 [11] was published.

As can be seen, the updated analogues were pub-
lished almost for all ICRP publications that were
used to calculate current dose coefficients.
Knowledge accumulated for ten or even twenty
years after their predecessors was incorporated.

The appearance of ICRP Publication 103 [11]
(as also the ICRP Publication 60 [3] 16 years
before) should also lead to significant changes.
However its implementation within radiological
protection system is not a quick process, including
such seemingly utilitarian issue as a renewal of
dose coefficients (even 6 years after publication).
This is reflected even in the fact that the updated
International Basic Safety Standards (Interim
Edition) [12] duplicated dose coefficients calcu-
lated in accordance with ICRP Publication 60 [3].
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[eski OHOBJIEHI YMHHUKM (XapaKTepUCTUKU paio-
HYKJIiZiB, padialifiHi i TKAaHWHHI 3BaXxyloudi (akTopu)
MOKHa 3aCTOCYBaTH IJIsI pO3PaxXyHKY OHOBJIEHUX H030-
BUX KoOedillieHTiB OifbIl IIBUAKO, OAHAK TaKa pe-
ajizaiis OyJae HEMOBHOIO 0€3 3aCTOCYBaHHSI OHOBJIEHUX
O0iOKiHETMUHUX Mojeaei mawoauHu. TuM He MeHIle,
3’sICYBaHHSI CTYIIE€HS BIUIMBY HaBITh JIMIIE CUCTEMU TKa-
HUHHUX 3BaxXylouyux (akTopiB Ha OILIHKY 103 OII-
POMiHEHHS € MOXJIMBUM i JOUITBHUM.

IMy6nikauig 60 MKP3 [3] Bu3Hayae eheKTUBHY 03y
SIK cyMy J00yTKiB ekBiBajieHTHUX 103 HT B okpeMux op-
raHax i TKaHMHAaxX Ha BiIMOBiIHI TKAHWHHI 3BaXKyloudi
daxTopu wr:

Some updated factors (characteristics of
radionuclides, radiation and tissue weighing fac-
tors) can be used to calculate updated dose coeffi-
cients more promptly but such kind of implemen-
tation will be incomplete without application of
the updated human biokinetic models. However
clarification of the impact of even the tissue weigh-
ing factors system on dose assessment is possible
and reasonable.

ICRP Publication 60 [3] defines the effective
dose as a sum of the products of the equivalent
doses HT to specified organs or tissues and the tis-
sue weighting factors wr:

E= ZWTHT.
T

AHaJIOTiYHI MiAX0AW BUKOPUCTOBYBAIM SIK MOIMEPET -
Hs (B KoHLenTyaabHoMy ceHci) ITy6aikawis 26 MKP3
[13] (1977 p.), Tak i HacTymHa [lyomikamis 103 MKP3
[11]. IMyonikauis 103 MKP3 [11] memio yckiagHIoe
el po3paxyHOK, BpaxOBYIOUHM cTaTeBi OCOOJMBOCTI
(bopmyBaHHS 103, a came, BU3HAYalOYU €(DEKTUBHY
03y SIK

HM + HE
EZZWT[—T+ I
T

Jie BepxHimu iHaekcaMu M i F mo3HaueHo eKBiBaJeHTHI
031 OTNPOMiHEHHSI pedepeHTHOro 4oJjoBika i pedepe-
HTHOI >KiHKH!, BiIIIOBiHO.

KirouoBuMu napaMeTpaMu y po3paxyHKy € 3HaUeH-
HS wr. 3HaUYCHHS Wr, IO Oy/I1 BBeACHI Pi3HUMU ITyOJTi-
Kauismu MKP3, naBegeni y Tabnuni 1 (3Ha4yeHHS, 1110
3MiHIOBUIMCH OifbII HiX YyABiYi, BUIUIEHO >XXWUPHUM
pUGTOM).

3naueHHs wr 3 [lyonikawii 26 MKP3 [13] 6ynu no0y-
JIOBaHi Ha JaHUX PO PU3UK PO3BUTKY CMEPTEIHHOIO pa-
Ky i BAHMKHEHHSI CEpHO3HUX CITaJKOBUX 3aXBOPIOBaHb Y
JBOX Mepiux nokominHsx. Y [y6mikanii 60 MKP3 [3] ui
3HAYE€HHS 0a3yBalvCh Ha OLiHLI pagialliiHOI IIKOAU, 10
SKOI BKJIIOUAJIUCh PU3UK padialliiHO-iHIYKOBAaHOTO
CMEPTEJLHOIO PaKy, CMaJKoBOI 3aXBOPIOBAHOCTI Y BCiX
HACTYIMHUX MOKOJIIHHSIX, TSKKICTh 3aXBOPIOBAHHS i KiJlb-
KiCTb POKiB XKUTTSI, BTpauy€HUX B pe3yJbTaTi 3aXBOPIOBaH-
H4. 3a [lyonikaniero 103 MKP3 [11] cuctema wr y 0iJib-
1Iiii Mipi MoOyaoBaHa Ha PiBHiI 3aXBOPIOBAHOCTI paiia-
LiAHO-iHAYKOBAaHMM PaKOM, Hi>XK HA CMEPTHOCTI Bill HbO-
ro, a TaKOX Ha PU3UKY PO3BUTKY CHAIKOBHUX 3aXBOPIO-
BaHb y ABOX MEPIINX MOKOJIHHSIX.

OIHUM i3 BaXJIMBUX €JIEMEHTIB PO3paxXyHKy € HaJaH-
Hg wr WIs1 “pewrtd opraHiB”. Hes3Bakarouu Ha il Ha-
SIBHICTB Y BCiX 3a3HayeHUX nyodmikaiigsx MKP3, 1i ponb

Similar approaches were used in the preceding
(in the conceptual sense) ICRP Publication 26
(1977) [13] and in the succeeding ICRP Publi-
cation 103 [11]. ICRP Publication 103 [11] makes
this calculation a bit complicated taking into
account the gender peculiarities of dose forma-
tion, i.e. determining the effective dose as

L]

where the superscripts M and F indicate the
equivalent doses to the reference male and female
respectively.

The key parameters in the calculation are the wT
values. The wT values introduced by different
ICRP publications are given in Table 1 (values that
were changed more than twice are indicated by the
bold font).

The wr values in ICRP Publication 26 [13] were
based on data about the risk of a fatal cancer and
of a serious heritable disease in the first two gener-
ations. These values in ICRP Publication 60 [3]
were based on the radiation detriment assessment
which includes the risk of radiation-induced fatal
cancer, and heritable disease in all future genera-
tions, the severity of the disease and the years of
life lost due to the disease. In accordance with
ICRP Publication 103 [11] the wr system is based
largely on the incidence of radiation-induced
cancer rather than on mortality as well as on the
risk of heritable disease over the first two genera-
tions.

The assignment of wr to the remainder tissues is
an important element in the calculation. Despite
their presence in all specified ICRP publications
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Ta6nuusa 1
TKaHUHHI 3BaXKyIo4i hakTopM wr y ny6nikayiax MKP3

Table 1
Tissue weighting factors wr in ICRP Publications

TkaHuHa/opraH
Tissue or organ

MyGnikauis 26 MKP3 [13]
ICRP Publication 26 [13]

My6nikauis 60 MKP3 [3]
ICRP Publication 60 [3]

MyGnikauis 103 MKP3 [11]
ICRP Publication 103 [11]

ToHaau 0,25 0,20 0,08
Gonads

KicTKoBWIn MO30K (4EPBOHMIA) 0,12 0,12 0,12
Bone marrow (red)

JlereHi 0,12 0,12 0,12
Lung

ToscTa kuLka - 0,12 0,12
Colon

LLinyHok - 0,12 0,12
Stomach

CeyoBuit Mixyp - 0,05 0,04
Bladder

MonoyHa 3anosa 0,15 0,05 0,12
Breast

MeuiHka - 0,05 0,04
Liver

Crpagoxi, - 0,05 0,04
Oesophagus

LLinTonopibHa 3ano3a 0,03 0,05 0,04
Thyroid

LLikipa - 0,01 0,01

Skin

MoBepxHs KiCTKn 0,03 0,01 0,01

Bone surface

'onoBHUIA MO30K - - 0,01

Brain

CnunHi 3an03u - - 0,01

Salivary glands

“PewwuTa opraHig” 0,30 0,05 0,12

Remainder tissues

3Ha4YyHO BinmpisHseTbes. 3a Ilyomikauiero 26 MKP3 [13]
cymapHe 3HaueHHsT wr mig Hei (0,30) posmodiisioch
piBHOMipHO (110 0,06) MiX IT’ITbMa OpraHaMK/TKaHWHA-
MU i3 “pemTu opraHiB”, SKi BUSBISUINCH HAHOIJIBIIT OIT-
POMiHEHMMMU Y MEeBHil cuTyalii ompoMiHeHHs. 3a [1y0-
nikamiero 60 MKP3 [3] cymapHe 3HayeHHS wr IS
“pewTu opradiB” 6ys0 3MeHIIeHe y 6 pasis (0,05) i pos-
MOILISIOCH ITOPiBHY Bxe MixX 10 opraHamMu/TKaHUHAMMU.
OnHak SKII0 MaKcUMaJlbHa €KBiBaJ€HTHA J103a 3a opra-
HaMM/TKaHWHaMU i3 “pellTH OopraHiB” IepeBHUIlyBaja
MaKCHUMaJIbHy €KBiBaJICHTHY J03010 3a OpraHaMu/TKa-
HUHaMM, SKi MalOTh BIACHUI Wt, TO OpraH/TKaHMHA i3
“pelTH opraHiB” 3 MaKCHMaJIbHOIO €KBiBaJIECHTHOIO J10-
3010 OTPUMYBAB IIOJIOBUHY 3arajlbHOro 3HA4YeHHS Wr
(To610, 0,025), a pewra (0,025) posnoaiasiack NOPiBHY
MiX BxXe 9 opraHaMu/TKaHUHaMu (“IIpaBUJIO PO3IIEII-

their roles are very different. According to ICRP
Publication 26 [13] the total wr value for them
(0.30) is uniformly distributed (by 0.06) among five
organs/tissues from the remainder tissues which
were exposed to the most extent in a certain expo-
sure situations. According to ICRP Publication 60
[3] the total wr value for the remainder tissues was
sixfold (0.05) reduced being distributed equally
between 10 organs/tissues. However if the maxi-
mum equivalent dose to organs/tissues among the
remainder tissues had exceeded the maximum
equivalent dose for organs/tissues for which there is
a specific wr, then the organ/tissue from the
remainder tissues exposed to the maximum equiva-
lent dose should have received a half of the total wr
value (i.e. 0.025) with the rest part (0.025) been dis-
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sneHHsa”). Ilyomikauis 103 MKP3 [11] 36inbmmuna cy-
MapHe 3HayeHHs wr Mg “pewutu opradiB” (mo 0,12),
po3sroaiania #oro Bxe Mix 13 opraHamMu/TKaHMHAMM i
BiZIMOBUJIACh BiJ, BUKOPUCTAHHSI “TIpaBWJia PO3ILEII-
JIEHHS”.

3acTocyBaHHS Pi3HUX CUCTEM Wt A0 MEBHOTO HaboOpy
3HaYeHb €KBiBAJICHTHUX 103 IIPU3BOIUTD JO OTPUMAHHS
Pi3HUX OLIIHOK e(eKTUBHOI J031. 3BUUYAHO, 3aCTOCY-
BaHHS 3MiH JIMIIIE IO OJHOTO YMHHWKA € HE 30BCiM KO-
PEKTHUM, IIPOTE TaKOTO 3aCTOCYBaHHS MOXe OyTH ITOC-
TaTHHO IJISI OTPMMAaHHS YSIBM IIPO BIUIMB YMHHUKA Ha
OILIiHKY e(PeKTUBHOI J03U.

PE3VYJIBTATU TA IX OBTOBOPEHHS

BuxinHumu naHuUMU [J1s1 OTPUMaHHS OLIIHOK e(eKTUB-
HUX 103 30BHILIHBOTO OTIPOMiHEHHS € €KBiBaJIEHTHI 10-
3U, SIKi HaBeJIeHO Y [2]. ¥ IboMy TOKYMEHTI KpiM eKBiBa-
JICHTHUX 103 OyJM TaKoX OITyOJiKOBaHi He e(heKTUBHI
nmo3u (F abo e), a ekBiBajgeHTH e(peKTUBHOI 103U (HE abo
hE), po3paxoBaHi 3a [lyomikaiiero 26 MKP3 [13]. 3nHa-
YEHHS /g 0 LIOTO Yacy 4acTO 3aCTOCOBYIOThCS SIK aHa-
JIOT 1030BMX KOeilLlieHTIB 1JIs1 pO3paxyHKiB €(peKTUBHOL
mo3m (e), omHaK edeKTWBHI 103U, po3paxoBaHi 3a
ITy6nikauiero 60 MKP3 [3], 3HauHO Bigpi3HSIOTHCS Bil
Hux. [TopiBHSIHHS /£ 3 e (Hamalli — eicrp-60) 115 BCix 825
pamioHyKJiaiB 3 [2] mpeacTaBieHo Ha puc. 1 Ha NpUK-
JIami TphOX HAOOPIB J030BMX KOEMIIliEHTIB — IS OIT-
POMiHEHHS BiJ HaMiBHECKIHUYEHHOI XMapM, TTOBEpXHi
IPYHTY Ta TPYHTY i3 TOBIIMHOIO 5 cM. 1o ropu3oHTab-
Hiil oci BimoOpaxkeHO BimHOLIEHHS “hEp / ecrp-60”, IO
BEpPTUKANIbHIN — MOro BiIHOCHA KiJIbKICTh Y BiACOTKAaX.

tributed equally between 9 organs/tissues (“splitting
rule”). The total wr value for the remainder tissues
(to 0.12) was increased in ICRP Publication 103
[11] with value distribution among 13 organs/tissues
and cancellation of the “splitting rule” use.

The application of different wr systems to a cer-
tain set of the equivalent dose values results in a
different assessments of the effective dose. Of
course the changes applied to only one element are
not quite correct, but such an application may be
sufficient for understanding of the impact the ele-
ment to assessment of the effective dose.

RESULTS AND DISCUSSION

The equivalent doses that are given in [2] are the
initial data for the effective dose assessment. That
document also contains not the effective doses (£
or e) but the effective dose equivalents (Hg or Ar)
calculated according to ICRP Publication 26 [13].
The A values up to this time are often used as an
analogue of the dose coefficients for the effective
dose (e) calculations, but the effective doses calcu-
lated according to ICRP Publication 60 [3] are
much different. Comparison of 4 and e (here-
inafter — eicre-s0) for all 825 radionuclides from [2]
is shown in Figure 1 by the example of three sets of
the dose coefficients i.e. for the exposure from a
semi-infinite cloud, a ground surface, and a soil
with a depth of 5 cm. The “Ahe / eicrp-60” ratio is
reflected on the horizontal axis and its relative
quantity in % on the vertical one.

60% A

50% A

40%

BigHocHa KinbkicTb
Relative quantity

30% - ,
20% A

10% 4 ]

ol mm om ull i B

m Xmapa
Air submersion

M [OBEPXHSA FPYHTY
Ground surface

IpyHT, 5Ccm
Soil, 5cm

L BigHowweHHs A / eicrp-60
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PucyHoK 1. Po3nogin 3HaueHb “hg [/ eicre-60” ANA 30BHilLIHLOr0 ONPOMiHEHHSA

Figure 1. Distribution of the “/z / eicrr-60” values for external exposure
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st ompoMiHEeHHS BiJl HamiBHECKiHYEHHOI XMapH
Ginbie 61 % 3Ha4YeHb A IEPEBULLYIOTH €|cRrp-60 HE OLTb-
e Hixxk Ha 10 %, Bim moBepxHi rpyHTY — ix Maiike 50 %,
Bill TPYHTY i3 TOBIIMHOIO 5 cM — Maiixke 74 %. 3HaueHb
hE, 110 TIEPEBUILYIOTH ecrp-60 Bil 33 10 50 %, s onpo-
MiHEHHS BiJl HamiBHECKiHYEHHOI XMapH i MOBEPXHi IPyH-
Ty — He Oinbuie 5 %, Bim IPYHTY i3 TOBIIMHOIO 5 CM —
meHire 4 %. Cepeln pamioHYKJIAIB i3 HalOiMbIIMMU
3HaueHHIMU “hE / eicrp-60” — Co-58m, Mo0-93, Tc-97,
Nb-95m, Rh-103m, Pd-103, Sb-119, Sb-124n, Sn-119m,
1-125, Sm-151, a Takox megki pagionykiigun Cm, Cf,
Pu, Fm.

Haii6inbpln 1ikaBUM € HasgBHICTb Ay:Ke MajauX 3Ha-
yeHb “hE / ecrp-60”. HJI ONMPOMiHEHHS Bim IPYHTY i3
TOBIIMHOIO 5 CM € JINIIIe 4 pagiOHYKIiIU, IS IKUX “hrg /
eicrr-60” Tpoxu MeHIe 0,5 (AIBoKpaTHa HEAOOILIiHKA), a
came — P-32, Sr-89, Y-90, Fr-222. OgHak ajisi onpo-
MiHEHHS Bil HalliBHECKiHUEHHOI XMapu Maiixe 111 3 %
pamioHyKIIiIiB HeJooIiHKa Oyae ckinagat Big 10 mo 18
pasiB, cepen HuUX — Ar-39, Ca-45, Ni-66, Rb-87, Sr-90
(mpu uboMy Y-90 nae 4OTUPUKPATHY HEAOOIIIHKY), Tc-
99, Cs-135, Cs-137 (0e3 ypaxyBaHHs Ba-137m), Pm-
147, Pb-209. [lns onmpoMiHEHHs Bil MOBEPXHi I'PYHTY
HegoolliHKa nepeBuinye 10 pasiB mia 2 % panio-
HYKJIiZiB, TIpOTe Haibisblla HemoolliHKa jaocsrae 33
pasiB (P-32, Zn-69, Sr-89, Pr-143, TI1-206, Bi-210),
11 Y-90 e 3HayeHHs ckianae 20 pasis, misg Sr-90 — 6
pasiB.

Hns iHepTHUX pamioaktuBHUX rasis (IPI') HalimeHi
3HauYeHHS “hE / eicrp-60” VTSI OIPOMiHEHHSI BiJ HamliBHe-
CKiHYEHHOI XxMapu ckjagaoTh: Ar-39 — 0,08; Kr-85 —
0,5; Haiibinbmri 3HaueHHs — 111 Kr-83m (1,25) i Xe-133
(1,16). dns inmmx IPT 3HadyeHHST “AE / eicrp-60” 3HAXO-
ISaThes B nianasoHi Big 1,04 no 1,15.

AJlbTepHaTUBHUM BapiaHTOM € BUKOPUCTAHHSI JO30BUX
Koe(ilieHTiB i3 [2] 3 Aesikumu MoaudikaiisiMu. Y [14]
BUKOPHCTAHO M030Bi KoedillieHTH i3 [2] nuisixoMm gona-
BaHHS J10 /g €KBiBaJIGHTHOI A03M Y LIKipi, 3BaXKEHOI 3
TKAHMHHUM 3BaxXyluuMm ¢GHaKTOpoM s LIKipu i3
IMy6nikauii 60 MKP3 [3]. TodbTo B IKOCTI “I030BUX KO-
ediuieHTiB” y [14] Oy10 BUKOPUCTAHO TaKi 3HAYEHHSI:

€ =hg + Wy, (ICRP-GO)h

Takuii minxia He Ja€ KOPEKTHOI OLliIHKU JTO030BUX KO-
ediuientiB 3a Ilybnikauiero 60 MKP3 [3], xoua BiH i
JIIKBiny€e mpobaeMy CyTTEBOI HEAOOLIIHKU 103 TIpU TIpsi-
MOMY BUKoOpMcTaHHi g i3 Ilyonikauii 26 MKP3 [13].
BnacHe kaxyuu, Takuit Mmigxig B3araii JIiKBigye Heao0-
OLIiHKY 103 (1110 MOXKe OYTH He ay>Ke MOTaHUM JJISI OTPU-
MaHHSI KOHCEPBATUBHUX OLIHOK J03) 1 MPU3BOIUTH

For the exposure from a semi-infinite cloud more
than 61% of hg values exceed eicrp-60 values for no
more than 10%, from a ground surface it is ~50%,
from a depth of 5 cm ~74%. The relative quantity of
the &g values that exceed eicrp-s0 from 33 to 50% for
the exposure from a semi-infinite cloud and from a
ground surface is less than 5%, from a soil with a
depth of 5 cm — less than 4%. The Co-58m, Nb-
93m, Mo-93, Tc-97, Rh-103m, Pd-103, Sn-119m,
Sb-119, Sb-124n, I-125, Sm-151, and some radio-
nuclides of Pu, Cm, Cf, Fm are among the radionu-
clides with the greatest “/r / eicrp-60” values.

Presence of very low “AhE / eicre-60” values is quite
interesting. For the exposure from a soil with a
depth of 5 cm there are only 4 radionuclides for
which “hr / eicrr-60” value is slightly less than 0.5
(double underestimation), namely — P-32, Sr-89,
Y-90, Fr-222. However, for the exposure from a
semi-infinite cloud the underestimation for almost
3% of radionuclides is from 10 to 18 times, including
Ar-39, Ca-45, Ni-66, Rb-87, Sr-90 (there is four
times underestimation for Y-90 ), Tc-99, Cs-135,
Cs-137 (excluding Ba-137m), Pm-147, Pb-209. For
the exposure from a ground surface the underesti-
mation is more than 10 times for 2% of radionu-
clides, but the biggest underestimation is 33 times
(P-32, Zn-69, Sr-89, Pr-143, TI1-206, Bi-210), for
Y-90 this value is 20 times, for Sr-90 it is 6 times.

For noble gasses the lowest “/ir / eicrp-60” values
for the exposure from a semi-infinite cloud are 0.08
for Ar-39, 0.5 for Kr-85; the highest values are for
Kr-83m (1.25) and for Xe-133 (1.16). For other
noble gasses the “/r / eicre-60” values are in a range
from 1.04 to 1.15.

Using the dose coefficients from [2] with some
modifications is an alternative variant. The dose
coefficients based on [2] were applied in [14] with
addition to /g of the equivalent doses to the skin
weighted with the tissue weighting factor for the skin
from ICRP Publication 60 [3]. That is the following
values were used as the “dose coefficients” in [14]:

skin®

Such an approach gives no correct assessment of
the dose coefficients from ICRP Publication 60 [3],
although it eliminates the problem of the significant
underestimation for doses with the direct use of A
values from ICRP Publication 26 [13]. Indeed this
approach eliminates any underestimation of doses
(which can be not very bad for a conservative dose
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TIJTBKU IO 3aBUILIEHHS OILIIHOK y MOPiBHSHHI 3 KOPEKT-
HUMMU 3HaAUEHHAMU eicrp-60 (PUC. 2). binbiie Hix mis 5 %
pamioHYKJIiIiB TaKke MNepeBUILEHHS Oyae cKilaaaTu Oijlb-
me 40 % (s ompoMiHEHHS Bif HaIliBHECKiHYEHHOT
XMapHu i MOBEPXHi IPYHTY).

assessment) leading only to overestimation in
comparison with the correct ecrp-s0 values (see
Fig. 2). More than for 5% of radionuclides such an
overestimation would be over 40% (for exposure
from a semi-infinite cloud and a ground surface).

70% A

60% A

BigHocHa KinbkicTb
Relative quantity
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B [ToBEPXHS FPYHTY
Ground surface
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Comparison of the modified sz values (@) with eicres0
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0% - . . ,L’I-;I-flilll-__,_
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PUCyHOK 2. Po3nogin BigmiHHOCTe#n Mix MoanikoBaHMMU 3HAYEHHAMM A i eicrp-60 ANA 30BHILHLOIO

OnpoMiHeHHs

Figure 2. Distribution of the differences between modified /z and eicrp-60 values for the external exposure

3actocyBaHHg cuctemMu wr i3 [lyomikanii 103 MKP3
[11] mo exkBiBaJeHTHUX A03 (pOpMye 3HAUEHHS edek-
TUBHUX 103 (Haxajli — eicrp-103), O BiAPI3HAIOTHCA Bif
3HaYE€Hb e|crp-60. JIK BKa3aHO BUIIE, €crp-103 B L1l po-
0OTi He € 3HAauYeHHSIMHM, IO MOBHICTIO BiANIOBiZalOTh
ITy6nikanii 103 MKP3 [11], BoHM iHKOPHOpPYIOTH B
co0i BOAMB jauiie cuctemMu wr i3 Ilyoaikanii 103
MKP3 [11].

Puc. 3 nonae po3mnofin nmopiBHSIHHS 3HAYEHb €|crp-103 1
eicrp-60 JUISI 30BHILIHBOIO OIPOMiIHEHHS. 3 TMOJaHOTro
PpO3ITOIITY BUTLIMBAE, 110 TIepeXif Bif eicrp-60 10 e ICRP-
103 mpu3BOAWTHL JO MEHINWX 3MiH B OIHII 03 OII-
POMiHEHHS Yy TIOPiBHSIHHI 31 3MiHAMM MPU MEepPexoi Bif
hE IO eicre-60.

3HayHa yacTKa 1030BUX KOe(illiEHTiB 3MEHILUThCS HE
Oinbire HiX Ha 5 %. s onpoMiHEHHS Bii HaIliBHE-
CKIHYEHHOI XMapu 1ie cTocyeThed Maiixke 94 %, Bin mo-
BEpXHi IPYHTY — Maitxke 86 %, Bill IPYHTY i3 TOBIIMHOIO
5 cm — maiixke 91 %.

J1y1s1 onmpoMiHEHHS BiJ HalliBHECKiHUEHHOI XMapy Hali-
Oinbli mepeBulleHHs (Oinbine 15 %) Oynyth misa 4
pamionykmigiB — Ge-68, Ge-71, Os-189m, Ir-190m;
Haio6inbmi HemoowiHku (9 % i 6inbue) — mis Co-58m,
Sn-119m, Sb-119, Sb-124n, Te-123, I-125, Cs-131.

Application of the wr system from ICRP Publica-
tion 103 [11] to the equivalent doses generates val-
ues of effective doses (hereinafter — eicrp-103) Which
differ from the eicrp-60 values. As noted above the
eicrp-103 in this paper are not the values that fully
comply with ICRP Publication 103 [11] rather they
incorporate only the impact of the wr system from
ICRP Publication 103 [11].

Figure 3 demonstrates the distribution of the dif-
ferences between the eicrp-103 and eicre-60 values for
the external exposure. As it follows from the distri-
bution the transition from eicgre-60 to eICRP-103
leads to less changes in dose assessments compared
to the changes for the transition from /£ to eicre-6o0.

A considerable part of the dose coefficients will
decrease by no more than 5%. For the exposure
from a semi-infinite cloud it is the case for almost
94%, from a ground surface — for nearly 86%, and
from soil with a depth of 5 cm — almost 91%.

In exposure from a semi-infinite cloud the highest
overestimation (over 15%) is for the 4 radionucli-
des — Ge-68, Ge-71, Os-189m, Ir-190m. The largest
underestimation (9% and more) is for Co-58m, Sn-
119m, Sb-119, Sb-124n, Te-123, 1-125, and Cs-131.
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Figure 3. Distribution of the differences between the eicrr-103 and eicrp-60 values for external exposure

BusnaueHHSs BIIUBY 3MiHU CUCTEMU Wt (TIPU TIEPEXOIi
Bin ITyomikawii 60 MKP3 [3] mo Ily6nikauii 103 MKP3
[11]) Ha oLiHKY 403 BHYTPIlITHHOTO OMPOMiHEHHSI BUKO-
HaHO Ha NpUKJIaAi J030BUX KOeMiLliEHTIB 1 IEPCOHATY
[15]. dns iHransiiiiHoro HaaXoaKeHHs 0yJ10 BUKOHAHO
rnepepaxyHoOK JT030BUX KOS(DILIiEHTIB IS aep030JIiB BCiX
tuniB MatepiaiiB (F, M, S) i razonoaionux cronyk. s
aepO30JIiB TOPIBHSIHHS BUKOHYBAJIOCH TSI TO30BUX KO-
edimieHTiB 1 yacTouok 3 AMAD 1 MKM i 5 MKM.

Posnoninu mopiBHAHHS 3HA4YeHb eicrp-103 HAM €ICRP-60
IUIST TIEPOPAIbHOTO Ta IHTAISILIIAHOTO HAIXOMKEHHSI Ha-
BedeHi Ha puc. 41 5, BinnoBinHo. Ha 3a3HaueHUX pucyH-
KaxX BHUOiJeHO okpeMi rpyrmu “0”, mo BigoOpaxkaroTb
BiTHOCHY KiJIbKICTb eicrp-103 1 €icrp-60 , SIKi OYIyTh PiBHU-
MU TICJIS 3a0KPYIJIEHHS 10 ABOX 3HAUYYIIUX LUPpP (SIK
3a3BMYail MyoJIiKYyIOThCS 1030Bi KOEiLliEHTH).

OTtpuMaHi pO3MONiIN IIJI OIIiIHOK J03 3a PaxyHOK ITe-
POPAIBHOTO Ta iHTATSLIHOTO HaIXOI>)KEHb MalOTh IIPUH-
LIUIIOBO pi3Hy opMy. H1sT mepopaaIbHOro HaaXOMKEHHS
44 % nos3oBux KoedilieHTIB 3MeHIIAaThes, 38 % — 3011b-
maThes; Maiike 80 % 1030BUX KOS(ILIIEHTIB 3MiHATHCS HE
oinbiie Hixk Ha 10 %. IpubmmusHo 3 % m030BUX KO-
ediuienTiB 3meHarbes Big 20 10 40 %. i iHransguiiiHo-
o HagXOIKEHHS Maiitke 68 % m030BUX KoedillieHTiB
3MeHLaThes1, 21 % — 36inblIaTbes; Maiike 53 % 1030BUX
KoeiLieHTiB OyayTh 3MeHILIeH]i Oiyiblie HixX Ha 10 %.

3MEHILIeHHS T030BUX KOEMIIiEHTIB 1T BHYTPillTHBO-
TO OIIPOMiHEHHS €, B OCHOBHOMY, HACJIiIKOM BIUIMBY Ta-
kux nBox 3MmiH y [lyomikamii 103 MKP3 [11]: Bigminu
“IpaBuiia pO3LIEIUIEHHS” i 3MEHILEeHHSI 3HAYeHHS Wt
TSI I TOIIONIOHOI 3aJ1031.

3acTtocyBaHHs “mpaBuja po3suieruieHHs1” ITyomikarri-
€0 60 MKP3 [3] npu3Boauio 10 301JIbILIEHHST OLIIHOK

Determining the impact of the wr system changes
(transition from ICRP Publication 60 [3] to ICRP
Publication 103 [11]) for the internal dose assessment
was held using the dose coefficients to the workers
[15]. The recalculation of dose coefficients for ae-
rosols of all material types (F, M, S) and for gaseous
compounds was performed for the inhalation intake.
For aerosols the comparison was performed of dose
coefficients for particles of 1 ym and 5 pm AMAD.

Distributions of the differences between the
eicrr-103 and eicrp-60 for ingestion and inhalation are
shown in Figures 4 and 3, respectively. The separate
groups “0” in these figures corresponds to relative
numbers of eicrp-103 and eicrp-s0 that would be equal
upon rounding to two significant digits (as the dose
coefficients are usually published).

The received distributions for dose assessments
for ingestion and inhalation have principally differ-
ent shapes. For the ingestion 44% of the dose coef-
ficients decrease, 38% increase, with almost 80% of
the dose coefficients change by no more than 10%.
Approximately 3% of the dose coefficients decrease
from 20 to 40%. For the inhalation almost 68% of
the dose coefficients decrease, 21% increase,
almost 53% of the dose coefficients decrease by
more than 10%.

Decrease the dose coefficients for internal expo-
sure is mainly a consequence of the impact of two
changes in ICRP Publication 103 [11]: the “split-
ting rule” cancellation and the wr value reduce for
thyroid.

The application of “splitting rule” in ICRP Pub-
lication 60 [3] led to increased assessments for some
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Figure 4. Distribution of the differences between the eicrp-103 and eicrp-60 values for ingestion
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Figure 5. Distribution of the differences between the eicre-103 and eicrp-60 values for inhalation

IesIKX e(eKTUBHUX 103 BHYTPIIIHBOTO OIPOMiHEHHS,
OJHaK 1Ie y OuUIbIIiff Mipi CTOCYBajlOCh IHTAJSILIHOTO
HaaXomxXeHHs. s mepopajbHOIO HAAXOIXKEHHS 1Ie
MpaBwIo OyJI0 3aCTOCOBAHO Julle A1 5 % n030BUX KO-
edimienTis (3 HUX 60 % — 3a paxyHOK 3HaUHMX eKBiBaJIe-
HTHHUX /103 Y HUPKax; 28 % — y cTiHKaX TOHKOTO KHUIIIey-
HMKA), a IS iHTaJIaLiifHOro HaaxXomKeHHsa — i 63 %
(3 HUX Maiike 96 % — 3a paXyHOK AMXaJbHUX IUISXIB IO~
3arpyaHoi obnacti; 3,5 % — HUPOK).

3MEHILeHHSI 3HaYeHHS Wt ULl IMATOMNOMIOHOI 3371031
Ha 20 % (3 0,05 mo 0,04) mae BruIMB Ha OOUABA BUIU
HaAXOMXEHHS i BTIJIUJIOCH Y HAlOIIbII TependadyBaHoO-
MY pe3yJbTaTi — 3MEHIIEeHHi J030BUX KOeMilliEHTIB IJIs1
OiBIIOCTI pamioHYKIiAIB oy, g eeKTUBHUX 103 3a

effective internal doses, but to a greater extent it
concerned the inhalation intake. Regarding the
ingestion this rule was applied only for 5% of the
dose coefficients (for 60% of them at the expense of
substantial equivalent doses to kidneys, 28% — to
the small intestine wall), and for inhalation — for
63% (almost 96% of which due to the extrathoracic
region of the respiratory tract; and 3.5 % — to the
kidneys).

Decrease of wr value for the thyroid by 20% (from
0.05 to 0.04) has an influence on both types of
intake and takes shape in the most predictable
results i.e. in dose coefficients the for most radionu-
clides of iodine. There is a decrease by 13% or more
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paxyHOK TepopaIbHOTO HAAXOMKEHHSI 3MEHIIEHHS Ha
13 % i Ginbiie oyne mua 1-121, 1-123, 1-124, 1-125, 1-
126, 1-129, 1-130, 1-131, 1-132, 1I-132m, 1-133, I-135.
[ iHTansIuiiiHOTO HAIXOMKEHHSI IO ILIOTO TMepesTiKy
OynyTh TakoxX 3aiydeHi [-120, I-120m, 1-128, I-134.

IIle onHi€l0 BiAMiHHICTIO HaBEAEHUX PO3MOAiIIB € BU-
naaku 3HayHoro 30inbureHHs (Ha 40 % i Oinblie) mis
IHTAJSLIHHOTO HAAXOIKEHHS NesIKUX pPamgiOHYKIIiIiB.
Cepen octaHHix — Mo-93, Zr-93, Pd-107, Pa-231, Pa-
232, Th-229, Th-230, Th-232, U-232, U-233, U-234,
U-235, U-236, U-238, Pu-239, Pu-240, Pu-241, Pu-244
(mnst Th-232 36inbiIeHHs Oyne BOBiYi i Oiiblie). 30i1b-
IIEHHST J030BUX KOE(MIlliEHTIB € OUIbII XapaKTepHUM
JJI iHraJasUiiHOro HaAXOMXKEHHS PaJdiOHYKIIiliB 3 TH-
oM Matepiaiay S (3a paxyHOK BKJIIOYeHHS JTiM(POBY3ITiB
J0o “pellTu OpraHiB”), 3MEHILEHHS — IJIsI TUIIy Ma-
tepiany F (i, yactkoBo, M).

BUCHOBKU

3acTocyBaHHS Pi3HMX CHCTEM TKaHMHHUX 3BaXKYIOUMX
(pakTOpiB Ma€ TMEeBHUII BIIMB Ha OLIHKY €(EeKTUBHUX
103 OMPOMiHEHHS JIOAWHU. BimMiHHOCTI B OLiHLI 403
30BHILIHBOTO OIIPOMIHEHHSI IPU 3aCTOCYBaHHI CUCTEMU
TKaHMHHUMX 3Baxylouux dakropiB 3a [lyoiikanieo 26
MKP3 [13] y mopiBHstHHI 3 [Ty6mikamiero 60 MKP3 [3]
MOXYTb OYTM 3HAYHMMU — BiJ ITepeoliHKu B 1,5 pa3a 1o
HegooliHku y 30 pasiB.

3acTocyBaHHSI CUCTEMU TKaHUHHUX 3BaXKYIOUUX (hak-
topiB i3 Ily6mikamii 103 MKP3 [11] y nopiBHSIHHI 3
IMy6nikauiero 60 MKP3 [3] He mpu3BOOIUTH A0 3MiH
OLIHKM edeKTUBHUX 103 Oinblie HixX Ha 20 % s BCix
pagioHYKJIiiB TP OL[iHKAaX J03 30BHIIIHHOTO OIPOMi-
HEHHS 1 Oj1 3Ha4YHOI OinblIocTi pamioHykiIiaiB (97 %)
MIPY OLIIHKAX 103 BHYTPIIIHBOTO OIIPOMIHEHHS 3a paxy-
HOK II€POPaAIbHOIO HAAXOIKEHHSI.

Jo30Bi KoeillieHTH 151 iHTJISILiHOTrO HaIXOMXKEH -
HS 3MeHIaTbes Wi 67 % pamioHyKIiAiB (mist Oiablne
HiX 52 % 3MeHI1IeHHs Oyne B miana3oHi Big 10 1o 40 %).
st gesikux pagioHyKJIidiB IJIs1 iHraJasUiAHOTO HaaX0/1-
JKEHHSI TUITYy MaTtepiaiay S m030Bi KoedillieHTH 3HAYHO
36inbmartses (Big 40 % no 2,3 pasa), 110 € HACTiIKOM
BKJIIOUEHHS JIiM(OBY3J1iB A0 “pelITU OpraHiB”.

Jns OinbLIOCTI pamioOHYKIiAiB Ioay OLiHKa 103
BHYTPILIHBOTO OMPOMiHEHHS 3MeHIIUThCs (10 20 %).

BkazaHi 3MiHU 1030BUX OLIiIHOK € pe3yIbTaTOM BILJIUBY
3MiHU JINIIIE CUCTEeMU TKAHMHHUIX 3BaXKYIOUNX (PaKTOpiB.
binbinii BB Ha J030Bi OLIIHKU MOXYTb JAaTU CYKYII-
HE 3aCTOCYBaHHSI OHOBJICHUX OiOKiHETMYHUX MOoJesei
JIIOMWHU (CTOCYETHCS JINIIE BHYTPIIIHBOTO OMPOMiHEH-
HST), pe(pePEHTHNUX aHATOMIYHHUX XapaKTePUCTUK OO -
HU i XapaKTepUCTUK PadiOHYKIidiB.

for the effective doses from the ingestion of I-121, I-
123, 1-124, 1-125, 1-126, 1-129, 1-130, 1-131, I-
132, 1-132m, 1-133, I-135. For the inhalation cir-
cumstances this list also includes 1-120, I-120m, 1-
128, and I-134.

A significant increase (by 40% or more) for the
inhalation of certain radionuclides is another differ-
ence within given distributions. The following
radionuclides — Mo-93, Zr-93, Pd-107, Pa-231, Pa-
232, Th-229, Th-230, Th-232, U-232, U-233, U-
234, U-235, U-236, U-238, Pu-239, Pu-240, Pu-
241, Pu-244 are among them. For Th-232 the
increase is twofold or more. Dose coefficients
increase is much typical for the inhalation of radionu-
clides of the type S material (due to the inclusion of
lymph nodes to the remainder tissues), decreasing —
for the material type F (and partially for type M).

CONCLUSION

Application of the different systems of tissue weigh-
ing factors has an influence on the assessment of
effective doses to human. Differences in the assess-
ment of external exposure due to the application of
the tissue weighing factors from ICRP Publication
26 [13] compared with ICRP Publication 60 [3] can
be significant i.e. from the 1.5 times overestimation
to the 30 times underestimation.

Application of the tissue weighing factors from
ICRP Publication 103 [11] in comparison with
ICRP Publication 60 [3] does not lead to changes in
the effective dose assessments for more than 20%
for all radionuclides under dose assessments of
external exposure and for the large majority of
radionuclides (97%) under the internal dose esti-
mates from the ingestion.

The dose coefficients for inhalation would reduce
for 67% radionuclides (the decrease is from 10 to
40% for more than 52% radionuclides). For some
radionuclides within inhalation of the material type
S the dose coefficients would significantly increase
(from 40% to 2.3 times) being an effect of the lymph
nodes inclusion to the remainder tissues.

For the most iodine radionuclides the assessments
of the internal doses would decrease (for up to 20%).

The mentioned changes in dose assessments are
the result of a change the system of the tissue weigh-
ing factors only. Greater impact on the dose assess-
ments may be a result of the combined application of
updated biokinetic human models (concerning in-
ternal exposure only), reference human anatomical
characteristics, and characteristics of radionuclides.
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