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N. PRELIMINARY STUDIES C O W ,  
A number of noteworthy accomplishments have already been made in three primary areas 

of activity that are critical components of the feasibility project proposed here: collaborations and 
communications; epidemiology; and radiation dose estimation. Preliminary indications are 
favorable that the objectives set forth in Section 11 above are reasonable and achievable. 
Summarized below is our preliminary experience in these areas to date. 

A. Communicaions and Collaborations 

As noted in Section III above, the key U.S. investigators named in this proposal have been 
engaged for several years in trying to establish solid collaborative working relationships with 
investigators in Russia and other parts of the former Soviet Union. Through these extensive 
efforts we have now been able to identify a small number of key investigators in Russia who 
represent the scientific areas of epidemiology, biostatistics, data management and computing, 
cytogenetics, clinical medicine, physics, and radiation biology. Several members of the U.S. 
research team have visited the three research centers in Russia (Moscow, Bryansk, and Obninsk), 
and have had an opportunity to meet with investigators in each location and to assess in a 
preliminary way the technical capabilities and needs at each site. Similarly, a l l  of the key Russian 
investigators have been to Seattle, and have had an opportun@y to meet at length with members of 
theU.S. team. 

As a result of these interactions, basic working relationships are now relatively well 
established among the key investigators. This has further enabled the present application to be 
developed in a joint and collaborative manner. Importantly, the present proposal reflects a joint 
product that has been agreed upon and endorsed by all collaborators in both countries. It is based 
on a reasonable understanding of the types of data and resources that are available in Russia, and 
on agreements reached to further develop and expand these resources to accomplish the specific 
objectives set forth in the proposal. 

Substantial success has also been realized in establishing rapid means of communication, 
largely through the parallel efforts of the Consortium. To date, reliable e-mail communications 
have been established and are working well with the National Center For Hematology (NCH) in 
Moscow, Dr. Rivkind at the Bryansk Diagnostic CenterPDC), and Dr. Stepanenko at the 
Medical Radiological Research Center (MRRC) in Obninsk. Continued support of this capability 
is anticipated through ONR funding. 

We have also been successful in communicating to.a limited extent by FAX. Contacts 
have been established in this manner with the NCH in Moscow and the Medical Radiological 
Research Center in Obninsk (Dr. Stepanenko). Funds provided in the initial start-up grant were 
useful in enhancing this capability in the three study sites by supplying a dedicated fax and copy 
machine in each office for use in the BFS. However, FAX capability is quite sensitive- to the 
availability of equipment, consumable supplies, and funds for phone lines. Stable funding and 
equipment are therefore critical to establishing this method as a reliable means of routine 
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communication. It is anticipated that ONR funding will contribute to this stability somewhat, at 
least in the immediate future. 

Commercial overnight delivery services (e.g., Federal Express) have been used on 
occasion between the FHCRC and the NCH in Moscow. This is an important method of 
communication for the exchange of some types of information (e.g., original documents, lengthy 
documents). At this juncture we have been able to demonstrate that it is possible to use a 
commercial carrier to get materials of this type to and from Moscow in a timely manner. 

Finally, the FHCRC has just been received approval from the International Science 
Foundation to utilize their services to ship materials to Russia. This commercial enterprise has 
established the means to guarantee the shipment of materials to Russia, including clearing 
shipments through customs. They maintain a secure warehouse in Moscow. This capability may 
be of critical importance in being able to deliver goods and equipment to collaborators in Russia 
in a secure and reliable manner. 

B. Radiation Dose Estimation - Physical Dose Reconstruction 

An important task in estimating radiation dose for residents of the Bryansk Oblast through 
means of physical dose reconstruction will be to investigate the availability of data, and to collect 
data, related to radiation doses that could have been received by residents. Pilot work is well 
underway in this regard, under the direction of Dr.’ Stepanenko at the MRRC. In the summer of 
1993, Dr. Stepanenko and his colleagues began investigating the availability of dosimetry data, 
and the need for additional data. This work has continued through 1994, and has included a series 
of new measurements as well. 

One important source of information in reconstructing the radiation dose a person received 
is EPR analysis of tooth enamel. Radiation induced radicals in solids, such as tooth enamel and 
bone, are relatively immobile and phsist for a relatively long time. By applying an appropriate 
magnetic field, these radiation induced radicals (probably CO3--- in the case of tooth enamel and 
bone) will absorb microwaves and that absorption can be measured using the EPR technique. 
Numerous studies have shown correlations between the EPR signal intensity and dose. The 
response is energy dependent, with low energy photons producing many more radicals than those 
with high energy. Thus, there is some concern about confounding of the measurements by dental 
x-rays. The presence of 90Sr in teeth is another possible source of radicals not related to post- 
accident whole body exposure. 

Measurements of EPR signals in samples of enamel from donated teeth have been 
performed for more than 900 residents of the Bryansk Oblast. These measurements have been 
conducted by Dr. V. Skvortzov at the Medical Radiology Research Center in Obninsk and Dr. A. 
Vanin at the Institute of Chemical Physics (ICP) in Moscow. The bulk of these measurements are 
for persons from the Klintsy, Gordeevsky, and Zlynkovsky raions. Results for those areas are 
given in Table 1. Smaller numbers of samples have been obtained from residents of the 
Krasnogorsky and Novozybkovskaya raions. 
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Table 1. Estimated Doses from EPR Measurements 
of Enamel of Teeth from Residents of the Bryansk Oblast 

Klintsovslq 
Klintsy, town 
Gordeevsky 
Zly nkovslq 

155 16+ 13 68 18 
258 11+10 69 23 
3 19 16+11 149 41 
163 17+ 12 80 26 

From a group of Bryansk residents who had previously donated extracted teeth to the 
MRRC and the NCH for electron paramagnetic resonance analysis of enamel, about fifty persons 
were selected for pilot work related to physical dose reconstruction. Figure 1 shows the 
distribution of doses for these individuals, as estimated using EPR of tooth enamel. For the EPR 
technique used for the measurements, the detection limit was about 10 rad. .For dose estimates at 
that level and lower the ratio of the 2-s uncertainty to the estimated value was 2 1. 

. 
Figure 1. Distribution of estimated doses in subset of residents of the 
Bryansk Oblast for whom follow-up measurements were conducted. 
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A team from the MRRC traveled to Bryansk to perform in situ measurements at residences 
of these 50 individuals, to collect samples, and to administer questionnaires related to individual 
dose estimation. All of the individuals were adults or adolescents at the time of the measurements 
in 1993, and had lived continuously in the Bryansk Oblast since the time of the Chernobyl 
accident. Each person underwent whole-body counting using a mobile laboratory with the French- 
designed Gemini counter systems. There is not good correlation between the dose estimate 
obtained using EPR and the results of recent whole-body counting. This is not surprising because 
the true dose is a combination of internal and external components and because the current body 
burdens do not completely reflect the history of internal exposure. Changes in diet can have a 
large effect on the body burden. Review of the historic records of whole-body counting in the 
Raion hospitals for this group of individuals is underway. 

Samples were also obtained of soil from yards and gardens, of particular foodstuffs, and 
of bricks. Approximately 200 samples were collected of soil, 230 Samples of food (millc, 
potatoes, berries), and 118 samples of ceramic materials. 

Each person was also interviewed using a refined questionnaire, similar to that developed 
for common use by Belarus, Ukraine, and Russia as part of the Word Health Organization 
(WHO) activities to investigate the health effects of the Chernobyl accident. Additional questions 
were asked to assess the importance of alternative pathways, such as consumption of berries. 
Frequent or large consumption of blueberries and cranberries appears to be comparable to 
mushroom consumption for intake of Cs-137. The additionalquestions have recently been 
incorporated into a further improvement of the dosi,metry questionnaire core being developed by 
the Consortium (referred to earlier). 

More than one hundred samples of ceramic materials have been obtained from the houses 
of these Bryansk residents. These will be saved for TL analysis using equipment provided by the 
WHO. The sample preparation and analysis protocol will be developed in concert with a UN 
expert and quality assurance procedures will be established. 

Analysis of the various types’of new measurements, the historical-whole body counting 
records, and dietary and lifestyle information collected from the individuals will greatly aid the 
development and testing of calculational models for physical dose reconstruction. The dosimetric 
estimates and related individual measurements and environmental sampling data will ultimately be 
linked to medical examination and medical questionnaire results collected at the Bryansk 
Diagnostic Center. 

Other important information regarding the status of work relevant to physical dose 
reconstruction is summarized below. 

1. The MRRC is responsible for the technical, scientific, and methodological support of dose 
reconstruction work in the contaminated territories of the Kaluga and Bryansk Oblasts. 
Individual dose reconstruction for medical research is the designated responsibility .of the 
MRRC in these regions. Dr. Stepanenko currently maintains a list of all villages in these 
Oblasts and estimated contamination levels for each. 
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2. 

3. 

4. 

5. 

6. 

7. 

High quality environmental and whole body counting data from three raions (regions) in 
the Kaluga Oblast are available for model development and validation. These data were 
collected by the MRRC, and include measurements of contamination in milk, potatoes, 
and other vegetables from gardens in these raions. 

Over 8000 questionnaires have been completed for residents of the same three raions in 
the Kaluga Oblast. These individuals have been followed by MRRC physicians and have 
been whole-body counted. 

Whole-body counts obtained by the Bryansk Diagnostic Center are being verified by 
intercalibration with the MRRC. 

The Ministry of Atomic Energy in Moscow has data on individual TLD and film 
measurements in cleanup workers during the fist  year after the accident. Dr. Stepanenko 
is working with Dr. Panfilov of the Ministry in attempts to gain access to these data. 

Dr. Stepanenko has identified a group of approximately fifteen physicists (cleanup 
workers) who are very knowledgeable of their own radiation dose, some of which were 
quite high. These individuals could be valuable in helping to evaluate official dose 
estimates, and will be recruited to participate in a program of alternative dosimetric 
assessments (including cytogenetic studies). 

The development of an iidividual dosimetry questionnaire will be modeled on the existing 
WHO instrument, as well as several others currently in use in areas of the former Soviet 
Union and elsewhere. 

Finally, arrangements have been made to provide additional training at the University of 
Utah in Dr. Ed Haskell’s laboratory to a member of Dr. Stepanenko’s team @r. Alexy 
Kondrashov) in methods of high temperature thermoluminescence dosimetry. Dr. Kondrashov 
will spend approximately two weeksin training in late March and early April, 1995. This training 
is of critical importance in enhancing the capabilities to perform such analyses at the MRRC in 
Obninsk using equipment recently obtained from the WHO, and in time for field expeditions 
currently planned for the Spring and Summer months. 

C. Radiation Dose Estimation - Biological Dosimetry 

Chromosome aberration frequencies measured in peripheral lymphocytes of persons 
previously exposed to ionizing radiation have been used since the 1960s as a reliable method to 
estimate dose (J-,loyd et al., 1982). The standard approach has been to measure the frequency of 
dicentric chromosomes and compare it against a standard dose-response curve obtained for human 
lymphocytes in vitro. The use of dicentrics in biological dosimetry is limited because the 
frequency of cells with unstable aberrations like dicentrics decreases with time after exposure. 
Dosimetry based on scoring translocations in human lymphocytes is preferable because the 
frequency of translocation is stable with time after exposure (Buckton et al. , 1978). 
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The scoring of either dicentrics or translocations by conventional metaphase chromosome 
analysis is time consuming, expensive, and therefore difficult to apply to large population studies. 
Fluorescence in situ hybridization (FISH) has become a suitable new tool for the rapid detection 
of structural chromosome aberrations in metaphase cells obtained from irradiated populations 
(Pinkel et al., 1986; Lucas et al., 1989). Specifically, “painting“ of entire human chromosomes 
with whole chromosome-specific nucleic acid probes can be applied for the rapid evaluation of 
translocations (Cremer et al., 1990). This approach is rapid, sensitive, and adaptable to 
automation. 

Thus, an emphasis will be placed on developing the capability and implementing the use 
of the FISH method as a biological means to estimate radiation dose for members of the Samples 
from the two cohorts. Dr. Elena Domracheva directs the Cytogenetics Laboratory at the NCH in 
Moscow. Dr. Domracheva has extensive experience in the preparation of peripheral blood 
lymphocytes and skin fibroblasts for conventional metaphase .chromosome analysis. Recently, she 
has collaborated in the cytogenetic analysis of samples from individuals in the Bryansk region for 
whom radiation dose estimates are also being estimated by physical reconstruction methods, and 
for whom questionnaire and medical examination data are available. 

As outlined above, Dr. Domracheva and Dr. Rivkind have also recently completed an 
extended training period with Dr. Bryant at the FHCRC to assist-them in developing the 
capability to perform FISH assays in Moscow and Bryansk, respectively. The training program 
included the following components: 1) specimen processing and storage; 2) slide preparation; 3) 
probe preparation and labeling; 4) denaturation, hybridization and detection; 5) counterstaining of 
DNA and post-hybridization banding; and 6) microscope analysis. 

Because both investigators are experienced scientists, specimen processing and slide 
preparation constituted a relatively small component of their training. Preparation details specific 
to FISH were emphasized and training included testing culture conditions and cell cycle 
synchronization methods for optimizing the number of metaphase cells. Standard techniques for 
amplification and isolation of plasmid DNA libraries from flow sorted chromosomes were taught. 
Commercially available directly labeled whole chromosome painting probes were used for 
performing the FISH translocation $say. 

In addition, time was spent reviewing reagent preparation and reagent quality control 
testing, and a “starter kit” of reagents tested in Seattle was taken back to Moscow by Dr. 
Domracheva to be used as controls for establishing a quality control testing system for reagents 
produced in Moscow. Dr. Domracheva also returned with the fluorescence microscope used in 
the training program; an essential tool needed to conduct FISH assays in Moscow. Microscope 
analysis was learned by testing specimens from FHCRC studies and from specimens collected 
from Bryansk. 

The second year of funding from the ONR requests support to provide Dr. Rivkind’s 
laboratory with the equipment necessary to establish the capability to conduct FISH assays in 
Bryansk as well (e.g., a fluorescence microscope). Early in the first year of the proposed project 
Dr. Bryant will visit both laboratories (Moscow and Bryansk) to provide further assistance in the 
establishment of the method, and to evaluate the quality of the initial stages of implementation of 
this capability. 

. 
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D. Epidemiology 

A substantial amount of field activity is already underway in the Bryansk Oblast, and has 
been for several years, to provide medical examinations and to collect data from persons exposed 
to the radiation releases from Chernobyl. Much of this work is centered at the Bryansk Diagnostic 
Center. It is anticipated that such practical experience will provide the foundation for establishing 
fully functional epidemiologic field units to carry out field investigations under more prescribed, 
structured conditions. Thus, the BFS is designed to enhance and build upon the epidemiologic 
capabilities already established in Bryansk, rather than to attempt to create a new structure to 
carry out such activities. Listed below is a summary of some of the more important aspects of the 
field operations to date. 

1. 

2. 

3. 

4. 

5. 

6. 

All residents of regions around Bryansk with high contamination levels (e.g., more 
than 15 Ci/km2 ) are entitled to a medical checkup every year. This includes: 1) 
examination by a specialist in internal diseases; 2) examination by an 
endocrinologist; 3) routine blood tests; 4) routine Urinalysis; 5) an evaluation for 
body burden of Cs-137 and Cs-134 (e.g., whole-body counting); and 6) ultrasound 
examination ofthe thyroid for persons 4-16 years old (and adults only if medically 
indicated). 

After the clinical examinations, a special form of the Russian State Medical 
Dosimetrical Register (RSMDR) is completed by order of the Russian Ministry of 
Health. 

Persons found to have a thyroid abnormality are included in a high risk group and 
are invited for an exam twice a year (or more frequently in some cases). Beginning 
in January, 1995, additional information will be recorded for people in this group 
(e.g. , results of the ultrasound exam, the endocrinology evaluation, the fine needle 
aspiration if done, the cytology and the laboratory tests). If there is any suspicion 
of a hematologic or lymphatic abnormality &I additional form will be completed. 

All residents with a body burden of Cs-137 of more than 25000 Bk (adult) or 
15000 Bk (child) are included in a high risk group and examined twice a year. 

All residents with thyroid dose (measured directly in 1986) of more than 1.0 Gy 
(adult) or more than 0.15 Gy (child) are included in a high risk group and 
examined twice a year. 

Liquidation workers are provided a medical examination every year. It includes 
the components listed in (1) above, plus an ultrasound examination of internal 
organs. Recently, an effort has been initiated for liquidators from the Bryansk and 
Krasnodar regions to obtain blood specimens specifically for the purpose of 
conducting cytogenetic analysis. 
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7. As noted above, considerable effort has been made to collect information from 
exposed individuals for use in dose reconstruction efforts. This includes: 1) dose 
interviews on site (at home); 2) specimen collection on site (e.g., soil, bricks); 3) 
dosimetric measurements on site; and 4) whole-body measurements for Cs-137. 

The Bryansk Diagnostic Center has been directed by the Russian government to coordinate 
all of the activities related to medical examinations, data collection, and dose estimation in the 
region. 

A substantial number of individuals have undergone examination to date. In the town of 
Novozibkov, approximately 2500 persons over age 16 have been examined as outlined above; 500 
twice. Serum has been stored for these individuals, and teeth have been obtained from 
approximately 200. Approximately 2700 adolescents between 14 and 16 years of age have been 
examined, and about 6800 children (ages 4-14) have been examined (all twice). 

In the Zlinka region, approximately 4200 persons over age 16 have been examined, as 
have about 1500 children between age 4 and 14. Approximately 4600 liquidation workers have 
been examined (1100 from Bryansk, 2000 from Krasnodar (70 providing teeth), and 1500 from 
Obninsk. 

All of the information from these examinations is on cards in the regional hospitals. About 
85% of the RSMDR is in paper form. About 45% of all information on residents is currently on 
computer, and all information for liquidation workers is on computer. For the 2500 residents of 
Novozibkov, about 80% of the information is currently on computer. 
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