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Abstract
The Techa River Dosimetry System (TRDS) has been developed to provide estimates of
external and internal doses for residents living on the Techa River, which was contaminated as a
result of radioactive releases in 1949–1956. This system represents a modular database
processor that uses, depending on the input data for an individual, various elements of several
databases (or modules). Large amount of environmental and human data are integrated to
provide the dosimetric variables requested by the user. These modules were created in 2000 (the
so-called TRDS-2000). During the period 2000–2005 the TRDS has been improved on the basis
of implementation of the following tasks: (a) the intakes of 90Sr have been verified; (b) a new
age- and gender-dependent biokinetic model for Sr has been developed; (c) new dose-calculation
protocols have been elaborated that allow for reduction in uncertainties of estimates of internal
dose; and (d) estimates of external doses for the most contaminated settlement Metlino have been
validated by luminescence measurements of quartz extracted from bricks in old buildings, EPR
measurements on human teeth, and FISH measurements of human lymphocytes. Some other
tasks for the new version of TRDS are close to completion; these include improvement of the
dosimetric model of bone and evaluation of additional sources of environmental and medical
exposure that could confound analysis of the epidemiologic data. Special attention in our current
activities is being paid to a better assessment of the contribution of short-lived radionuclides to
the total dose. The results of these studies will be implemented in a new version of the TRDS.
These efforts will result in significant improvements in estimates of external and internal dose
for the exposed population and will improve the credibility of the doses and the risk assessments
they support.

INTRODUCTION
Radioactive contamination of the Techa River occurred in 1949–1956 as a result of liquid
radioactive wastes discharges by the Mayak plutonium facility. Residents of many villages
downstream from the site of release were exposed via a variety of pathways; the more significant
included drinking of water from the river and external gamma exposure due to proximity to
bottom sediments and the shoreline. In 1968 the Techa River Registry was created at the Urals
Research Center for Radiation Medicine (URCRM, at that time Branch №4 of the Institute of
*
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Biophysics), which includes the “Extended Techa River Cohort” (ETRC) consisting of 30,000
persons. The ETRC has been studied for several decades by scientists from the URCRM, and
excess cases of both leukemia and solid cancers have been noted [1, 2]. The first results of joint
Russian-American investigations of the assessment of radiation risks from long-term chronic
exposure, resulting from long-term follow up of the ETRC and which were later published in
reference [2], evoked widespread scientific response in Russia and abroad [3, 4]. The final,
published results showed that estimates of the excess relative risks per unit dose for leukemia
and solid cancer mortality did not statistically differ between the ETRC study and the Life Span
Study of the survivors of the atomic bombings at Hiroshima and Nagasaki [2]. Because the
question of effectiveness of chronic exposure at low-to-moderate dose rate relative to acute
exposure at high dose rate is of critical importance to radiation protection, the results obtained by
the ETRC study have attracted much scientific attention to the Techa River Dosimetry System,
TRDS-2000, which is used for the epidemiological studies of the ETRC.
The description of the TRDS basic principles and databases used for dose reconstruction
was published in 2000–2001 [5-8]. These results were discussed in detail at a special meeting
(Moscow, December 8-10, 2003). An international group of experts participating in the meeting
positively evaluated the methodology used in the TRDS-2000 and outlined the difficulties related
to uncertainties in the data on source-term and gave specific recommendations on further dosereconstruction investigations on the Techa River [9].
This paper presents the first results of studies aimed at improvement in the TRDS-2000
with the goal of providing reliable estimates of individual doses for residents of the Techa River
settlements. These improvements have been implemented in the following directions:
1. Improvement in the quality and further completion of initial data used in dosereconstruction efforts for the Techa River population;
2. Improvement of the basic models used for assessments of external and internal doses;
3. Validation of external doses with the use of methods for retrospective dosimetry:
luminescence dosimetry of quartz extracted from bricks in old buildings located on river
banks, electron paramagnetic resonance (EPR) on tooth enamel, and fluorescent in situ
hybridization (FISH) on circulating lymphocytes;
4. Reduction of uncertainties in dose estimates with use of available data on measurements
of radionuclide-body burdens and data on specific locations of households on the territory
of a specific village relative to the contaminated river and floodplain;
5. More precise estimation of the contribution of short-lived radionuclides to total dose
based on in-depth analysis of archival data on the radionuclide composition and physicalchemical properties of the liquid radioactive wastes discharged into the Techa River in
1949–1956;
6. Assessment of additional exposure of the Techa River population due to the East-Urals
Radioactive Trace (EURT) formation in 1957, wind transfer of radioactive particles from
the Karachay Lake in 1967, and x-ray diagnostic procedures at the URCRM clinics; and
7. Uncertainty analysis in the calculated doses and their influence on the radiation-risk
coefficients for the ETRC.
2

The Techa River Dosimetry System (TRDS) represents a modular database processor that
uses, depending on the input data for an individual, various elements of several databases (or
modules) thus allowing the calculation of an individual dose [5-8]. The databases currently used
for dose calculation were created in 2000; thus, this version of the dosimetry system is called
TRDS-2000. The elements of the databases have been obtained on the basis of extensive
analysis of primary data on environmental contamination and internal contamination of humans.
If measurements were missing (this is especially characteristic for the period of 1949–1951),
model calculations were used. Therefore, the reliability of dose estimates mainly depends on the
completeness and quality of the input data and reliability of models that describe radionuclide
behavior in the environment and humans.

IMPROVEMENTS IN QUALITY OF INPUT DATA
In 2000–2005 intensive work continued on supplementing and checking computer
registries of input data that included the results of measurements of radionuclide-body burdens
obtained over many years for many residents of the Techa River villages, information extracted
from official documents on residential histories, etc.
The reconstruction of internal dose relies strongly on the results of measurements of 90Sr
in residents of the Urals region; these results have been compiled in a special registry, which
includes the results of nearly 10,000 post mortem measurements of radionuclide concentration in
bone samples obtained in 1951–1993, the results of in vivo measurements of surface-beta activity
of teeth for 17,500 persons (1959–1997), and measurements of 90Sr-body burden by means of the
SICH-9.1whole body counter (WBC) for 20,500 persons (1974–1997).
In 2001–2004, a so-called Household Registry was established based on information from
tax-record books available for the Techa River villages. The Registry includes lists of residents
by household, dates of residency in households and family relationships of persons within
households. Currently, information is available for 14,300 households for the period of 1949–
1960. This information is being used for reconstruction of internal dose for unmeasured ETRC
members by using the results of measurements of their relatives who lived in the same
household, with the assumption that they have had similar exposure to the same sources of
drinking water and food.
For validation of external dose with the use of EPR-dosimetry, tooth samples extracted
for dental health reasons from residents of the Urals Region have been collected since 1992. At
present 4,200 tooth samples from 2,600 donors have been compiled in a special tooth-tissues
bank. Some of the donors were exposed due to residence in villages located on the Techa River
banks and/or EURT territory while others lived on uncontaminated territories of the Urals
Region and were exposed due to background radiation. Of these samples 820 teeth have been
measured by EPR. Tooth samples kept in the tooth-tissues bank can be used for future
investigations. The information on EPR measurements and individual data for all donors are
kept in a special database “Teeth.”
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For reconstruction of medical exposure a special registry of x-ray diagnostic procedures
was established in 2002–2005, which includes information on 42,000 procedures for 9,200
exposed inhabitants of the Urals region who had special medical examinations in 1954–2004.
Supplementation of the database “Environment” has also continued. The database
includes the results of measurements of radionuclide concentrations in river water (10,500
samples), bottom sediments (2,000 samples), soils (4,200 samples), milk (12,500 samples), other
foodstuff (7,900 samples), and measurements of gamma-exposure rates near the shoreline and in
living areas (7,000 measurements). Measurements commenced in 1951 and have continued to
the present time.
The data described above form an objective basis for reconstruction of individual doses
for residents of the Techa River settlements.
IMPROVEMENT OF THE BASIC MODELS
The main dose-forming radionuclide on the Techa River was 90Sr. The following
parameters are included in TRDS databases for the calculation of 90Sr intake: 1) I RSr 90 (t) –
Sr 90
annual average 90Sr intake for adult residents of the referent settlements; 2) α Age
, R (t) – annual
90
Sr intake for other age groups relative to that for adults living in the reference settlements; and
3) f LSr 90 – annual 90Sr intake for other settlements (L) relative to 90Sr intake for residents of the
reference settlement. For assessment of these parameters a special 90Sr intake function was used
in TRDS-2000, which was further verified in 2001–2002 [10-11].
The dynamics of 90Sr intake in the referent settlements (Muslyumovo and Metlino)
during the first period after discharges into the Techa River commenced was reconstructed using
numerous data on in vivo 90Sr measurements in anterior tooth enamel and supplementary data on
water consumption and diet composition for adults and children and measurements of 90Sr-body
burden in adults. A new method of solving an inverse problem was developed (solution of an
integral equation associating 90Sr-intake dynamics with the age-dependency of 90Sr content in
teeth), which allowed the assessment of the relative intake function for adult residents of the
referent settlements during the period of maximal intake [12]. Parameters of the integral
equation, describing ratios of annual 90Sr intake for different age groups to that for adults living
Sr 90
in the reference settlements, α Age
, R (t ) , were evaluated on the basis of data on the daily
composition of diet [10-11]. The new method allowed the solution of the integral equation in a
general form and proof of its uniqueness and stability. Implementation of this algorithm
improved the reliability of relative intake functions. The reconstruction of the intake function for
Muslyumovo in subsequent periods, when its inhabitants stopped using river water for drinking,
is based on data of 90Sr specific activity measurements in milk. The functions, I RSr 90 (t ) , were
normalized by taking into account the results of 90Sr-body-burden measurements in adult
residents of Muslyumovo.

Fig. 1 shows estimates of the verified 90Sr-intake functions for adult residents of Metlino
and Muslyumovo compared to TRDS-2000 estimates.
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Fig. 1. Comparison of old and new estimates of 90Sr-intake functions for adult residents of
referent settlements: Metlino (7 km from the site of releases, evacuated in 1956) and
Muslyumovo (78 km from the site of releases, still exists).

It is seen from Fig. 1 that the estimated dynamics of 90Sr intake with time after the
beginning of releases has slightly changed; however, the total intake increased by only 2% for
residents of Metlino and by 5% for residents of Muslyumovo compared to values used in the
TRDS-2000. It also should be noted that average 90Sr intakes in 1950 are comparable in both
settlements and in 1951 they are lower in Metlino than in Muslyumovo. This is explained by the
fact that some residents of Metlino used non-contaminated drinking water from underground
sources. Also, Metlino was the closest village to the point of release, and it was the earliest for
which restrictions were placed on the use of water from the river (on August 10, 1951).
The assessment of the average 90Sr intake in other settlements is based on the assumption
that the ratio between 90Sr intake in a particular settlement and 90Sr intake in Muslyumovo is
equal to the ratio between the average value of 90Sr-body burden for the particular settlement and
the corresponding value for Muslyumovo, obtained on the basis of WBC measurements [13].
Fig. 2 shows the old and new estimates of 90Sr relative intake as a function of distance from the
site of releases.
A good correlation is demonstrated in Fig. 2 between estimates used in the TRDS-2000
and the new estimates, based on reliable WBC data. It should be noted that dependence of 90Sr
intake on distance from the site of releases is not linear. This is mainly explained by the fact that
residents of some settlements could have used wells and other sources of non-contaminated
drinking water in addition to river water, but in other settlements river water was the only source
for drinking and other needs. It should also be noted that for evaluation of the relative 90Sr-
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Fig. 2. Relative 90Sr intake for residents of different Techa River settlements located at different
distances along the river from the site of releases (except Metlino). Unit 90Sr intake is estimated
for Muslyumovo, which served as a referent settlement.

intake functions, f LSr 90 , WBC data for each person were normalized according to their age and
gender. For this purpose, strontium biokinetic models, described below, were used.
Analysis of the WBC measurements for permanent residents of the Techa River
settlements showed age-dependencies in 90Sr-body burden that differed for males and females
(Fig. 3).
The biokinetic model used in the TRDS-2000 did not account for gender features of
strontium metabolism. This encouraged us to develop an improved age- and gender-dependent
biokinetic model for strontium in 2002 [14]. As shown in reference [14], the new model was
verified using numerous data on Ca and Sr content in humans of different age and gender. Fig. 3
shows that model predictions, corresponding to intake levels in Muslyumovo, satisfactorily
describe 90Sr-body burdens in males and females of all age groups obtained with use of the
WBC. Therefore, use of the new biokinetic model will allow better estimation of doses,
especially for those residents who were children and teenagers during the period of maximal 90Sr
intake. However, to calculate absorbed dose in red bone marrow (RBM) and osteogenic cells
from 90Sr incorporated in the mineral part of the skeleton, an age- and gender-dependent
dosimetric model is needed. The development of such a model commenced in 2005.
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Fig. 3. Age-dependencies in 90Sr-body burdens for residents of Muslyumovo 30 years after the
beginning of intake. The left panel shows model predictions obtained with the age-dependent
biokinetic model used in the TRDS-2000 compared with WBC data averaged for both genders.
The right panel shows model predictions obtained with the new age- and gender-dependent
model compared with WBC data averaged for males and females separately.

Radionuclides other than 90Sr were also released into the Techa River, including 137Cs
and short-lived uranium-fission products. For reconstruction of radionuclide concentrations in
river water and bottom sediments for the first period after the beginning of releases, when the
results of measurements were absent, the Techa River Model [15] was developed. This model
describes radionuclide transport from the site of release; it was further improved in 2003.
Comparison of the model predictions with the results of measurements performed in 1951
(Fig. 4) shows that the new (two-compartment) model describes more satisfactorily the decrease
in radionuclide concentrations in river water as a function of distance along the river.
The model for radionuclide transport in the Techa River is used for calculation of the
concentration of specific radionuclides in river water and bottom sediments during the first
period of contamination (1949–1951). Because river water was the main source of internal
exposure, ratios of radionuclide concentrations (137Cs and short-lived radionuclides) to that of
90
Sr, calculated using the Techa River Model, allow assessment of their intakes with river water.
However, this approach doesn’t allow the assessment of additional intake of 137Cs with cows’
milk. Work [15] on estimating additional intake of 137Cs with cow milk, which was not
considered in TRDS-2000, is now underway.
Application of models developed for strontium, together with published biokinetic and
dosimetric models for other radionuclides, allow the assessment of internal doses for individuals
of any age and gender.
Reconstruction of external doses is based on measurements of gamma-exposure rates in
air at the shoreline and in living areas; such measurements were performed systematically since
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Fig. 4. Measured and modeled radionuclide concentrations in Techa River water in 1951 as a
function of distance along the river. Modeled values were obtained with one-compartment
(TRDS-2000) and two-compartment (developed for the new version of the TRDS) models.

1952. For the period before such measurements commenced, dose rates in air on the river banks
were calculated on the basis of modeled radionuclide concentrations in bottom sediments; for
this purpose coefficients [16] obtained by Monte Carlo simulations of air kerma were used.
Fig. 5 shows the results of gamma-dose-rate calculations using the one-compartment (TRDS2000) and the two-compartment Techa River Models.
It is seen from Fig. 5 that the new estimates show somewhat of a difference in the
decrease of gamma-dose rates with distance downstream from the site of releases; this can be
associated with the changes in modeled concentrations of radionuclides in bottom sediments.
The new estimates additionally use data on evaluated measurements of the width of the riverbed,
performed by I.A. Koloskov (the Institute of Applied Geophysics, Moscow), which resulted in a
local “peak” near Nadyrov Most village (48 km downstream) due to the contraction of the
riverbed at this site of the river.
A behavioral model of typical life-style patterns for different age groups of Techa
Riverside residents was used for the reconstruction of external doses. According to information
derived from observational data from M.M. Saurov (the Institute of Biophysics, Moscow),
residents of the settlements spent most of their time near their residences (working in individual
households, eating, sleeping) or far away doing farm work and not near the river (swimming,
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Fig. 5. Modeled gamma-dose rates in air along the Techa River shoreline in 1950 and 1951,
obtained with the one-compartment (TRDS-2000) and the two-compartment (developed for the
new version of the TRDS) models.

laundering, fishing etc.) [7]. Therefore, the main factor contributing to external dose was the
distribution of gamma-exposure rates in the residence areas compared to the rates on the
riverbanks.
The decrease of dose rate with distance from the shore is dependent on the topography of
the bank and was specific for each location. Assessment of external doses is based on the
assumption that patterns of gamma-exposure rates as a function of distance from the shoreline in
a specific settlement were similar in various years; therefore, an averaged value could be
estimated with use of measurements performed in 1952–1954. A rough point estimate of the
gamma-dose rate at the residence territory relative to that on the shoreline is used in the TRDS2000 to calculate the contribution to external dose due to residence on the territory of a specific
village. This point estimate corresponds to the average distance between the shoreline and
households for a specific village. Such an average value is more reliable than the former
procedure of assuming that everyone lived in the row of houses next to the shoreline, but the new
procedure is still subject to fairly large uncertainty. Therefore, electronic schemes of the Techa
River villages were created [17] based on available archival maps. The use of electronic maps of
Techa River villages allows for the evaluation of distributions of gamma-dose rates relative to
the river shoreline for individual households (including a house and a garden), a group of
households or the whole residence area [17]. Fig. 6 shows the distributions of gamma-dose rates
in air (relative to shoreline) for households located in Metlino and Muslyumovo. For
comparison, the average values used in TRDS-2000, describing residence/shoreline gamma-dose
rate ratios, were 0.01 for Metlino and 0.02 for Muslyumovo. It is clear that the use of these
distributions allows better assessment of the average external doses in a settlement and of
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Fig. 6. Distributions of relative gamma-dose rates in households located at different distances
from the water’s edge for Metlino and Muslyumovo (gamma-dose rate near the shoreline is
taken to be unity). These values can be compared with average estimates used in the TRDS-2000
of 0.01 for Metlino and 0.02 for Muslyumovo.
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individual doses for people who have information on the location of their households in a
settlement during the time of exposure.
Finally, dose coefficients published in reference [18] were taken for the calculation of
absorbed doses in organs and tissues from the data on gamma-dose rates in air. The values of the
dose coefficients were obtained by photon transport modeling in human geometrical models
(mathematical phantoms of people of different ages) applicable for the case of environmental
contamination by uranium-fission products.
To conclude, the assessment of internal doses is based on a large number of
measurements taken over a long time period of 90Sr-body burdens in Techa Riverside residents
(available for 33% of the members of the ETRC). The assessment of external doses (formed
during the first period after the beginning of the releases) is mostly based on modeling. For this
reason, validation of the calculated external doses with the use of modern methods for
retrospective dosimetry is one of the more important tasks for continuing and future work.

VALIDATION OF EXTERNAL DOSES

Validation of external doses calculated using TRDS databases is being performed by
comparison of calculated values with experimental data obtained by different dosimetric
methods. These methods include luminescence measurements of quartz extracted from bricks in
old buildings located on the banks of the river, EPR measurements on human teeth, and FISH
measurements of human lymphocytes in peripheral blood of exposed individuals. The results of
investigations showed that each method possesses restrictions in its application for complex
(external and internal) radiation exposure, especially for low-dose exposure [19-24]. Further
application of these methods for the Techa River situation requires additional work on
improvement of methods, which is ongoing at the present time. Nevertheless, for Metlino
Village—the nearest to the site of the releases—where maximal levels of external exposure have
been observed, we succeeded in obtaining good agreement between calculated and measured
doses [21-24], described below.
Reliable estimates of anthropogenic dose in bricks of the old mill were obtained using the
luminescent method [21]. The value of the cumulated dose in air, calculated with TRDS-2000,
lies within the confidence intervals for doses measured from quartz in bricks from old buildings
[22-23]. Thus, values of the accumulated dose in air on the Techa River banks in Metlino
Village, used in the TRDS-2000, are in agreement with those derived from the luminescence
measurements.
The FISH method is based on measuring the frequency of translocations in circulating
lymphocytes extracted from human blood. Doses estimated using this method cannot be
definitely associated with the exposure of a specific organ. It is known that from 5 to 15% of
circulating lymphocytes originate in the red bone marrow (RBM), while another significant
fraction originates in the thymus. The combined internal and external exposure of Techa River
residents resulted in an extremely heterogeneous distribution of doses in human organs and
tissues. For this reason, the results of FISH-based dosimetry were compared to both external
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dose (which is similar for most soft tissues) and the RBM dose (which is significantly higher due
to the additional contribution from beta-particles of 90Sr/90Y, incorporated in the skeleton). The
results of the analysis showed [24], that the average FISH-based dose for investigated persons
from Metlino Village (0.38±0.10 Gy) is close to the TRDS-2000 calculated external dose for soft
tissues (0.31±0.03 Gy), but is lower than the estimated RBM dose (0.79±0.08 Gy). Although
these results should be interpreted further in terms of hematology and origin of circulating blood
cells as a function of age, it is evident that FISH-based doses do not exceed the TRDS-2000
calculated doses.
Comparison of EPR-based doses with enamel doses calculated with use of the TRDS2000 also showed good agreement for investigated persons from Metlino Village [24]. The
average TRDS-2000-based enamel dose, 0.55±0.07 Gy, is in agreement with the value based on
EPR-measurements (0.55±0.17 Gy). The slope of the regression, describing individual data
(Fig. 7а), is close to unity with statistically significant value of the correlation coefficient
(p<0.05). It should be noted that estimates of individual doses, obtained with the TRDS-2000,
are village-averaged values and the only specific individualization is for residence history in
particular villages. Three clusters of points are evident in Fig. 7а: (1) two points are close to
zero dose (these are people who lived in Metlino for less than a year); (2) one point is in an
intermediate dose range (this person lived 3 years in Metlino) and (3) ten points with similar
calculated dose estimates are in the range of 0.65–0.72 Gy (permanent residents of Metlino).
Fig. 7b shows the same EPR data compared with calculated doses that account for the location of
households (relative to shoreline), where the individuals actually lived during the exposure.
It is seen in Fig. 7b that the range of calculated dose estimates has significantly increased
and most of the EPR-measured doses are now within the confidence intervals of the regression.
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Fig. 7. Comparison of the calculated external doses for tooth enamel with EPR-based doses
obtained for inhabitants of Metlino Village. The left panel (a) shows dose estimates based on
weighted-average distance between households and the river shoreline (TRDS-2000). The right
panel (b) shows individual dose estimates that account for the location of a particular person’s
household in terms of distance from the river shoreline, (future version of the TRDS).
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Fig. 7b illustrates the approach to external dose reconstruction that will be used in the next
version of the TRDS. Implementation of this approach will result in a substantial reduction of
uncertainties in dose estimates. This is discussed further below.

REDUCTION OF THE UNCERTAINTIES IN DOSE ESTIMATES

As described in references [5-8], a unified algorithm (a single basic dose equation) is
being used in the TRDS-2000 calculations of dose. The annual averaged values of the dose
equation parameters specific for settlements and individual ages are compiled in TRDS
databases. Input data necessary for the calculation of individual dose include the following
information for each member of the ETRC: year of birth, residence history in the Techa River
villages, and year of exit from follow-up (as a result of migration from the catchment area or
death). Example calculations of uncertainty (performed outside of the TRDS-2000) have been
based on Monte Carlo simulations with parameters that are random variables approximated by
distribution functions that reflect the variability in a referent (“averaged”) group of residents of a
given age and residence history [25]. It is evident that calculation of individual dose instead of
average dose will result in a significant reduction of uncertainty in dose estimates. Data
necessary for calculation of individual doses are available for the majority of the members of the
ETRC. The prospective on the reduction of uncertainties in external and internal doses are
described briefly below.
The uncertainty in external dose of a particular individual is significantly determined by
location of an individual household where he/she spent most of his/her time. In TRDS-2000 a
uniform probability that a person lived in a household located in a particular village on any
distance from the shoreline was implied in the calculation of the uncertainty in the external dose
[25]. For example, for permanent residents of Metlino Village the confidence interval (CI) of the
external dose, estimated using Monte Carlo simulations (shown in Fig. 7a), is wide and
constitutes 0.5-1.1 Gy. This is mostly influenced by the differences in gamma-dose rates in the
residence area (some households were located near the contaminated shoreline while others were
located 300-400 meters from the shoreline). Work on associating individual inhabitants with a
specific home in Metlino was performed in 2002–2005. For this purpose information (tax and
census records, etc.) on the location of their homes (by address within the village) was used
where available. As a result, about 90% of 1,738 persons who lived in Metlino in 1950–1956
were associated with a geographic location. This allowed better assessment of an individual’s
external dose. As seen in Fig.7b, the CIs of individual external doses (shown with horizontal
bars) are significantly reduced and the implementation of the new approach allowed
identification of the group of residents with maximal doses of external exposure (more than
1 Gy).
The uncertainties in internal doses can be significantly reduced through the use of the
results of individual measurements of 90Sr in whole body and bone samples. Assessment of the
internal doses in TRDS-2000 is performed by using statistical distributions of measured 90Srbody burdens for residents of specific settlements normalized for age [25]. For most villages the
statistical distributions could not be described by standard distribution functions, because intake
of 90Sr was very heterogeneous (some inhabitants used river water while others used well water
in 1950–1952). The new version of the TRDS will be using individual estimates of internal
13

doses based on individual measurements of 90Sr in the body, rather than on village averages.
Fig. 8 shows the approach on estimating individual doses for permanent adult residents of
Muslyumovo Village. The TRDS-2000-based estimate of RBM internal dose of 0.76 Gy with a
wide CI (0.08-1.87 Gy) is an average for the entire group of adult permanent residents. As seen
in Fig.8, the new approach allows the reduction of the CIs of individual-dose estimates and
identification of people with minimal and maximal doses. The CIs of individual dose estimates
are influenced by the number of WBC measurements and their uncertainties [11].
On the whole, individual reconstruction of internal doses for members of the ETRC will
reduce the uncertainty about five times on average for the 33% of members who have individual
measurements of 90Sr (Table 1). For those members of the ETRC who do not have individual
measurements, the uncertainties in dose estimates could be reduced by using measurements of
their relatives who lived in the same household. For this purpose, average estimates of 90Sr-body
burdens normalized for age and gender have been obtained for inhabitants of specific households
within each Techa River village [13]. In this case, the reduction in uncertainty is attributed to the
allocation of similar sources of water and food to all members of a specific home.
It is seen in Table 1, that “household” reconstruction of internal doses for ETRC
members will reduce uncertainty about two times for 25% of the cohort members. Therefore, the
future TRDS version strongly relies on the significant improvement of the internal dose
estimates for the majority of the ETRC members.

IMPROVEMENT IN ESTIMATES OF THE CONTRIBUTION OF SHORTLIVED RADIONUCLIDES

In the TRDS-2000 the assessment of doses from short-lived radionuclides is based on
data concerning radionuclide composition of discharges into the Techa River provided in official
Mayak documents and reports published before 2000 [26-27]. However, another estimate of the
Techa River source term was published recently that implies an increased contribution from
short-lived radionuclides [28-29]. To resolve this problem of the Techa River source term, the

Table 1. Anticipated reduction in uncertainties of estimates of
internal doses expected in the next version of the TRDS.

Subcohort

% of the entire ETRC

1. Persons with individual 90Sr-body
33%
measurements
2. Persons living in the same households
with their relatives having individual
25%
90
Sr-body measurements
3. Persons, for whom only residence
42%
history information is available
a
Corresponds to the uncertainty in TRDS-2000-based dose estimates.

Estimated coefficient
of variation
0.25
0.83
1.23a
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Referent Adults
(TRDS-2000)

Probability

0.02

0.01

0.00
0

1
IC146908

3

Particular Individuals
(new TRDS version)

0.15
Probability

2

IC95418

0.10
IC113430

0.05

IC132971

0.00
0

1

2

3

Internal RBM Dose, Gy
Fig. 8. Distributions characterising the uncertainty in estimates of red bone marrow internal
dose for adult permanent residents of Muslyumovo Village. The upper panel shows villageaveraged dose estimates based on 90Sr-body burden distributions in a group of residents having
individual WBC measurements (TRDS-2000). The lower panel shows examples of individual
dose estimates for four persons from the entire group (their identification codes are indicated).
Individual estimates are based on statistical analysis of individual data.
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TRDS-2000 authors, in collaboration with MPA experts and experts from two additional
institutes, initiated a project under the International Science and Technology Center (ISTC); the
results of this project are anticipated by the end of 2007 [30]. These studies include in-depth
analysis of archival data on radionuclide composition and physical-chemical properties of the
liquid radioactive wastes discharged into the Techa River in 1949–1956. The results of these
studies will be used for the development of a new version of the TRDS. However, any revision
of the contribution of short-lived radionuclides will not change the dose estimates from longlived 90Sr and 137Cs. It is also expected that any revision of the source term will not influence the
TRDS-2000-based estimates of accumulated external doses, which have already been verified for
residents of the upper-Techa region with use of three independent methods (luminescence, EPR
and FISH). A revision of the contribution of short-lived radionuclides can result in changes in
estimates of internal doses for RBM and gastrointestinal tract organs due to increased intake of
89
Sr and rare-earth radionuclides.

Evaluation of additional sources of exposure

It is known that 2,700 ETRC members were evacuated from the upper-Techa regions in
1955–1956 to territories that were later contaminated as a result of an explosion in the Mayak
radioactive waste-storage facility in 1957. This resulted in additional exposure of these members
of the ETRC, due to residence on the East-Urals Radioactive Trace territory. Moreover, some
members of the ETRC, living in Chelyabinsk Oblast, were additionally exposed as a result of
windblown activity from Karachay Lake in 1967, to which effluents had been diverted after the
contamination of the Techa River became known. In both situations additional exposure
occurred for all groups of residents, who had already received major doses due to residence in
the Techa River settlements. In such a situation, underestimation of the total dose for these
members of the ETRC can result in an increase in estimates of risk coefficients per unit dose for
the entire ETRC. Therefore, evaluation of additional exposures for the members of the ETRC is
an important task. The database “Environment” already contains a compilation of environmental
radiation monitoring data performed on the EURT and Karachay Trace areas in 1958–2003.
These data, together with individual information available for every ETRC member on
residential history on contaminated areas, will be used in the new version of the TRDS for the
reconstruction of additional exposure for members of the ETRC.
The other source of additional exposure was diagnostic x-ray procedures received by
inhabitants of the Techa River settlements during special medical examinations and treatment
courses at the URCRM clinics. Before the 1980s (when limitations were introduced with the aim
of reducing doses from medical exposure), patients were examined repeatedly during each
hospitalization in order to trace the changes in their health conditions. Persons who were
diagnosed as having (or suspected to have) chronic radiation syndrome and persons with high
90
Sr-body burdens were hospitalized more frequently. As a result of this focus of medical
attention, persons known or suspected to have had higher levels of radiation exposure were
examined by various kinds of diagnostic x-ray procedures more frequently than the members of
the ETRC with lesser amounts of exposure. This factor can be a source of bias in the riskderivation study for this population. The “X-Ray Diagnostic Procedures” Registry has been
established, and corresponding dose-calculation procedures were developed in order to
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reconstruct the medical exposure for members of the ETRC [31]. Thus, additional medical
exposure of the ETRC members will also be accounted for in the new TRDS version.

CONCLUSION

Development of a new version of the TRDS is aimed at further verification of system
databases and improvement of the algorithms for dose calculation. This will allow better
assessment of the individual external and internal doses to support epidemiologic studies of
radiation risks in the residents of the Techa River settlements.
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