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LONG-TERM PROGRAMME OF BIOPHYSICAL MONITORING OF THE PERSONNEL
INVOLVED IN THE CONSTRUCTION OF THE NEW SAFE CONFINEMENT

The international Shelter Implementation Plan (SIP) foresees a step-by-step transformation of the Chornobyl
site into the safe condition. The New Safe Confinement (NSC), is an unprecedented 108-meter tall structure over the
destroyed Unit 4 of the Chernobyl Nuclear Power Plant, and is a central element of SIP. Many workers involved in SIP
may have a direct contact with fragments of the irradiated fuel, fuel-containing aerosols, and other contaminated mate-
rial at the Chornobyl industrial site. Isotopes of plutonium, americium, strontium, and cesium are dominating in internal
exposure of SIP workers. The safety of workers is a high priority of SIP. Starting from 2004 the Ukrainian Radiation
Protection Institute (RPI) is performing a large-scale Internal Dosimetry Program as an integral part of SIP. Pu contents
in fecal and urine samples and the whole-body counters’ (WBC) data and are the main source of the quantitative data
used for the dose assessment. The RPI radiochemical laboratories in Kyiv and at the Chornobyl site employed the stan-
dard radiochemical technique and equipped with ninety six alpha-spectrometers. The range of WBCs includes the scan-
ning low-background WBC, four Canberra FastScan WBCs, and four chair-type WBCs. The car-borne WBC is located
in Kiev and reserved for the emergency purposes. As on September 2017 the Internal Dosimetry Program has covered
more than 17 000 workers, which undergone 1 230 000 measurements of **’Cs on WBCs, 87 000 measurements of
239+240py contents in fecal samples and 4 400 measurements of **2°Py contents in urine samples. Such a large-scale
programme ensured a reliable monitoring of intakes of the insoluble radioactive material.
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Introduction

The paper describes how the programme of individual monitoring of internal exposure at the «Ukryt-
tya» object («Shelter» object) was designed. The main dose-forming factors of internal exposure at the
«Ukryttya» object are intakes of radionuclides of transuranium elements, *°Sr, **'Cs. During designing of
programme of individual monitoring of internal exposure the contribution of each radionuclide was esti-
mated for different types of works and intake paths.

The works for construction of New Safe Confinement are carried out at the «Ukryttya» object and
the local area. The works were performed in conditions of radionuclide contamination, formed during Chor-
nobyl accident.

Radiation situation at the «Ukryttya» object

The main working mode is a shift work (up to 10 shifts per year). Duration of ‘standard’ shift is
15 days. Ukrainian sanitary legislation requires detection 1 mSv of internal dose. This requirement leads to
the necessity to detect 0.1 mSv during the ‘standard’ shift.

For purposes of individual monitoring of internal exposure all works which are performed at the
«UKkryttya» object were grouped in to 5 types:

type A comprising works with thermal or chemical impacts on contaminated constructions or fuel-
containing masses in the «Ukryttya» object (e.g. welding);

type B including works with a perforation and drilling of contaminated constructions or fuel-
containing masses in the «Ukryttya» object with the help of hand drills and drilling devices;

type C comprising works with an application of abrasive cutting of metal constructions in the
«UKryttya» object;

type D including all works not ascribed to A-C types, except works performed at low levels of ioniz-
ing radiation in the «Ukryttya» object (for example, scaffold assembly, removal of concrete beadings etc.
relate to type D);

type E comprising all works not ascribed to A-D types.

Such categorization was the result of preliminary investigation and monitoring at the «Ukryttya»
object.

The main dose-forming factors of internal exposure are intakes of *®pu, #°Pu, °Pu, *'Pu, **Am,
which are radionuclides of transuranium elements (TUE), and *°Sr, **'Cs. Each type of work is characterized
by relative radionuclide content in contamination and aerosols parameters (types of materials and AMAD).
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Table 1. Relative content of radionuclides in aerosols at the «Ukryttya» object, %

. . Type of works
Radionuclide A | D B.C £

0y 13.0 17.6 21.9
197 condensed form 49.3 16.4 15.2 14.0

fuel form 32.9 65.8 60.8 56.0
ZBpy 0.10 0.13 0.16
Zpy + “py 0.22 0.29 0.36
“lpy 4.20 5.60 7.02
“Am 0.28 0.38 0.46

The fuel matrix (with density ~9 g-cm™) is the basis of aerosols of the «Ukryttya» object, so type of
material S is used for all radionuclides. However **'Cs is observed at the «Ukryttya» object in condensation
form which is described by type of material F. Relative radionuclide contents are similar for all types of
works excluding type A. Due to the thermal or chemical impacts there is an elevated content of **Cs in con-
densed form during such works.

Most of works can be characterized by large-size aerosols (AMAD 7 um for types B and E, or 10 um
for types C and D). The bimodal size distribution is observed during works of type A. 60 % of activity is as-
sociated with AMAD 0.3 um, 40 % is associated with AMAD 10 pm.

Rationale for methods of individual monitoring of internal exposure

Determination of significance of radionuclides

For the organization of individual monitoring of internal exposure at the «Ukryttya» object there
were identified radionuclides, for which applicable monitoring methods allow to produce the most reliable
estimates of the internal doses.

Calculations of radionuclide contribution to total internal dose were carried out. The aerosols of the
«UKryttya» object have greater density than reference aerosols (9 g-cm™ instead of 3 g-cm™), so computer
code IDSS (Internal Dosimetry Support System) [1] based on the ICRP models was used for calculation.
Summary of results of the specified calculations for all types of works are shown in Table 2.

Table 2. Contribution to internal doses formed during all types of works, %

Radionuclide _ Inha!ation _ Inge_stion
Minimum | Maximum Average Minimum | Maximum Average

Ogr 9.4 15.3 10.9 3.8 10.0 7.6

B7cs 34 15.6 9.8 46.0 78.9 58.8

2Bpy 12.0 13.3 12.7 2.5 6.5 4.9

2397240py 25.1 27.7 26.8 6.1 15.5 11.9

2py 3.3 5.6 3.9 2.2 5.7 43

“Am 34.0 37.8 36.0 6.4 16.3 12.5
Alpha-emitting TUE, total 71.0 78.8 75.4 15.0 38.2 29.3

The contribution of alpha-emitting TUE radionuclides to the total dose is from 71 to 79 % (for the
inhalation).

Ingestion is not a typical intake for workers, but there is a possibility of swallowing of small frag-
ments, licking off etc. The most significant contribution to the total dose after the ingestion is formed by
3’Cs (up to 79 %) and alpha-emitting radionuclides (from 15 to 38 %). Despite small content of TUE in ra-
dionuclide composition their contribution to total dose is significant even for ingestion.

General comparison of monitoring types

The following types of monitoring were analysed for their possible applicability for purposes of in-
dividual monitoring of internal exposure:

direct biophysical measurements (in vivo measurements) — measurements of **'Cs or **!Am content
in lungs or whole body;

indirect biophysical measurements (in vitro measurements) — measurements of Pu radionuclides con-
tent in fecal and urine bioassay samples;

air monitoring.
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Each type of monitoring has advantages and disadvantages as well. Some of them are well known,
others are specific for the «Ukryttya» object.

The main advantages of measurements on whole body counter (WBC) are their immediacy and
maximal **’Cs content in radionuclide composition of the «Ukryttya» object.

However WBC measurements have problematical sides:

contribution of **¥Cs to the total dose is maximal only for the ingestion but not for the inhalation
therefore there is a significant influence of **'Cs: TUE variability on the total internal dose;

37Cs accumulation in a body can be formed by an intake with foodstuffs contaminated by “Chorno-
byl fallout”.

Bioassay measurements have advantages that are specific for the «Ukryttya» object:

TUE contribution to the total internal dose is maximal for the inhalation (influence of **'Cs:TUE
variability on the total dose is insignificant);

TUE content in a body (and excretion from a body) formed by an intake with foodstuffs contami-
nated by “Chornobyl fallout” is insignificant.

Time from the sampling to the result during numerous in vitro measurements is from 3 to 4 weeks.
Delayed decision making is a well known disadvantage of bioassay measurements.

The main advantage of the air monitoring is a possibility to obtain an actual data about aerosol char-
acteristics at workplaces (concentrations, aerosol size distribution). Actually the reference data for 5 types of
works (see Table 1) were obtained from the result of the air monitoring.

There are some disadvantages of the air monitoring, which complicate conversion from concentra-
tion in workplace air to concentration in inhaled air:

significant variability of aerosol concentration at workplaces;

inherent variability of protection coefficients for normally operating individual respiratory protection
equipment (IRPE);

inherent variability of protection coefficients for normally operating IRPE;

random impairments in IRPE obturation and slippage of fine-dispersed aerosol particles;

aerosol dispersivity in the under-mask space can significantly variate in relation to characteristics
and obturation coefficients of IRPE.

Numerical comparison of applicability of monitoring types

Procedures for the interpretation of measurement results are important not only at the interpretation
stage. Understanding of these procedures is very useful at the design stage of the individual monitoring pro-
gramme. The ICRP 78 publication and ‘dose per unit content’ (DPUC) conception [2] were used. DPUC
function z(t) is defined as a ratio of the effective dose per unit intake e to the retention (or daily excretion)
function R(t):

2() = e / R(Y). (1)

DPUC function is equal to the total expected effective dose of internal exposure corresponding to
1 Bq content of controlled radionuclide in lungs/whole body (or in daily faeces/urine sample) in case of a
single intake of the radionuclide for the time t before the measurement (or bioassay sampling).

The one of key terms in individual monitoring of internal exposure is a ‘minimal detectable dose’
(MDD). MDD(t) is a maximal total expected effective dose of internal exposure, which can be obtained by
worker and cannot be detected by monitoring procedures with t periodicity. MDD could be defined as fol-
lows:

MDD(t) = z(t) - MDA. @)

Tables 3 — 5 show MDD functions for discussed methods of individual monitoring.

Calculated MDD values for WBC measurements are based on following MDA values: 500 Bq for
3'Cs, and 20 Bq for *Am. It should be noted, that specified MDA could be achieved by use of significantly
different equipment and measurement time. MDA 500 Bq of *’Cs content could be reached by use of WBC
at the Sanitary lock of the «Ukryttya» object (duration of measurement is 3 minutes). MDA 20 Bq of ?*Am
content in lungs could be reached by use of expert WBC for 15 minutes measurement duration.

Table 3 shows that monitoring of *'Cs in the whole body could be acceptable in consideration the
ingestion intake only.
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and **Am content (in lungs), mSv

Table 3. MDD(t) for monitoring of **’Cs content (in whole body and lungs)

. . B7Cs “TAm
Time after intake,
days W'hole body _ Lung; Lung_s
Inhalation | Ingestion | Inhalation | Inhalation

0 0.61 - 0.61 -

1 0.76 0.007 2.0 5.1

2 0.90 0.009 2.5 6.3

4 1.0 0.011 2.8 7.2

7 1.1 0.013 2.9 7.6

15 1.2 0.013 3.1 8.1

30 1.3 0.015 35 9.0

60 1.6 0.018 4.1 10

90 1.8 0.022 4.5 12

“Time after intake ‘0 days’ means, that measurement is performed
immediately after the intake.

Tables 4 — 5 show MDD functions for indirect biophysical measurements based on all types of works
(A - E). MDD values for bioassay measurements are based on following MDA values: 0.45 mBq for fecal
sample (duration of measurement is 2 days), and 0.25 mBq for urine sample (duration of measurement is
6 days).

Analysis of 2°2py content in fecal samples can be selected as an appropriate method for a monitor-
ing assuming that the inhalation is a main pathway. Control of 2??*®Py content in urine samples has not suf-
ficient sensitivity. However, analysis of >****°Pu content in bioassay samples is not acceptable in considering
the ingestion (Table 5).

Table 4. MDD(t) for inhalation intake (analysis of 2??**Pu content in bioassay samples), mSv

Time after intake, days Minimum Maximum Average
Faeces 7 0.005 0.015 0.008
15 0.029 0.038 0.036
30 0.041 0.055 0.051
60 0.074 0.11 0.10
90 0.13 0.20 0.18
180 0.35 0.64 0.55
Urine 7 32 47 38
15 60 70 65
30 61 78 72
60 61 83 77

Table 5. MDD(t) for ingestion intake (analysis of 2****°Pu content in bioassay samples), mSv

Time after intake, days Minimum Maximum Average

Faeces 7 1.7-10" 4.2-10"* 2.4-10"
15 0.48 1.2 0.69
30 37 92 53

Urine 7 1.4 3.5 2.0
15 4.7 12 6.8
30 6.3 16 9.1

Conclusion on the applicability of monitoring types

Results of comparisons of monitoring types lead to the following conclusions:

monitoring of ******Py content in fecal samples gives a possibility to detect the inhalation intakes
formed annual effective internal doses which are not exceeded 1 mSy;

considering ingestion intakes, monitoring of 2*%*°Pu content in fecal samples is not sufficient. The
daily monitoring of **’Cs content on WBC makes possible to detect such events of ingestion intakes;

data of the air monitoring could be used as an addition to in vitro and in vivo measurements allowing
to specify parameters of possible intake (type, date etc.)
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Decision making criteria

As a result of the described analysis, the decision making criteria for individual monitoring of inter-
nal exposure were established. Criteria values are based on the ‘standard’ shift duration and reference type of
works characteristics (see Table 1).

Derived investigation level (initiation the Special monitoring) was established as elevation on
1.5 mBq of 2%2py content in a daily fecal sample during pre-shift monitoring. Such elevation (on each
shift during 1 year) as a result of inhalation intake during previous shift corresponds to 1 mSv of internal ex-
posure.

Two levels for elevation of **'Cs contents in whole body during working day (daily monitoring) were
specified:

elevation on 600 Bq is a level of initiation the intra-shift monitoring (collecting of an additional fecal
sample); such elevation during each working day in 1 year corresponds to 1 mSv of internal exposure due to
the ingestion;

elevation on 2.5 kBq during a working day is a derived investigation level (initiation the Special
monitoring); such elevation during a working day corresponds to 1 mSv of internal exposure due to the inha-
lation.

Summary on individual monitoring of internal exposure at the «Ukryttya» object

The main sources of the information are used for dose assessment for the personnel during works at
the «UKkryttya» object:

239+209%; contents in fecal samples;

239+289; contents in urine samples (Special monitoring):;

*Am in lungs (Special and Check-out monitoring);

B37Cs in whole body.

The following additional sources are used for the specification of possible date and type of intakes:

unified admission orders (date, duration and type of works);

operative dosimeters (date, time and duration of works);

personal and collective air samplers (total a-, B-activities);

impactors (total a-, B-activities, AMAD);

nose swabs (total a-, B-activities).

The specialized software IMIE (Individual Monitoring of Internal Exposure) [3] is used for dose cal-
culation.

A small summary on individual monitoring of internal exposure of the personnel during works at the
«Ukryttya» object for 12 years:

87 000 measurements of 2%?*®Py contents in fecal samples;

4 400 measurements of 2**#%py contents in urine samples;

4 400 measurements of **Am in lungs;

1 230 000 measurements of **Cs in whole body;

320 000 measurements of a-, B-activities in nose swabs.

The work is partially supported by the European Commission under contract No. SIP 05-3-015.
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AOBI'OCTPOKOBA ITPOI'PAMA BIO®IBUYHOT'O KOHTPOJIIO IEPCOHAJLY,
3AJIYYEHOTI'O 10 NOBYJOBHU HOBOT' O BE3IIEYHOT'O KOH®AMHMEHTA
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Y mixnaaponaomy [Tnani 3miticaenns 3axoniB (I133) nmepenbadaeTbes moeTanHe NepeTBOPEHHS YOPHOOMITBCh-
KOro MaljgaHunka y Oesmeunuil ctad. HoBwii Oe3nmeunuii kKoHaHHMEHT € Oe3MpeneIcHTHOI0 CTPYKTYPOIO 3aBBHIIKH
108 m Hax 3pyitHoBaHNM 4-M 610KOM YAEC, BiH € mierTpansanM enemenToM 1133. barato mpariBHUKIB, 3aTydeHHX Y
[133, MOXyTh MaTH MPAMUI KOHTAKT i3 parMeHTaMH OMPOMIHEHOTO ITaJIFBa, TaJHBOBMICHIMH a€pO30JIIMHU Ta iHIITH-
MU 3a0pyIHEHHIMH MaTepialaMi Ha MPOMHUCIOBOMY Malman4dnky B YopHoOwWmi. [30TONN MIIyTOHIIO, aMepHIIifo, CTPOH-
IO 1 [e3if0 TOMIHYIOTh Yy BHYTPIIIHEOMY ONpOMiHeHHI npaniBHAKIB [133. be3neka mpamiBHUKIB Mae BHCOKHI TpiopH-
ter y [133. [lounnaroun 3 2004 p., HaykoBo-mocninuuii iHctutyT pagiauiiinoro 3axucty ATH Ykpaiuu (IP3) 3aificHioe
BEJIMKOMACIITa0Hy MpOrpamMy J03UMeTpii BHYTPIIIHBOTO ONPOMIHEHHS SIK HeBin eMHy Yactuny [133. Jlani BmicTy 1ury-
TOHIIO Yy pobax Kary i cedi Ta JIYMIbHUKIB BUMPOMiHIOBaHb 110 AuHU (JIBJI) 1 OCHOBHUM JKepesioM KUIbKICHHUX JaHUX,
1110 BUKOPUCTOBYIOTBCS JJIs OIIHKK J03u. Pamioximiuni nabopatopii IP3 y Kuesi 1 Ha maiinanuuky B HopHOOMIII BUKO-
PHUCTOBYBaJIM CTAaHIAPTHY PaJioXiMiuHy METOJHMKY, BOHM ocHaeHi 96 ambda-crniektpomerpamu. Homenknarypa JIBJI
BKJIIOYa€e B cebe ckaHytouni Hu3bkodoHoBui JIBJI, yotupu JIBJI Canberra FastScan i wotupu JIBJI tuny “kpicno”.
MoOGineauit JIBJI po3ramoBanuit y Kuesi i 3apesepBoBanuii it Hag3Bu4daitHux 1ineil. Cranom Ha BepeceHs 2017 p.
paMKaM¥ IIpoTpaMu JO3UMETPii BHYTPIITHROTO ONPOMiHeHHS 0yio oxorureHo moHaxa 17 000 mpamiBHUKIB, SKi MPOHIIIH
1 230 000 BumipioBans “*'Cs Ha JIBJI, 87 000 Bumiproans Bmicty 2*#°Pu y npo6ax kany i 4 400 BumiproBaHb BMicTY
239290y y pobax ceui. Taka BeTMKOMACIITAOHA MPOrpaMa 3a0e3nedra Ha iiHIil KOHTPOIIb HaIXOKEHb HEPO3UH H-
HOTO Pagi0aKTUBHOTO MaTepiaiy.

Krouosi cnosa: nnan 3miicHEHHSI 3aX0/iB, HOBUH Oe3meuHui KOH(paWHMEHT, MporpamMa J03UMeTpil BHYTpIMI-
HBOT'O ONPOMIHEHHSI.
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JOJITOCPOYHAS ITPOI'PAMMA BUOPU3INYECKOI'O KOHTPOJIA ITIEPCOHAJIA,
MPUBJEYEHHOI'O K CTPOUTEJILCTBY HOBOI'O BE3OITACHOI'O KOH®AMHMEHTA

B mexnmynaponaom Ilmane ocymectsienus meponpustuii (IIOM) mpemgycmarpuBaeTcsi OATAITHOE Mpeodpa-
30BaHHE YEPHOOBUILCKOM IUIOIMAAKK B Oe3omacHoe cocrosiHue. HoBblii Oe3omacHblii KOH(DAHHMEHT — 3TO Oecmperie-
JICHTHas CTPYKTypa BeicoToi 108 M Hapg paspymieHHbIM 4-M 610k0oM YADC, 0H fABISETCA HEHTPANbHBIM 3JIEMEHTOM
ITOM. MHorue paGoTHHKH, BoBieueHHBIe B [IOM, MOTYT MMETh IpsAMON KOHTAKT ¢ (pparMeHTaMu 0OIy4eHHOTO TOTI-
JIMBA, TOIUTMBOCOAEPKAIMMH a3PO30JIIMH M APYTHUMH 3arpsi3HEHHBIMHM MaTepHalaMy Ha MPOMBIIUICHHOH IUIOMAAKe B
YepHoObUIe. M30TOMNBI MITyTOHUS, aMEPHIINS, CTPOHIUS U 1I€3Hs JOMUHHUPYIOT BO BHYTPEHHEM OOIy4eHUHN paOOTHUKOB
I[IOM. be3omacHOCTE pabOTHHKOB mMeeT BbicOkuid mpuopurer B [IOM. Hauwmnas ¢ 2004 r., Hayuno-uccnemona-
TENBCKUH MHCTUTYT paauaimonHoi 3amutel ATH Ykpauusr (MP3) ocyriecTBiasieT KpyMmHOMACHITAOHYIO MPOTpaMMy
JIO3UMETPUH BHYTPEHHET0 00IydeHHs Kak HeoThemieMyto yacts [IOM. JlaHHbIe comepskaHus ITyTOHHS B Mpo0dax Kaia
¥ MOYH, a TAKXKe CUCTUYMKOB M3y4deHui yenoseka (CUY) SBIsIOTCS OCHOBHBIM HCTOYHHKOM KOJMYECTBEHHBIX JAaHHBIX,
UCTIONb3YEMBIX ISl OLIEHKH 103bl. Pagmoxumuueckue nmadopatopun MP3 B KueBe u Ha momanke B YepHoObUIE HC-
MOJTE30BAJIM CTAaH/IAPTHYIO PaJHOXUMHYIECKYIO METOJUKY, OHM OCHAIeHbl 96 anbda-cnexrpomerpamu. Homenkmnartypa
CHY Briroyaet B cebs ckanupyronuii auskodoroseiii CHUY, geteipe CU Canberra FastScan u uetsipe CUY Tuma
“kpecno”. Mobunsuerii CUY pacnonoxken B KueBe u 3ape3epBHpOBaH A Upe3BBIYalHBIX menei. 1o coctosHMO Ha
ceHTs0ps 2017 r. B pamMKax mporpaMMBbl TIO3UMETPHUN BHYTPEHHETO 00IydeHus O0b11o oxBadeHo 6osee 17 000 paboTHu-
KkoB, KoTopbie mporwti 1 230 000 mmeperuii “*'Cs ma CHU, 87 000 m3mepenuii comepxanns > ***°Py B npobax kama u
4 400 w3mepennit comepxanns ~°***%Py B mpobax moun. Takas KpymHOMacIITabHAst MPOrpaMMa 00ecCIeuna HaleK-
HBIH KOHTPOJIb NOCTYIUIEHUH HEPACTBOPHUMOTO PAaIHOAKTHBHOTO MaTepraa.

Kniouegvie crosa: 1iaH OCyIIECTBICHUSI MEPONPUSATHI, HOBBIN O€30MacHbIi KOH(QaHMEHT, TporpaMma J103u-
METPHHU BHYTPEHHETO 00IydeHHS.
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