DESCRIPTION OF THE COMPUTER DATABASE “TOOTH”
AND
DISCUSSION OF REQUIREMENTS FOR EPR MEASUREMENTSTO
SUPPORT A VALIDATION STUDY OF EXTERNAL DOSES CALCULATED BY
USE OF THE TECHA RIVER DOSIMETRY SYSTEM -2000

E.A. Shishkina,® V.A. Shved,? M.O. Degteva,® E.I. Tolstykh?
D.V. lvanov,” S.N. Bayankin®
L.R. Anspaugh,® B.A. Napier
A. Wieser,® P. Jacob®

8Urals Resear ch Center for Radiation Medicine
Chelyabinsk, Russian Feder ation

b| nstitute of Metal Physics
Ekaterinburg, Russian Federation

“University of Utah
Salt Lake City, Utah, USA

dpacific Northwest National Laboratory
Richland, Washington, USA

€GSF-National Resear ch Center for Environmental and Health
Neuherberg, Germany

Final Report for Milestone 2

US-Russian Joint Coordinating Committee on Radiation Effects Research
Project 1.1:
“Further Studies on Uncertainty and Validation of the Dosesin
the Techa River Dosimetry System”

April 2001



TABLE OF CONTENTS

I 1 010 (8 (o o OSSP RPRR
2. Background: Pilot EPR studiesin the UralS region..........cccoovecvieeneeiescceseese e
3. Description of database “ TOOTH .....ccvoiieeece et es
3.1. Sample collection and regiStratioN ..........cccceeeereeeeeieese e see e ese e e e e ae e e sneeneens
3.2. Structure Of COMPULEr dal@DaSE...........oiiriiriiireeeee e
S0t T > I T = P
I o 1 = T = 1 o
ICTZ20C T 1= @ T (o1 o 0= i 4 1 =SS
3.2.4. File"EPR-MEASUrEIMENTS ......ecvieeeiieeie e stee e et e e ssee e ee e sse e sesneesneesesneessenneas

3.2.5. File“90Sr CONCEMIAION" ........veeeeeeeeeeeeeseee e ee e ee e es s se s ee e seesnen
3.2.6. Relationships among the filES...........coiiiiiiie s

3.3, CoNtent Of AALADASE ......cveeveeieeieeie e st e et eesreenre e

4. Evauation of available EPR MEASUrEMENTS ........ccociiierieienierie e e
4.1. Description of the methods used for EPR-00SE reCoNStrucCtion............ceeveeeeevenenicriesicnnns
4.2. Intercomparisons on EPR-tO0th dOSIMELTY .........coeiiiiiiieieieicreeree e
4.3. Evaluation of uncertainty of the EPR Method............ccoovriiiiiiiniiieneee e

5. Structure of the EPR signal for the UralS reSIdents ..........occooeeeienenieneeseee e
5.1. Evaluation of EPR-Dackground data............coceeriririieieniiseesies e
5.2. Contribution of *°Sr incorporated in dental tISSUES .............ouvivreeeeeeseeseeeseseeseesseesesneenes
5.2.1. Strontium metabolism in teeth...........cooi i
5.2.2. Analysisdataon °Sr in teeth from residents of the Techa River region..................
5.2.3. Assessment of enamel dose from 0Sr ...

5.3. Prdiminary andysis of different contributions to the EPR signd for
teeth from members of the ETRC ... e

B, DHSCUST O N ..o
T CONCIUSIONS ...

Appendix 1. Datainput and editing the files of database “TOOTH” .........ccoceeveevevie e,

Appendix 2. Lae hedth effects among individuas exposed to ionizing radiation in
the Southern Urdls (Contract No: EN B FPSRTD, Annud report for
period 1 February 2000 to 31 January 2001)........cccccvevuereereereeneesieseeseeseeeeesseeees

Internationd Copyright © Uras Research Center for Radiation Medicine
All rights reserved



1. INTRODUCTION

The Mayak Production Association (MPA) was the first Russian Site for the production and
separation of plutonium. The extensve increase in plutonium production during 1948-1955, as
wel| as the absence of reliable waste-management technology, resulted in sgnificant releases of
liquid radioactive effluent into the rather smal Techa River. Thisresulted in chronic externd
and internal exposure of about 30,000 residents of riverside communities. The mgjor *°Sr intake
by inhabitants of the area occurred in 1950- 1951. About 3,000 kBq of *°Sr wereingested with
river water by the residents of the upper and mid-Techaregion. The “Extended Techa River
Cohort” (ETRC) has been studied for severa decades by scientists from the Urals Research
Center for Radiation Medicine (URCRM). A specia database was established for the follow-up
of the exposed population. This database contains the roster of exposed persons, their residence
higtories, and the results of medica and dosmetric examinations. A long-term dosimetric study
has produced a unique database on the content of *°Sr in the human body, indluding
measurements of the radionuclide in bones, teeth and whole body for more than 15,000 exposed
persons for aperiod of more than 45 years.

Russian and United States scientists have been involved in collaborative research programs
under the sponsorship of the U.S.- Russian Joint Coordinating Committee on Radiation Effects
Research (JCCRER) since 1995. JCCRER Project 1.1 is a comprehensive program to develop
improvementsin the dosmetry system for the population exposed as aresult of the releasesfrom
the MPA (Degteva et a. 2000). Asaresult of the recent completion of the first phase of
Project 1.1 (1996- 2000), many improvements have been accomplished in the derivation and
implementation of Techa River Dosimetry System-2000 (TRDS-2000); these improvements
resulted in mgor changes in doses calculated for members of the ETRC. For example, externa
doses were re-evauated on the bas's of more complete examination of the existing dataand on
more redigtic (rather than radiation-protection) assumptions, and the currently estimated doses
from externa exposure decreased by as much as afactor of ten compared to earlier estimates
(Vorobiova et a. 1999; Degteva et d. 2000). And findly, the uncertainty in both the interna
and external doses was evauated for the first time (Napier et d. 2000; Shagina et d. 2000).

Vdidation of the new estimates of externa doseis consdered to be acritica factor in
establishing the continuing credibility of the TRDS-2000 results and of the companion
epidemiologic studies they support. Recent successes in the measurement of doses by
thermol uminescence of natura materials and by eectron paramagnetic resonance (EPR) of tooth
enamd have demondtrated that these measurements can be applied to the Techa River situetion.
The vdidation task of the current project is planned as the combined analysis of the entire pool
of EPR measured samples. This combined analysis and the supportive moddling necessary for
the interpretation of the EPR results will be used for the purpose of validation of estimates of
external dose and further evauation of associated uncertainties.

It is planned to work in close cooperation with other inditutions to sudy and analyze the
results of severa groups of methods and data sets:

" The TRDS-2000 is a codified database processor that is used to cal culate doses for members of the ETRC.
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EPR spectrometry (including intercomparison among the different |aboratories involved
and the different techniques used for sample preparation, EPR measurement, and
spectrum andyss);

Determination of the concentration of *°Sr in tooth tissues (enamel, dentin) by low-level
beta counting, radiochemistry or other methods;

Modeling of strontium metabolism in teeth (necessary to recongtruct the complete time
pattern of °°Sr retention in tooth tissues since the onset of intake); and

Monte Carlo modeling of electron and photon transport and absorbed dose distribution
through human tissues (including geometric modeds of teeth).

Also, it is planned to improve and expand the specid data base that has been established
for this purpose in order to include al information pertinent for each tooth sample: Identification
Code (IC) of the donor; hig’her residence history and house location; medical exposure; date and
place of tooth extraction; tooth position and odontometric measurements (which will be used as
input parameters for geometric models of teeth); date and laboratory of EPR measurements; and
date, method and laboratory for ®°Sr measurements (these °°Sr measurements are very important
for correct evaluation of the contribution of *°Sr to the total dose measured by EPR).

The purposes of this document are the following:

1. To describe the database “ TOOTH,” which contains data on tooth samples and tooth
donors for the members of the ETRC and for residents of background areas and available
data on EPR and *°Sr measurementsiin tooth tissues;

2. To evauae the uncertainty of EPR-tooth-dosimetry methods used for dose reconstruction
in the Southern Urdls,

3. Toandyze background levels of the EPR signa from tooth ename for residents of non
contaminated areas of the Uras region;

4. To present apreiminary andysis of the different contributions to EPR signalsfor the
members of the ETRC; and

5. To summarize the requirements for the TRDS-2000 externa dose-vdidation study.
2. BACKGROUND: PILOT EPR STUDIESIN THE URALSREGION

Preiminary EPR studies of the Techa River population (Romanyukha et a. 1996a,b;
Wieser et d. 1996) have shown that the absorbed dose in tooth ename consists of three main
contributions: externa exposure; interna exposure mainly due to °*°Sr; and background radiation
including dl other sources of exposure, except that arisng from the TechaRiver. Thus, an EPR
measurement by itsalf is not sufficient as a vaidation without some accompanying knowledge of
the contribution of °°Sr and background exposurre to the resulting EPR signdl.” Therefore, EPR

" In addition, as experience is gained with EPR as a dose-reconstruction tool, it is becoming apparent that some teeth
exhibit large EPR signals that areinexplicable. Either some agent other than radiation is causing these signals, or a
small, but significant fraction of persons has received large unknown or unremembered radiation exposure. For this
reason, only afew EPR measurements are not an adequate basis for establishing conclusions.
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measurements must be supported by an evauation of the EPR-background signd, extensive
modeling, and the determination of °°Sr in tooth tissues in order to support interpretation of the
EPR measuremerts (Tolstykh et a. 2000).

The issues of human-tissue-dose assessment on the basis of EPR measurements have

once again attracted attention to the unique URCRM data base on the measurements of *°Srin
teeth, bones and whole body for those exposed on the Techa River (Table 1).

The following tasks devoted to determining the contribution of ingested *°Sr to the

absorbed dose in enamd of teeth from Techa Riversde resdents that can be performed on the
basis of the data sets shown in Table 1 were described by Tolstykh et d. (2000):

Andysisof ®°Sr measurementsin teeth available in the URCRM data base in order to
develop amodd for retention of this nuclide in human teeth;

Investigation of the correlation between *°Sr content in teeth and in the skeleton and
determination of the feesibility of the prediction of °°Sr concentration in teeth on the basis
of WBC measurements,

Development of approaches to the evaluation of absorbed dose in enamel from the °Sr
incorporated in tooth tissues usng Monte Carlo smulation; and

Preiminary comparison of ename-dose estimates obtained by Monte Carlo smulations
with the results of EPR measurements.

The findings of this sudy have outlined future tasks for the development of a dose-

reconstruction methodology for members of the Techa River Cohort, who have combined
externa exposure and internal exposure due to *°Sr intake: Combined messurements of *°Sr
concentrations and absorbed doses (measurable by the EPR method) in different tooth tissues
should dlow the determination of the **Sr contribution to absorbed dose to teeth. If the *°Sr
concentration can be measured with sufficient accuracy, it should be possible to determine the
externa exposure by subtraction of the °°Sr component and the background component from the
total absorbed dose in enamdl.

Table 1. URCRM database on *°S in humans.

Number of Number of
. umber o Period of TechaRiver
Name of registry Method of measurement samples or .
messurements measurement resi d_ents
examined

Autopsy Registry Radiometry and/or radiochemistry of 921 bones and 1951- 1993 260

(AR) autopsy samples (bones and teeth) 66 teeth

(TT"S)t h Registry Radiochemistry of extracted teeth 342 teeth 1959- 1964 270

Tooth-beta count In vivo measurement of surface beta 29,720

(TBC) activity of the four anterior teeth measurements 1959- 1995 15,25

Whole-body count ég Vivo measuring the bremsstrahlung of 31.800

(WBC) Y-beta rays with a phoswich detector measurements 1974- 1995 15,250

inaspecialy shielded room
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Prdiminary EPR studies aso led to the development of a srategy for tooth sampling
(Degtevaet d. 1997) asfollows. It is necessary to collect enough teeth for three groupsin the
population with different kinds of exposure: 1) Exposure only to background sources [people
who did not live near the Techa River after the onset of radioactive contamination]; 2) Exposure
due to background plus *°Sr ingestion with water from the Techa River (residents of the middle
and lower Techa Riversde); and 3) Externa exposure from the Techa River bottom sediments
plusinternal exposure due to *°Sr plus background radiation (residents of the upper Techa
Riversde).

These pilot studies have demonstrated the gpplicability and importance of EPR
measurements of teeth to population-dose recongtruction in the Urasregion. However, the
additional source of exposure of teeth to *°Sr incorporated within the tooth adds a complicating
factor. Adeguate resolution of this complicating factor will not be trivid.

3. DESCRIPTION OF DATABASE “TOOTH”

Measurementsof *°Sr in extracted permanent teeth from the Urals residents were
performed a the URCRM during 1959-1964 (Table 1). The teeth under investigation were
extracted for reasons of dental hedlth, and *°Sr in the teeth was measured by radiochemical
separation and counting. Later, these results (342 teeth in tota) were matched with the roster of
exposed persons and arranged as the so-caled Tooth Registry (Tolstykh et d. 2000).

At the end of 1991 the collection of tooth samplesin the Urals was started again
(Table 2) with the purpose of providing vaidation using the EPR method of dose recongtruction.
Tooth collection has continued during a 10-y period, but the source of financid support has
changed severd times (EMERCOM and Ministry of Hedth of the Russan Federation; the U.S.

Table 2. The dynamics of tooth collection.

Number of tecth Number of tecth

Calendar from exposed from background Totdl number
year per year
donors donors
1992 37 1 38
1993 41 1 42
1994 22 0 22
1995 36 1 37
1996 25 0 25
1997 66 159 225
1998 105 222 327
1999 171 303 474
2000 57 416 473
20012 2 63 65
Sum 562 1168 1728

& Status as of February.
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Department of Energy’ s Office of Hedlth Studies; the European Commission viaan INCO-
COPERNICUS project; and findly through a grant from the Internationd Science and
Technology Center [ISTC]). During the firgt five years (1992—1996) the mgority of tooth
samples were collected in the URCRM clinic; about 30 teeth were collected per year, and dmost
al of the teeth were from exposed persons. During the second five years (1997-2001) the
majority of samples has been received from dentists from rurd clinics of Chelyabinsk Oblast
(Kunashaksky, Sosnovsky and Krasnoarmesky Raions) and Kurgan Oblast (Damatovsky and
Katgsky Raions). It should be noted that the mgority of the members of the ETRC now livein
these five raions, dso, the “unexposed” part of the population in these raions is now being
consdered as a comparison or control group in the companion epidemiologic studies.

In addition, during the last three years an exchange of information on tooth donors and
tooth samples has been arranged with dosmetrists at the Mayak Production Association (MPA)
within the framework of ajoint ISTC contract. The reason for such an exchangeis that the
system for the collection of teeth from Mayak workers and Ozyorsk residents (established by the
MPA) has received some samples from former Techa Riverside residents and persons exposed
due to the Kyshtym Accident (who now live in Ozyorsk). It is possible to identify such persons
(and then to select gppropriate subpopulations for common analysis) only by matching the MPA
tooth-donors list with the URCRM rogter of the population exposed on the Techa Riverside.

Asaresult of these activities, for the last five-y period more than 300 teeth per year have
been collected, but only 27% of them were received from exposed donors. Over the 10-y period
more than 1700 teeth have been collected, and 562 teeth have come from exposed persons
(Table 2).

Because the URCRM does not have an EPR spectrometer, it has been necessary to make
gpecid agreements with other ingtitutions to measure the collected samples. Since 1992 the
URCRM has supplied tooth samples (Table 3) to the following institutions performing EPR
measurements:

Indtitute of Chemical Physics (ICP), Moscow, Russia;

GSF-Nationa Research Center for Environmental and Health (GSF), Neuherberg,
Germany;

Indtitute of Metd Physics (IMP), Ekaterinburg, Russig;

Center for Applied Dosmetry (CAD), University of Utah, Sdt Lake City, USA;
Nationd Ingtitute of Standards and Technology (NIST), Gaithersburg, USA; and
Medica Radiobiologica Research Center (MRRC), Obninsk, Russa.

The fate of awhole tooth sent to an EPR laboratory could be quite different depending
upon avariety of conditions. Typicaly, for EPR measurementsit is necessary to separate tooth
tissues (enamdl, crown dentin and root), then to crush these tissues into grains, and to treet the
granswith chemicas. There were some cases when after such treatment the mass of the sample
became too low for EPR andysis (<20 mg). Also, there were some cases when al three types of
tooth tissue (enamel, crown dentin and root) from a single tooth were measured; and there were
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Table 3. The dynamics of teeth sent for analysis to EPR laboratories.

Calendar year Number of teeth Laboratories
1992 20 ICP
1993 26 ICP, GSF
1994 22 GSF
1995 14 GSF
1996 9 IMP
1997 21 IMP, GSF
1998 115 IMP, CAD, NIST
1999 57 IMP, GSF, NIST
2000 65 IMP, GSF, MRRC
2001% 16 IMP, MRRC
Sum 310

& Status on February

some cases of repeated measurements of the same samples, but in different laboratories.
Therefore, the number of EPR measurements received (Table 4) is not equd to the number of
teeth sent for analyss.

In addition, some EPR |aboratories, such asthe IMP, the |CP and the Moscow Ingtitute of
Biophysics (IBP), made direct arrangementsin 1992—1994 with Urals dentists for collection of
teeth for independent EPR studies. Then, the technical reports on these studies were sent to the
URCRM in order to match the lists of tooth donors (investigated by EPR and/or other methods)
with the roster of exposed persons. In such away the individua-exposure histories (available a
the URCRM) and the results of EPR measurements from other |aboratories became available for
further common anayss.

Table 4. The dynamics of EPR measurements of teeth received from EPR laboratories.

Number of EPR

Cadendar year L aboratories
measurements

1992 22 ICP, IMP
1993 17 ICP, GSF
1994 35 GSF, IBP
1995 10 GSF
1996 9 IMP
1997 19 IMP, GSF
1998 117 IMP, CAD
1999 53 IMP, GSF
2000 108 IMP, GSF
20012 14 IMP
Sum 404

& Status on February
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Theinvolvement of SO many organizations in this process over the yearshasled to a
Stuation where teeth and data have been disseminated over many organizations and countries.
The current god isto bring under control these multiple processes of tooth sampling, tooth
sharing, and EPR measurements that have been performed by different indtitutions within the
frameworks of different projects. Thisisbeing donein order to arrange for acommon andys's
of the entire pool of EPR data. Thus, within the framework of the current project (JCCRER
Project 1.1) it has been decided to establish a standard procedure for tooth collection and
regigtration, and to improve and expand the specia data base that has been established for this
purpose.

3.1. Samplecollection and registration

Thefirgt task of sample regidration is to arrange the matching of tooth donors with the
roster of exposed persons. It is possible to use specid tools developed in the framework of Data
Management System MAN (Vyushkova et d. 1996), which is avallable at the URCRM for this
purpose. The experience of apilot study shows that proper matching can be performed by
URCRM dgaff members, and that such matching permits extraction of supplementd information
for ETRC members from database “MAN” and the URCRM archive (exposure history, whole
body count, x-ray examinations, etc.). Each tooth sample must be packed in a plastic bag
together with acompleted questionnaire. Each questionnaire must include the following
information about the tooth donor: surname, name, patronymic name, date of birth, place of
birth, current place of resdence, other places of residence since 1949, date of tooth extraction,
and tooth pogition. Experience has shown that such information is enough for exact matching
with the roster of exposed persons (Fig. 1). Thereisno current practice of x-ray examination of
teeth in rurd dentd clinics. Information on other x-ray examinations for ETRC subjects can be
abgiracted from their out-patient cards kept in the URCRM archive. After maiching, al dataon

URCRM Procedure for Tooth-Donor Registration

Polyethylene Pack

Tooth sample plus Exposed Donors_
Questionnaire Matching with Exposed IC matched with
URCR"M R database MAN
Surname database "MAN (<8,000,000)

Name

Father's name
Date of birth
Place of birth
Mailing address

Background | donors

A 4

Residence history Matching with Background Donors
Date of tooth extraction the database | oig donorg |
Tooth plosition Backgrollfnd "' IC (9,000,000)
Dentist's name Donors All identification data
New |donors from Questionnaire
New IC

Fig. 1. URCRM procedure for tooth-donor registration.
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extracted teeth must be registered in a specia computer file of data base “TOOTH,” and dl tooth
samples must be kept in arefrigerator in specid containers marked with identification codes.

As noted above, the collection of teeth has been made only if teeth are being removed for
purposes of dentd hedth. Such conditions are confirmed by dentists signatures. The
confidentidity of dl information is assured by restricting access to identifying persond
information to only afew persons at the URCRM.

3.2. Structure of computer database

The eectronic database “TOOTH” is supported by Microsoft Access software and
congsts of five related computer files described below.

3.2.1. File“Donors’

File“Donors’ contains basic information about the donor that is taken from the
guestionnaire accompanying the tooth. When a match is made of the donor to a person in the
register of exposed persons, information from the questionnaire is checked with information
from database “MAN;” data about places and times of exposure are added to the “Donor” file.
The names and descriptions of the fieldsin computer file “Donors’ are presented in Table 5.

Feld “Identification_code’ isa primary key index and no duplicates are dlowed. Each

donor in database “TOOTH” has a unique identification code. Detailed information about the
donor is necessary in order to search for the presence of the donor in database “MAN” or inthe

Table5. Sructure of thefile“ Donors.”

Field Name Data F'.dd Indexed? Description
Type Sze
e Long Yes Donor’' s unique identification
Identification_code ~ Number Integer (Noduplicates)  code
Surname Text 20 No Donor’ s surname
Name Text 20 No Donor’s name
Father’s name Text 20 No Name of donor’s father
Day_hirth Number Byte No Day of donor’s birth
: Yes e i
Month_birth Number Byte (Duplicates OK) Month of donor’s birth
: Yes -
Year_birth Number  Integer (Duplicates OK) Y ear of donor’s birth
. Place of donor’s birth: country,
Place_birth Texdt 100 No region, district, settlement
Address Text 100 No Last address
Residency Text 100 No Residence history since 1949

Notes Text 100 No Additiona data about donor
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file“Donors.” It should be noted that dentists do make mistakes while filling out the
questionnaire. In addition, the donor may have changed surname and address.

3.2.2. File*Teeth”

File“Teath” isfilled in with information from the questionnaire and includes data on
tooth position and date of extraction. The names and descriptions of the fields for file “ Teeth”
are presented in Table 6. The dentigt’ s name and the name of the dental clinic or settlement are
recorded in thefidds “Dentist’s name’ and “Dentd_clinic,” respectively. The place of tooth
gorage iswritten in the fiedd “ Place_storage.” Typicaly, the tooth sample would be kept in the
tissue bank at the URCRM or would have been sent to aresearch laboratory for EPR
measurement. In thefield "Date_delivery” isrecorded the date that the tooth might have been
delivered to an EPR-measurement laboratory. If atooth or its tissues was returned to the
URCRM or was sent on to another |aboratory, such information is recorded in the field
"Place storage” Thefield “Identification_code’ joins the files* Teeth” and “Donor” with atype
of relaionship of “one-to-many.” File“Teeth” isrelated to other filesusing the field
“Tooth_code” Thisfied isof the number-datatype, and it isan index field without duplicates.

Table 6. Sructure of thefile“ Teeth.”

Data

Fied

Field Name T . Indexed Description
ype Sze

e Long Yes Donor’ sunique identification
|dentification_code  Number Integer  (Duplicates OK) code
Tooth_code Number  Integer (No Dﬁ;ﬁ cates) Tooth’s unique regigtration code
Quadrant Number Byte (Dupl iz:;ﬁ OK) Tooth pogtion: quadrant

Yes Tooth position: tooth number in
Tooth_number Number— BYt  r licates OK)  the dentition
Month_extraction Number Byte No Month of tooth extraction
, Yes ,
Year_extraction Number  Integer (Duplicates OK) Y ear of tooth extr-a(.:tlon
Yes Name of dentd clinic or
Dentd_dinic Text 45 (Duplicates OK) settlement where tooth was
P extracted

. Yes .

Dentis_name Text 20 (Dupli ::(at& OK) u;neof de:[.lst -
es ere tooth is stor or

Place_storage Tex >0 (Duplicates OK) EPR laboratory)
Date deliv Date/ Short Yes Date of delivery of tooth for

Laeivery Time Date (Duplicates OK)  messurement
Notes Text 50 No Notes about tooth




-10-
3.2.3. File“Odontometrics’

Computer file “Odontometrics’ consists of results of odontometric measurements and a
description of tooth conditions (Table 7). Odontometric measurements include the
measurements of height, mesiodistad (MD) and buccolingud (BL) diameters of the crown, and
length and maximal diameter of theroots. Thefield “Tooth_code’ has areation of “one-to-one’
and connects files “Odontometrics’ and “ Teeth.”

3.24. File"EPR measurements’

Thefile " EPR-measurements’ contains information on EPR dosimetric measurements
(Table 8). It isimportant to have complete information, including not only that for the fidlds
“EPR _dose” and “Error,” but dso for fields “Date_measurements,” “Tooth_tissue,” and
“Laboratory.” Entry of the field “ Sample_ mass’ is dependent on available information. The
fidd “Notes’ isfilled if it is necessary to explain the results obtained or in the case of missng
results (for example, the tooth sample was prepared for EPR measurements but not measured
because of small sample mass). As can be seen from Table 8, thefield “Tooth_code” is of the
“number” datatype asin previous cases. Thisindex field alows for duplicates, because many
samples can be prepared for dosimetric measurements from a single tooth, or the same tooth
sample can be measured many timesin different years or in different laboratories. Thefied
“Tooth_code” has the relation of “one-to-many” and connects the file “EPR measurements’ with
thefile“Teeth.” This connection among files provides for the integrity of the database.

Table7. Sructure of the file “ Odontometrics.”

Data

Field Name Type Fdd Sze Indexed Description

Tooth_code Number I nteger .Y$ Tooth's unique regigtration code
(Duplicates OK)

MD_diameter Number Sngle No r'\r/lr?c’di stal diameter of crown,
VL_diameter Number Sngle No alfnccolingud diameter of crown,
Height_crown Number Sngle No Heaght of crown, mm
Length 1 root Number Snge No Length of 1% root, mm
Width 1 root Number Sngle No Width of 1% root, mm
Length 2 root Number  Sngle No Length of 2"% root, mm
Width 2 root Number  Sngle No Width of 2 root, mm
Length 3 root Number Sngle No Length of 3 root, mm
Width 3 root Number  Sngle No Width of 3% root, mm
Length 4 root Number  Sngle No Length of 4™ root, mm
Width 4 root Number  Snge No Width of 4™ root, mm
Crown condition Text 150 No Description of crown condition
Ename condition Text 100 No Description of ename condition

Roots _condition Text 100 No Description of roots condition
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Table 8. Sructure of thefile “ EPR measurements.”

Data Fed

Field Name T Indexed Description
ype Sze

Tooth_code Number  Integer  Yes(Duplicates OK) Igg;h unique registration

Tooth tissue Text 50 Yes(DuplicaesOk) |oontissieussdinEPR
measurements

Long Reaultsof EPR

EPR _dose Number integer No messLrements, MGy

Error Number Integer No Eg of EPR messurements

Sample_mass Number  Integer No Sample mass, mg

Date measurement Number  Integer  Yes(Duplicates OK) Date of EPR measurement

Laboratory Text 15 Y es (Duplicates OK) Lavoratory of EPR
measurements

Notes Text 100 No Notes

3.2.5. File“°°Sr concentration”

File“9°Sr concentration” contains information on measured concentrations of *°Sr in
tooth samples (Table 9). Thefield “Tooth _code” is of “number” datatype as used previoudy.
Thisindex fidd dlows duplicates, because severa samples from the same tooth can be prepared
for measurements or the same tooth sample can be measured many timesin different yearsor in

Table 9. Sructure of the file “ °°S concentration.”

Feld Name Data Field Indexed Description
Type Sze

Tooth_code Number Integer  Yes(Duplicates OK) Igg;h Sunique registration
Tooth tissue used for the

Tooth_tissue Text 50  Yes(DuplicatesOK) measurementsof 2°Sr
concentration

Concentration Sr Number  Sngle No 90gr concentration, Bg/g

Error_Sr Number  Single No Error of measurements, Bg/g

Sample_mass Number  Integer No Sample mass, mg

Dae measurement  Number  Integer  Yes(DuplicaesOK) Dateof °Sr measurements

. Method used for the

Laboratory Text 15 Y es (Duplicates OK) —. of % Sgo

Method Text 25 Yes(DuplicaesOK) -200raory making Sy
mesasurements

Notes Text 50 No Notes
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different laboratories. Thefield “Tooth code’ has the relation of “one-to-many” and connects
the file “%°Sr concentration” with the file “ Teeth.”

3.2.6. Rdationships among thefiles

All files are joined with enforced referentid integrity by means of cascade update of
related fields. File“Donors’ joinswith file “Teeth” through the field | dentification_code,”
-to-many.” Thefield “Tooth _code’ dso hasthe relation of “one-
to-many” and connects the files “ Concentration *°Sr,” “EPR measurements,” and
“Odontometrics’ to thefile“Teeth.” Fig. 2 shows the relationships among thefiles.

*f\\ Microsoft Access - [Relationzhips]
|'D€ File Edit Wiew Relationships Tools Window Help =]

DOMOR'S SURMAME j

Surname EFR MEASUREMEMNTS
DOMORS JON TEE TH Tmt:_mde
e Tooth_ti
Identification_code == |Identification_code ~ POLT, e
MRS kA f— 1 L Dose_EPR
DONOR'S NAME —* |5urname Tooth_code =
T Error_EPR
Mame " |Mame Quadrant
’ Sample_mass
" |Father's_name Tooth_nurber
; ; [Date_measurement
Day_birth Maonth_extraction Iabicratars
" W p) A Month_birth ‘Vear_extraction
FATHER'S MAME = = Mok
5 ' Year_birth Dental_clinic 0.5
]Father = Tame Flace_birth Dentist's_name
fddress Place_storage b
Residence Date_delivery ﬂ e T S
MNobes — — Sr-30 COMCENTRATION
. ODOMTOMETRICS Tooth_rode
== |Tooth_code Tooth_tissue
MD_diameter Caoncentration_Sr
BL_diameter Errar_5Sr
Height Sample_mass
Length_1_rook Dake_measurement
wyidth_1_root Method
Length_Z_rook Laborataory
width_Z_root Motes
Length_3_rook
Width_3_root
Length_4_rook
Width_4_root
Crown_condition
Enamel_condition
Roots_condition

Ready ST T T o

Fig. 2. Relationships among the files.
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Three subgdiary filesin addition to the five main files are shown in Fig. 2. “Donor’s
surname,” “Donor’s name,” and “Donor’ s father name” These subsdiary filesjoin with file
“Donor.” These subsdiary files are designed to reduce the number of mistakes during data
input. The structure of database “TOOTH” facilitates the easy preparation of reports, the
compogtion of queries for salection of teeth for measurement, and the andys's of measurement
results.

Methods of data input and editing of the database files are explained in detall in
Appendix 1.

3.3. Content of database

The main purpose of creating database “TOOTH” was to provide an objective basis for
the vaidation study by EPR measurements of TRDS-2000 externa dose estimates. Below
information is briefly described concerning the exposure histories of tooth donors, as well asthe
data on EPR measurements currently available in this database.

At the end of February 2001 data base “TOOTH” contained information on 1,728 teeth
collected from 1,358 donors. Thereisadistinct difference between the amount of data
pertaining to members of the background and the exposed groups (there are 562 teeth collected
from 404 exposed donors). For donors from the background group only information from the
questionnairesis available, dthough the opportunity exisgsto collect additiond information by
querying aperson directly. All exposed donors have been matched (viatheir 1C) to data base
“MAN,” so for them detailed exposure histories, pedigrees, diagnoses, and the results of al
WBC and TBC measurements are available in the URCRM database. 1n some cases cytogenetic
data (FISH) are available, aswell. The URCRM roster for exposed populations includes data for
the following cohorts:

The Extended Techa River Cohort (ETRC);
The Techa River Offspring Cohort (TROC);
The East Urds Radioactive Trace (EURT) resdents; and

The so-called Urds Liquidators (UL), the persons who did not live in contaminated aress,
but who could be exposed as aresult of their occupational work on these territories.

For our study it is necessary to identify individuas of * pure background;” therefore,
donors are matched againg dl of these cohorts. The result of such matching isthat ETRC
members represent 78% of the exposed tooth donors, TROC and EURT members represent 10%
each of the exposed group, and the remaining 2% are liquidators (UL).

The gatistics of EPR measurements available in database “TOOTH” are presented in
Table 10. Asseen, the mgority of measurements have been performed at the IMP, Ekaterinburg,
and the GSF, Munich, Germany. It can be noted that the URCRM sent tooth samples (Table 3)
for EPR measurementsinitidly to the ICP (1992—-1993) and then to the GSF (since 1993). Inthe
early period the IBP and the IMP arranged an independent collection of teeth in the Kurgan and
Sverdliovsk Oblasts. Matching of the donors of teeth for which they have EPR results with the
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Table 10. The number of EPR measurements of Urals samples
performed in different laboratories.

Number of EPR measurements by category

Laboratory

Exposed samples Background samples Tota

IPM 169 30 199
GSF 77 36 113
CAD 0 48 48
ICP 27 1 28
IBP 14 2 16
Tota 287 117 404

URCRM data base showed that some of these samples (18 in total) were from members of the
ETRC. Active collaboration with the IMP started in 1996 (Table 3). During later years
collaboration with other EPR laboratories (CAD, NIST, and MRRC) started. Under the auspices
of JCCRER Project 1.1, 86 background teeth were sent to the CAD (University of Utah) in 1998.
The URCRM has received EPR results for 48 teeth (Table 10), the remaining unmeasured 38
samples (Haskell 1998) have been lost to our study.

Table 11 shows the number of teeth that are now undergoing measurement at the IMP,
the NIST and the MRRC. According to agreements with EPR experts, it is anticipated that the
results of these measurements will be recelved before the end of 2001.

As seen from severd tables, anumber of laboratories have been engaged during the last
ten yearsin retrospective EPR dosimetry by performing measurements on teeth from Uras
donors. Also, it should be noted that methods for EPR-tooth dosimetry have developed very
rapidly during this period. Therefore, to be able to andyze the entire pool of measured samples
it is necessary to describe the EPR methods used and to consider available intercomparison and
intercaibration programs to ensure the quality and consstency the results.

4. EVALUATION OF AVAILABLE EPR MEASUREMENTS
A description and a comparison of methods used in EPR dosmetry are incdluded in this

section, but only for the methods used for dose reconstruction with teeth from Uras donors. For
example, only the methods used at the ICP and the IBP during 1992—1994 are described. Thus,

Table 11. The number of Urals teeth that are now being measured in different laboratories.

Laboratory Teeth of exposed donors ~ Teeth of background donors Totd number

IMP 6 58 64
NIST 23 20 43
MRRC 10 7 17

Total 39 85 124
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this report is not an attempt to review the entire gamut of procedures that have been and are
being used for sample preparation, signa evauation and dose cdibration in EPR dosmetry.

All results presented here are given in terms of absorbed dose in hydroxyapetite. The
absorbed dose in tooth enamel, which is 97% hydroxyapatite (Driessens and Verbeeck 1990), is
assumed to be equal to the absorbed dose in hydroxyapatite. Results obtained for tooth dentin

(containing only about 40% hydroxyapetite) were caculated using conversion factors specific to
the mass-energy absorption in tooth dentin.

4.1. Description of methods used for EPR-dose reconstruction

The participants EPR spectrometers and procedures used for EPR-dose recongtruction in
the Uralsarelisted in Table 12. As seen, the participants used various modifications of
procedures for the preparation of a pure enamed sample, evauation of the dosmetric sgnd, and
dose cdlibration. The essential features of each procedure are described bel ow.

Sample preparation.

The mechanical method (Serezhenkov 1992; Serezhenkov et d. 1992): Dentinis
removed by adenta drill and the enamd is ground into apowder. The powder sampleis
not etched after grinding.

The chemical method (Romanyukha et a. 1994, 1996a,b): The dentin is softened and
removed with NaOH or KOH in an ultrasonic cleaning unit followed by granulaing the
enamd with optiona etching of the ground sample. This method was later modified
(Romanyukha et al. 2001). And since 1998, the dentin was removed with NaOH or KOH
in an ultrasonic deaning unit with High temperature (60°C).

Evduation of the dosmetric Sgnd.

Three categories of sgna-evauation techniques, including severa options, have been
goplied. The techniques are distinguished by the procedures used for dimination of the native
background sgna and measurement of the intengity of the dosmetric Sgnd.

The spectrume-subtraction method (Haskell 1999): The EPR spectrum of a nortirradiated
reference sample is subtracted from the spectrum of the irradiated sample. The reference
sampleis prepared from homogenized enamel materia of severa young adults or is

selected to have the most symmetric native EPR line. Asan option, the EPR sgnd of a
pitch sample is used as amodd for the native background EPR signd in tooth enamdl.
Optiondly, the spectrum of the empty sample tube was subtracted. The amplitude of the
dosmetric Sgnd is measured in the resulting difference spectrum.

The selective saturation method (Ignatiev et d. 1996): This method makes use of the fact
that above a certain level of microwave power the intengity of the dosmetric signa keeps
monotonicaly increasing with power while the intengity of the native background sgnd
issaturated. The native background sgnd is then virtudly diminated by the difference

of spectrarecorded at two levels of microwave power above the onset of saturation for
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Table 12. Methods and spectrometers used for EPR-dose reconstruction for Urals teeth.

Laboratory Sample preparation Spectrometer Sgnd evduation Dose cdibration
Chemicd, etching Selective saturation (1995-1998) Individud;
IMP (0.2-0.6 mm) ERS23L, GDR Deconvolution, Gauss (1998-2001) Cdlibration curve (1997—2001)
. . Subtraction, Lorentz (1993-1994); AR
Ger  Chemicd, eching Bruker Selective saturation (1995-1996); Indivic,
(0.1-0.6 mm) ESP 300, ECS 106 Cdlibration curve (1996-2001)

Deconvolution, Gauss (1996-2001)

Chemicd, Bruker : .
CAD (0.3-09 mm) ESP 300E Subtraction, standard + empty tube Non destructive
Mechanicd, ’ . I
ICP 0.5-2 mm Radiopan, Poland Subtraction, standard Cdibration curve
IBP Mechenica, Bruker Subtraction, Lorentz Individua

0.5-1mm ER 300D
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the native background signd. The amplitude of the dosmetric signd is determined from
the resulting difference spectrum.

The deconvolution method (Egersdorfer et a. 1996; Koshta et a. 2000): The EPR
gpectrum of tooth enamd is gpproximated by mathematica redlizations of the native
background and dosmetric Signd. The type of EPR-sgnd redization and the method of
goproximation digtinguish the methods. The magnitude of the dosmetric signd is
derived from an amplitude parameter providing the bet fit to the measured spectrum.
The measured spectrum is gpproximated as alinear combination of Gaussan functions.

Dose cdibration.

Three methods have been applied to evauate the absorbed dose from the amplitude of the
dosmetric sgnd (dose cdibration):

Theindividual-calibration method (additive dose method): The sampleis exposed in the
laboratory to several additional doses. After each additiona exposure the amplitude of
the dosmetric Sgnd is measured and the origindly absorbed dose is obtained from the
intercept of the linear regression line with the dose axis.

The universal calibration curve method: A dose-response function of tooth enamd is

established by in vitro irradiation of teeth from young adults, who are presumed to have
had negligible prior external exposures. The method assumes a moderate variation in the
radiation sengtivity of tooth enamel from different individuds.

The non-destructive calibration method: The method is non-destructive in the sense that
the origind dose information of the sample is not destroyed by individudly calibrating

the radiation sengtivity. Only asmdl fraction of the sample is exposed to one large dose
for determination of its sengtivity (Haskell 1999).

4.2. Intercomparisonson EPR-tooth dosmetry

The programs of intercdibration and intercomparison among the results obtained by five
laboratories involved in EPR-dose recongtruction for the Urals samples (since the early 1990s)
and the MRRC, Obninsk (which will beinvolved in the future), are described in this section.

Russian Intercomparison (IBP, IMP, and ICP) of 1993

The first experience of intercomparison of EPR results for three EPR laboratories
involved in dose recongtruction in the Urals has been reported by Kleschenko et a. (1992, 1993,
1994). Each participant (IBP, IMP and ICP) prepared a mixture of grains from the enamel of
severd teeth using their own sample-preparation techniques. Then, each participant separated
their mixture into 24 portions. Twelve portions were shared among the three participants
(including the hogt) for the measurement of the background- EPR spectrum, then the sample
portions were returned to the host laboratories. After that dl portions wereirradiated in vitro by
the host [aboratory in four known doses within the range 0-500 mGy and shared again. Asa
result, each participant evauated two sets of 12 samples (with or without previous eva uation of
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background spectra). For example, Participant #1 had to measure (in addition to the background
samples):

Four samples with known gpplied doses (own preparation and irradiation);

Four samples with unknown applied doses (preparation and irradiation performed by
Participant #2); and

Four samples with unknown applied doses (preparation and irradiation performed by
Participant #3).

This protocol created severa problems for the participants, and as aresult not dl
measurements could be evaluated properly. Firgt of dl, the existence of background-EPR sgnds
comparable with the gpplied doses resulted in the rgjection from the andysis of the set of
samplesirradiated without previous evauation of background spectra. Secondly, there were
ggnificant differences in sample-preparation procedures used in the IBP, the IMP and the ICP.
The samples prepared at the ICP were coarse-grained (0.5-2 mm), and this created an anisotropy
of the dosmetric EPR signd (especidly at the IMP, where measurement conditions were
designed for ggnificantly smdler grain 9ze). And vice versa, sample-grain Sze in the range
0.1-0.6 mm prepared a the IMP (also using chemical trestment in an ultrasonic bath) were not in
keeping with the measurement conditions used at the ICP. Only the samples prepared at the IBP
(0.5-1 mm) were acceptable for dl three participants. The dosmetrists at the IBP were able to
messure the samples prepared both at the IMP and the ICP without significant problems.

To illudrate the results of this intercomparison, results are included for the ICP and the
IPM measurements of samples prepared at the IBP and the IBP results for samples prepared at
the ICP and the IMP. Results are shown in Fig. 3; dl of these samples were measured with
previous evauation of background spectra.

As seen from Fig. 3, dl three |aboratories demongtrated an ability to evauate applied
doses in the range below 500 mGy. Unfortunately, due to the failures in the arrangement of this
intercomparison (discussed above) it was not possible to make any conclusion about the
uncertainties of dose reconstruction on the basis of such asmall number of measurements.

| ntercomparison of measurements on teeth from Mayak workers (GSF and IMP) of 1997

The accuracy of the dose-reconstruction technique of EPR spectrometry was evaluated in
1997 using teeth donated by Mayak workers with known occupationa radiation-exposure
higtories (Romanyukha et d. 2000a). The GSF and the IMP participated in this comparison.

The teeth from Mayak nuclear workers were extracted for medical reasons and provided
by dentd dlinicsin Ozyorsk. Each donor had an officidly recorded film-badge dose. Eight
samples were measured at both the GSF and the IMP.  Each tooth was cut into halves for
measurement by the GSF and the IMP. There were three frontal teeth among the samples, and,
according to the GSF protocol, only lingua fragments were used for radiationdose
recongtruction (in order to diminate the uv component of