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SUMMARY

This booklet describes the development of an international, interdisciplinary
research project and summarizes the results obtained. We have wanted to
make research protocols and questionnaires available for researchers involved
in other studies to utilize our experiences. Eight previously published articles
are also included summarizing the results and we are grateful to the publish-
ers for allowing them to be reprinted here.

The studies started on many aspects of the project have been productive with-
out exception. Collaboration across specialties and nationalities has taught
new lessons to everyone involved. The development of collaboration is de-
scribed in the introduction by professor Mati Rahu and in the minutes of the
1995 study group meeting. Epidemiological methods are described in an article
complemented by the protocol and English version of the questionnaire ad-
ministered to all cleanup workers, as well as the data collection form of the
thyroid study. The results from biological biodosimetry using both glycophorin
A and FISH methods have shown that the radiation doses received by the
Chernobyl cleanup workers were relatively low. Thyroid nodularity was not
associated with any radiation exposure characteristic in the thyroid screening
study. Estonian Chernobyl cleanup workers were followed up for cancer inci-
dence through the Estonian Cancer Registry. No cases of leukemia or thyroid
cancer were observed by the end of 1993. It is too early to observe possible
effect on other types of cancer. However, mortality from suicides was in-
creased compared with general population. Further follow-up will undoubtedly
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strengthen the study, as will extension to other Baltic countries. Future use of
the established biological sample bank holds great promise and ancillary
studies ranging from psychosocial issues to radiation biology are planned or
on-going.

Dissemination of results with proper interpretation of the findings not only to
the scientific community, but to the subjects involved in the study and general
public as well is of crucial importance, especially when dealing with a subject
as sensitive as effects of radiation exposure. Public concern is commonly
equally important justification for undertaking a research project as scientific
reasons. Risk communication is the only way to achieve the aim of a study
addressing a subject of public concern. Therefore, in this study we have em-
phasized communication of results to the Chernobyl cleanup workers and held
several news conferences as soon the results have become available. In this
volume, we have not only included the articles published in scientific journals,
but also some of the newspaper articles published in Estonia and Finland as
well as news items published in professional journals.
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YHTEENVETO

Tähän kirjaan on koottu kansainvälisenä yhteistyönä tehdyn tutkimusprojek-
tin vaiheita ja tuloksia esittelevää materiaalia. Tutkimussuunnitelmat ja
käytetyt lomakkeet on haluttu julkaista, jotta muut tutkimusryhmät voisivat
hyödyntää niitä omissa projekteissaan. Tutkimusprojektin tuloksia esit-
telemään on koottu kahdeksan aiemmin julkaistua tieteellistä artikkelia, joi-
den painamiseen saaduista luvista kiitämme alkuperäisiä julkaisijoita.

Kaikki yhteistutkimuksen osana käynnistetyt projektit ovat olleet menestyk-
sellisiä. Yhteistyö eri alojen ja kansallisuuksien välillä on ollut opettavaista ja
hedelmällistä kaikille osallisille. Professori Mäti Rahu kuvaa kirjoittamassaan
johdannossa yhteistyön kehittymistä eri vaiheissa ja siitä saa hyvän käsityk-
sen myös tutkimusryhmän kokouspöytäkirjasta. Epidemiologisen tutkimuksen
menetelmistä saa kuvan julkaistun artikkelin ohella myös tutkimussuun-
nitelmasta ja kaikille puhdistustyöntekijöille jaetusta kyselylomakkeesta, joka
on mukana englanninkielisenä käännöksenä. Sekä glykoforiini A:han että
FISH-menetelmään perustuvat biologisen dosimetrian tulokset viittaavat sii-
hen, että Tshernobylin puhdistustyöntekijöiden saamat säteilyannokset olivat
suhteellisen pieniä. Kilpirauhastutkimuksessa ei kilpirauhaskyhmyillä ha-
vaittu yhteyttä mihinkään säteilyaltistusta kuvaavaan tekijään. Syöpäilmaan-
tuvuutta seurattiin Viron Syöpärekisterin avulla. Virolaisilla puhdistustyön-
tekijöillä ei havaittu yhtään leukemiaa eikä kilpirauhassyöpää vuoden 1993
loppuun mennessä. Tässä vaiheessa onnettomuudesta on kulunut liian lyhyt
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aika, jotta voitaisiin havaita mahdollista vaikutusta muiden syöpien vaaraan.
Sen sijaan itsemurhat olivat yleisempiä kuin muulla väestöllä. Jatkoseuranta
ja tutkimuksen laajentaminen muihin Baltian maihin tulee vahvistamaan
tutkimusta. Kerättyjen biologisten näytteiden hyödyntämisestä odotetaan
arvokasta Lisätietoa. Lisäksi suunnitteilla tai jo käynnissä on useita jatkotut-
kimuksia, jotka kattavat aiheita psykososiaalisista tekijöistä säteilybiologiaan.

Tutkimustuloksista ja niiden merkityksestä tiedottamisen ei pitäisi rajoittua
vain tiedeyhteisöön, vaan yhtä tärkeää on saavuttaa tutkimuksiin osal-
listuneet henkilöt ja muu väestö, erityisesti kun on kyse niin tärkeäksi koe-
tusta asiasta kuin säteilyaltistus. Yleinen mielenkiinto ja huolestuneisuus
ovat yhtä tärkeitä perusteita tieteellisen tutkimuksen käynnistämiselle kuin
puhtaasti tieteelliset kysymyksetkin. Laaja ja suunnitelmallinen tiedottami-
nen on ainoa tapa saavuttaa yleistä mielenkiintoa herättävää ja tärkeäksi
koettua aihetta käsittelevän tutkimuksen tavoitteet. Tämän vuoksi tut-
kimuksessa on painotettu tuloksista tiedottamista puhdistustyöntekijöille ja
pidetty lehdistötilaisuuksia, kun uusia tuloksia on valmistunut. Tähän kirjaan
on koottu tieteellisissä lehdissä julkaistujen artikkelien lisäksi valikoima tut-
kimusta koskevia kirjoituksia sanomalehdistä ja ammattilehtien uutispals-
toilta.
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1 PREFACE

A Personal Account of the Project's Development

Scientific life is a series of projects. These projects can be short or long, simple
or complex, interesting or boring, with positive or with negative findings. But
every undertaking needs a certain amount of effort and dedication by the col-
laborating persons. Each of them has his/her individual contribution to the
work and also a personal story about the sequence of events during that task.

My involvement in this project, the Estonian Study of Chernobyl Cleanup
Workers, began at the very moment on April 3, 1991, when I was reading a
local newspaper "Ohtuleht" ("Evening Paper"). The article that attracted my
attention was entitled The Shadows of Chernobyl. From the interviews de-
scribed there, it came out that due to the lack of local sponsors, tight budget in
counties, delayed money transfer from Moscow, etc., there were no resources in
Estonia to buy a PC (personal computer) and to create a radiation register of
workers who had been sent to Chernobyl. "Why", it suddenly struck me, "not
end these complaints, create a relevant data base and make a small epidemiol-
ogical exercise just with my research team?"

The idea picked up speed and started to take form. Less than two weeks later
the first study protocol was ready (Table I). In accordance with rooted tradi-
tions still valid at the beginning of 1990s the protocol was thin; it consisted of
four single-sided pages (A4 paper, double spaced). The protocol regarded as-
sembling the study cohort of all (about 5,000) Chernobyl veterans from Esto-
nia, and sending a very short postal questionnaire to them ("to verify personal
data"). The activities were planned for 1992-1993 and the project outcome - a
data base — was regarded as the basis for the next step — follow-up and linkage
to cancer files and to death certificates. The budget for the proposed two-year
period was 53,416 roubles.

In April 1991 we had in the Institute of Experimental and Clinical Medicine
(IECM) one PC for approximately 150 staff members. As the price of a reason-
able PC of this time was around 70,000 roubles (USD 2,800), and the probabil-
ity of obtaining funding from Estonian sources was close to zero, external re-
sources had to be sought. For this purpose, I translated the study protocol into
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English. After a negative response from Sweden, the next attempt was made
in Finland. Timo Hakulinen from the Finnish Cancer Registry (FCR) enthusi-
astically listened to my study plans and suggested that I make immediate con-
tact with the Finnish Centre for Radiation and Nuclear Safety (STUK). So it
happened, and on June 19 a meeting with Tapio Rytomaa and Anssi Auvinen
took place in Helsinki. Financial support from STUK was promised, and intel-
lectual support was given straight away. The term biological dosimetry began
to enrich my vocabulary, and items related to exposure, exposure measure-
ment, use of protective clothing, administration of iodine, diet, etc., were sug-
gested to develop a valid instrument for the questionnaire study.

Later, the questionnaire survived substantial revisions. Summer was passing.
The coup in Moscow made headlines and the Soviet Union collapsed. Estonia
regained its independence. On September 2, 1991, Lyly Teppo, the Director of
FCR, and Toomas Veidebaum, the Director of IECM, signed an agreement of
research co-operation in biostatistics and epidemiology between our two insti-
tutions. The agreement signaled an end to the intermediaries who had slowed
down our previous contacts, and marked a new refreshing and direct step in
collaboration.

In the same month, John Boice from the National Cancer Institute (NCI),
USA, was on a business trip to Europe, and paid a visit to IECM as well. John
and I met for the first time. In this manner, his visit to Tallinn fulfilled a
prophecy made to me in March 1983 by a doctoral student Faye Davis, at the
Harvard School of Public Health, working with John, "You and John must
certainly meet." On September 11, at my semi-messy table, I heard from him
that the planned cohort study of Chernobyl veterans might have good pros-
pects of obtaining financial support from NCI.

John practiced what he preached. He was instrumental in getting the project
to focus on strict design and smooth conduct. As he soon received from the
International Agency for Research on Cancer a confirmation that the cancer
registry in Estonia is not among the worst ones, we at IECM began substantial
face lifts of the study protocol. Domestic and international developments sup-
ported our communication, and so John, in his letter of November 8, was satis-
fied, "It seems that the mails have improved meaningfully between our two
countries."

Finally, after working collectively and successfully through piles of documents,
in March 1992 a research contract for three years was made between NCI and

10
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FCR to perform the project entitled Feasibility Study of Leukemia among
Chernobyl Cleanup Workers. Since my home institution IECM had little expe-
rience in radiation epidemiology, not yet much international recognition and
few international publications, we worked as a subcontractor to FCR. Soon
intense investigations were underway, led by Mare Tekkel, the principal of the
project from IECM.

In May, the collaborators of the project, which has been extremely fast got the
dimensions of multifaceted international study, met in Helsinki. The biodo-
simetry component of the study was notably strengthened by William Bigbee
(Lawrence Livermore National Laboratory), Ronald Jensen (University of Cali-
fornia, San Francisco) and Gayle Littlefield (Oak Ridge Associated Universi-
ties). During the meeting, as the report declared, "An approach to study Cher-
nobyl cleanup workers from Estonia was developed and agreed upon"; by
August 28, a revised study protocol and questionnaire were worked out. The
protocol regarded the possibility of expanding the project to Latvia, and proba-
bly to Lithuania. Efforts in Latvia were strongly stimulated by Iris Obrams, an
NCI researcher who has deep roots in that country.

The year of 1993 was full of questionnaire study and blood drawing. In July,
the second project meeting was arranged in Helsinki. For the first time, the
list of participants included some E-mail addresses. Peter Inskip, NCI, took
with unanimous agreement the post of rapporteur, and was to hold it success-
fully during every forthcoming meeting. Bill Moloney, Harvard Medical School,
was on board reviewing the hematopoietic material on leukemia and lym-
phoma diagnosed among Baltic cleanup workers. Collaborating researchers
declared excellent progress in the study, an opinion based on the good re-
sponse rate for the questionnaires and blood drawing program. A pilot study in
Latvia also showed considerable progress. Among other positive features, it
was noted that the frequency of failed shippings of blood samples for our study
had been low compared to studies conducted in Czechoslovakia, Poland, Russia
and Ukraine. The Scientific Resource Committee was formed to address the
use of questionnaire data and biologic samples in future studies, and to set
publication policy. Future plans included thyroid screening and broadening
the biodosimetry program to include cytogenetic evaluation.

In 1994, the questionnaire data were analysed, and blood collection and biodo-
simetry study continued. Project meeting in Turku concentrated on discussions
related to the results of questionnaire studies in Estonia and Latvia. Great

11
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attention was also paid to problems encountered with shipping of blood sam-
ples and with the GPA assay. The Scientific Resource Committee made several
decisions concerning the authorship and number of forthcoming publications.

Several collaborators put lots of energy into developing and coordinating the
protocol of the thyroid examination study. Fred Mettler, at the University of
New Mexico Medical School, played a critical and indispensable role in all
these activities. Finally, in December, the protocol was approved by NCI.

The project year of 1995 climaxed in early spring when the thyroid screening
examination of cleanup workers was conducted. It was really a spectacular
action. Michael Hartshorne, the leader of the examination team, came with ten
colleagues and an innumerable number of bags containing everything from
cotton wool to Hitachi ultrasound machine. Mike appeared, rolled up his
sleeves, and his team orchestra began to play the symphony of screening ses-
sions. Between the sessions, some acquaintance was made with small buses,
snowy and uneven roads, smoked sausage, lard, and excellent beer. Ten
working days resulted in nearly 2,000 screened workers, a voluminous trip
report, photos, videos and undocumented compelling stories. Again, the worst
side of logistics came up - it took 11 days for the fastest air shipment of 53
kilos of chemicals (needed for the cytological part of the screening and classi-
fied as hazardous materials) to travel from New Mexico to Estonia ... by the
end of team's work.

The project meeting, this time having the name Fourth International Work-
shop on Baltic Chernobyl Cleanup Workers, was held inside the Arctic Circle in
Inari, Finland. Among other issues, preliminary data on questionnaire re-
sponses in Lithuania were reported. Also, each participant received an auto-
graphed copy of the book Chernobyl 1986: Memoirs of an Estonian Cleanup
Worker, whose author, Tiit Tarlap, had worked several months in the harsh
conditions of the Chernobyl area. Generally, in the meeting, the collaborating
team concluded that the whole project "continues to show excellent progress
and is on the verge of producing tangible evidence of productivity in the form
of publications".

In 1996-1997 routine project activities continued. The analyzing and writing
load increased considerably. More and more drafts were disseminated among
the co-authors. When the time was ripe the manuscripts were mailed to dis-
tinguished journal editors to await their fate. At the fifth project meeting at
NCI in Rockville, Maryland in 1997, Gil Beebe took over the role of Project

12
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Officer from John Boice who had retired from NCI. There was unanimous
opinion that the series of projects was successful, perhaps more so than
thought possible in 1991. We agreed that more can be done and are seeking
funding sources to: (1) continue the periodic follow-up studies of workers' mor-
tality and cancer incidence; (2) complete the Latvian evaluation; (3) expand
the successful Lithuanian pilot study; (4) combine data from all three Baltic
countries in the future; (5) conduct refined and focused studies of the cryopre-
served blood samples. There was general agreement to continue, if possible,
our multi-national and multi-disciplinary group of epidemiologists, physicians,
cytogeneticists, biophysicists, hematologists, thyroidologists, computer scien-
tists, and statisticians. We later held press conferences, and news stories ap-
peared in the Journal of the NCI and in Radiation Research News.

The project added a small drop to the sea of scientific knowledge. Under the
influence of the project, additional studies were initiated or modified. During
the project development some of us - collaborators - changed our places of
residence or employment, others citizenship or marital status altered, some
wrote their doctoral theses. All these events took place during this time, when
the Earth made six circles around the Sun. And the project team grew six
years older.

Mati Rahu
Professor
Institute of Experimental and Clinical Medicine, Tallinn, Estonia

13
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Table I. Major Milestones in the Estonian Study of Chernobyl Cleanup Work-
ers, 1991-1997

Date

26.04.1986
03.04.1991
15.04.1991
19.06.1991
11.09.1991
30.12.1991
14.03.1992
21.-22.05.1992
30.06.1992
28.08.1992
14.12.1992
12.1992-03.1993
03.-06.1993
05.-O6.07.1993
28.-30.06.1994
25.08.1994
27.03.-07.04.1995
26.-30.06.1995

10.1995
02.1996
04.1996
05.1996
06.1996
03.1997
02.1997

05.1997

29.-30.05.1997
19.06.1997
25.06.1997
23.09.1997

Event

The Chernobyl Nuclear Reactor Accident
Inspirational article in a newspaper
First study protocol ready
Consultation with FCR and STUK representatives in Helsinki
Consultation with John Boice in Tallinn
Contract proposal submitted to NCI
Research contract between NCI and FCR awarded
First project meeting in Helsinki
First quarterly progress report (April-June, 1992) mailed to NCI
Final study protocol and questionnaire ready
First session of blood drawing in Tallinn (IECM)
First mailing of questionnaires to cleanup workers
Second mailing of questionnaires to cleanup workers
Second project meeting in Helsinki
Third project meeting in Turku
Contract between NCI and FCR extended
Thyroid screening examination in four cities in Estonia
Fourth project meeting in Inari. First draft of design and screening
papers circulated
First draft of short biodosimetry paper circulated
First draft of biodosimetry paper circulated
Short biodosimetry paper published in British Medical Journal
First draft of study overview paper circulated
First draft of incidence/mortality paper circulated
Study overview paper published in Proceedings ofNCRP
Biodosimetry and screening papers published simultaneously in Radia-
tion Research
Design and incidence/mortality papers published simultaneously in
Radiation Research
Fifth project meeting in Rockville
Press-conference in Helsinki
Press-conference in Tallinn
Final Report, Summary of Salient Results and Edited Data Files
mailed to NCI

FCR - Finnish Cancer Registry , IECM - Insitute of Experimental and Clinical Medicine (Esto-

nia) , NCI - National Cancer Insitute (USA), NCRP - National Council on Radiation Protection

and Measurements (USA), STUK - Radiation and Nuclear Safety Authority (Finland).

14
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Figure 1. Scientials who have been collaborating on studies of cancer risk
among workers from the Baltic countries of Estonia, Latvia, and Lithuania,
who helped cleanup after the Chernobyl reactor accident met for their 5th
annual workshop in May 1998 at the U.S. National Cancer Institute, Be-
thesda, Maryland.
Back row, left to right: Dr. Aivars Stengrevies, Latvian Center for Oncology,
Riga; Dr. Gayle Littlefield, Oak Ridge Institute for Science and Education,
Oak Ridge, TN; Dr. Iris Obrams, National Cancer Institute, Bethesda, MD;
Dr. Juozas Kurtinaitis, Lithuanian Cancer Registry, Vilnius; Dr. John Boice,
International Epidemiology Institute, Rockville, MD; Dr. William Bigbee,
University of Pittsburgh, PA; Professor Mati Rahu and Dr. Mare Tekkel, Es-
tonian Institute of Experimental and Clinical Medicine, Tallinn; Professor
Tapio Rytomaa, STUK-Radiation and Nuclear Safety Authority, Helsinki, Dr.
Kristina Servomaa, STUK-Radiation and Nuclear Safety Authority, Helsinki;
Professor Ronald Jensen, University of California, San Francisco; Dr. Peter
Inskip, Texas A&M University, Collage Station; Dr. Nathaniel Rothman and
Dr. Gilbert Beebe, National Cancer Institute, Bethesda, MD; and Dr. Michael
Hartshorne, Veterans Administration Medical Centre, Albuquerque, NM.
Front row, left to right: Professor Sisko Salomaa, STUK-Radiation and Nu-
clear Safety Authority, Helsinki; Dr. Anssi Auvinen, STUK-Radiation and
Nuclear Safety Authority, Helsinki; Professor Timo Hakulinen, Finnish Can-
cer Registry, Helsinki; Professor Toomas Veidebaum, Estonian Institute of
Experimental and Clinical Medicine, Tallinn; and Dr. Ausrele-Zibute Kes-
miniene, Lithuanian Chernobyl Medical Center, Vilnius.
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2. ORIGINAL PROTOCOLS

2 .1 . Leukemia among Chernobyl cleanup workers
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leukemia Among Chernobyl Cleanup Workers

I. INTRODUCTION

This project is to evaluate the feasibility of studying cancer occurrence
among Chernobyl cleanup workers using record-linkage techniques and to
characterize exposures in well-defined groups of workers exposed between
1986 and 1990 during the cleanup activities of the contaminated facility
and surrounding environment. A record-linkage study is proposed in which
rosters of Chernobyl workers would be linked to existing cancer registry
records in order to identify those who developed cancer. Leukemia will be
the focus of the feasibility study because excesses of leukemia have been
detected within 5 years after acute exposure to ionizing radiation in other
studies. Sufficient time has elapsed since the April 1986 accident for
radiogenic leukemias to become apparent, whereas more time would be
required for radiation-induced solid cancers. Dosimetry records and
biodosimetry assays will be used to characterize exposures. Thus, this
investigation is envisioned as a feasibility effort aimed at identifying
cleanup workers, evaluating exposures, and identifying cancers. The
results may be informative in their own right with regard to the presence
or absence of leukemia and will provide guidance for any future studies
involving larger cohorts and longer followup.

A comprehensive study of a well-defined population is planned. Although
the number of workers available for study in Estonia is relatively small,
they can be completely characterized with regard to work experience around
Chernobyl. Estimates of radiation dose can be made with some precision, at
least for those with meaningful exposures. Record-linkage techniques and
medical screenings will ensure nearly complete ascertainment of leukeaic
conditions at relatively little expense. Questionnaires can be completed
and blood studies can be conducted on workers. If successful, the study
will provide a foundation upon which to build larger and even more
comprehensive evaluations.

Ultimately a cohort of at least 10,000 Chernobyl workers is anticipated.
It is envisioned that several countries will eventually collaborate in this
effort so that a larger sampTe size might be obtained. Currently, the
Estonian Institute of Experimental and Clinical Medicine (Estonian Cancer
Registry) is participating in a three-year study and the Latvian Ministry
of Public Health has initiated a feasibility effort. Documented records of
the radiation exposure received by the Chernobyl workers appear to be
available for a majority of the population to be studied, at least in
Estonia. Blood samples will be taken to validate the documented exposures
and to clarify the possible range of exposures experienced. Because a
large proportion of the population will be asked to provide blood samples,
it will be feasible to ask general questions on cancer risk factors in
addition to those needed for the biodosimetry evaluation. The
questionnaire will be developed to obtain information on important cancer
risk factors (such as smoking and alcohol consumption), work histories
while at Chernobyl, current occupational information, other sources of
radiation exposure, medical history, and information on fathered children,
including the dates of birth of all children. The questionnaire will be
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approved by the Office of Management and Budget (OMB) of the U.S.
Government. Appropriate approvals to conduct human subject research 1n
Estonia have been obtained. The study design incorporates a review of all
leukemia cases and preleukemic conditions by the collaborating hematologist
(Or. William Moloney).

The results of a well-defined study could contribute to scientific
knowledge as well as provide guidance for possible public health measures
in the future. Conceivably, new information could be obtained on the
effects of relatively low radiation doses, perhaps 0.10 to slightly over 1
Gy (10-100 rad), following protracted, whole-body exposures. (However,
some early workers, working on the roofs near the damaged reactor could
have received relatively brief exposures of substantial magnitude.) If
sufficient numbers of workers are identified and doses are sufficiently
high, the analysis would address dose response, dose rate effects and time
response. Linkage of rosters of Chernobyl workers with cancer registry
records would indicate the current risk of leukemia from cleanup activities
and whether long-term risks from solid cancers might be anticipated. Thus,
results of a careful evaluation of a well-defined group of exposed workers
covered by existing population-based cancer registries, might indicate
whether additional long-term follow-up and medical surveillance of heavily
exposed workers would be advisable. Guidance with regard to future public
health measures might be provided. The current efforts might be combined
with initiatives in other countries, such as in the Ukraine, to provide
sufficient numbers for a detailed and powerful evaluation of cancer risks.

Approximately three years will be required to accomplish the work
described. This time is necessary to obtain rosters of Chernobyl workers,
access their dosimetry records, obtain blood samples, ship the samples to
various laboratories for biodosimetry evaluation, and link rosters to
cancer registry and mortality files to identify leukemias and deaths.

II. BACKGROUND AND RATIONALE

Although more is known about the carcinogenicity of ionizing radiation than
perhaps any other exposure, there is little information relating to cancer
risk when exposures are protracted over time (NAS, 1990). The most
important studies on radiation*carcinogenesis and risk estimation derived
from the atomic bomb survivors and patient populations where the exposures
were of short duration or where cumulative dose were on the order of
several Gys. The scientific goal of studies of Chernobyl workers is to
learn whether excessive cancers have occurred in a relatively healthy
population of workers exposed (Figure 1) to doses on the order of 0.10 to
perhaps 1 Gy (10 to 100 rad) over a period of less than six months, and to
describe any excess in terms of estimated dose and time after exposure.
The purpose of the immediate investigation is to learn whether record-
linkage techniques in the Baltic and surrounding countries might be a
useful and cost-effective approach to addressing this scientific goal.
Attention during this initial phase will focus on leukemia, which occurs in
excess sooner than solid cancers following acute exposures.
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The Accident. The Chernobyl reactor accident occurred in April of 1986 and
resulted in large-scale contamination of the environment with radioactive
fission products (Anspaugh et al 1988; UNSCEAR 1988). The excessive
radiation exposure of 31 of the firemen and other workers who were trying
to control the reactor accident immediately after it occurred, resulted in
substantial whole-body radiation doses leading to death. Approximately 200
other workers experienced the acute radiation syndrome, but did not die
from it. The populations living within a 30 kilometer distance may have
received meaningful radiation doses during the passage of the radioactive
cloud (Wilson & Crouch 1987). They have been resettled to other areas of
the former Soviet Union. However, after the initial catastrophe, several
hundred thousand persons from all 15 Republics of the then Soviet Union
were sent to Chernobyl to participate in entombing the damaged reactor and
cleaning up the high levels of radioactivity in the contaminated
environment. On average, persons spent between one and six months at
Chernobyl and were allowed to receive up to about 0.25 Gy (25 rad) of
external radiation before returning to their home Republics. Anecdotal
reports suggest that the exposures may have been two to three times the
allowable limit in some instances. Early "entrants" appear not to have
been given dosimeters and their exposures may have been appreciable.
Biological analyses of bloods from some early workers suggest that
exposures as high as 1 Gy were experienced.

Biological Markers of exposures. Because the reliability of the recorded
dosimetric information is uncertain, it will be important to validate the
film badge, TLD or other personal dosimetry records. Biodosimetric methods
will be used as independent indicators of absorbed dose. Biodosimetry
determinations will involve blood samples from at least 10% (and perhaps
ultimately all) of the population to be studied. These blood samples will
be analyzed using the glycophorin A (GPA) somatic cell mutation assay
(Langlois et al 1986, 1990). This erythrocyte-based assay requires
individuals who are heterozygous for the H and N alleles at the GPA locus,
thus excluding approximately one-half of the population. Viable
lymphocytes from all blood samples will be isolated and stored frozen for
future analyses including, perhaps, cytogenetic assays for chromosome
translocations scored using classical non-banded and/or G-banded
chromosomes as well as using fluorescence in situ hybridization (so-called
"chromosome painting") (Lucas et al 1992). Analyses will be performed at
Lawrence Livermore National Laboratory (and perhaps other laboratories, as
appropriate).

The strategy for incorporating biodosimetry in the study will consider
these multiple genetic and cytogenetic endpoints. The purpose will be to
validate (or invalidate) the existing exposure levels and to produce
exposure estimates for individuals to be used in the cohort analysis. This
approach also might be helpful in characterizing exposures to workers for
whom dosimetry records are not available. Based on studies of individuals
acutely exposed to ionizing radiation, the new cytogenetic and somatic cell
mutation assays may have adequate sensitivity to detect exposures > 0.20 Gy
in this population (Lucas et al 1992; Jensen et al 1991; Langlois et al
1987, 1992; Straume et al 1991), given the relative young ages (and
attendant low background frequencies of chromosome aberrations and variant
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somatic cell frequencies) of the exposed workers. It appears likely that a
meaningful number of workers experienced "high" exposures (well above 0.25
Gy) that were not recorded during the cleanup activities, and the
biodosimetry evaluation can potentially provide quantitative dose
information in this regard. Early "entrant" workers who arrived at
Chernobyl shortly after the accident in 1986 are particularly likely to
fall into this "high exposure" category as allowed doses were the highest
and working conditions were the most chaotic during this period. For this
reason, the initial phase of the biodosimetry study will emphasize the
enrollment of approximately 1000 to 2000 individuals from the "early
entrant" population. Blood samples of MN blood type from these individuals
will be analyzed using the GPA assay. Cytogenetic analyses will be
considered for those individuals with the highest documented or suspected
doses and for those with the highest values from the GPA analysis.
Chromosome painting could be performed on perhaps 50 blood samples. In
addition, approximately 25 to 50 bloods could be evaluated by classical
nonbanded cytogenetic analyses and then 20 to 30 by banding. Consideration
also would be given to conducting chromosome painting on "high" exposure
workers who are homozygous for the M and N blood aileles, i.e., those
workers for whom the GPA assay is not applicable. The rationale for the
above "tiered" approach is based on relative cost, and different
limitations of the respective assays. GPA is the least expensive but is
valid for only half the population; chromosome painting is applicable to
the entire population but is currently labor intensive. Classical
cytogenetic techniques are limited by the number of cells per individual
that can be evaluated effectively.

Questionnaire. Obtaining cancer risk factor information would be useful
for any future followup that might be considered. Also, the information on
duration of work performed at Chernobyl and other possible occupational
exposures would be important in evaluating the results from the record-
linkage activities and dosimetry assessment. Further, to provide some
information on the possibility that paternal radiation exposure occurring
just prior to conception might be involved in the etiology of childhood
leukemia (Gardner 1990), information on children born both before and after
the Chernobyl accident would be obtained.

III. OBJECTIVES

The objectives of this record-linkage investigation are to: (1) assemble a
cohort of Chernobyl cleanup workers, characterize their radiation exposure,
and link the cohort roster with cancer registry records to learn about the
occurrence of leukemia; (2) validate the documented radiation dosimetry
records, obtain blood samples and have them sent to laboratories in the
United States for biodosimetry determinations; and (3) administer a
questionnaire to the Chernobyl cleanup workers to characterize their work
experience at Chernobyl and obtain information on other cancer risk
factors, other occupational exposures, and paternal reproductive histories.

There are several possible outcomes of the proposed investigation,
depending upon the number of Chernobyl cleanup workers identified, the
doses received, and the number of cancers identified. Large numbers of
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workers with doses greater than 0.20 Gy (20 rad) could result In detectable
excesses of leukemia and thus contribute to scientific knowledge. Because
of questionable accuracy and completeness of recorded exposures, the
biodosimetry is envisioned as an important component to characterizing
radiation doses. If we learn that meaningful exposures are unlikely based
on a sample of 1000 bloods (500 for GPA) then this too will advance
knowledge about the magnitude of doses associated with cleanup work. If
personal dosimetry records and results of the biodosimetry indicate that
the exposures were very low, and well under 0.20 Gy, then the power to
detect any radiation effects also is very low, regardless of the number of
workers available for study. This in itself will be valuable to learn,
because such knowledge would be useful in future discussions of whether
large-scale studies (with long follow-up) of Chernobyl cleanup workers
would be likely to provide useful scientific information about radiation
effects. This record-linkage investigation is a first step in evaluating
leukemia risk and whole-body radiation doses in a very well-defined cohort
of Chernobyl cleanup workers.

IV. DESCRIPTION OF WORK

1. A cohort of Chernobyl cleanup workers will be assembled, and linked to
existing cancer registry records to determine the occurrence of any
leukemia, lymphomas or other cancers that developed after the
radiation exposure from the Chernobyl cleanup activities. Leukemia is
the primary focus of the study because it is the only cancer that
conceivably could be caused by radiation within 2 to 9 years after
exposure. Existing collaborations now exist with the Institute of
Experimental and Clinical Medicine (Estonian Cancer Registry) through
the Finnish Cancer Registry to evaluate over 4,000 Chernobyl workers.
A feasibility study in Latvia (approx. 6,000 workers) will begin
shortly. Contacts with Lithuanian (approx. 8,000 workers) have been
made. Scientists in Belarus (approx. 12,000 workers) have also been
contacted. Another independent NCI initiative is attempting to
develop a study of cleanup workers in the Ukraine, (approx. 100,000).

2. Observed and expected primary cancers, especially leukemia, shall be
tabulated by time after"Chernobyl exposure, age at exposure, and
radiation dose received. ' Expected numbers of cancers will be
determined using general population cancer incidence rates, adjusted
for age, sex and calendar year. It is important that follow-up of
these Chernobyl cleanup workers be nearly complete, because the
person-years for computation of risk must begin after the date of last
exposure at Chernobyl (and return to the population area), and be
completed at the tine of diagnosis of the incident cancer, the date of
death, or the date lost to followup (e.g., migration, etc.). The
study roster will be linked to death and population registries to
ascertain deaths.

3. Radiation exposure records will be abstracted from all available
sources. Documented radiation exposure records appear to exist for
most of the Chernobyl working population in Estonia. The primary
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source of the exposure information appears to be the military
passport.

4. Blood samples shall be obtained from a large number (approximately
1000 to 2000) of Chernobyl workers and approximately 100 appropriate
controls in an attempt to validate (or invalidate) the radiation
dosimetry records and characterize those without dosimetry records.
Analyses will be conducted in the United States at the Lawrence
Liver-more National Laboratory (and perhaps other laboratories).
Initial analyses will involve only the GPA somatic cell mutation
assay, to enumerate allele-loss variant peripheral red blood cells.
Additional assays to be considered for selected individuals are,
fluorescence in situ hybridization ("chromosome painting"), to detect
chromosome translocations in metaphase chromosomes isolated from
peripheral blood lymphocytes and classical cytogenetics. Classical
cytogenetics and chromosome painting could also be accomplished at the
Oak Ridge Associated Universities on a small sample if desirable.

5. A Questionnaire shall be developed and administered that will obtain
information on important cancer risk factors, such as smoking and
alcohol consumption, work histories while at Chernobyl, current
occupational information, other sources of radiation exposure, medical
histories, including knowledge of cancer occurring prior to the
Chernobyl accident, family history of cancer, and reproductive
histories, including the dates of birth and names of all children.

6. Diagnostic review of suspected occurrences of leukemia or preleukemia
will be performed by the collaborating hematologist. Patients will be
classified as having acute nonlymphocytic leukemia, refractory anemia
with excess blasts (RAEB) "in transition", simple RAEB, refractory
anemia, or a nondiagnostic marrow. RAEB has been defined as involving
severe refractory pancytopenia, with up to 20% blasts in the bone
marrow, but less than 5% blasts in the peripheral blood. Chronic
myelogenous leukemia and acute lymphocytic leukemia are also of
interest. Cytogenetic studies would be valuable.

V. APPROACH IN ESTONIA

All persons who were sent to Chernobyl from Estonia between 1986 and 1990
are to be studied, including any individuals who were on active duty in
the Soviet Army or who went voluntarily under contract.

At the moment there are four overlapping sources from which a cohort of
some 4200-5000 Chernobyl cleanup workers may be assembled: (1) the
Estonian Defense Force General Headquarters, (2) the Estonian Chernobyl
Radiation Registry, (3) the Estonian Chernobyl Committee and (4) the
Estonian Ministry of Social Welfare. Written permission for access to
information for this cohort study has been obtained from all four sources.
A breakdown by nationality (e.g., Estonian/Russian/other) is possible.
The prime sources will be the Defense Force and Radiation Registry, with
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the others more supplementary. A Chernobyl worker Is defined as a citizen
who possesses a military passport or who has official documentation of
leaving and returning to the country after working at Chernobyl.

The four sources of the cohort are described below.

(1) Military lists and records

The Estonian Defense Force possesses the records of the Soviet Army for
persons from Estonia who entered the Soviet Army. The records also
contain information on where the service took place. From these records,
all persons who were sent to Chernobyl in 1986-1989 can be identified.
These people include those employed in the military and those doing
regular military duty, but the majority were specifically drafted for the
cleanup under the pretense of repetition training activity. These records
were abstracted in 1990 at the request of the Estonian Ministry of Health
and are accessible for the study.

(2) Estonian Chernobyl Radiation Registry

In 1991, after public pressure and following an All-Union USSR initiative,
a follow-up registry of Chernobyl cleanup workers was established. The
recruitment to the follow-up checks was performed by mass-media
campaigning. Medical check-ups were conducted in the 20 central hospitals
in Estonia and information was sent to the all-union follow-up center for
Chernobyl Cleanup Workers in Obninsk, Russia as well as to the Estonian
Chernobyl Radiation Registry, located at the 4th Hospital of Tallinn. The
radiation registry also includes civilians who were hired for the cleanup
work, as well as the military workers.

(3) Lists and records of the Estonian Chernobyl Committee.

The Estonian Chernobyl Committee was established late in 1988, and
registers Chernobyl cleanup workers. It acts as a pressure group on the
Government. There is a network of local committees extending to all parts
of Estonia. There are now considerable material and health care benefits
for the registered Chernobyt cleanup workers. Since 1989 it has been in
the workers' interests to give their data to the Committee in order to
facilitate getting these benefits. Access to this resource when
assembling the cohort is important to ensure the completeness of the
records. However, potential biases with regard to differential enrollment
based on disease status will be carefully evaluated. It is important to
note that to be registered as a Chernobyl cleanup worker, there must be an
official document such as a military passport, service record, approval
certificate to leave the country, among others.

(4) Registration cards of the local agencies of the Estonian Ministry of
Social Welfare

The official registration of the Chernobyl cleanup workers for present and
future benefits is the responsibility of the local agencies of the
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Estonian Ministry of Social Welfare. These registration cards «ay be used
as an additional complementary source for the study.

The information from each of the four sources will be compiled into one
data file. The uniqueness of each person will be manually and
automatically ascertained by using names, birthdate and domicile. The
Radiation Registry will be available on magnetic media and the other
sources in a form suitable for data processing. The best available
estimate at this time is for a sample of 4200-5000 Estonian clean-up
workers.The estimate of 4200-5000 Chernobyl cleanup workers is the best
available at this time, and the number of Chernobyl veterans listed in
each of the four sources and their overlap are unknown. Men who appear in
several registries will be identified by their names, birthdate, place of
residence, Chernobyl working status and other items available for
abstracting.

The cohort of Chernobyl cleanup workers in Estonia will consist almost of
civilian workers. They are men who lived and worked in Estonia and who
were suddenly forced to go to Chernobyl to clean up the environmental
contamination. These cleanup activities were officially called a
"military service repetition training". A small group of men were under
contract to work in Chernobyl, but their exact number is not known at this
time. These persons will be identified mainly on the basis of information
from the local agencies of the Estonian Ministry of Social Welfare and the
radiation registry.

Deliberate modification of dosimetry records to maximize or minimize
recorded exposures conceivably could have occurred. Biological marker
studies might be able to address how widespread any such practice might
have been.

Possibilities for significant underregistrati on are unlikely but include
the following:

(1) For psychological or whatever reasons a Chernobyl worker may hide his
status and, because of loose recordkeeping or other reasons, not be
listed in any of the 4 sources. Perhaps military officials destroyed
information during the process of replacing the Soviet Army with the
Estonian Defense Force. However, there are incentives to register as
a Chernobyl cleanup worker, including release from income-tax, free
medicines, free treatment in a sanatorium or health resort yearly, a
one-time subsidy, and additional vacation.

(2) A worker might have moved from Estonia to another country shortly
after his Chernobyl exposure, but this is very unlikely.

These considerations are theoretical in nature. The total number of such
men is likely to be small. Also, such possibilities are not a problem if
underregistration is unrelated to disease, or if disease occurrence is
counted only prospectively from date of enrollment. Nonetheless, careful
evaluation will be made of the 4 sources of the population. The
possibility of destroyed records will be evaluated since workers can be
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Identified through a variety of sources. The possibility that the workers
with certain diseases were preferentially recorded from a single source
will also be evaluated.

B. Linkage and Follow-up

The follow-up for cancer incidence, death and emigration will be conducted
by manual and/or automatic linkages with three sources:

(a) Estonian Cancer Registry

The Estonian Cancer Registry was founded in 1978 and includes
retrospectively the data on incident cases of cancer diagnosed in the
residents of Estonia from 1968-77. Currently, the most recent year
completely covered by the Cancer Registry is 1989. The statistics for
1990 will be available in March 1993. Comparisons with death certificates
and hospital records indicate that the registry covers virtually all cases
diagnosed in the residents of Estonia. The main items in the registry for
each patient are: names, birth date, sex, nationality (ethnicity), place
of birth and residence, method of diagnostic verification, date of
diagnosis, diagnosis (ICD-O), morphology (ICD-O), basic treatment
modality, date and cause of death. The cancer registry data are all
computerized.

(b) Death records in Estonia

The records of deaths occurring among residents of Estonia are kept by the
Estonian State Department of Statistics. These records are designed
following international standards and contain the names, birth date, sex,
place of residence, date of death, and main and contributory causes of
death. The records containing names are suitable for manual processing
only. There are approximately 14,000 to 15,000 deaths per year in this
country of 1.6 million residents. Manual processing, though time-
consuming has been accomplished effectively in other studies of radiation-
exposed populations (tuberculosis patients subjected to multiple chest
fluoroscopies). As of May 1992, records were complete through 1991.

(c) Population Registry of Estonia

The Central Population Registry of Estonia contains name, sex, date and
place of birth, address, nationality, date of death (from the past six
years) and date of emigration. The registry covers persons over 15 years
of age and is in a form suitable for manual processing. Chernobyl cleanup
workers would be considered lost to follow-up if they emigrate or cannot
be found in the population registries (local registries will also be
consulted). It is, however, expected that the follow-up will be nearly
complete.

The date of return from Chernobyl for each person will be obtained from
the Defense Force lists and Radiation Registry and confirmed by the
information collected in the questionnaire.
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The expected number of cancers will be calculated by cancer site and type,
sex, age and calendar year of observation, age at exposure and estimated
radiation dose on the basis of recorded incidence rates for the Estonian
population. This methodology is in a routine use at the Finnish Cancer
Registry and will be introduced at the Institute of Experimental and
Clinical Medicine (Estonian Cancer Registry).

(d) Ability to Link Cancer Registry Records and Ascertain Vital Status

As of February 1992, the most recent year for which death records from
Estonian residents are available to researchers is 1991 (in the Estonian
State Department of Statistics). Death records for 1990 and previous
years are available in the archives of Tallinn Central Hospital. In
accordance with the calculations and evaluations of American demographers,
"census data and vital registration data in the three Baltic republics are
of high quality" (Anderson & Silver, 1990). Because mortality statistics
had been declared classified information, there has been little
involvement among scientists in analyzing mortality data. Thus, no
quantitative estimates exist concerning quality control of death
certificates. Intentional falsification of some underlying causes of
death (e.g. alcoholism), which was practiced during a certain period in
the Soviet Union, has not taken place in Estonia in the years important
for the present study. It is expected that the causes of death are less
reliable at older ages. For the current study of young men who might have
died between 1986 and 1992, it is unlikely that serious biases will arise.

Data in the Population Registry of Estonia are updated continuously. When
a person changes his or her place of residence or surname, or when he or
she dies, a special notification is forwarded to the registry by the local
authorities. There exists a local population registry in each
administrative area, and a central registry—the Population Registry of
Estonia--in Tallinn. After a change of residential/health status has been
registered by local authorities, then the notification reaches the central
registry within one month. The Population Registry ijs not computerized.

C. Radiation exposure records

Most, but not all, workers wore a thermoluninescent dosimeter or other
personal dosimeter at Chernobyl. If protective clothing was used the
dosimeter was under it. The dosimeters were read by military radiation
staff in Chernobyl. There were area radiation monitors in some instances.
Dose appears not to have been assessed separately for each type of
radiation, i.e., alpha, beta, gamma and neutron doses. For the study
group, there is no access to the equipment used in order to assess the
validity of the dosimetry procedures. The doses are documented in most
person's military passports (the prime source) as well as in the military
and Radiation Registry records. Table 1 and Table 2 present estimates of
dose and age distributions based on a sample of the Estonian Radiation
Registry. The final proportion of persons with an unknown dose likely
will be less than 25%, because the information can be made more complete
on the basis of the military records and the military passports. The
final dose information for the study will be obtained from the Military
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and Radiation Registry, and by the questionnaire fron subjects themselves
(military passports). Biological dosimetry also will contribute to the
characterization of exposures at Chernobyl.

No whole-body measurements to evaluate possible internal contamination
were performed in a systematic fashion, and none are anticipated at this
time.

The so-called "all-union" registry in Obninsk provides estimates of doses
received by many of the cleanup workers from the Ukraine and other
republics. Current data suggest that the mean whole-body dose for cleanup
workers may be 0.2 Gy (Fig. 3). Not all workers were badged, however.
The early "entrants", whose exposure might have been appreciably higher,
were more likely not to have been badged. Later workers likely received
smaller doses as the work became more routine and the dose limits were
progressively lowered (current understanding is that allowable limits were
0.25 Gy in 1986; 0.10 Gy in 1987; and 0.05 Gy in 1988 and following
years). Existing biodosimetry determinations indicate that some cleanup
workers could have received exposures as high as 1 Gy.

D. Blood Samples

Approximately 1000 to 2000 blood samples will be drawn initially. Early
"entrant" workers sent to Chernobyl in 1986, and appropriate controls,
will be selectively enrolled. The sampled workers will be contacted
through their known addresses and invited to the 20 central hospitals for
blood sampling in connection with their routine medical check-up. Early
emphasis also will be placed on identifying subjects in the large
population of Chernobyl veterans resident in the immediate vicinity of
Tallinn so as to simplify early subject enrollment and minimize problems
attendant to blood sample transportation.

However, several problems may arise in getting subjects to the appropriate
central hospital on the same day and during certain hours. First, working
hours of sampled men and of hospital laboratory personnel overlap; Second,
some workers have tried to forget Chernobyl and ignore every invitation
for medical check-ups, registration in a local agency offering them social
benefits, joining the Chernobyl Committee etc., Third, due to a difficult
economic situation and gas shortage, public transportation has been
restricted to a minimum, and personal cars cannot be used at all.

However, it is believed that offering an incentive, such as packages of
coffee, for the time and inconvenience associated with attending the
clinic will result in a high attendance rate. Scheduling relatively large
numbers of former workers to have bloods drawn on certain days will
facilitate the blood transfer activities.

The cumulative proportion of those who attended the routine medical check-
ups by the beginning of 1991 was small, but the situation has changed
since September 16, 1991 when the Estonian government passed a resolution
on social and medical benefits for Chernobyl cleanup workers. In
accordance with this resolution, the benefits are given only to those
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persons who passed medical check-ups by May 1, 1992; thus, the expected
cumulative proportion of those attending these clinics will be high, and,
accordingly, the ability to draw blood samples.

Human Sub.iects. Approvals for evaluating the study, including blood
drawing, have been obtained from the Scientific Council at the Institute
of Experimental and Clinical Medicine, and the Commission of Biomedical
Ethics in Tallinn. No administrative restrictions to conducting the study
are expected. The Commission of Biomedical Ethics has also approved this
research.

The World Medical Association Declaration of Helsinki, (June 1964) with
its subsequent amendments in Tokyo (October 1975), Venice, (October 1983)
and Hong Kong, (September 1989) are being followed in Estonia. The rules
and practices established in Sweden are currently followed.

Subject Contact. After appropriate Institutional Review Board approvals
have been received, the Institute of Experimental and Clinical Medicine
(Estonian Cancer Registry) personnel will contact the Chernobyl cleanup
workers in the biodosimetry sample and seek to obtain their informed
consent. The study will be fully explained, including benefits and risks.
Workers will be told they are free to decline at any time. The blood
sampling procedure places the cleanup worker at minimal risk of any
adverse effects.

The proposed procedure for obtaining blood samples has been utilized
successfully in previous NCI studies. Shipping containers and
instructions will be provided to the Institute of Experimental and
Clinical Medicine (Estonian Cancer Registry) via an NCI contractor. A
styrofoam box containing an ice pack and a smaller box for vials of blood
will be provided.

Blood Handling, Storage, and Transportation. Approximately 33 ml of blood
will be drawn by standard venipuncture into sterile vacutainers (2 of 15
ml volume and one of 3 ml) containing sodium heparin anti-coagulant.
These blood samples will be obtained by trained medical personnel at the
cleanup workers' health care facility. Blood samples from appropriately-
matched control (i.e. unexposed) individuals will be obtained in a similar
manner. In addition, replicate blood samples from a few (2 to 5)
"standard" donors (most conveniently obtained from hospital or laboratory
volunteers) should be obtained and included in occasional shipments over
the course of study. These blood samples will be used to provide quality
control and to monitor the long-tern stability of the biodosimetry assays.
All blood samples should be encoded at the time of collection with a
unique identification number so as to blind all subsequent laboratory
analyses. The two 15 ml samples will be maintained at room temperature
(approximately*20cC) and delivered within 40 hours of collection to the
Finnish Centre for Radiation and Nuclear Safety, P.O. Box 268, SF-00101,
Helsinki, FINLAND. Shipment should be in insulated containers to maintain
the temperature of the samples at approximately 20°C during transit. The
30 ml samples of blood will be processed for isolation and preservation of
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lymphocytes. Briefly, the heparinized blood is centrifuged to separate
plasma, buffy coat and red cell layers. The plasma is removed and is
stored in multiple 2 ml aliquots at -80°C. The buffy coat is removed and
separated by means of Ficoll-Hypaque into the mononuclear and red cell
fractions. The mononuclear cells are resuspended in 90% fetal calf serum,
10% dimethyl sulfoxide, distributed into 5 aliquots and frozen using a
controlled l°C/nrinute freezing unit. Freezing of the purified lymphocytes
will be completed within 8 hours of arrival (a total of 48 hours maximum
time between blood collection and final processing). The isolated
lymphocytes will be stored in aliquots at -80°C until use. The 3ml blood
sample will be refrigerated upon collection and maintained at about 4°C
during shipment. Collections of the 3 ml blood sample tubes will be
shipped directly from Estonia to Or. William L. Bigbee, Biomedical
Sciences Division L-452, Lawrence Livermore National Laboratory, 7000 East
Avenue, Livermore CA 94550, USA. The samples should arrive within about
one week of collection. The bloods should be shipped in insulated
containers to maintain their temperature at approximately 4°C. For this
purpose, a "blue-ice" cold pack will be placed inside the package but not
directly in contact with the small box containing the vials of blood. The
blood must not be frozen or placed in a freezer.

Blood Analyses and Biodosimetry Methods. Bloods will be analyzed at the
Lawrence Livermore National Laboratory using newly developed somatic cell
mutation and cytogenetic assays that can quantitate past exposure to
ionizing radiation. The GPA somatic cell mutation assay and the
fluorescence in situ hybridization (FISH or "chromosome painting")
technique for chromosomal translocation analysis have been and are
currently being used to demonstrate radiation dose-dependent increases in
somatic variant cell frequencies and chromosome translocations among the
atomic bomb survivors and for radiation accident victims, including those
at Chernobyl. The accuracy or reproducibility is good, and dose estimates
can be made down to approximately 0.2 Gy {20 rad). It is not certain
whether fractionated and/or lower dose rate exposures would provide the
same dose response as these acute exposures in humans-. Therefore, studies
are being conducted of the Sell afield Nuclear Fuel Reprocessing workers in
the United Kingdom who have.documented ranges of exposure from 0.5 to 1.5
Gy (50 to 150 rads) delivered, over a period of ten to twenty years. Also,
a study including these mutational endpoints has recently been initiated
by the NCI to assess the biological effects resulting from cumulative
doses received by the early x-ray technologists in the United States where
substantial numbers have recorded doses over 0.50 Gy (50 rad).

Evaluation. Estimates of radiation dose from the biodosimetry measures,
the worker records, and the work histories obtained from the questionnaire
interviews will be correlated. The analysis will validate the usefulness
of the available dosimetry information on cleanup workers as well as the
possibility of using the biodosimetry approach to estimate doses for
workers without dosimetry information.
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E. Questionnaire

A postal questionnaire will be developed and administered. It would
obtain information on work histories while at Chernobyl, important cancer
risk factors, such as smoking and alcohol consumption, current
occupational information, other sources of radiation exposure, chemical
exposures, medical histories, including any diagnoses of cancer occurring
prior to the Chernobyl accident, family history of cancer, and
reproductive histories, including the dates of birth of all children.
Approval to administer the questionnaire will be obtained from the Office
of Management and Budget before the questionnaire will be used. The
questionnaire will be tested on a sample of Chernobyl veterans before
being finalized. Two questionnaires will be developed, one for the
Chernobyl worker to complete and another for a relative in cases where the
worker has died or become incapacitated. Veterans who do not return the
questionnaire will be interviewed during any scheduled blood drawing.

F. Leukemia Ascertainment. Leukemia and preleukemia will be identified
primarily from the cancer registry. Other secondary sources include: the
death registry Chernobyl Radiation Registry, the postal questionnaire, and
possibly routine medical blood evaluations. Each year or so the worker
will be examined at one of the district hospitals. Routine blood work
might pick up any chronic leukemia or preleukemia conditions, such as
anemia, or unusually low (<4,000) or high (>10,000) WBC counts. Low
platelet count (< 150,000) and high MCV (mean corpuscular volume) will be
noted if possible. An elevated MCV is a sign of macrocytic anemia (over
90) which is an early indication of myelodysplasia if B12 and folate
deficiency are ruled out. Such events could be identified through
evaluation of clinical records and any unusual dyscrasias would be further
evaluated or followed up.

G. Diagnostic Confirmation

The material on the basis of which the leukemia/lymphoma diagnoses were
made will be sent for an independent hematologic review and classification
by a collaborating hematologist (Dr. William Moloney). All suspected
leukemic and preleukemic conditions will be evaluated and reclassified
using reports and slides of peripheral blood, bone marrow aspirates, and
biopsy specimens. Possible diagnoses include acute nonlymphocytic
leukemia, acute lymphocytic leukemia, chronic myelogenous leukemia, and
myelodysplastic syndrome, such as refractory anemia with excess blasts and
acute myelofibrosis. Cytogenic studies would be valuable, if available.

The power to detect an excess of leukemia depends upon the radiation doses
received by bone marrow, the number of persons exposed, and the follow-up
time available for radiogenic disease to occur. At this time it is
uncertain what the actual dose distribution might be. The highest
recorded dose in the sample is 0.34 Gy (34 rad) but actual doses might be
twice as high. Doses as high as 0.60 Gy are recorded in the all-union
registry (Fig 3). The sample size of Estonian workers, 4000-5000, is
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small. However, the inclusion of Latvia, Lithuania and/or Belarus (either
collaboratively or in future combined analyses) would result in much
larger numbers, approximately 20,000 to 40,000. Proposed studies in the
Ukraine (independent of this investigation) night include as many as
100,000 workers. Radiogenic leukemia "peaks" about 4 to 6 years after
acute exposures; thus, by 1995, much but not all, of any excess leukemias
would be expected to have occurred. The power computations below were
performed in light of these uncertainties. They are for illustrative
purposes since actual exposures cannot be accurately estimated at this
time.

Assumptions

Number of workers:
Age :
Sex :

Doses :

10,000-40,000
20-45 years, uniform distribution at exposure
Males

0.10, 0.20, 0.30, 0.40 Gy (mean doses).
Uniform distribution is assumed; e.g., a mean of
0.20 Gy would consist of 1/3 with a dose of 0.10
Gy, 1/3 with 0.20 Gy and 1/3 with 0.30 Gy.

Alpha level :

Power

Sample Size

10,000

20,000

40,000

:

0.05

Computed with leukemia
from population rates.

risk compared to that

POWER COMPUTATIONS
Mean Bone
Harrow Dose
(Gy)

0.10

0.20

0.30

0.40

0.60

0.10

0.20

0.30

0.40

0.60

0.10

RR

1.33

1.78

2.22^

2.78

3.44

1.33

1.78

2.22

2.78

3.44

1.33

Years of
follow-up

10
20
10
20
10
20
10
20
10
20

10
20
10
20
10
20
10
20
10
20

10
20

Expected
Gen Popn

Nonexposed

1.8
3.5 .
1.8
3.5
1.8
3.5
1.8
3.5
1.8
3.5

3.5
6.9
3.5
6.9
3.5
6.9
3.5
6.9
3.5
6.9

7.0
13.8

Numbers
Workers
Exposed

2.4
' 4.7

3.2
6.1
4.0
7.8
5.0
10.0
6.2
12.1

4.8
9.4
6.3
12.2
8.0
15.6
10.0
19.4
12.0
23.7

9.6
18.8

expected

Power

0.15
0.19
0.35
0.45
0.50
0.67
0.68
0.84
0.74
0.91

0.19
0.25
0.45
0.62
0.68
0.85
0.85
0.97
>.99
>.99

0.25
0.36
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0.20

0.30

0.40

0.60

1.78

2.22

2.78

3.44

10
20
10
20
10
20
10
20

7.0
13.8

7.0
13.8

7.0
13.8

7.0
13.8

12.6
24.4
16.0
31.2
20.0
38.8
24.1
47.5

0.62
0.83
0.86
0.97
0.97
>.99
>.99
>.99

I. Scientific Documents

It is planned that the analysis of the data will be a multi-national
effort. Estonian, Finnish and US analysts would have access to the same
data, but would work collaboratively in the analysis and presentation of
data. Modern statistical methods for cohort studies will be employed.
However, the presence or absence of a leukemia risk should be readily
apparent since the background occurrence is so low. The publications
should be accurate, objective and authoritative, reflecting the best
scientific judgment of the investigators. Authorship should be limited to
those who generated the observations, analyzed them, or interpreted them.
Order of authorship should depend on mutual agreement. Authorship should
be straightforward when the research involves only one country, lead
authorship would reasonably come from that country. When multiple data
sets are combined from various countries, the lead is often taken by those
conducting the combined analysis.
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Table 1.

Estonian study of Chernobyl veterans: dose distr ibution among 500 male
workers* (IECM, Department of Biostatistics and Epidemiology, 1992).

Number of workers

Dose
(cGy) Number Percent, %

Unknown 213 42.6
0.1- 2 14 2.8
2.1- 7 91 18.2
7.1-12 87 17.4

12.1-17 35 7.0
17.1-22 42 8.4
22.0-34.2 18 3.6

Table 2.

Estonian study of Chernobyl veterans: age distr ibution of
2786 males* (IECM, Department of Biostatistics and Epidemiology,
1991).

Age
(years)

18-
20-
25-
30-
35-
40-

>45

Percent, '%

1
16
26
28
20
7
2

Available information at this time.
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Precis

Thousands of workers from throughout the former Soviet Union were

sent to Chernobyl after the reactor accident in April of 1986 to help clean up

the damage and environmental contamination. Most remained in the area for one

to six months, during which time they likely would have been exposed to

increased levels of environmental radiation to varying degrees depending on

the specific nature and location of their work. Because cancer risks

associated with chronic exposure to low doses of ionizing radiation are not

well understood, the occurrence of cancers among former Chernobyl clean-up

workers is of particular interest.

A cohort of 4,855 clean-up workers from Estonia has been assembled

and is being followed. This study was approved previously by IRBs in Estonia

and at the National Institutes of Health. Physical dosimetry. biodosimetry

and questionnaire responses are being used to group workers into categories of

low, medium and high exposure. Cancer incidence is being addressed through

linkage with the Estonian Cancer Registry. However, this method of cancer

ascertainment is potentially biased for cancer of the thyroid gland, one of

the most susceptible organs to radiation-induced carcinogenesis. Many thyroid

carcinomas follow an indolent clinical course, and never become symptomatic.

They often escape diagnosis except among persons under close medical

surveillance, such as often occurs following known radiation exposure.

To avoid such possible biases in ascertainment, we propose to

conduct screening examinations of 2,000 former clean-up workers from Estonia,

including those most likely to have had high radiation exposures. The workers

will be invited to attend a clinic and have their thyroid glands examined by

experienced thyroidologists and undergo an ultrasound exam by radiologists.

Palpable thyroid nodules larger than 1 cm will be recommended for fine-needle
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biopsy. Separate informed consent will be obtained for the examination and

biopsy components. Persons with cancer or other thyroid abnormalities

requiring treatment will be referred to Estonian physicians for care. The

proposed thyroid screening study has been approved by the IRB in Estonia.

40



STUK-A158

Introduction

Although more is known about the carcinogenicity of ionizing

radiation than perhaps any other carcinogen, there is little quantitative

information regarding cancer risk when exposures are protracted over time (NAS

1990). Such exposures are important because they are the type most commonly

experienced by the general public in the course of medical or dental care or

from environmental sources, and by workers in radiation-related occupations.

The most important studies of sparsely-ionizing radiation in humans are those

of the Japanese atomic bomb survivors and of medically-irradiated populations

for whom exposures were of short duration and doses were up to several Gy or

more (NAS 1990). The applicability of risk coefficients from such studies to

populations chronically exposed to low-dose radiation is unclear. Studies of

workers involved in the environmental clean-up activities around the damaged

reactor at Chernobyl (Ukraine) have the potential to provide new information

on cancer risks in a presumably healthy population of workers exposed to

cumulative doses on the order of 0.1 to 1 Gy (10 to 100 rad) that were

received over a period of up to six months.

The thyroid gland is one of the most sensitive organs to the

carcinogenic effects of ionizing radiation, especially when exposure occurs

during childhood, and the appearance of thyroid nodules1 is considered to be

a sentinel of radiation effects (NAS 1990). Population studies in China

revealed little evidence of increased thyroid nodularity from protracted

radiation exposure among women who lived their entire lives in areas of high

natural background radiation (Wang et al. 1990). However, the cumulative dose

1Thyroid nodules include lumps or lesions detected in the thyroid by palpation, ultasound, or other
methods. It is an inclusive category, encompassing benign and malignant tumors, as well as non-neoplastic
nodular disease.
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was low (0.14 Gy), and most of this dose was accumulated during later life,

when the thyroid seems to be less sensitive to carcinogenic effects of

ionizing radiation than it is during childhood or adolescence.

Several studies of thyroid cancer in populations around Chernobyl

who may have been exposed to relatively high radiation levels from the

radioactive cloud have been reported. Studies based on comparisons with

cancer registry data appear positive (Kazakov et al. 1992; Baverstock et al.

1992) but are difficult to interpret because of the likelihood of differential

ascertainment due to screening and better reporting (Beral and Reeves 1992;

Shigematsu and Thiessen 1992: Ron et al. 1992). A sizable percentage of

thyroid tumors follow an indolent clinical course and never become symptomatic

(Beral and Reeves 1992). Only in populations subject to close surveillance,

such as that prompted by known history of radiation exposure, are such occult

tumors likely to be detected. A study conducted by the International

Chernobyl Project four and one half years after the accident found little

difference in the prevalence of thyroid nodules between highly contaminated

villages and control settlements in Ukraine. Belarus and Russia, but follow-up

probably was too short for a radiation effect to be detectable (Mettler et al.

1992). Nonetheless, there is growing concern that the remarkable increase in

thyroid cancer among children living in Belarus might be due, in part, to

radioiodine exposures (Williams 1994).

The minimal latency interval for clinically-diagnosed radiogenic

thyroid cancer appears to be about 6-9 years (NAS 1990). It has now been

eight years since the reactor accident at Chernobyl. If radiation doses among

the more highly exposed workers were sufficient to induce thyroid cancers, it

is possible that the first signs of such an excess would now be detectable
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with the aid of sensitive screening methods able to reveal preclinical tumors.

Such a study would provide an opportunity to evaluate radiogenic thyroid

disease in young men. a group for which little information about radiation

risks exists. Even if it is still too soon for a radiogenic excess of thyroid

cancer to be expressed, the examinations would provide a wel1-documented

baseline prevalence that could be contrasted with results from future

screening studies.

We propose to conduct thyroid screening exams of former Chernobyl

clean-up workers from Estonia. This is an extension of an ongoing study of

the occurrence of leukemia and other cancers among clean-up workers from the

former Baltic republics of the Soviet Union, in which cancer occurrence is

being ascertained through linkages of the study cohort with records of

national cancer registries. Because of the possibility that Chernobyl clean-

up workers would be monitored or screened for thyroid cancer more than the

general population of the same country, resulting in greater detection of

asymptomatic tumors, it seemed preferable to rely on internal comparisons, in

which the prevalence of thyroid nodularity would be contrasted between

presumptively high-dose and low-dose workers.

Background

The Chernobyl reactor accident occurred in April of 1986 and

resulted in large-scale contamination of the environment with radioactive

fission products. After the initial catastrophe, several hundred thousand

persons from all 15 republics of the former Soviet Union were sent to

Chernobyl to entomb the damaged reactor and clean up the high levels of

radioactivity in the surrounding environment. On average, these persons spent
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between one and six months at Chernobyl and were allowed to receive up to 0.25

Gy (25 rad) of external radiation before returning to their home republics.

Much of the work involved clearing the radioactive material from the complex

and moving it to special designated areas for burial. Approximately 20? of

the workers sent in 1986 reported being on the roof near the damaged reactor

and may. potentially, have received high radiation exposures. For such

workers, most of the cumulative dose likely was received over an interval of a

couple minutes. Other potentially highly exposed workers, such as those who

built the sarcophagous around the damaged reactor, may have accumulated their

dose over a period of months. Anecdotal reports and preliminary studies of

biodosimetry suggest that the exposures may have been two to three times the

allowable limit in some instances. Persons sent to Chernobyl shortly after

the accident appear not to have been given dosimeters and their exposures may

have been higher than first believed.

The exposure was mainly from external radiation, but residual 131I

might also have contributed to the thyroid dose among those workers sent to

Chernobyl soon after the accident. 131I has a half-life of about 8 days and

would have decayed to low levels after about 2 months. Workers who arrived

within ten days might have been exposed to 131I through inhalation and those

who arrived within one month might have been exposed through drinking water or

locally grown food. Again, however, most of the radiation exposure was from

external gamma radiation.

The recorded dosimetric information (i.e.. from film badges,

thermoluminescent dosimeters, or other personal dosimetry monitors) is

incomplete and of questionable reliability. Approximately 252 of the workers

have no recorded measure of radiation exposure, and. for those who do. it is
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not clear that they were wearing their dosimeters at all times or that doses

were properly recorded and summed. Because of these problems, biodosimetric

methods (Straume et al. 1992) are being applied to provide independent

indicators of absorbed dose for the ongoing cancer registry linkage study.

Preliminary results from glycophorin-A (GPA) somatic mutation assays suggest

that the mean dose was of the order of 0.1 to 0.2 Gy, and that some workers

were exposed to more than 1 Gy. Doses of this magnitude would be expected to

be associated with an excess of thyroid nodules.

Objecti ves

The objective of this study is to evaluate the effects of chronic

radiation exposures associated with Chernobyl clean-up activities on the

occurrence of thyroid nodularity within a population subjected to uniform and

sensitive thyroid screening. The prevalence of thyroid nodules will be

contrasted between (presumptive) high- and low-dose groups of clean-up

workers.

Methods

Source population and sample size. Thyroid examinations will be

conducted for approximately 2,000 Chernobyl veterans. The sample to be

screened will be drawn from a cohort of 4.855 Estonian clean-up workers that

was assembled previously for a record-linkage study of leukemia and other

cancers. That study is still in progress. Selection of workers for the

thyroid examination will be based on age and evidence of high-dose exposure,

as indicated by physical dosimetry and questionnaire responses concerning work

dates, locations and activities while at Chernobyl. Because sensitivity to
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radiation-induced thyroid cancer appears to be greater among persons exposed

at young ages than at older ages, the youngest members of the cohort will be

selectively enrolled. Most exposures occurred among workers in their twenties

or thirties, although some workers were between the ages of 17 and 19. The

sample will include most of the workers sent in 1986 and a sample of workers

sent in later years when doses would, on average, have been lower. The study

population will be exclusively male, as no female clean-up workers were sent

to Chernobyl from Estonia.

The reported prevalence of thyroid nodules in populations not

exposed to radiation varies widely, depending on the age and sex composition

of the population, the method of detection, and nodule definition criteria

(Mettler et al. 1992). In a previous screening study of people from Ukraine.

Belarus and Russia, the prevalence of nodules detected by palpation in 40 year

old males was 1%, and the prevalence of nodules detected by ultrasound was 8ft

(Mettler et al. 1992). Assuming a prevalence of 8%. a study population of

1500 moderate to high-dose workers and 500 low-dose workers would have 71£

power to detect a RR of 1.5 and 99% power to detect a RR of 2.0 for thyroid

nodularity (a=0.05).

Subject recruitment and informed consent. Invitations to come for

screening will be sent from the Institute of Experimental and Clinical

Medicine in Tallinn (Estonia) to workers living in Tallinn or the nearby

district of Harjumaa. Former clean-up workers from other areas of Estonia

will be contacted through chairmen of the local Chernobyl Committees. The

invitation letter will explain the purpose of the screening and the nature of

the examination procedures involved. The letter will state that, if a thyroid

abnormality is found, the worker might be asked for separate permission to do
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a biopsy. Workers will be informed that they are free to decline

participation at any time.

Examinations will be conducted sequentially over a ten-day period

in three clinical centers in different parts of Estonia, namely. Tallinn.

Tartu and Kohtla-Jarve. Buses will be rented to transport workers who live

far from the examination centers to help ensure a high participation rate and

control the rate at which workers appear at the centers for exams. Working

with local Chernobyl Committees will help to coordinate these activities.

Workers will be reimbursed for expenses and will receive a small bag of

coffee, both of which were favorably received by workers in an earlier blood

sampling program.

Previous experience indicates that some nonselected clean-up

workers, family members of clean-up workers, and persons falsely claiming to

be clean-up workers will come to the screening sessions and request or insist

that they too be examined, out of a desire to avail themselves of foreign

medical specialists or for other reasons. Such persons will be examined and

referred for appropriate medical care, but they will not be added to the study

sample.

Screening Examinations. Screening examinations will include

palpation and high-resolution ultrasonography conducted by experienced

thyroidologists and radiologists blinded to the subject's assigned radiation

exposure status. Each subject's neck will be palpated while in several

different positions and while the person swallows. Ultrasonographic exams

will be performed with a Hitachi Medical Corporation model EUB-310.

Ultrasonography can detect thyroid lesions that palpation is likely to miss,

including those substantially less than 1 cm in diameter and those that are
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deep within the thyroid (Mettler et al. 1992). One study (Scheible et al.

1979) reported the detection of nodules as small as 1 mm. Although it is

generally true that ultrasound is a more sensitive method than palpation for

detecting thyroid nodules, it is possible that palpation might occasionally

pick up lesions that are difficult to detect sonographically (Mettler et al.

1992).

The clinical significance of many of the smaller nodules

("micronodules") detected by ultrasonography is unknown (Rojeski and Gharib

1985). Fine-needle biopsy will be proposed only in those instances in which

it is clinically indicated, that is, for masses detected by physical

examination (palpation) and that correspond to suspicious ultrasound lesions

greater than or equal to 1 cm in diameter. "Suspicious" ultrasound lesions

include solid or heterogeneous cystic and solid (mixed) masses inside or in

continuity with the thyroid gland. Purely cystic lesions are expected to be

very rare and. if encountered, will not be biopsied. It is expected that five

to ten percent of examined thyroid glands will be referred for biopsy.

Physicians who participated in the International Chernobyl Project

(Mettler et al. 1992) will coordinate this investigation. Each examination

team will include a local physician, and clean-up workers found'to have

thyroid abnormalities or other health problems will be referred immediately to

the local health care system. Cases of thyroid cancer will be referred for

consideration of surgery or other appropriate treatment. Thyroid lesions that

are not biopsied will be monitored through subsequent clinical follow-up. A

copy of the ultrasound image will be provided for inclusion in the worker's

medical records.

The screening program will be conducted over a ten to twelve day
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period, with two three-hour sessions per day. Allowing for the expected

appearance of ineligible persons, it is expected that approximately 2.225

people will be screened. Three teams of examiners working in parallel will

screen a total of about 200 workers per day. A 52 sample of workers will be

examined independently by each of the three examining teams as a check on

interobserver variability in the detection and classification of nodules.

Examination results will be recorded on standardized forms similar

to those used in previous thyroid screening programs (Wang et al. 1990;

Mettler et.al. 1992). Forms will be written in Estonian and English.

Completed questionnaires and examination summaries will be stored in locked,

secure offices.

Radiation exposure assessment. Several sources of information

will be used to classify workers by dose category. These include physical

dosimetry. biologic dosimetry, and questionnaire data. The general approach

will be to classify workers as highly, moderately, or lightly exposed based on

physical dosimetry and questionnaire data and. subsequently, to assign likely

ranges of mean dose for each category based on biologic dosimetry.

Doses based on personal dosimeters were collected by the Soviet

government in the course of workers' cleanup activities. Limitations of these

data were noted previously.

A mail questionnaire concerning work histories while at Chernobyl

and cancer risk factors was sent to each worker as part of the study currently

in the field. Questionnaire responses predictive of possible high-dose

exposure include duty during 1986. when radiation exposures would have been

greater, long durations of work at Chernobyl, working on the roof near the

damaged reactor, building the sarcophagous, and working within the "special
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zone", in close proximity to the reactor. Workers who first came to Chernobyl

in later years or who worked at locations remote from the facility would, on

average, have experienced lower doses. Having worked on the roof near the

damaged reactor shortly after the accident will be used as an indicator of

potential acute exposure; results for workers falling in this category will be

examined separately. To date, the response rate for the questionnaire is 76X.

Blood samples already have been collected from upwards of 1.000

workers as part of the ongoing study (participation rate. 672). These samples

are being used for several biodosimetric assays, including the GPA somatic c

cell mutation assay (Langlois et al., 1986). Studies of atomic bomb survivors

indicate a strong positive correlation between GPA-variant cell frequency and

an individual's estimated radiation dose following acute exposure (Langlois et

al., 1987). Our studies of workers at the Sellafield fuel reprocessing plant

in England indicate that GPA also is a valid indicator of cumulative exposure

when dose is received over long periods of time (years), although there is

considerable scatter in variant cell counts among workers with similar

measured doses. The GPA assay requires only a small amount of blood (1 ml),

and specimen transit time of up to ten days is acceptable. With flow

cytometry, millions of cells can be evaluated, permitting estimation of prior

low-dose exposure. Thus, the assay has excellent potential as a screening

tool that can be applied to large numbers of subjects. The major disadvantage

is that the GPA assay can only be used for individuals who are heterozygous at

the GPA locus (one M all ele and one N allele). This includes only

approximately SOX of any given population. Alternative dosimetric methods

must be used for the homozygotes.

Viable lymphocytes from all blood samples also are being isolated
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and stored for future cytogenetic analyses to include, on a selective basis,

fluorescent in situ hybridization for translocation analysis (FISH, also

called "chromosome painting") (Lucas et al., 1989, 1992), and classical

cytogenetics (Kleinerman et al. 1994). These chromosomal assays are much more

labor intensive than 6PA assays and are not yet feasible as large-scale

screening tools. In the present study, we will do FISH for all workers with

biopsied thyroid lesions and for a random sample of 40 workers, and we will do

GPA for the MN heterozygotes.

The potential for thyroid exposure to 13XI from the accident will

be evaluated by considering dates of service at Chernobyl, information on diet

and water supply, and whether or not prophylactic potassium iodide was given.

These items were included in the mail questionnaire administered previously.

Approvals. Approval for the screening study has been obtained

from the local institutional review board in Estonia (Tallinn Medical Ethics

Committee) and will be obtained in the United States (National Institutes of

Health). Approvals had been obtained previously for the component of the

Chernobyl clean-up worker study that is already in the field, and the Office

of Management and Budget approved the mail questionnaire.

Timetable. Clinical examinations would be conducted over a ten-

day period in spring of 1995.
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EXPERIMENTAL AND CLINICAL MEDICINE
INSTITUTE

Name.

The institute of experimental and clinical medicine (IECM) in cooperation with the National
Institutes of Health (USA) is studying the effects of radiation on the thyroid gland of Chernobyl
veterans.

You have been selected as one of the participants in mis important effort We would like to
examine your thyroid gland clinically and with the aid of ultrasound. The goal of the examination will
be to find possible changes (or alterations) in the thyroid gland at a very early stage. This will mairf
treatment significantly easier and result in a better outcome.

In the beginning of the examination you will be in a silting position ami an experienced doctor
will feel your thyroid gland. Following mis, a doctor who is experienced in ultrasound diagnostic
technique will examine your thyroid gland with an ultrasound machine. The examinations will be
conducted by specialists from the USA. The examinations are painless, last 10-12 minutes, and have
no known negative effects on health. You will receive a copy of your examination results.

We anticipate mat the results of the proposed examination will be of interest to you, and mat
you will agree to participate. We will partially compensate you for your time lost from work and your
transportation expenses.

We again want to emphasize that the proposed examination will be conducted by
American physicians, which will be using equipment from USA, and who "have volunteered to
conduct medical examinations of Chernobyl veterans.

If you should have questions, please contact Dr. M. Tekkel (tel. 514-334, Tallinn) during the
work week from 9:00am-3:00pm.

We ask that you come for the examination of the thyroid gland to the IECM, Tallinn (street) 42
at (time)

We hope for a pleasant and mutually beneficial cooperation, and wish to thank you upfront for
your participation.

Professor Thomas Vaidebaum, Director
Institute of Experimental and Clinical Medicine
Tallinn
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EKSPERIMENTAALSE JA KLIINIUSE
E K J W I " MEDITSIINIINSTITUUT

Estonian Institute of Experimental
& Clinical Medicine

Lp. härra

Eksperimentaalse ja Kliinilise Meditsiini Instituut (EKMI) uurib koostöös USA
Riiklike Terviseinstituutidega kiirituse mõju kilpnäärmele Tšemobõli veteranidel.

Teie olete valitud üheks osalejaks selles tähtsas töös. Sooviksime uurida Teie kilp-
nääret kliiniliselt ja ultraheli abil. Uuringu eesmärk on avastada võimalikud kilp-
näärmekahjustused väga varajases staadiumis, millal need on suhteliselt lihtsalt ja
heade tulemustega ravitavad.

Uuringu algul Te istute ning kogenud arst kompleb Teie kilpnääret Edasi Te lamate
selili ning ultrahelidiagnostikas kogenud arst uurib Teie kilpnääret vastava aparaadiga.
Kogu uuring teostatakse USA spetsialistide poolt Uuring on valutu, kestab 10-12
minutit ning tal ei ole mingit teadaolevat tervistkahjustavat toimet Koopia uuringu
tulemustest antakse Teile koheselt kätte.

Loodame väga, et antud uuringu tulemused pakuvad Teile huvi ning Te nõustute
selles osalema. Hüvitame Teile osaliselt kaotatud tööaja, samuti kulutused transpor-
dile.

Olgu veel kord mainitud, et vastavaid uuringuid teevad ameerika arstid, kes kosuta-
vad USA aparatuuri ning kes ise avaldasid soovi Eesti Tšemobõli veteranide meditsii-
niliseks läbivaatuseks.

Lisainfo saamiseks võite meile helistada 514-334 tööpäeviti kell 9.00-15.00 (dr
Mare Tekkel).

Palume Teid tulla kilpnäarme uuringule EKMI-sse, Tallinn, Hiiu 42

kell

Loodame meeldivale koostööle ja täname Teid juba ette.

Professor Toomas Veidebaum, direktor
Eksperimentaalse ja Kliinilise Meditsiini Instituut
Hiiu 42, EE0016 Tallinn

Aadress/Pastal address Tel. +372 2-514300 Telefax3725-248260
Hiiu42 +372 2-514381
EE0016.Tallinn
ESTONIA
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EKSPERIMENTAALSE JA KLIINILISE
MEDITSIINIINSTITUUT

Estonian Institute of Experimental

& Clinical Medicine

Ув

Институт экспериментальной и клинической медицины ( И Э К М ) в сотрудничестве с

Государственными институтами здоровья С Ш А исследует влияние радиации на щитовидную

железу у ветеранов Чернобыля.

Вы выбраны одним из участников этой важной работы. Мы хотим исследовать Вашу

щитовидную железу клинически и при помощи ультразвука. Целью исследования является

обнаружение возможных изменений в щитовидной железе на очень ранней стадии, тогда лечение

будет относительно простое и с хорошими результатами.

В начале исследования Вы сидите и опытный врач ощупывает Вашу щитовидную железу.

Затем опытный в ультразвуковой диагностике врач исследует Вашу щитовидную железу

соответствующим аппаратом. Исследование проводится специалистами нэ С Ш А . Исследование

безболезненно, длится 10-12 минут и не имеет известных вредных влиянии на здоровье. Копия

результатов исследования дается Вам.

Надеемся, что результаты данного исследования представляют для Вас интерес и Вы

согласитесь принимать участие в нем. Мы частично возместим Вам потери за время отсутствия на

работе и затраты на транспорт.

Хотим еще раз подчеркнуть, что данное исследование проводятся американскими

врачами, которые используют аппаратуру из США и которые сами хотели проводить

медядивсхий осмотр Эстонских чернобыльцев.

Если у Вас возникнут вопросы, Вы можете позвонить др. М.Теккел (тел. 514-334,
Таллинн) в рабочие дни с 9.00 до 15.00

Просим Вас прийти на обследование щитовидной железы в И Э К М , Таллинн, Хийу 42 в

Надеемся на приятное, н взаимно полезное сотрудничество и заранее благодарим Вас за
участие.

{ . I

Профессор Тоомас Вейдебаум, директор / i •• (__ ^—

Институт экспериментальной и клинической медицины

Хийу 42, ЕЕ0016 Таллинн

Aadress/Postal address Те). +372 2 - 514300 Teietø 3725 - 248260
Hiiu42 +372 2-514381
EE0016.Tallinn
ESTONIA
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Informed Consent for Participation in Thyroid Physical and Ultrasound Examination

Dear:

The Estonian Institute of Experimental and Clinical Medicine (TECM) in cooperation with the United States
National Institutes of Health is studying the health effects of radiation exposure in the thyroid gland is Chernobyl clean-up
activities. All the results of this study will be collected by TECM.

You are being asked to participate in this study because you were seni to Chernobyl to help clean up after the
accident. We would like to > ™ ™ - your thyroid gland with a physical and ultrasound examination. The purpose of this
study is to detect abnormalities in the thyroid gland which may be related to exposure to radiation. This examination will
take about 10 to 12 minutes. A copy of the results of mis examination will be given to you.

The first part of the examination (physical examination) will be done while you are seated in a chair. A physician
skilled in me study of the thyroid gland will observe and feel the thyroid gland for a few trrinmrs. this is painless. The
second part of the examination (ultrasound examination) will be done with an ultrasound machine operated by a physician
who is skilled in diagnosis with ultrasound images. Ultrasound does not involve radiation bat rather sound waves thai
bounce off tissue and make pictures. You will lie on your back and a small amount of a special oil will be placed over the
thyroid gland. The ultrasound machine's probe will be held by band to your neck and images of the thyroid gland will be
studied. This is a little messy but painless, and the oil is harmless. Measurements of these images and in some cases
printed copies of these images will also be given to you.

If an abnormality is found in your thyroid gland, you wOl be asked for separate permission to biopsy the
abnormality with a small needle. A biopsy involves removing a small amount of tissue. Cells removed by this procedure
will be examined « w w a microscope by a physician from the United States in conjunction with Estonian physicians. This
is discussed in a separate letter.

Your participation in this study is entirely voluntary. All information collected is confidential, to the extent
allowed by law. There will be no link between your name and the information collected about your thyroid gland. You
may withdraw from the study at any time without any loss of benefits to which you normally would be entitled.

There are no known risks to your health caused by the physical and ultrasound examination of the thyroid gland.
The benefit of this examination is that it may find certain abnormalities in your thyroid gland in a very early stage. The
earlier an abnormality is found, the smaller it usually is and me easier it usually is to treat successfully. The benefit to
other people is that knowledge about radiation effects on the thyroid gland will be gamed during this saury. This
knowledge will help physicians diagnose and treat individuals who were similarly exposed or who may be exposed to
radiation in the future.

If you agree to participate in this stndy you will be asked to sign this letter. You wDl be provided with a copy of
this letter. If you have further questions about mis study please contact Dr. Mare Tekkel (telephone 514 334 in Tallinn).

Toomas Vridcbaiitn, Ph.D.
Head and Professor
Institute of Experimental and Clinical Medicine
Hiiu42
EE0016 Tallinn

I understand the nature of the proposed physical and ultrasound examination and agree that it be performed.

Name of Veteran Registration Number

Signature of the Veteran Date

Name of Witness

Signature of Witness Date
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Nõusolek osavõtuks kilpnäärme kliinilisest ja ultraheliuuringust

Lp. härra

Eksperimentaalse ja Kliinilise Meditsiini Instituut (EKMI) uurib koostöös USA Riiklike Tervise-
instituutidega kiirituse mõju küpnäirmele TŠernobõli veteranideL Kõik uuringu materjalid kogutakse
EKMI poolt.

Teie olete valitud üheks osalejaks selles töös, sest Te võtsite osa Tšernobõli avarii tagajärgede
likvideerimisest. Sooviksime uurida Teie küpnääret kliinOiselt ja ultraheli abil. Kogu uuring kestab
10-12 minutit. Uuringu eesmärk on avastada küpnäärmekahjustusi, mis võivad olla seotud varasema
küritusega. Üks koopia uuringu tulemustest antakse Teile.

Uuringu algul Te istute ning kogenud arst kompleb Teie küpnääret mõne minuti (kliiniline uuring).
Uuring on valutu. Edasi lamate Te selili ning ultrahelidiagnostikas kogenud arst uurib Teie küpnääret
vastava aparaadiga (ultraheliuuring). Ultraheli puhul ei ole tegemist küritusega, vaid helilained
läbivad koe ja tekitavad sellest kujutise. Ultraheliaparaati hoitakse Teie kaelaJ, mis on määritud
vähese koguse õliga, ja jälgitakse kilpnäärme kujutist ekraanil. Selle põhjal tehakse kindlaks
kilpnäärme mõõtmed ja vajadusel trükitakse välja ka näärme kujutis, mille koopia antakse Teile.
Uuring on veidi ebamugav, kuid valutu. Käsutatud õlil ei ole kahjulikku toimet.

Kui kiipnäärmes leitakse tihend, siis vajadusel palutakse Teilt nõusolekut selle punkteerimiseks
peene nõelaga. Funktsioonil eemaldatakse küpnäärmest mõned rakud ja uuritakse neid mikroskoo-
piliselt USA ja Eesti arstide poolt Täpsemalt on seda kirjeldatud eraldi nõusolekuvorrnil.

Teie osavõtt kirjeldatud uuringust on täiesti vabatahtlik. Kõiki kogutud andmeid käsutatakse ainult
meditsiinilistel ja teaduslikel eesmärkidel järgides kehtivaid seadusi. Teie nime ei avaldata. Soovi
korral võite igal ajal edasisest uuringust loobuda.

Kilpnäärme kliinilisel ja ultraheliuuringul ei ole mingit teadaolevat tervistkahjustavat toimet.
Uuringust on Teile käsu, sest see võimaldab leida küpnäärmekahjustusi väga varases staadiumis ning
seetõttu saab neid suhteliselt lihtsalt ja heade tulemustega ravida. Uuringu käigus kogutud teadmised
toovad käsu ka teistele inimestele, sest need aitavad arstidel paremini avastada haigusi ja ravida
isikuid, kes on saanud või võivad tulevikus saada küntust kilpnäarmele.

Kui Te olete nõus osalema kirjeldatud uuringus, sus kinnitage, palun, seda oma allkirjaga. Üks
koopia sellest nõusolekuvormist jääb Teile. Kui Teil on küsimusi uuringu kohta, pöörduge, palun,
dr. M. Tekkeli poole (telefon Tallinnas 514-334).

Professor Toomas Veidebaum, direktor
Eksperimentaalse ja Kliinilise Meditsiini Instituut
Hiiu 42» EE0016 Tallinn

Saan aru kavatsetava kliinilise ja ultraheliuuringu olemusest ning olen nõus selles osalema.

Veterani nimi Registreerimisnumber

Veterani allkiri Kuupäev

Tunnistaja nimi

Tunnistaja allkiri Kuupäev
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Согласие на клиническое и ультразвуковое исследование щитовидной железы.

Ув

Институт экспериментальной и клинической медицины (ИЭКП) в сотрудничестве
с Государственными институтами здоровья США исследует влияние радиации на
щитовидную железу у ветеранов Чернобыля.

Сбор данных для исследования проводится в ИЗКГ!. Вы выбраны одним из
участников этой работы, так как Вы участвовали в ликвидации последствии
аварии в Чернобыле. Иы хотим обследовать Вашу щитовидную железу клинически
и при помощи ультразвука в течение 10-12 минут. Целью обследования является
обнаружение изменении в щитовидной железе, которые могут быть связаны с
полученной дозой радиации. Одна копия результатов обследования останется у
Вас.

В начале обследования Вы сидите и опытный врач ощупывает Вашу щитовидную
железу несколько минут (клиническое обследование). Обследование
безболезненно. Затем опытный в ультразвуковой диагностике врач обследует
Вашу щитовидную железу соответствующим аппаратом (ультразвуковое
обследование). В зто время Вы лежите на спине. Обследование немного
неудобно, но безболезненно. Употребляемое масло безвредно. Ультразвук не
имеет отношения к радиации, звуковые волны проникают в ткань и
воспроизводят изображение. Ультразвуковой аппарат удерживается на Вашей
шее, смазанною небольшим количеством масла, на экране наблюдается
изображение щитовидной железы. На основе этого измеряют железу и в
некоторых случаях печатают изображение Вашей щитовидной железы, копия
которого дается Вам.

Если в щитовидной железе найдут уплотнения, то при необходимости
попросят Вашего согласия на пункцию уплотнения тонкой иглой. При пункции
удаляют несколько клеток и полученные клетки исследуют микроскопически
врачи СШЙ и Эстонии. Подробнее зто описывается в формуляре согласия на
пункцию щитовидной железы.

Ваше участие в описанном обследовании является вполне добровольным.
Полученные данные будут использованы только в медицинских и научных цельях
в соответствии с действующими законами. Ваша фамилия при этом не будет
опубликована. Пр_и желании Вы в любое -время можете отказаться от дальнейшего
обследования.

Клиническое и ультразвуковое обследование щитовидной железы не имеет
известных вредных влиянии на здоровье. Данное обследование полезно для Вас,
так как дает возможность нахождения изменении в щитовидной железе на очень
ранней стадии и тогда лечение бупет относительно простым и с хорошими
результатами. Полученные знания будут использованы и для улучшения ранней
диагностики и лечения заболевании щитовидной железы у людей, которые уже
получили или получат в будущем определенную дозу радиации на щитовидную
железу. Если Вы согласны -участвовать в описанном обследовании, пожалуйста,
подтвердите это подписью. Одна копия согласия дается Вам. Если у Вас
возникнут вопросы, Вы можете позвонить доктору Паре Теккел (тел. 514-334,
Таллинн).

Профессор Тоомас Веюдебаум, директор / / у н

Институт экспериментальной и клинической медицины ( - Ч К '* •*- ~"*~-С1.

Хину 42, ЕЕ0016 Таллинн '

Я понимаю сущность клинического и ультразвукового обследования и
согласен участвовать а нем.

Фамилия и имя ветерана Регистрационный номер

Подпись ветерана Дата

Фамилия и имя свидетеля Подпись свидетеля цата
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Informed Consent for Participation in Thyroid Biopsy Examination

Dear

The Estonian institute of Experimental and Clinical Medicine (TECM) in cooperation with the United States
National Institutes of Health is studying the health effects of radiation exposure in the thyroid gland in Chernobyl veterans.
All the results of this study will be collected by TECM.

You are being asked to participate in this study concerning the effects of radiation on the thyroid gland because you
were sent to Chernobyl after die accident. Your examination found an unusual condition or romp in the thyroid gland
which is visible by both physical and ultrasound examination. The physicians doing these examinations believe that this
should be evaluated further by biopsy with a small needle. A biopsy involves removing a small amount of tissue.

For this biopsy you will lie on your back. The physician performing the biopsy will clean the skin over your neck
and use a small needle inserted into the thyroid gland to obtain some cells from the thyroid gland. These cells will be
placed on a slide and examined under the microscope. The slide containing these cells win be studied by a United States
physician skilled in this type of examination and reviewed with the Estonian physicians. A report of this examination will
be given to you.

Your participation in this study is entirely voluntary. All information collected is confidential, to the extent
allowed by law. There will be no link between your name and the information collected about your thyroid gland biopsy.
You may refuse the biopsy at any tmw without any loss of benefits to which you normally would be entitled.

There are small risks involved with a biopsy examination of the thyroid gland. It is possible that there will be a
small amount of bleeding or bruising and a little pain from passage of the needle. The possibility of infection will be
controlled by the use of a new needle for each biopsy and sterile technique. The benefit of this examination is that it may
find abnormalities in your thyroid gland in a very eariy stage. If the physician finds that the cells removed by the biopsy
are not cancer cells, then nothing further need be done. Follow-up will be organized by an Estonian thyroidologist. If the
physician finds that the cells removed by the biopsy are cancer cells, the TECM will refer you to the proper medical
doctors for consideration of surgery. Finding a cancer when it is small greatly improves the chance that it will be
successfully removed by a surgeon. As with die physical and ultrasound examinations, the benefit to other people is that
knowledge about radiation effects on the thyroid gland will be gained during this study. This knowledge win heip
physicians diagnose and treat individuals who were similarly exposed or who may be exposed to radiation in the furore.

If you agree to participate in this study you will be asked to sign this letter. You will be provided with a copy of
this letter. If you have further questions about this study, please contact Dr. Mare Tekkel (telephone 514 334 in Tallinn).

Toomas Veidebaum, Ph.D.
Head and Professor
Institute of Experimental and Clinical Medicine
Hiiu42
EE0016 Tallinn

I understand the nature of the proposed biopsy examination and agree that it be performed.

Name of Veteran Registration Number

Signature of the Veteran Date

Name of Witness

Signature of Witness Date
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Nõusolek kflpnaanne punktsiooniks

Lp. härra „_........

Eksperimentaalse ja Kliinilise Meditsiini Instituut (EKMI) uurib koostöös USA Riiklike
Terviseinsütuutidega kürituse mõju küpnaarmele Tsemobõli veteranidel. Kõik uuringu materjalid
kogutakse EKMI poolt

Olite valitud üheks osalejaks selles töös, mille «^ar*- on avastada küpnäärmekahjustusi. mis
võivad olla seotud varasema küritusega, sest Te võtsite osa Tšemobõli avarii tagajärgede
likvideerimisest Mi kliinilisel kui ka ultraheliuuringul leiti Teie küpnäärmes tihend. Teid uurinud
arstide arvates oleks vajalik teha selle punktsioonibiopsia peene nõelaga.

Funktsiooni ajal Te lamate selili. Arst puhastab naha Teie kaelal ja viib peene nõela kilpnäärmesse
ning eemaldab sealt mõned rakud. Seejärel asetatakse rakud klaasile ja valmistatakse preparaat, mida
uuritakse mikroskoopiliselt USA ja Eesti kogenud arstide poolt Üks koopia uuringu tulemustest
antakse Teile.

Teie osavõtt kirjeldatud uuringust on täiesti vabatahtlik. Kõiki kogutud andmeid käsutatakse ainult
meditsiinilistel ja t»gH««iiy«.i eesmärkidel järgides kehtivaid seadusi. Teie nime ei avaldata. Soovi
korral võite igal ajal punktsioonist loobuda.

Küpnäärme punktsioon on seotud väga väikese riskiga tervisele. Võib tekkida vähene veritsus või
muljumine ja valu nõela viimisel kilpnäärmesse. Nakkusohtu ei ole, sest igal uuringul käsutatakse
ühekordseid nõelu ja steriilset tehnikat Uuring toob käsu, sest võimaldab leida kilpnäärmekahjustusi
väga varases staadiumis. Kui punktsioonil saadud rakud osutuvad healoomulisteks, siis kohene ravi
ei ole alati vajalik ja Te jääte kohaliku endokrinoloogi juurde jälgimisele. Kui rakkudel esineb
pahaloomulisuse tunnuseid, siis suunatakseTeid Jdrurgi juurde. Kilpnäärmes varakult leitud
pahaloomulisi muutusi saab opereerida väga heade tulemustega. Uuringu käigus kogutud teadmised
toovad käsu ka teistele inimestele, sest need aitavad arstidel paremini avastada haigusi ja ravida
isikuid, kes on saanud või võivad tulevikus saada küntust kipnäärmele.

Kui Te olete nõus kirjeldatud uuringuga, siis, kinnitage, palun, seda oma allkirjaga. Uks koopia
sellest nõusoleku vormist jääb Teile. Kui Teil on küsimusi uuringu kohta, pöörduge, palun,
dr. M. Tekkeli peole (telefon Tallinnas 514-334).

Professor Toomas Veidebaum, direktor
Eksperimentaalse ja Kliinilise Meditsiini Instituut
Hiiu 42, EE0016 Tallinn

Saan aru kavatsetava punktsioonibiopsia olemusest ning olen nõus selles osalema.

Veterani niTty Registreerimisnumber

Veterani alflHri Kuupäev

Tunnistaja nimi

Tunnistaja allkiri Kuupäev

63



64

STUK-A158 .

Согласие на пункцию ЩИТОВИДНОЙ железы

Ув

Институт экспериментальной и клиническое* мепицины (ИЭКН) в сотруничестве
с Государственными институтами здоровья США исследует влияние радиации на
щитовидную железу у ветеранов Чернобыля. Сбор данных для исследования
проводится в ИЗКП.

Вы были выбраны одним из участников этой работы, целью которой является
обнаружение изменении в щитовидной железе, связанных с полученной дозой
радиации, так как Вы участвовали в ликвидации последствии аварии в
Чернобыле. При клиническом и ультразвуковом обследовани в Вашей щитовидной
железе были найдены уплотнения. По мнению обследовавших Вас врачей
необходима пункционная биопсия данного уплотнения.

Во время пункции Вы лежите на спине, врач чистит кожу на шее, вводит
тонкую иглу в щитовидную железу и удаляет несколько клеток. Из клеток
готовят препараты, которые исследуют микроскопически опытные врачи США и
Эстонии. Одна копия результатов исследования остается Вам.

Ваше участие в описанном обследовании является вполне добровольным.
Полученные данные будут использованы только в медицинских и научных цельях
в соответствии с действующими законами. Ваша фамилия при этом не будет
опубликована. При желании Вы в любое время можете отказаться от пункции.

Пункция щитовидной железы не имеет существенного риска для здоровья.
Может появиться незначительное выделение крови, ощущение давления и
незначительная боль при введении иглы в железу. Опасность инфекции
исключена, так как для каждого обследуемого применяются одноразовая игла и
стерильная техника. Польза от исследования в том, что изменения
обнаруживаются на очень ранней стадии. Если клетки полученной пункции
окажутся доброкачественными, Вы будете под наблюдением местного
эндокринолога. Если клетки имеют признаки злокачественности Вы будете
направлены к хирургу. Злокачественные изменения в щитовидной железе,
найденные на ранней стадии, удаляются хирургический. Результаты
хирургического лечения очень хорошие.

Полученные знания -будут использованы для улучшения ранней диагностики и
лечения заболевании щитовидной железы у людей, которые уже получили или
получат в будущем определенную дозу радиации на щитовидную железу.

Если Вы согласны на пункцию щитовидной железы, пожалуйста, подтвердите
это подписью. Одна копия согласия дается Вам. Если у Вас возникнут вопросы,
Вы можете позвонить доктору Паре Теккел (тел. 514-334, Таллинн).

Профессор Тоомас Веидебаум, директор li [ I I
Институт экспериментальной и клинической медицины у - Ч Х,*̂  ^
Хииу 42, ЕЕ0016 Таллинн ' •

Я понимаю сущность биопсии и согласен провопвни&я этого.

Фамилия и имя ветерана Регистрационный номер

Подпись ветерана Дата

Фамилия и имя свидетепя

Подпись свидетеля Дата
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INSTITUTE OF EXPERIMENTAL AND CUNICAL MEDICINE (ESTONIA)
THE NATIONAL INSTITUTES OF HEALTH (USA)

THYROID EXAMINATION OF ESTONIAN CHERNOBYL CLEANUP WORKERS

DATE OF BIRTH l_LJ-|_l_|-|_l_l
(DAY) IMONTH) (YEAR)

SEX 1=MALE 2 = FEMALE_ | _ |

CONSENT SIGNED 1 =YES 2 - N O | _ |

STUDY SUBJECT 1 = Y £ S 2 = N O §§§

SITE/EXAM No. U_JrI_LJ_J—-H-!

STUDY CODE No. l _ l _ l _ l _ l

DATE OF EXAM l_!_H_l_HiLi.5.l
(DAY) (MONTH) CVEAR)

EorroR f'-i "•'hi' I

PALPATION

EXAMINER l _ l _ l

EXAM STATUS - l _ l

1-ADEQUATE 2»INADEQUATE 3=R£FUSED

THYROID GLAND SIZE | _ I

1.NORMAL 2 = DffTUSE ENLARGEMENT

3=MULT1NOOULAR ( > 2 NODULES)

NUMBER OF NODULEIS) DIAGRAMED | _ |

- NODULEIS) -

UOCATION SEE<cni) DESCRIPTION

PI- I_H_I l - l - l - l M F H S T N

P2- I-I-I-I l_l-l_l M F H s T N

(DIAGRAM AND LABEL 2 LARGEST NODULES AS P1 AND P2>

ULTRASOUND

EXAMINER ~ I I |

EXAM STATUS | _ |

INADEQUATE 2-INADEQUATE 3 = REFUSED

THYROID GLAND VOLUME (an3) | _ | . | _ |

THYROID MEASUREMENTS (mm)

WIDTH DEPTH LENGTH

NUMBER OF NODULEIS) DIAGRAMED .

• NODULES) -

LOCATION SZE (cm) DESCRIPTION

(DIAGRAM AND LABEL 2 LARGEST NODULES AS U1 AND U2> U l . | _ H _ I

REFER NODULE 1 FOR BIOPSY? 1 =YES 2=NO | _ ] REFER NODULE 2 FOR BIOPSY? 1-YES 2 - N 0 . . . . | _ |

COMMENTS:

LOCATION CODE

1 = RIGHT

2-LEFT

3 = STHMUS

1=UPPSR

2 = MIDDLE

3 = L0WER

NOOULBS) COSE DEScnrnON

M=>MOVEABLE

S-SOFT
F=F1XED
T=TENDS>

DESCRIPTION CODE

1

2
3

= SOUD

= MIXED

=CYST

Bx CRTTERIA = PALPABLE NODULE THAT IS AT LEAST 1 CM IN DIAMETER
IN PATIENT WHO GIVES INFORMED CONSENT FOR BIOPSY
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EKSPERIMBVTAALSE JA KL0N1LJSE MHHTSnW INSTTTUUT (EEST1)
RIlKliKUD TERVISBNST1TUUDID (USA)

EEST1 TSERNOBOU VETERAN1DE K1LPNAARMEUURING

SUNN1AK I I I-1 J |-l I I
[PAEV) OOJU) 1AASTA)

SUGU 1=ME£S 2 = NA1NE | _ j

NoUSOLEK 1=JAH 2 = B 1 _ |

KUULUB UURINGUHGHMA 1 = JAM 2 -=B.. | | l j

UURINGUNUMBEFS

UURTTAVA NUMBER

UUFUNGUAEG

| | _ | | _ J

I_I_H_I_HJLIJ.I
IPAEV) <ICUU) 1AASTA)

KONTROLUS..

PALPATSIOON

ARST __ | _ | _ |

UURING O U « I i

I^ADEKVAATNE 2=MrTTEADEKVAATNE 3=KEELDUS

IdlPNAARME SUUROS ( _ |

1-NORMAAUIE 2-DIRJUSNE SUURENEMNE

3 ̂ SOLMELINE (>2 SOWIB

S&MBDE ARV JOONISH..,

- SOLMED -

PADCNBiUNE SUURUSlan) KIFUBJ1US

PL l _ | - | _ ! i I-l I I F K P V V(B)

P2. ( _ | - | _ | | _ | . | _ l L F K P V V(B)

C2 SUUREMAT SOLME PI JA P2>

ULTRAHEU

ARST

UURING OU

KILPNAARME RUUMALA (em3) l _ l - l _ l

KILPNAAHME M66TMED (mm)

LAWS SUGAVUS FtKKUS

SoLMEDE ARV JOON1SEL _..: I I

- SOLMED -

PA1KNEMINE SUURUS (cm) KiRJELDUS

(2 SUUREMAT SOLME U1 JA U2)

U2-

SOOVTTAV 1 . SOLME B1OPS1A7 1 =JAH 2=«B |_J SOOVTTAV 2. SOLME HOPSLA? 1 =JAH 2 = B | _ |

SELGTRIS:

1

z
3

PADC

s-PAREM
=VASAK
"KITSUS

nan

i
2

3

ME

^ULEMHE
'KESKMHE
fALUMUJE VIB1-VALUTU

KSUELDUS

1 >HOMOGE£NNE
2=SEGA
3=TSUST

BIOPSIA NAIDUSTATUD = PALPEBOTAV SoLM 4 > 1 CM, PATS1ENT ON
BIOPSIAGA NOUS
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WSTTFUTE OF EXPERIMENTAL AND CLM1CAL MEDICINE (ESTONIA)
THE NATIONAL INSTITUTES OF HEALTH (USA)
THYROID FME NEEDLE BIOPSY OF ESTONIAN

CHERNOBYL CLEANUP WORKERS

NAME:

DATE OF BIRTH 1 I | - | ! |-J J I

(DAY) (MOMTO) (YEAH)

SEX 1-MALE 2-FEMALE \_J

CONSENTSK3NEO 1 =YES 2»NO \_J

STUDY SUBJECT 1=YES 2=NO HI

SITE/EXAM No.

STUDY CODE No.

DATE OF EXAM

EDITOR

i i ! i r
l_l_H_l_H!.l.s.l
(DAY) (MOMTW) (YEAR)

BIOPSY 1

(DIAGRAM NODULE 1)

COMMENTS

BIOPSY PERFORMED BY

NUMBER OF NEEDLE PASSES-

SATISFACTORY 1-YES 2-NO

TOTAL SUDES

PAP

DQ

UNSTAINED

J [ |

1=BEN1GN

2 = MALIGNANT. PAPILLARY

3 -MAUGNANT. OTHER (COMMENTS)

4=FOLUCULAR NEOPLASM

5 -DEFERRED DIAGNOSIS (COMMENTS)

BIOPSY 2

RK3HTLOBE LEFTU3BE

(DIAGRAM NODULE 2)

BIOPSY PERFORMED BY

NUMBER OF NEEDLE PASSES

SATISFACTORY 1 =YES 2-NO

TOTAL SLIDES

PAP .

DO.___

UNSTAINED .

DIAGNOSIS .

1-BENIGN

2 =• MALIGNANT, PAPILLARY

3 = MALIGNANT. OTHER (COMMENTS)

4 - FOLUCULAR NEOPLASM

5'DEFERRED DIAGNOSIS (COMMENTS)

| _ |

| | |

COMMENTS
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Estonian Thyroid Study
Patient Flow Chart

3 Thyroidologists 3 Radiologists
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Registration
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Note: Patients did not proceed form one station to
the next in any particular order.

1 Thyroidologist
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Yes
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Biopsy
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Radiation: Baltic S t e m (908715)
Thyroid Exam Data

TABLE OF STATUS BY EXAMDATE

U:10 Thursday, Hay 4, 1995 1

STATUSmudy status flag) EXANDATE

Frequency
Percent

Row Pet
Cot f>ct

Invited
cohort

Not Invited
CoWe r*"f-

New veterans

New visitor

O3/27/95jO3/28/95|03/29/95j03/30/95j03/31/95}04/O3/95]O4/O4/95jO4/O5/95J0ii/06/95|04/O7/95j

256
10.50
12.92
70.72

91
3.73

24.20
25.14

3
0.12
6,82
0.83

12
0.49

23.53
3.31

156
6.40
7.87

56.32

90
3.69

23.94
32.49

15
0.62

44.12
5.42

16
0.66

34,04
5.78

156
6.40
7.87

90.17

12
0.49
3.19
6.94

2
0.08
5.68
1.16

3
0.12
6.38
1.73

207
8.49

10.45
90.39

18
0.74
4.79
7.86

2
0.08
5.88
0.87

2
0.08
4.26
0.87

229
9.39

11.56
90.16

22
0.90
5.65
8.66

2
0.08
5.88
0.79

1
0.04
2.13
0.39

177
7.26
8.93

85.10

27
1.11
7.16

12.98

1
0.04
2.94
0.48

3
0.12
6.38
1.44

202
8.29

10.20
88.21

20
0.82
5.32
8.73

3
0.12
8.82
1.31

4
0.16
8.51
1.75

205
8.41

10.35
84.71

29
1.19
7.71

11.98

3
0.12
8.82
1.24

5
0.21

10.64
2.07

217
8.90

10.95
85.43

35
1.44
9.31

13.78

1
0.04
2.94
0.39

1
0.04
2.13
0.39

176
7.22
8.88

83.81

32
1.31
8.51

15.24

2
0.08
5.88
0.95

0
0.00
0.00
0.00

Total 362
14.85

277
11.36

173
7.10

229
9.39

254
10.42

208
6.53

229
9.39

242
9.93

254
tO.42

210
8.61

Total

1981
61.26

376
15.42

34
1.39

47
1.93

2438
100.00

CD

le
ft

P

*
X!
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3. QUESTIONNAIRES

3.1. Study of Chernobyl cleanup workers

71



STUK-A158

L:\9087\9O8715\CLEANUP.DOC - December 10. 1997/2:39 PM - ra

STUDY OF CHERNOBYL CLEANUP WORKERS

A.

B.

C.

D.

E.

PLEASE READ THESE INSTRUCTIONS FIRST.

This questionnaire should be completed by the Chernobyl worker. If that is not
possible because of illness or death, the questionnaire may be completed by the
Chernobyl worker's wife, sibling, or child. On the next page, be sure to indicate who
is answering this questionnaire.

Please complete each question either by placing a check (V) in the box next to the
answer that best fits your situation or by writing your answer in the space provided.
Additional comments or information can be written in the margins next to the
question. If not enough space has been provided for your response, please use
whatever space is available to record the rest of your answer.

Please check only one box, unless the instructions tell you otherwise.

Some questions have instructions next to certain answers asking you to skip
questions which do not apply to you. First check the box; then follow the skip pattern
as directed. Unless instructed otherwise, go to the next question. All instructions on
how to answer the questions have been provided in capital letters.

If you have questions about how to fill out the questionnaire, please call us at
, and ask for the Supervisor of the Study of Chernobyl

Cleanup Workers.

ASSURANCE OF CONFIDENTIALITY

All information which would provide identification of the individual will be held in strict
confidence, will be used only for study purposes, and will not be disclosed or released to
anyone other than the study team, unless provided by law.

Public reporting burden for this collection of information is estimated to average 20 minutes
per response, including time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of
information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to: PHS Reports
Clearance Officer, Rm. 721-B, Humphrey Building, 200 Independence Avenue, SW, Washington,
D.C. 20201, ATTN: PRA; and to Office of Management and Budget, Paperwork Reduction
Project (0925-0401), Washington, D.C. 20503.
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L:\9087\908715\CLEANUP.DOC - December 10,1997/2:39 PM - ra

NATIONAL CANCER .NST.TUTE (USA) Q M B #.

Expiration Date: 10/97

Code No.:

STUDY OF CHERNOBYL CLEANUP WORKERS
QUESTIONNAIRE (ENGLISH TRANSLATION)

Please indicate who is answering this questionnaire (check only one box).

THE CHERNOBYL CLEANUP WORKER 1 Q
HIS WIFE 2 •
HIS SIBLING (SPECIFY) 3 •
HIS CHILD (SPECIFY) 4 •
OTHER (SPECIFY) 5 •

Please enter today's date I | |-| | |-| | |
DAY MONTH YEAR

All questions refer to the Chernobyl cleanup worker.

BACKGROUND INFORMATION

1. What is your Registration Number?

REGISTRATION NUMBER | ] | | | | |

2. How many times were you sent to the Chernobyl area to work?

TIMES SENT TO CHERNOBYL | |

3. a. For the first time you were sent to the Chernobyl area to work, what was the date of entry?

FIRST DATE OF ENTRY | | |-| | | |-| | |
DAY MONTH YEAR

b. For the first time you were sent to the Chernobyl area to work, what was the date of
departure?

FIRST DATE OF DEPARTURE | | |- | | |-| | |
DAY MONTH YEAR

If you were sent to Chernobyl only once, please go to Question 4.

Please enter the date of entry and date of departure of the remaining times you were sent to the
Chernobyl area to work:

(SECOND TIME)
(3a2) DATE OF ENTRY | | |-| | |-| | |

DAY MONTH YEAR
TO

(3b2) DATE OF DEPARTURE | | |-| | |-| | |
DAY MONTH YEAR
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Code No.:

(THIRD TIME)
(3a3) DATE OF ENTRY | | |-| | |-| | |

DAY MONTH YEAR
TO

(3b3) DATE OF DEPARTURE | | |-| | |-| | |
DAY MONTH YEAR

(FOURTH TIME)
(3a4) DATE OF ENTRY I | |-| | |-| | |

DAY MONTH YEAR
TO

(3b4) DATE OF.DEPARTURE | | j - | | |-j I i
DAY MONTH YEAR

Additional dates should be recorded in Comments on page 19.

THE FOLLOWING QUESTIONS ALL REFER TO YOUR FIRST ENTRY TO THE CHERNOBYL AREA

4. What was the main area of your work in/nearby Chernobyl?

DISTRICT, SUBDISTRICT

URBAN SETTLEMENT

VILLAGE, ETC.

5. What was the area postal code?

POSTAL CODE I |_

6. What was the number of your military service station?

MILITARY SERVICE STATION NUMBER

7. What was the reason for being in/nearby Chernobyl? (CHECK ONLY ONE)

SO-CALLED MILITARY TRAINING EXERCISES 1 Q
REGULAR ARMY SERVICE 2 •
HIRED/CONTRACT WORK 3 •
OTHER (SPECIFY) 8 •
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Code No.:

8. What was the distance of your usual working place from the damaged
reactor? (ROUND TO NEAREST WHOLE NUMBER AND CHECK THE UNIT OF MEASUREMENT.)

DISTANCE | | ] | | |
KILOMETERS 1 •
METERS 2 •

9. Altogether, how long did you work in the special zone; that is, in the immediate vicinity of the
reactor or near the reactor? (IF YOU DID NOT WORK IN THE SPECIAL ZONE, RECORD 00 IN BOXES
PROVIDED.)

TIME IN SPECIAL ZONE I | |
MINUTES 1 •
HOURS 2 •

10. Altogether, how long did you work in the middle zone; that is, within 10 kilometers from the
reactor, but not in the special zone? (IF YOU DID NOT WORK IN THE MIDDLE ZONE, RECORD 000 IN
BOXES PROVIDED.)

TIME IN MIDDLE ZONE I | | ]
MINUTES 1 •
HOURS 2 •
DAYS 3 •
WEEKS 4 •
MONTHS 5 •

11. Altogether, how long did you work in the outer zone; that is, 10 to 30 kilometers from the reactor?
(IF YOU DID NOT WORK IN THE OUTER ZONE, RECORD 000 IN BOXES PROVIDED.)

TIME IN OUTER ZONE | | ] |
MINUTES 1 Q
HOURS 2 •
DAYS 3 Q
WEEKS 4 •
MONTHS 5 •

12. Altogether, how long did you work beyond the 30 kilometer zone; that is. up to 50 kilometers of
the reactor? (IF YOU DID NOT WORK BEYOND THE 30 KILOMETER ZONE, RECORD 000 IN BOXES
PROVIDED.)

TIME BEYOND THE 30 KILOMETER ZONE | | | |
MINUTES 1 •
HOURS 2 •
DAYS 3 Q
WEEKS 4 •
MONTHS 5 •
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Code No.:

13. How many times did you work on the roof near the damaged reactor? (IF THE ANSWER IS NONE.
RECORD 00 AND GO TO 015.)

NUMBER OFTIMES ON THE ROOF | | |

14. How many minutes altogether did you work on the roof near the damaged reactor?

MINUTES ON THE ROOF [ I |

15. Did you work in any of the following activities (CHECK 'NO' OR "YES" FOR EACH OF THE
FOLLOWING.) •

NO

A. CONSTRUCTION OF THE "SARCOPHAGUS" 0 • 1 •

B. EARTH REMOVAL 0 • 1 •

C. DEMOLISHING OF BUILDINGS 0 • 1 •

D. CONSTRUCTION OF BUILDINGS 0 • 1 •

E. WORK IN THE FOREST Q TJ 1 •

F. TRANSPORT 0 • 1 Q

G. OTHER (SPECIFY) 0 • 1 •

16. In your own words, please describe your work during your first entry to the Chernobyl area:

17. Did you ever use protective clothing or masks such as: (CHECK ONE BOX FOR EACH OF THE
FOLLOWING.)

NEVER SELDOM OFTEN ALWAYS

A. BREATHING MASK 0 Q 1 • 2 • 3 •

B. PROTECTIVE CLOTHES 0 Q 1 • 2 • 3 •

C. GLOVES O H 1 • 2 • 3 G

D. OTHER (SPECIFY) 0 • 1 • 2 • 3 •

18. How often did you take a shower or bath after the work? (CHECK ONLY ONE BOX.)

NEVER 0 •
SOMETIMES 1 •
EVERYTIME 2 Q
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19. Did you ever notice a reddening or blistering on your skin, mouth or nose?

NO 0 • (GO TO QUESTION 21)
YES 1 •

20. If yes, please specify below: (LIST EACH PART OF YOUR BODY THAT WAS RED OR BLISTERED
SEPARATELY. FOR EACH PART OF YOUR BODY, CHECK ONE BOX FOR THE DEGREE OF BURN.)

a.

b.

c.

PART OF
BODY

IF SKIN:
SIZE OF AREA

AFFECTED
IN SQ CM REDDENING

1 •

1 D

1 •

DEGREE OF BURN

BLISTERING

2 •
2 D

2 •

BOTH
REDDING

AND
BLISTERING

3 •

3 •

3 D

DON'T
KNOW

9 •

9 D

9 •

21. Did you eat or drink the following local foods grown or produced in the Chernobyl area? (CHECK
ONE BOX FOR EACH OF THE FOLLOWING.)

A.

B.
C.
D.
E.
F.
G.

WATER, INCLUDING
WATER USED FOR
COFFEE AND/OR TEA
MILK
FRESH FRUITS
FRESH VEGETABLES
FRESH MUSHROOMS
MEAT
OTHER
(SPECIFY)

NEVER

0
0
0
0
0
0

0

•••D
••
D

ONCE A
MONTH

OF

1
1
1
1
1
1

1

iLESS

••••••
•

TWO-
THREE
TIMES A
Ml

2
2
2
2
2
2

2

3NTH

•••D
••
D

ONCE
A WEEK

3
3
3
3
3
3

3

D
••••D
•

SEVERAL
TIMES
A WEEK

4
4
4
4
4
4

4

D
D
D
••D
•

ONCE
A DAY

5
5
5
5
5
5

5

••••••
•

MORE
THAN
ONCE
A DAY

6
6
6
6
6
6

6

••••D
•
•

22. Did you use iodine tablets to protect against radiation damage?

NO
YES

D•
(GO TO QUESTION 26)
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23. When did you begin to use iodine tablets to protect against radiation damage?

BEGINNING DATE I | |-| | |-| | |
DAY MONTH YEAR

24. When did you stop using iodine tablets to protect against radiation damage?

ENDING DATE I | |-| | |-| | |
DAY MONTH YEAR

25. Altogether, how many days were iodine tablets given to you?

NUMBER OF DAYS | I | j

26. Was alcohol recommended to you to protect against radiation damage?

NO 0 • (GO TO QUESTION 29)
YES 1 •

27. Did you use alcohol to protect against radiation damage?

NO 0 • (GO TO QUESTION 29)
YES 1 Q

28. Altogether, how many days was alcohol given to you to protect against radiation damage?

NUMBER OF DAYS I | | |

29. How often did you drink alcohol in/nearby Chernobyl? (CHECK ONLY ONE BOX.)

NEVER 0 •
ONCE A MONTH OR LESS 1 Q
TWO-THREE TIMES A MONTH 2 Q
ONCEAWEEK 3 Q
SEVERAL TIMES A WEEK 4 Q
ONCE A DAY 5 •
MORE THAN ONCE A DAY 6 fj

RADIATION EXPOSURE INFORMATION

30. What was your total radiation dose as documented in your military record? (ROUND TO THE
NEAREST WHOLE NUMBER AND CHECK THE UNIT OF MEASUREMENT.)

RADIATION DOSE | | ] | | | |
RADS 1 •
ROENTGENS 2 •
BARS 3 •
SIEVERTS 4 •
GRAY 5 •
COUNTS PER MINUTE 6 •

78



STUK-A158

Code No.:

31. Do you have other documented information on radiation exposure? (IF YES, PLEASE SPECIFY ON
THE LINE PROVIDED.)

NO 0 •
YES 1 •

(SPECIFY)-

32. How often did you wear a radiation detection personal monitor or measuring device in the
Chernobyl area? (CHECK ONLY ONE BOX.)

NEVER 0 • (GO TO QUESTION 34)
ONLY AT WORK 1 •
ALLTHETIME 2 •

33. Was the radiation detection device read and used to estimate your exposure while at Chernobyl?

NO 0 •
YES .' 1 •
DONTKNOW 9 •

EMPLOYMENT HISTORY

34. Did you ever have a job working with radiation, other than times you spent in the Chernobyl area?

NO 0 • (GO TO QUESTION 36)

YES 1 •

35. Did you ever work with radiation in any of the following jobs? (CHECK 'NO", OR "YES", FOR EACH
OF THE FOLLOWING. IF "YES", ENTER THE YEARS OF EMPLOYMENT.)

NO YES YEAR(S) OF EMPLOYMENT
A. MEDICAL RADIATION £ > • 1 • -» 19| | | TO | | |
B. NUCLEAR POWER PLANTS OQ 1 • - 19| I | TO | | |
C. INDUSTRIAL RADIOGRAPHY O Q 1 Q - 19| | | TO | | |
D. ARMY SERVICE 0 \J 1 Q - 19| | | TO | | |
E. OTHER (SPECIFY) 0 • 1 • -> 19| | | TO | | |

36. Did you ever have a job working with hazardous chemicals, (INCLUDING WHILE WORKING AT
CHERNOBYL)?

NO 0 • (GO TO QUESTION 38)
YES 1 •
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37. Did you ever work with hazardous chemicals in any of the following types of jobs? (CHECK "NO"
OR "YES" FOR EACH OF THE FOLLOWING. IF "YES", ENTER THE YEARS OF EMPLOYMENT.)

NO YES YEARfS) OF EMPLOYMENT

A. OILREFINERY OQ 1 • - 19I I I T 0 : I I

B. CHEMICAL PLANT OQ 1 • "* 19i I I T 0 I I I

C. RUBBER PLANT OQ 1 • -* 19| | | TO | | |

D. AGRICULTURAL PESTICIDES OQ 1 • - 19| | | TO | j |

E. INDUSTRIAL PROCESSING OQ 1 D "* 19I I I T 0 I I I

F. ARMYSERVICE OQ 1 • -* 19| | | TO j | |

G. OTHER (SPECIFY) 0 • 1 D - 191 I I T O I I I

MEDICAL HISTORY

38. Has a doctor ever told you that you had any of the following conditions? (CHECK "NO", "YES", OR
"DON'T KNOW" FOR EACH OF THE FOLLOWING. IF "YES", ENTER THE YEAR OF THE FIRST
DIAGNOSIS.)

YEAR OF
FIRST

NO YES DIAGNOSIS DON'T KNOW
A. HYPERTHROIDISM 0 • 1 • - » ! j j

B. HYPOTHYROIDISM 0 • 1 • " * | | |

C. ALLERGIES 0 • 1 Q"* I | |

D. LUNG TUBERCULOSIS 0 • 1 • -» | | |

E. CARDIOVASCULAR DISEASE/CVD 0 • 1 •-» | j |

F. ELEVATED CHOLESTEROL 0 • 1 Q-* | \ |

G. ASTHMA 0 • 1 Q- | | |

H. CHRONIC BRONCHITIS 0 • 1 Q-* | | |

I. CATARACT 0 • 1 [J-> | | |

J. GLAUCOMA 0 • 1 • - | | |

K. CHOLECYSTITIS/GALL BLADDER DISEASE .... 0 • 1 [J-* | | |

L DIABETES 0 • 1 • - | j |

M. GASTRIC/DUODENAL ULCER 0 • 1 Q - l | |

N. RHEUMATOID ARTHRITIS 0 • 1 Q - l I |

0. OTHER ARTHRITIS 0 • 1 • - | ] |
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39. Has a doctor ever told you that you had any of the following blood conditions? (CHECK "NO',
•YES", OR "DON'T KNOW FOR EACH OF THE FOLLOWING. IF "YES". ENTER THE YEAR OF THE FIRST
DIAGNOSIS.)

DON'T
KNOW

9 •

9 •

A.

B

C.

HIGH BLOOD PRESSURE

ANEMIA

OTHER BLOOD DISORDERS
(SPECIFY)

NO

o D

o •

o •

1

1

1

YES

n -
n ->

HOSPITAL
OF

DIAGNOSIS

YEAR OF
FIRST

DIAGNOSIS

- I I I

- I I I

- I I I

39a. Have you ever received a blood transfusion?

NO 0 • •(GO TO QUESTION 40)
DON'T KNOW 9 • (GO TO QUESTION 40)

YES 1 Q

39b. If yes, please specify:

HOSPITAL OF TRANSFUSION YEAR OF TRANSFUSION

40. Has a doctor ever told you that you had a tumor?

NO 0 • (GO TO QUESTION 42)
DON'T KNOW 9 • (GO TO QUESTION 42)

YES 1 •

41.

a.

b.

If yes, please specify: (LIST EACH TUMOR SEPARATELY. FOR EACH TUMOR ENTER THE BODY
SITE WHERE THE TUMOR STARTED, THE NAME OF THE HOSPITAL OF DIAGNOSIS, THE YEAR OF
FIRST DIAGNOSIS, AND CHECK ONE BOX FOR THE TYPE OF THERAPY.)

PART OF THE
BODY WHERE THE
TUMOR STARTED

YEAR OF OTHER
HOSPITAL FIRST RADIO- CHEMO- THERAPY

OF DIAGNOSIS DIAGNOSIS THERAPY THERAPY BOTH fSPECIFY)

I I I 1 •

l_l_l 1 •

2 D 3Q 8 •

2 • 3 • 8 •
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42. Have you ever had any radiation therapy other than what you may have indicated on Question
41?

NO 0 • (GO TO QUESTION 44)
DON'T KNOW 9 • (GO TO QUESTION 44)

YES 1 G

43. If yes, please specify: (LIST EACH DIAGNOSIS TREATED BY RADIATION SEPARATELY, AND ENTER
THE NAME OF THE HOSPITAL AND THE NUMBER OF TREATMENTS.)

NUMBER OF
DIAGNOSIS HOSPITAL OF TREATMENT TREATMENTS

a . i I I

b. ! ! I

44. Have you ever had any (other) chemotherapy, drug treatment?

NO 0 • (GO TO QUESTION 46)
DON'T KNOW 9 • (GO TO QUESTION 46)

YES 1 •

45. If yes, please specify: (LIST EACH DIAGNOSIS TREATED BY CHEMOTHERAPY SEPARATELY, AND
ENTER THE NAME OF THE HOSPITAL AND THE NUMBER OF TREATMENTS.)

NUMBER OF
DIAGNOSIS HOSPITAL OF TREATMENT TREATMENTS

b. I | |

46. Have you ever had any isotope examinations?

NO 0 • (GO TO QUESTION 48)
DONTKNOW 9 f j (GOTO QUESTION 48)

YES 1 •

47. If yes, please specify: (LIST EACH DIAGNOSIS SEPARATELY, AND ENTER THE NAME OF THE
HOSPITAL AND THE NUMBER OF EXAMINATIONS.)

NUMBER OF
DIAGNOSIS HOSPITAL OF EXAMINATION EXAMINATIONS

a- I I I
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48. Have you ever had any of the following special X-ray procedures? (CHECK "NO", "YES'. OR "DON'T
KNOW FOR EACH OF THE FOLLOWING. IF "YES", ENTER THE NUMBER OF TIMES.)

a. DENTAL X-RAYS .

c. LOWER Gl SERIES (X-RAY OF SMALL OR
LARGE INTESTINES)

e. PYELOGRAM (X-RAY OF KIDNEY)

f. CORONARY ANGIOGRAM OR CARDIAC
CATHERIZATION (X-RAY OF HEART)

g. THYROID SCAN OR RADIOACTIVE IODINE
UPTAKE

NO

on

b. UPPER Gl SERIES (AFTER A BARIUM MEAL) 0 •

0 •

d. CHOLESCYSTOGRAM OR CHOL-ANGIOGRAM
(X-RAY OF GALL BLADDER) 0 •

on

on

NUMBER OF
YES TIMES

1 • - i i i

1 D-* L_l

1 • - l_l

1 •-» I

on 1 D- I I I

• - i i i

D - i i

DON'T
KNOW

•
9 •

•9 a

9 a

9 n

9 n

9 D

FAMILY INFORMATION

49. How many brothers and sisters do you have who are related to you by blood? Please include
those living and deceased. (IF NONE, RECORD 00 IN THE BOXES PROVIDED.)

A. NUMBER OF SISTERS | | |

B. NUMBER OF BROTHERS | | |

50. Did your blood relatives ever have any type of cardiovascular disease? (CHECK ONE BOX FOR
EACH OF THE FOLLOWING.)

DON'T
NO YES KNOW

A. MOTHER 0 • 1 • 9 Q

B. FATHER 0 • 1 • 9 Q

c. SISTER 1 o n 1 • 9 n

D. SISTER 2 0 n 1 • 9 •

E. SISTER 3 0 n 1 • 9 n

F. BROTHER 1 0 • 1 Q 9 Q

G. BROTHER 2 0 • 1 • 9 \J

H. BROTHER 3 0 n 1 D 9 •
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51. Did any of your blood relatives ever have cancer? (CHECK "NO", "YES", OR "DON'T KNOW" FOR
EACH OF THE FOLLOWING. IF "YES," ENTER THE SITE WHERE THE CANCER STARTED AND
THE YEAR OF DIAGNOSIS.)

NO YES SPECIFY CANCER SITE

A. MOTHER 0 • 1 • -»

B. FATHER 0 • 1 • ->

C. SISTER 1 0 • 1 • ->

D. SISTER 2 0 • 1 • -•

E. SISTER 3 0 • 1 • -»

F. BROTHER 1 0 • 1 D "*

G. BROTHER 2 0 • 1 • ->

H. BROTHER 3 0 • 1 • ->

YEAR OF
DIAGNOSIS

•* 1

- 1 i

-

1

|__

1 1

- 1 1

- 1 1 1

1

DON'T
KNOW

9

9

9

9

9

9

9

9

•
•
•
•
•

•
If you have more than 3 sisters or more than 3 brothers, please continue your response on
the supplemental sheet, page 20.

SMOKING HABITS

52. Have you ever smoked cigarettes regularly?

NO- 0 • (GO TO QUESTION 59)
YES 1 •

53. How old were you when you started smoking cigarettes regularly?

AGE STARTED SMOWNG

54. Do you now smoke cigarettes regularly?

NO 0 • (GO TO QUESTION 56)
YES 1 •

55. How many cigaretttes do you usually smoke in a typical day?

NUMBER OF CIGARETTES PER DAY | | | (GOTO
QUESTION 58)

56. When you smoked regularly how many cigarettes did you smoke in a typical day?

NUMBER OF CIGARETTES PER DAY | | |
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57. How old were you when you stopped smoking cigarettes regularly?

AGE STOPPED SMOKING

58. Not counting any periods when you stopped smoking, how many total years have you smoked
cigarettes regularly in your lifetime?

NUMBER OF YEARS SMOKED I I I

DRINKING HABITS

59. Do you now drink alcoholic beverages on a regular basis?

NEVER 0 • (GO TO QUESTION 61)

YES 1 •

60. Now how often do you drink each alcoholic beverage and what is a typical amount of alcohol you
use each time? (FOR EACH OF THE FOLLOWING, CHECK ONE BOX AND ENTER THE QUANTITY OR
PORTION.)

TWO- MORE
ONCE A THREE SEVERAL THAN
MONTH TIMES A ONCE TIMES ONCE ONCE QUANTITY/PORTION

NEVER OR LESS MONTH A WEEK A WEEK A DAY A DAY (CIRCLE MEASUREMENT)

4D 5 D 6 • | | | b«ra,s/9,,™,,.»*

4 [HI 5 CH ^ D I I I Mltles/grams.mers

4 D 5 • 6 • | | | ».. ,«/9 , .™/M.-,

4 5 O I I bottles/Qt8rfis/Met$
I_J i——J i——i i . . ' .I.. , •.'

* • 5 • 6 • | | |w»™«
4 • 5 • 6 • | ! |

H. OTHER CD 1 • 2 • 3 • 4 Q 5 O 6 • | | | bom.vg'ams.m.rs
(SPECIFY)

61. How has your drinking alcohol changed since you were last at Chernobyl? (CHECK ONLY ONE
BOX.)

NO CHANGES 0 •
DRINK MORE THAN BEFORE 1 •
DRINK LESS THAN BEFORE 2 Q
STOPPED DRINKING 3 •

E. CHAMPAGNE 0 M
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DEMOGRAPHIC INFORMATION (All questions refer to the Chernobyl cleanup worker.)

62. What is your date of birth?

DATE OF BIRTH | | |-| | |-| | |
DAY MONTH YEAR

63. What is your ethnic background? (CHECK ALL THAT APPLY.)

ESTONIAN 01 •
RUSSIAN 02 •
UKRAINIAN 03 •
BYELORUSSIAN 04 •
FINN 05 •
LATVIAN 06 •
LITHUANIAN 07 Q
OTHER (SPECIFY) 98 •

64. What is your highest level of education? (CHECK ONLY ONE BOX.)

PRIMARY OR LESS 1 Q
BASIC 2 •
SECONDARY 3 •
SECONDARY SPECIAL 4 fj
HIGHER 5 •

65. What is your marital status? (CHECK ONLY ONE BOX.)

MARRIED 1 •
SINGLE 2 •
WIDOWED 3 •
DIVORCED 4 •

66. What is your usual occupation? (SPECIFY)

67. In what industry do you usually work? (SPECIFY),

68. For how many children are you the natural father? (RECORD 00 IF NONE AND GO TO Q70.)

NUMBER OF CHILDREN | | |
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69. What are the children's dates of birth and sex?

a. First child:

Sex: MALE 1 •
FEMALE 2 •

Date of Birth I | |-| | |-| I |

DAY MONTH YEAR

b. Second child:

Sex: •. I MALE 1 •
FEMALE 2 •

Date of Birth | | |-| | |-| | |
DAY MONTH YEAR

c. Third child:

Sex: MALE 1 •
FEMALE 2 •

Date of Birth I | |-| | |-| | |
DAY MONTH YEAR

d. Fourth child:

Sex: MALE 1 •
FEMALE 2 •

Date of Birth | | |-| | |-| | ]

DAY MONTH YEAR

e. Fifth child:

Sex: MALE 1 •
FEMALE 2 •

Date of Birth | | |-| | |-| | |

DAY MONTH YEAR

f. Sixth child:

Sex: MALE 1 •
FEMALE 2 •

Date of Birth I | |-| \ |-| | |
DAY MONTH YEAR
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PLACE OF PERMANENT RESIDENCE AT REGISTRATION

70. Urban settlement (town, settlement of town type)

71. Address

STREET, NUMBER OF HOUSE, NUMBER OF FLAT

72. Rural district (maakond)

73. Rural subdistrict (kn, vald)_

74. Village

75. Postal code

76. Telephone number: Work_

Home

CHERNOBYL WORKER AND CHILDREN

77. Chernobyl veteran's personal ID (if exists).

78. First name(s)

79. Surname

80a1. First child's personal ID (if exists).

a2. First child's first name(s)

a3. First child's surname

80b1. Second child's personal ID (if exists),

b2. Second child's first name(s)

b3. Second child's surname
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80d1. Fourth child's personal ID (if exists),

d2. Fourth child's first name(s)

c3. Fourth child's surname

80e1. Fifth child's personal ID (if exists).

e2. Fifth child's first name(s)

e3. Fifth child's surname

80fi. Sixth child's personal ID (if exists).

f2. Sixth child's first name(s)

f3. Sixth child's surname

STUK-A158

Code No.:

80c1. Third child's personal ID (if exists)

c2. Third child's first name(s)

c3. Third child's surname
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CONCLUSION

Please use the lines below for any additional comments you may have and continue your response to Q51
in the space provided below.

Please check each page carefully to make certain you have answered all the questions that apply to you,
then return the questionnaire in the enclosed envelope.

Thank you very much for completing this questionnaire.
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Q51 SUPPLEMENT SHEET

Q51. CONTINUED: Did any of your blood relatives ever have cancer? (CHECK "NO", "YES", OR "DON'T
KNOW" FOR EACH OF THE FOLLOWING. IF "YES," ENTER THE SITE WHERE THE
CANCER STARTED AND THE YEAR OF DIAGNOSIS.)

NO

I. SISTER 4 0 •

J. SISTER 5 0 •

K. SISTER 6 0 •

L SISTER 7 0 •

M. SISTER 8 0 •

N. BROTHER 4 0 Q

O. BROTHER 5 0 •

P. BROTHER 6 0 Q

Q. BROTHER 7 0 •

R. BROTHER 8 0 •

YES SPECIFY CANCER SITE

D
D
•
•
D
D
D
•
•
•

YEAR OF
DIAGNOSIS

I I I

I I I

i I I

! I I

I I

I I I

I I

I I I

I I I

DON'T
KN

9

9

9

9

9

9

9

9

9

9

OW

D

•
•

•
•
D
D

•
D

91



STUK-A158

3.2. Thyroid examination of Estonian Chernobyl
cleanup workers

INSTITUTE OF EXPERIMENTAL AND CLINICAL MEDICINE lESTONIA}
THE NATIONAL INSTITUTES OF HEALTH (USAI

THYROID EXAMINATION OF ESTONIAN CHERNOBYL CLEANUP WORKERS

NAME:

DATE OF BIRTH.... l
(DAY) (MONTH) (YEAR)

SEX 1-MALE 2 = FEMALE | _ |

CONSENT SIGNED 1-YES 2-NO |_J

STUDY SUBJECT l .YES 2«NO ]_t

SITE/EXAM No.

STUDY CODE No.

DATE OF EXAM
(DAY) (MONTH) (YEAR!

PALPATION

EXAMINER | _ i

EXAM STATUS

1-ADEQUATE 2-INADEQUATE 3 = 3EFU5ED

THYROID GLAND SIZE 1

1 = NORMAL 2 = DIFFUSE ENLARGEMENT

3-MULTINODULAR (>2 NODULES)

NUMBER OF NODULE(S) DIAGRAMED

• NODULE(S) -

LOCATION SIZE(cm) DESCRIPTION

P I . : _ - • _ , . _ | . ; _ u r H s -

P2. ; ;• • ! . U r H S

{DIAGRAM AND LABEL 2 LARGEST NODULES AS PI AND P2)

ULTRASOUND

EXAMINER

EXAM STATUS

THYROID GLAND VOLUME (cm3!

THYROID MEASUREMENTS (mrr)

WIDTH DEPTH LENGTH

NUMBER OF NODULE1S) DIAGRAMED

- NODULE(S) •

LOCATION SIZE Icml DESCRIPTION

(DIAGRAM AND LABEL 2 LARGEST NOOULES AS Ul AND U2; U 1 .

REFER NODULE 1 FOR BIOPSY? 1=YES 2 - N O . . . . | _ j REFER NODULE 2 FOB BIOPSY' 1 = YES 2 - N O . . . . ; _ |

COMMENTS:

LOCATION CODE

1 =RIGHT

2 = LEFT

3 = ISTHMUS

l - UPPER

2 = MIDDLE

3 e LOWER

M

S

= MOVS

= SOFT

NODULEI

ABLE

S) CODE DESCRIPTION

F* FIXED H.HARD

T =TENDER N » NONTENDER

DESCRIPTION CODE

: = SOLID
2 = MIXED

3 = CYST

| Bx CRITERIA -- PALPABLE NODULE THAT IS AT LEAST 1 CM IN DIAMETEP
I IN PATIENT WHO GIVES INFORMED CONSENT FOR BIOPSY

92



STUK-A158

iKSPERIMENTAALSE JA KUINIUSE MEDITSIINI INSTITUUT (EESTI)
RIIKLIKUD TERVISEINSTTTUUDID (USA)

EESTI TSERNOBOU VETERANIDE KILPNAARMEUURING

NIMI:

S O N N I A E G . .

tPAEV) (KUUI (AASTA)

SUGU 1-MEES 2-NA1NE | _ |

NOUSOLEK 1 - J A H 2 - E I | _ |

KUULUB UURIN6URUHMA 1 - J A H 2 - E l . . £ 3 )

UUR1NGUNUMBER

UURtTAVA NUMBER

UURINGU AEG
IPAEV) (KUU) IAASTA)

l_L_fcl_r

PALPATSIOON

(2 SUUREMAT S6LME PI JA P2)

ARST | _ | _ |

UURINGOLI | _ |

1-ADEKVAATNE 2.MITTEA0EKVAATNE 3-KEELDUS

KILPNAARME SUURUS | _ |

1 -NORMAALNE 2-OIFUUSNE SUURENEMINE

3-SOLMEUNE (>2 SOLME)

S3LMEDE ARV JOONISEL..

- SOLMEO -

PA1KNEMINE SUURUS(cm) KIFUELDUS

P I . | _ | - i _ | l _ ] . | _ l L F K P V V(El)

P2. i _ | - | _ l l _ | . | _ l L F K P V VIEII

ARST | _ | _ ]

UURING OLI | _ |

1-ADEKVAATNE 2 - MITTEADEKVAATNE 3-KEELOUS

KILPNAARME RUUMALA (cm3) | _ | . | _ |

KILPNAARME MOOTMED (mml

LAIUS SUGAVUS PIKKUS

s- l_l_l l_l_l [_!_!

S6LMEDE ARV JOONISEL .. •l_l

12 SUUREMAT SOLME U1 JA U2)

- S6LMEO -

PAIKNEMINE SUURUS (cm) KIRJELDUS

l_|-|_l l_l- l_l |_l

SOOVITAV 1 . S6LME 6I0PSIA? 1 - J A H 2 - B SOOVITAV 2. SOLME B1OPS1A? 1 - J A H 2 - E I |

PAIKNEMINE

1-PAREM
2-VASAK
3 -KITS US

1 BULEMINE

2-KESKMINE
3»AL.UMINE

L-LIIKUV
P.PEHME

SOLMEDE KIRJELDUS

F-FIKSEERITUO K-KOVA
V-VALUUK V(Ei)«VALUTU

KIRJELDUS

1-HOMOSEENNE
2-SECA
3-TSUST

BIOPS1A NAIDUSTATUO - PALPEERITAV S3LM 4 > 1 CM. PATSIENT ON
EIOPSIAGA NOUS
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EKSPERIMENTAALSE JA KLIINILISE MEDITSIINI INSTITUUT (EESTII
RIIKLIKUD TERVISEINSTITUUD1D IUSAI

EESTI TSERNOBOLl VETERANIOE KILPNAARMEUURING
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The 1986 Chernobyl nuclear accident resulted in mas-
sive contamination of the area, necessitating evacuation
of the population, extensive environmental cleanup of
radioactive materials, and construction of a sarcophagus
to isolate the reactor.' These operations were
accomplished by 500 000 to 600 000 workers from all
15 republics of the former Soviet Union. To character-
ise the exposure to radiation and the potential adverse
health outcomes in these populations, we have
undertaken a comprehensive cohort study in the Baltic
countries using record linkage techniques. Here we
report estimates of physical doses and biodosimetry
data for 782 of these workers.

Subjects, methods, and results
We identified three populations of Chernobyl

workers who were male residents of Estonia (4836),
Latvia (5709), and Lithuania (5446) and who were
sent to the Chernobyl area primarily in 1986 or
1987. Estimates of their physical doses are based
on dosimetry records obtained from Soviet military
lists and individual Chernobyl passports. We derived
biodosimetry data for 453 workers from Estonia
(recorded physical doses: range 0.02-28.3 cGy,
median 9.5 cGy, arithmetic mean (SD) 10.7 (6.4) cGy),

281 from Latvia (range 0-27.8 cGy, median 9.4 cGy,
mean (SD) 9.6 (7.7) cGy), and 48 from Lithuania
(range 2.5-36.0 cGy, median 16.2 cGy, mean
(SD) 16.1 (7.7) cGy). Given the uncertainties of
measurement and reporting surrounding these esti-
mates, we wished to determine whether the radiation
doses received by these workers resulted in a detectable
biological response in an independent biodosimetric
assay. We used the glycophorin A in vivo somatic cell
mutation assay. This uses immunolabelling and flow
cytometry to enumerate variant erythrocytes in periph-
eral blood expressing phenotypic loss of the glycophorin
A allele resulting from mutations in the glycophorin A
gene in bone marrow progenitor cells.2 This assay has
shown an association between exposure to ionising
radiation and long term elevation of variants with loss of
the glycophorin A allele in several populations,
including those at Hiroshima, Japan,' Chernobyl," and
Goiania, Brazil.1

We measured the frequency of such variants (per mil-
lion erythrocytes analysed) in blood samples from the
782 workers and 60 male control subjects (27 from
Estonia, 24 from Latvia, and 9 from Lithuania). These
controls were from the same populations from which
the cleanup workers were drawn and were group

Table 1—Frequencies of variant erythrocytes with loss of glycophorin A allele (per million erythrocytes
blood samples from Chernobyl cleanup workers and controls from Baltic countries

Population

Controlst

Cleanup workers:
Estonia

Latvia

Lithuania

All

No of subjects

60
59*

453
444*
281
274*

43
4 6 *

782
762*

* Mann-Whitney U test for workers v combined controls.

Hange

0.2-38.4
0.2-13.6

0.3-145.6
0.3-24.6
0.3-213.8
0.3-32.0
2.0-96.2
2.0-15.0
0.3-213.8
0.3-25.4

Frequency of variants (x1<r

Median

6.0
6.0

6.6
6.6
7.0
7.0
6.6
6.5
6.B
6.6

1 Comprising 27 subjects 1rom Estonia, 24 from Latvia, and 9 from Lithuania.
* Extreme outlier values (>3.0xdistance between 25th and 75th centiles) omitted.

')

Mean (SD)

6.7 (5.5)
6.2 (3.6)

8.4(9.1)
7.6 (4.5)
9.6(14.6)
8.0 (5.7)
9.9 (14.3)
7.2(3.1)
8.9(11.7)
7.7 (4.8)

analysed) in

P value*

0.073
0.071
0.062
0.068
0.11
0.15
0.054
0.062
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matched for age. The data, summarised in table 1, show
a tendency for increased frequency of variants with loss
of the glycophorin A allele in all three groups of workers
compared with the controls, although none of the
differences is significant. The pooled results, with an
average increase of frequency of ~ 1 -2x 10"6 correspond-
ing to radiation doses of ~ 4-8 cGy,* indicate that these
workers' average exposure was unlikely to greatly
exceed 10-20 cGy, the approximate minimum radiation
dose detectable by our assay.

Comment
We undertook this biodosimetry study to ascertain

whether many Chernobyl cleanup workers received
substantial radiation exposures that were either
undocumented or inaccurately recorded. Our initial
biodosimetry data strongly suggest that this is unlikely.
It also seems that there is not a large subset of these
workers who received doses substantially above the
average physical doses. Thus the estimates of physical
doses, while perhaps incomplete and imprecise, cannot
be rejected as inadequately characterising the workers'
exposures. Our results support the use of these
estimates to assess possible health hazards and as the
basis of power calculations for epidemiological studies
of populations of Chernobyl cleanup workers. To
strengthen this conclusion, we are now performing fluo-

rescence in situ hybridisation (FISH) based chromo-
somal translocation analysis in the peripheral blood
lymphocytes of these workers. We are also studying the
incidence of leukaemia and prevalence of thyroid cancer
and are constructing assessments of exposure using
combined physical dosimetry records, extensive ques-
tionnaire data, and biological dosimetry methods.
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The reactor accident at Chernobyl in 1986 necessitated a mas-
sive environmental cleanup that involved over 600,000 workers
from all IS Republics of the former Soviet Union. To determine
whether the whole-body radiation received by workers in the
course of these decontamination activities resulted in a
detectable biological response, over 1.500 blood samples were
obtained from cleanup workers sent from two Baltic countries,
Estonia and Latvia. Here we report the results of studies of bio-
dosimetry using the glycophorin A (GPA) locus in vivo somatic
cell mutation assay applied to 734 blood samples from these
workers, to SI control samples from unexposed Baltic popula-
tions and to 94 samples from historical U.S. controls. The data
reveal inconsistent evidence that the protracted radiation expo-
sures received by these workers resulted in a significant dose-
associated increase in CPA locus mutations compared with the
controls. Taken together, these data suggest that the average
radiation exposure to these workers does not greatly exceed
10 cGy, the minimum levels at which radiation effects might be
detectable by the assay. Although the protracted nature of the
exposure may have reduced the efficiency of induction of GPA
locus mutations, it is likely that the estimated physical doses
for these cleanup worker populations (median reported dose
9.5 cGy) were too low to result in radiation damage to erythroid
stem cells that can be detected reliably by this method,

Rjdiaitfln Research Socien

'Author to whom all correspondence should be sent.
"Current address: International Epidemiology Institute Ltd.. 1550

Research Blvd.. Suite 200. Rockville. MD 20850. "

INTRODUCTION

The April 26,1986. steam explosion that destroyed reac-
tor number 4 of the Chernobyl, Ukraine, nuclear power
plant resulted in a massive contamination of the surround-
ing environment with radioactive fission products (/, 2).
Subsequent to initial measures to control the reactor acci-
dent that took the lives of 31 emergency personnel and
resulted in clinical symptoms of acute radiation syndrome
in approximately 200 others, a large population of individu-
als, conscripted from each of the 15 Republics of the former
Soviet Union, participated in an extensive cleanup of
radioactive materials and restoration of the immediate and
surrounding area and the construction of a sarcophagus to
isolate the damaged reactor from the environment. This
effort involved an estimated 25.000 cleanup workers who
worked at the site beginning shortly after the accident in
1986 through early 1987 and who may have received as
much as 70 cGy of whole-body exposure to external 7 radi-
ation, and as many as 600,000 individuals who worked on
subsequent cleanup operations and who received an esti-
mated mean dose of approximately 10 cGy (3).

Among these participants were residents of the three
Baltic countries. Estonia. Latvia and Lithuania, where
4.833. 6,002 and more than 7.000 individuals have been
identified, respectively, to date. We have begun a compre-
hensive cohort study of cancer occurrence among these
well-defined populations of Chernobyl cleanup workers
using record-linkage techniques beginning with feasibility
studies of thyroid cancer and leukemia incidence (4: Rahu
et at., unpublished results) and an evaluation of radiation
exposures to be reconstructed from physical dosimetry
records, extensive questionnaire data and biological
dosimetry methods. A detailed description of the identifica-
tion and demographic characterization of the Estonian pop-
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ulation. the cohort design and results of a comprehensive
questionnaire regarding work experience at Chernobyl will
be described elsewhere (Tekkel ei at., manuscript submitted
for publication). The experimental design of the Latvian
study paralleled that of the Estonian cohort and was con-
ducted in a similar manner. In addition to this study of
cleanup workers from the Baltic countries, pilot studies
documenting radiation exposures and case-control studies
of leukemia incidence among Chernobyl cleanup workers
from Belarus and the Russian Federation have also been
conducted within the framework of the Experimental Col-
laboration Project 7 (ECP-7) between the Confederation of
Independent States and the European Commission and two
case-control studies of the risk of leukemia and of thyroid
cancer among 1986-1987 entrants included in the State
Chernobyl Registries of Belarus and Russia who worked
within the 30-km zone around the Chernobyl reactor are
planned using similar designs (5).

The GPA locus mutation assay used to assess the bio-
logical effect of radiation exposure in these populations
employs immunolabeling and flow cytometry to enumerate
peripheral blood erythrocytes expressing GPA allele-loss
variant phenotypes (5). The frequency of these variants
reflects the level of inactivating somatic mutations at this
locus in erythroid progenitor cells of the bone marrow (6).
Several GPA -based investigations of human populations
with acute whole-body exposures to ionizing radiation
have been conducted. These include studies of Hiroshima
atomic bomb survivors (7-77), individuals accidentally
exposed to 137Cs in Brazil and Estonia (72. 73), and Cher-
nobyl accident victims (14). These studies have demon-
strated increases in and long-term persistent elevation of
the frequency of GPA allele loss variants that are associ-
ated with radiation dose in these populations. Linear
regressions of the observed GPA allele-loss variant frequen-
cies as a function of estimated radiation doses yield a slope
of approximately 25 radiation-induced allele-loss erythro-
cytes/lO6 cells/Gy. Since erythrocytes have a limited life span
in the peripheral circulation of approximately 120 days, and
these studies were all performed using blood samples col-
lected at times after exposure well beyond the lifetime of
erythrocytes, these results demonstrate that exposure to
ionizing radiation induces long-lived GPA locus mutations
in bone marrow stem cells and that these cells continue to
produce circulating erythrocytes expressing these radi-
ation-induced GPA allele-loss mutations years to decades
after exposure. The assay therefore provides "biological
memory" of past radiation exposures and can thus serve as
a retrospective biodosimeter in populations acutely
exposed to relatively high radiation doses.

The current study was undertaken to provide new bio-
logical information on the effects of relatively low doses of
ionizing radiation after protracted whole-body exposures
and to provide biodosimetry data useful in assessing the
potential importance and practicality of large-scale studies
with long-term follow-up of other Chernobyl cleanup work-

ers. Here we report initial biodosimetry data, obtained
using the GPA in vivo somatic cell mutation assay, for 453
and 281 cleanup workers and controls from Estonia and
Latvia, respectively, together with correlations with
reported physical dose estimates for these workers. A pre-
liminary report of the results of the study, including bio-
dosimetry data for 48 Lithuanian cleanup workers, has
been published (75).

MATERIALS AND METHODS
Study Populations

The individuals included in this study are male inhabitants of Estonia
and Latvia who, primarily as civilian reservists in the army of the former
Soviet Union, were conscripted and sent to ihe Chernobyl area to partici-
pate in cleanup activities from 1986 until 1989. primarily in 19S" and 19S7.
Geanup workers from Estonia also included individuals wrm were on
active duly in the Soviet Army or who served under contract at Chernobyl.
The Estonian cohort of Chernobyl cleanup workers, which numbers 4.833
men. was identified and assembled by the Estonian Institute of Experi-
mental and Clinical Medicine from partially overlapping sets of lists and
records maintained by four sources: the former Estonian Chernobyl Radi-
ation Registry, the Estonian Chernobyl Committee (which is a political
organization of cleanup workers that maintains lists of individuals sent to
Chernobyl), the former Estonian Ministry of Social Welfare (which issues
identification cards used for benefits registration of cleanup workers) and
the General Staff of the Estonian Defense Forces. The accurate identifica-
tion and classification of this cohort has been aided by the issuance of
Chernobyl military passports to these workers upon their return to Estonia
which have been used to document their service at Chernobyl.

The Latvian cohort of Chernobyl cleanup workers, which numbers
6.002 men. was identified from regional Health Ministry lists, the Latvian
Chernobyl Registry, military reservists lists made available by the Lat-
vian Chernobyl Association (a political organization formed by cleanup
workers) and the Chernobyl Center (a clinic in Riga that provides health
care for Chernobyl cleanup workers). The Chernobyl Center has con-
ducted a mass media campaign to identify these workers and. as in Esto-
nia, used Chernobyl military passports to validate their status.

While the main purpose of this study was to idiaitify the population of
Chernobyl cleanup workers in Estonia. Latvia and Lithuania, to charac-
terize their work experience and exposures, and to determine health out-
comes, the available resources of the study permitted the recruitment of a
limited number of subjects for biodosimctric controls. Male control sub-
jects from Estonia, restricted for age. were sampled randomly from the
same populations resident in the same geographic locales of Estonia from
which the Chernobyl cleanup workers wore drawn and were contacted by
mail. In Latvia, male control subjects were primarily National Guard
reservists and were contacted by telephone. The responding volunteers
were screened to exclude service at Chernobyl and were group-matched
for age to the cohorts of cleanup workers. Date of birth was determined
by personal interview at the lime of blood collection. Also reported here
are data from historical control subjects recruited from a population of
healthy unexposcd donors from the U.S. These donors comprised staff
and students at the Lawrence Livermorc National Laboratory (LLNL).
Livcrmore. CA. GPA data from a subset of these donors, selected to
include only male European-Americans and group-matched by S-ycar
intervals of age to the combined populations of Chernobyl cleanup work-
ers from Estonia and Latvia, were used for comparison.

Physical Oosimetry of Radiation Exposures

For both the Estonian and Latvian cohorts, written records as well as
personal interviews have documented that approximately one-half of the
cleanup workers wore a thermoluminescent dosimeter or other personal
dosimeter during their service at Chernobyl. In some instances area radi-
ation monitors were used in place of. or in addition to. personal dosimc-
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ters. These dosimeters were issued and read by military radiation staff at
Chernobyl and the recorded doses are documented in most, but not all.
of the workers" military passports and/or in the military and Radiation
Registry records. It does not appear that each type of radiation, i.e. a
panicles, g panicles. 1 rays and neutrons, was assessed individually- and
there is no access to the procedures and/or equipment that were used to
calibrate the reported dosimetry. Whole-body measurements to evaluate
possible internal contamination from radionuclides were not performed
systematically, nor are such measurements anticipated. However, for
most of these workers, the most significant exposure was from external
whole-body y radiation, with minimal contributions from internal expo-
sure 10 ingested radionuclides (16). For many of the workers, multiple
and discrepant values of the radiation doses received were obtained from
the military and Radiation Registry records. For each of these individu-
als, the arithmetically averaged dose calculated from these entries was
used in the present analysis. These records also contained the date of
birth of each worker, and this entry was used to establish the age of each
individual at the time of blood collection.

Blood Samples
Chernobyl cleanup workers and controls from Estonia were contacted

by mail and invited to participate in the study and provide blood samples.
These workers and control subjects came to the Institute of Experimental
and Clinical Medicine in Tallinn, where blood samples were obtained. In
Latvia, workers and control subjects were transported to the Chernobyl
Center in Riga, where blood samples were drawn. Blood samples were
also obtained from workers during trips of the working team to outlying
districts. The U.S. control subjects were recruited from volunteer staff
and students at LLNL. Blood samples were obtained from these subjects
in the LLNL Medical Department.

Approximately 33 ml of peripheral blood was obtained with informed
consent from each Estonian or Latvian subject, drawn by standard
venipuncture into two 15-ml and one 3-ml sterile Vacutainer™ (Becton
Dickinson) tubes containing sodium heparin anticoagulant. The samples
were encoded at the time of collection with a unique identification num-
ber so as to blind all subsequent laboratory analyses. The 15-ml samples
were maintained at room temperature (approximately 20°C) and the
3-ml samples were maintained at refrigerator temperature (approximately
4°C) using insulated and temperature-controlled containers during transit.
The two 15-mi samples from each subject were combined and processed
for isolation and cryoprescrvation of lymphocytes within 48 h of collection
in Helsinki for the samples from Estonian workers and controls and in
Riga for the samples from Latvian workers and controls. For GPA analy-
ses, the 3-ml blood samples from the Estonian workers and controls were
forwarded, via Helsinki, by express air shipments to the University of
Pittsburgh or the University of California San Francisco (UCSF): the sam-
ples from Latvian workers and controls were sent directly to UCSF. All
samples reached these laboratories within I week of collection. A 3-ml
peripheral blood sample from each of the U.S. control subjects was
obtained with informed consent as described above, then processed and
analyzed for GPA locus mutations at LLNL as described below.

Ghcophorm A (GPA) Assay

Since the CPA assay can be performed only on peripheral blood
samples from individuals of M/N blood type, who comprise approxi-
mately one-half of any study population, upon receipt at Pittsburgh or
UCSF the samples were serotyped using microscope slide agglutination
lests with commercial anti-M and anti-N typing sera (Ortho Diagnostics.
Raritan. NJ). Erythrocyte fixation, immunolabcling and flow cytometric
analysis procedures for the GPA assay were performed in a similar man-
ner to that for the BR6 version of the assay described by Lanelois et at.
(/7). except that a modification of the immunolabeling methodology using
antibodies labeled directly with the fluorophores was used. This simplified
version of the assay, called DB6 (IS), also eliminates the technical labeling
artifacts that compromised the analysis of occasional samples with the
BR6 assay. Briefly, peripheral blood samples from heterozygous GPA" s

donors were fixed with formalin/sodium dodecy] sulfate. and the sphered

erythrocytes were immunolabcled with two monoclonal antibodies, des-
ignated 6A7 and BR1C157. specific for the GPA" and GPA~~ alk-lic
forms of the GPA protein, respectively. The antibodies were conjugated
directly to distinguishable green (BRIC157-ftuorescein. BRIC157-F1 and
orange (6A7-phycoervthrin. 6A7-PE) fluorescent iabels so thai the nor-
mal erythrocytes in the sample, which express both the GPA" and G/M s

alleles. were doubly labeled. The labeled samples were analyzed using a
Becton Dickinson FACScan™ flow cytomeier and Consort 30™ soft-
ware in dual-fluorescence parameter-correlated mode at a rate of
approximately 4.000 cells/s. A dual-parameter low-angle and orthogonal
light-scatter live gate was used to limit the analysis to erythrocyte sin-
glets, and the two fluorescence intensities of each of 5 x 10* cells per
sample were quantified. A small number of erythrocytes which bind the
normal level of G/",4s-specific BRIC157-F antibody, but exhibit no bind-
ing of the GPA "-specific 6A7-PE antibody, were detected in each analy-
sis, indicating that these cells have lost expression of the GPA" allele.
These variants are designated allele-loss "hemizygous 0/N" cells. A sec-
ond discrete population of rare variant cells also appear to have lost
exnression of the GPA" allele. but express the GPAS allele at lwice the
normal level. These variants are designated as allele-loss and duplication
"homozygous N/N" cells. Variant frequencies (Vf) for both classes of
variants are measured directly by enumerating the number of both vari-
ant and normal cells and are expressed as variants per 10" cells. Samples
of M/N blood type from the U.S. control subjects were analyzed at
LLNL using the BR6 version of the assay (17).

A blood sample from a standard control donor was fixed, immuno-
labeled and analyzed together with each batch of experimental samples
for the purposes of quality control and 10 monitor the long-term baseline
stability of the assay. These control samples were drawn from one of sev-
eral donors in each laboratory. These individuals had been sampled
repeatedly over time, yielding stable and comparable GPA V, in all sam-
ples analyzed in both laboratories. In addition to the shared standardized
blood samples, common antibody reagents were also used at Pittsburgh
and UCSF to further ensure interlaboratory calibration of the GPA data.

Statistical Analysis
Upon completion of the GPA analyses, the Pittsburgh and UCSF

databases were combined, the samples were decoded, and univariatc
comparisons of the groups of exposed workers and controls were per-
formed. Because of the skewed distributions of the physical dose esti-
mates and GPA V, (Figs. 1 and 2). the nonparametric Mann-Whitney U
test, which is based on relative ranks of compared data and therefore
docs not assume a shape for the underlying distribution of the data, was
employed. Accordingly, for the statistical summaries presented in Tables
1 and II. geometric mean values and the asymmetric dispersion intervals
around the geometric mean corresponding to the exponentiated values
of the logarithmic mean ± standard deviation values are reported.

For the analysis of covariance (ANCOVA). the GPA V, were first
log-transformed to stabilize variance and approximate a normal distribu-
tion. ANCOVA. using log-transformed GPA V, as continuous depen-
dent variables and age and physical radiation dose as continuous inde-
pendent variables together with the worker/control identifier as a dis-
crete independent variable, was employed 10 determine the potential
confounding effects of these factors on the association between the
results from the biodosimctry and the physical dose estimates. All results
reported as significant had P values ^ 0.0S.

The non-normal distribution of 0/N and N'N V, observed in the
Estonian. Latvian and U.S. populations, like others studied previously,
are driven in part by the presence of a relatively small number of very
high "outlier" values previously defined as V, a 30 that comprise the
approximate highest 5% of the 0/N or N/N Vr observed in the popula-
tion. The fraction of "outliers" observed in a study population appears 10
depend, in part, on the age distribution of the subjects as the fraction i>f
individuals within a population displaying "outlier" Vf increases with age
(Bigbee et at., manuscript submitted for publication). In this study, of the
total of 785 Estonian and Latvian samples analyzed. 1? (1.9%) had 0/N
and 22 (2.8%) had N/N V, that arc classified as "outlier" values by this
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I
Summary Statistics for Estonian and Latvian Chernobyl Cleanup Workers and Control Subjects

Dose (cGy)*

Group

Exposed:
Estonia
Latvia
Combined

Controls:
Estonia
Latvia
Combined
U.S.

11

453
281
734

27
24
51
94

Range

26-71
26-62
26-71

27-52
27-65
27-65
25-65

Age (years)

Median

39
40
40

45
39
40
39

Mean r SD

39.3 = 6.9
40.1 = 6.8
39.6 = 6.9

41.6*7.9
40.5 i 9.5
41.1 * 8.6
40.0 - 7.5

Range

0.02-2S.3
0.0-27.8
0.0-28.3

—

Median

9.5
9.4
9.5

-

Arithmetic'

10.7 - 6.4
9.6 - 7.7

10.3 = 6.9

—

Mean
Geometric

S.2 (3.4-20.1)
9.2(3.7-23.2)
8.6(3.5-21.2)

—

"For 40! Estonian and 281 Latvian Chernobyl cleanup workers with reponed physical doses.
"Mea- = SD.
'Exponentiated values of the mean and the asymmeiric dispersion interva] calculated irom the iocanthmic mean = SD vaiues (zero doses excluded).

criterion. Among the selected 94 U.S. control samples. 4 (4.3%) and 3
(3.2%) displayed "outlier" 0/N and N/N V,. respectively. To be certain
that no potential differences or associations were driven by these obser-
vations, or that no significant differences in the majority of the data were
obscured by these "outlier" values, all analyses were performed, and are
reponed. with and without these data.

Univariate analyses were first performed to determine
if elevated GPA Vf were demonstrable in either of the
Estonian or Latvian cleanup worker cohorts when com-
pared to those of the age-matched control population
from each country. As summarized in Table II. no signifi-

RESULTS

GPA Vf were measured in blood samples from 453 Esto-
nian and 281 Latvian Chernobyl cleanup workers and from
27 Estonian and 24 Latvian control subjects. The Estonian
workers and controls did not differ significantly with respect
to age. nor did the Latvian workers and controls (Table I).
The two populations also did not differ with respect to age.
from each other when workers, controls or the combined
cohorts were compared (Table I). The age distribution of
the 94 matched historical controls from the U.S. also did not
differ significantly from any of these groups (Table I). The
distribution of recorded physical radiation doses was similar
in the two cleanup worker cohorts (Fig. 1). although there
were substantially more Latvian workers who were assigned
zero doses. For this reason, median as well as arithmetic and
geometric mean doses were calculated and are included in
Table I. Overall, the doses recorded for the Estonian work-
ers were slightly, and significantly, higher than those of the
Latvian cohort (P = 0.022).

Statistical summaries of the GPA 0/N and N/N Vf

observed in the samples from Estonian and Latvian controls
and cleanup workers, together with those of the historical
U.S. controls, are presented in Table II. The distributions of
0/N and N/N Vf observed in the combined populations of
Estonian and Latvian cleanup workers are shown in Fig. 2.
As seen from Table II. the distributions of observed GPA
Vf were very similar between the Baltic and U.S. control
populations and the Vf determined for the cleanup workers
were not dramatically elevated over those of the controls.
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FIG. 1. Distribution of the reported physical radiation doses received

by 401 Chernobyl cleanup workers fTom Estonia and 281 workers from
Latvia. Median doses were 9.5 Gy for the Estonian workers and 9.4 cGy
for the Latvian workers.
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TABLE II
GPA 0/N and N/N Vf in Estonian and Latvian Chernobyl Cleanup Workers and Control Subjects

Group

Exposed:
Estonia

Latvia

Combined

Controls:
Estonia

Latvia

Combined

U.S.

n

453"
447'

281*
272'

734*
719"

27"
26'

24"

51*
50'

94*

9<r

Range

0.3-145.6
0.3-26.8

0.3-213.8
0.3-27.2

0.3-213.8
0.3-27.2

1.8-38.4
1.8-13.6

0.2-11.2

0.2-38.4
0.2-13.6

2.2-54.0
22-17.0

0/N

Median

6.6
6.6

7.0
6.9

6.8
6.6

7.4
7.4

4.0

6.4
6.2

5.9
5.8

Geometric
mean0

6.6 (3.3-13.0)
6.4(3.4-12.1)

6.4 (2.5-16.0)
5.9 (2.5-13.9)

6.5 (3.0-14.2)
6.2 (3.0-12.9)

7.1 (3.8-13.2)
6.7(3.9-11.3)

2.9 (0.9-9.4)

4.6(1.7-13.0)
4.4 (1.6-12.0)

6.1 (3.3-11.5)
5.7(3.4-93)

GPA variani cell frequencies

P
(exposed

vs. control)

0.25
0.33

0.0001
<0.0001

0.017
0.0069

—
—

—
—
—
—

n

453"
444'

281"
27(T

734'
714'

26'

24"
23'

51J

49'

94"
91'

Range

0.2-236.1
0.2-29.2

0.2-342.6
0.2-28.4

0.2-342.6
0.2-29.2

1.0-54.7
1.0-21.3

0.8-322
0.8-28.5 •

0.8-54.7
0.8-28.5

2.6-37.2
2.6-19.0

N.'N

Median

5.4
5.2

6.2
5.8

5.6
5.6

5.6
5.2

6.6
6.0

5.8
5.8

6.9
6.8

Geometric
mean1*

S.3 (2.3-12.0)
5.0 (2.3-10.8)

5.9(2.1-16.5)
5.3 (2.1-13.2)

5.5(2.2-13.6)
5.1 (2.3-11.7)

5.8 (2.6-12.8)
53(2.7-10.3)

6.5(2.6-16.4)
6.1 (2.5-14.7)

6.1 (2.6-14.3)
5.6 (2.6-12.2)

73(4.4-12.1)
6.9 (4.5-10.6)

P
(exposed

vs. control)

0.38
0.59

029
027

0.18
0.25

—

—

—
—

—

"Exponentiated values of the mean and the asymmetric dispersion interval calculated from the logarithmic mean ± SD of CPA Vf.
"All 0/N data.
'Exdudine 0/N V, a 30.
'All N/N data.
'Excluding N/N Vr 2: 30.

cant increases in either 0/N or N/N Vf were observed in
the Estonian workers compared to the Estonian controls
with or without the inclusion of "outlier" data defined as
Vf > 30. For the Latvian workers compared to the Latvian
controls, a significant elevation of 0/N V,. but not N/N Vf.
was observed with and without the "outlier" data (P =
0.0011 and 0.0019. respectively). This observed difference
is driven by 0/N Vf in the Latvian control group which are
significantly lower than the 0/N Vf in the Estonian con-
trols (P = 0.0020 and 0.0031 with and without the "outlier"
data, respectively). No significant differences in GPA 0/N
or N/N Vf were observed between the exposed workers
from Estonia and Latvia. When the data from the cohorts
were combined for comparison of all cleanup workers to
the control populations, the elevation in 0/N Vr in the
workers approached significance (P = 0.064 and 0.058 with
and without the inclusion of the "outlier" data, respec-
tively). This apparent elevation is driven by the lower 0/N
Vf observed in the Latvian control population: no signifi-
cant elevation is apparent when the combined 0/N V, are
compared to the Estonian control population alone. No
significant differences in N/N Vf were obtained with or
without the inclusion of the "outlier" data.

When compared to the GPA Vf observed in the historical
group of age-matched U.S. controls, no significant differ-
ences were seen in 0/N Vf for the Estonian control popula-

tion with or without the inclusion of the "outlier" data: 0/N
Vf for the Estonian cleanup workers were significantly ele-
vated (P = 0.031) with the "outlier" data excluded but not
when all of the data were included (Table 11). The 0/N Vr

for the Latvian control population were significantly lower
than the U.S. control population with and without the inclu-
sion of the "outlier" data (P = 0.0088 and 0.017. respectively);
0/N Vf for the Latvian cleanup workers were not signifi-
cantly different from those of the U.S. control population
(Table II). The N/N Vf in the U.S. control population were
not significantly different from the Latvian control popula-
tion but were significantly elevated over the Estonian control
population with and without the inclusion of the "outlier"
data (P = 0.047 and 0.032, respectively), in the Estonian
cleanup workers with and without the inclusion of the "out-
lier" data (P £ 0.0001 for both), in the Latvian cleanup
workers with the "outlier" data excluded (P = 0.032) and
nearly so with all data included (P = 0.059). When the data
from the U.S. control population are combined with the
Estonian and Latvian control populations, the 0/N Vf in the
combined groups of Estonian and Latvian cleanup workers
becomes significant with and without the inclusion of the
"outlier" data (P - 0.0184 and 0.0064. respectively). Again,
the significance is driven by the Latvian control population:
there is no significant difference in 0/N Vf between these
combined groups with the removal of these data.
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The data were next tested for the level of association
between the observed CPA Vf and the reported physical
radiation doses. Univariate regressions of both 0/N and
N/N GPA Vf against subject age suggested significant
increases with age in both the Estonian and Latvian
cohorts. Therefore, to account for the potentially con-
founding effect of age in determining if a radiation dose
response was present in the data, analyses of covariance
were performed treating the CPA 0/N and N/N V, for
Estonian and Latvian workers and control populations as
single response variables, control compared to exposed
groups as a discrete independent variable, and age and
reported physical dose as continuous independent vari-
ables. As summarized in Tables II and III, these analyses
both confirmed and extended the results of the univariate
analyses. In the covariance model, no significant differ-
ences between the CPA 0/N or N/N Vf for Estonian work-
ers and the control population were obtained (Table II).
although a marginally significant positive association
between 0/N V, and the reported physical doses was
observed with and without the inclusion of the "outlier"
data (P = 0.023 and 0.028, respectively) (Table III). For the
Latvian cohort, 0/N Vf were significantly elevated in the
workers over the controls with and without the inclusion of
the "outlier" data (P = 0.0001 and < 0.0001, respectively)
(Table II). but no association between 0/N Vf and the
reported physical doses was obtained for the Latvian work-
ers (Table III). When the data for the two countries were
combined, there was no significant effect of exposure on
N/N Vr (Tables II and III). The difference between worker
and control 0/N Vf remained significant with and without
the inclusion of the "outlier" data (P = 0.017 and 0.0069.
respectively) (Table II), but the association of 0/N V, with
the reported physical doses seen for the Estonian workers
was lost (Table ill).

In addition to these marginally significant effects of the
radiation exposures, the model revealed highly significant
associations of both 0/N and N/N Vr with subject age.
These adjusted linear regressions of age-related increases
in CPA Vf were very consistent between the Estonian
and Latvian cohorts and were both relatively insensitive
to the effect of the "outlier" data (Table III). For both
groups. N/N Vf were seen to increase more steeply with
age than 0/N Vf. Very similar effects of age on the CPA
0/N and N/N V, were also observed in the matched his-
torical U.S. controls (Table III). These age-related
increases are quantitatively consistent with our observa-
tions in several other European and U.S. populations (19,
20; Bigbee et ai, unpublished observations).

The calculated covariance analysis equations including
the effects of dose and age on the combined GPA Vf were
loe 0/N Vr = 0.46 + 0.0030 (dose, cGy) + 0.0065 (age. years)
and log N/N Vf = 0.38 + 0.0026 (dose, cGy) + 0.0092' (age.
years) with all data included and log 0/N Vf = 0.48 + 0.0018
(dose. cGy) + 0.0057 (age. years) and log N/N Vf = 0.38 +
0.0010 (dose. cGy) + 0.0087 (age. years) with the "outlier"
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FIG. 2. Distributions of the CPA 0/N and N/N V, in 447 Estonian
and 272 Latvian Chernobyl cleanup workers excluding "outlier" values
a 30. Samples from an additional 6 Estonian and 9 Latvian workers dis-
played "outlier" 0/N V, of 30.2. 33.4. 40.6. 57.4. 69.0. 145.6 and 30.0.
32.6.37.0.38.8.41.8.52.0.54.3.56.6. 213.8. respectively. Samples from an
additional 9 Estonian and 11 Latvian workers displayed "outlier" N/N V,
of 30.8. 31.0.31.2. 32.4. 32.8. 39.6. 47.4. 99.4. 236.1 and 30.8. 34.0. 36.4.
37.0.38.6.39.6.39.8.63.2.131.6.282.6.342.6. respectively.

data excluded (Table III). The model predicted a geometric
mean difference in 0/N Vf between the exposed workers
and controls of 1.7 (Table HI), which translates to a mean
radiation dose estimate for the combined Estonian and Lat-
vian workers of 6.8 cGy using the dose-response relation-
ship of 25 radiation-induced 0/N erythrocytes/lO*' cells/Gy
derived previously from studies of populations who sus-
tained acute high-dose exposures to ionizing radiation (7.8,
14). Linear regression of the nontransformed Estonian
CPA 0/N Vf as a function of the reported physical dose
estimates yields a slope of 6.0 and 4.7 radiation-induced
0/N erythrocytes/lO6 cells/Gy with and without the inclu-
sion of the "outlier" data, respectively.

DISCUSSION

In published studies of Hiroshima atomic bomb sur-
vivors and individuals exposed at Chernobyl (7.8.14), the
GPA locus somatic cell mutation assav has demonstrated
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TABLE III
Analysis of Variance of Log-Transformed Estonian and Latvian GPA 0/N and N/N V,

Data

Estonian 0/N
-Outliers

Estonian N/N
-Outliers

Latvian 0/N
-Outliers

Latvian N/N
-Outliers

Ail 0/N"
-Outliers"

All N/N
-Outliers

Constant
(value)

0.55
039

0.41
0.34

0.36
0.34

0.35
0.43

0.46
0.48

0.38
0.38

P

<0.000I
<0.0001

0.0003
0.0015

0.016
0.013

0.027
0.0029

<0.0001
<0.0001

<0.0001
«).0001

Aee
(coefficient)

0.0065
0.0051

0.0076
0.0088

0.0065
0.0067

0.011
0.0086

0.0065
0.0057

0.0092
0.0087

P

0.0024
0.010

0.0038
0.0003

0.058
0.036

0.0026
0.010

0.0007
0.0015

<0.0001
<0.000i

Dose
(coefficient)

0.0052
0.0047

0.0036
0.0027

0.00050
-0.0016

0.0022
-0.00048

0.0030
0.0018

0.0026
0.0010

P

0.023
0.028

0.21
0.30

0.88
0.60

0.53
0.88

0.33
0.33

0.23
0.62

"Expected geometric mean 0/N V,workers 6.5. controls 4.8 (all data): workers 6.2. controls 4.5 (with ••outlier" data excluded).

persistent increases in 0/N Vr that are associated with radi-
ation dose in blood samples obtained years to decades after
exposure with consistent dose responses of approximately
25 x KT'/Gy. Replicate blood samples, obtained from sev-
eral months up to 7 years apart, from selected individuals in
these study populations have also demonstrated that these
radiation-induced elevations in GPA V, are stable with
time (8, 14). Together these data demonstrate that the
assay, in these circumstances of exposure, can be used on a
population basis as a biodosimeter. providing a measure of
past exposure to ionizing radiation.

The current study of Chernobyl cleanup workers from
Estonia and Latvia exposed chronically to lower radiation
doses did not consistently reveal significant differences in
the GPA Vf compared to the group-matched concurrent
local or historical U.S. controls. Significant increases in
GPA 0/N Vf for the Estonian and Latvian cleanup workers
were observed compared to the Latvian control population,
but this result is driven by significantly lower Vr in this con-
trol group compared to both the Estonian and historical
U.S. control populations. These results suggest the data for
the Latvian control population are not typical of the popu-
lation and/or the selected controls were not well matched
for other factors that have an impact on GPA 0/N Vf. A
larger, and presumably more representative, cohort of con-
trols from Latvia and/or Estonia would have been useful in
this regard. However, given the logistic difficulties in sam-
pling blood from persons on a large scale in Estonia and
Latvia, the recruitment of large numbers of control subjects
was not practical as part of the experimental design given
the limited resources available for the study in Estonia and
Latvia. The consistency of the results for the Estonian and
Latvian cleanup workers compared to the larger set of
group-matched historical U.S. controls argues that the
GPA Vf observed for these exposed populations were not
substantially elevated over control values.

In many respects, the data from these Chernobyl
cleanup worker populations closely resemble those from
previous surveys of healthy unexposed groups. The ranges,
medians, means and standard deviations of the observed
GPA 0/N and N/N Vf are very similar (<5). as are the quan-
titative increases of both GPA Vf with age (Table III).
Finally, these study populations from Estonia and Latvia
also contain comparable numbers of individuals with "out-
lier" GPA Vf {Table II) with a similar dependence of
occurrence on age as observed previously (Bigbee ei ah,
manuscript submitted for publication).

In addition, there was not a consistent correlation
between the GPA Vr and the physical radiation dose esti-
mates for the Estonian and Latvian cohorts. For the larger
set of Estonian workers and controls, the analysis of covari-
ance revealed a shallow and marginally significant associ-
ation of GPA 0/N Vf with the physical dose estimates. The
slope of the regression of the nontransformed data against
the estimated doses is approximately one-fourth to one-third
of that predicted by the results of prior studies of popula-
tions with acute high-dose exposures consistent with a lower
biological effectiveness of the protracted exposures to the
workers in this study. This association was not demonstrable
in the data for the Latvian workers and control population,
perhaps due to a greater fraction of inaccurate physical dose
estimates as indicated by the larger number of Latvian
cleanup workers with assigned zero doses (Fig. 1).

The failure of this study to consistently demonstrate
radiation-induced increases in GPA Vf in the Estonian and
Latvian Chernobyl cleanup workers may be ascribed to sev-
eral factors. The first involves the apparently low whole-
body doses received together with uncertainties regarding
the dose estimates. Unlike the previous studies involving
much higher radiation doses received by Hiroshima atomic
bomb survivors and Chernobyl accident victims, these
cleanup worker populations received relatively low doses
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that were apparently measured by physical monitoring
methods or that were calculated from reconstructed envi-
ronmental monitoring involving significant uncertainties. In
addition, a significant fraction of the cleanup workers from
Estonia and Latvia cannot be assigned physical dose esti-
mates with confidence since military records are incom-
plete. Particularly among early entrants, when conditions
were most chaotic and the potential for significant radiation
exposures were the highest, not all workers were badged.
These undocumented exposures are expected to be similar,
however, for the Estonian and Latvian cohorts as the Soviet
military mixed workers from different Republics.

Despite the uncertainties associated with the recorded
estimates of dose, the GPA analyses suggest that high doses
were unlikely to have been received by many of the cleanup
workers since we found no consistent differences between
the exposed and control populations. This conclusion is con-
sistent with the current understanding that only about
0.02% of all Chernobyl cleanup workers received doses
exceeding 50 cGy (3). Given the sensitivity of the GPA
assay, we would be unlikely to detect a biological effect with
this biomarker if the mean dose to the population was of the
order of 10 cGy. This appears to be the case for the cleanup
workers in our study and indicates that the estimates of
physical doses for the group, while perhaps incomplete and
imprecise, cannot be rejected as inadequately characterizing
the exposure experience; however, recorded doses for indi-
vidual workers may have been reported inaccurately.

Second, the low doses received by these workers were
predominantly protracted exposures at low dose rates.
Numerous radiobiological studies, involving a number of
experimental systems including specific locus mutation stud-
ies in mice, have demonstrated attenuated biological effects
of equal radiation doses when delivered as fractionated
compared to single doses or at low compared to high dose
rates (2.21). A recent study of the GPA response in popula-
tions exposed at Chernobyl includes a cohort of cleanup
workers from Russia and Ukraine who were at the site the
first few months after the accident and received protracted
exposures estimated to range from 2 to 93 cGy (14). Analy-
sis of the 0/N V, observed in these subjects yielded a much
shallower linear dose response of approximately 4 x lO^/Gy
(14). If the lower value of 4 x 10"*/Gy is used as a more
accurate estimate of the GPA dose response under the
exposure conditions of this study, then we would have even
less ability to detect a biological effect using this assay. This
lower value is consistent with the dose regression of the
GPA 0/N Vr observed for the Estonian cleanup workers.

A main reason for conducting the current biodosimetry
study was to learn whether large numbers of cleanup work-
ers who were sent to Chernobyl shortly after the accident
might have received substantial radiation exposure that was
either undocumented or recorded inaccurately. The use of
the GPA assay as a population biodosimeter in this context
had the advantage of being relatively inexpensive, requiring
only a small volume of peripheral blood, and presented few

serious logistic problems associated with shipping and stor-
age of samples. The disadvantages of the assay include the
limitation of being applicable to only half the population
with the required M/N phenotype. and the inherent biologi-
cal variation in background Vf which limits the usefulness at
low dose levels of approximately 10 cGy. The current analy-
ses were unable to distinguish a consistent significant differ-
ence between the GPA Vf distributions of exposed Estonian
and Latvian workers and controls. We can conclude that the
physical doses were relatively accurate on a population
level, that is with a mean dose not exceeding approximately
10 cGy, and/or that the protracted nature of the exposure
was such that the increase in Vf induced by the exposure was
much lower than anticipated from studies of acute expo-
sures. The limited positive results of the study, consisting of
the data from the Estonian population of workers and con-
trols, support the latter hypothesis. Until ongoing bio-
dosimetry studies of chromosomal translocations in periph-
eral blood lymphocytes are completed, it appears that physi-
cal dose estimates and reconstructions should be used in the
assessment of possible health hazards and in calculations of
statistical power for future epidemiological studies.

These results suggest the need for additional GPA stud-
ies of populations exposed to doses greater than 10 cGy that
include accurate physical dosimetry to model and calibrate
the low-dose, low-dose-rate response of the assay with confi-
dence. Three such studies are currently under way involving
nuclear fuel reprocessing personnel at Sellafield. UK. U.S.
X-ray personnel and thyroid disease patients treated with
' ' 'I. In all three studies, the study subjects will have received
protracted whole-body exposures to ionizing radiation gen-
erally below 1 Gy. The 13'l study may prove to be the most
definitive, as the clinical setting for this exposure allows for
time series blood sampling of these patients prior to and
after therapy, a design which will permit both the assess-
ment of the temporal induction and long-term persistence of
radiation-induced mutations as well as the estimation of the
practical limit of sensitivity of the assay to detect radiation
exposures when pre-exposure background levels of GPA Vr

in the exposed subjects have been determined.
Additional studies are also under way which apply auto-

mated fluorescence in situ hybridization (FISH)-based sta-
ble chromosome translocation analysis in peripheral blood
lymphocytes (22) as an independent biodosimetric measure
of the exposures experienced by these Estonian and Lat-
vian Chernobyl cleanup workers. A pilot ECP-7 study of
stable chromosome aberrations scored by FISH in a sample
of 62 Russian cleanup workers revealed no correlation with
reported physical doses or with characteristics of work at
Chernobyl consistent with low radiation exposures to these
workers (3), and Lazutka. using standard cytogenetic meth-
ods, reported no significant overall increase in chromosome
aberrations over controls in 183 cleanup workers from
Lithuania with a mean dose estimate of 14 cGy. although
~20% had elevated frequencies of dicentric and ring chro-
mosomes possibly related to radiation exposure (23). In
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contrast, in an independent study of Russian cleanup work-
ers with similar physical dose estimates. Tucker et ai (24)
have reported a highly significant difference in the fre-
quency of stable aberrations between controls and exposed
workers using this methodology, and Thomas et al. (25)
have observed significantly elevated mutant frequencies at
the HPRT locus in the peripheral blood lymphocytes of
these workers. This elevation was driven predominantly by
a reported twofold increase in the frequency of total gene
deletion mutations in the Russian cleanup workers com-
pared to controls. These studies will provide important
additional data for calibration of the radiation doses
received and biological effects of these exposures in Cher-
nobyl cleanup workers. Official limits of individual radi-
ation exposures were established for the cleanup workers
and were progressively lowered in the years after the acci-
dent as work became less hazardous and more routine.
These allowed limits were 25 cGy in 1986.10 cGy in 1987
and 5 cGy in 1988 and following years (2). which is consis-
tent with the mean doses reported for these cohorts. How-
ever, given the incomplete physical dosimetry for the
cleanup worker populations and the inability to document
the quality of the methods used to generate the recorded
doses, it is important to assess these exposures accurately
and independently using these biodosimetric methods.

Finally, the data obtained using these biodosimetric assays
will be included as part of a comprehensive assessment of the
potential exposures and health risks attendant to the Cher-
nobyl experience of these cleanup workers from Estonia and
Latvia together with a pilot study of workers from Lithuania.
A detailed questionnaire has been developed and adminis-
tered to these workers both to identify potential confounding
host factors as well as to provide a detailed assessment of
their work at Chernobyl including dates of entry, duration
and nature of work, work in special zones or on the roof of
the reactors, and construction of the sarcophagus (Tekkel et
ai. manuscript submitted for publication). These responses
will be used to test associations with the biodosimetric data
and to identify subpopulations of workers at high risk of
exposure independent of estimates of physical dose.
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Nearly 2% of the male population of Estonia aged 20-39
years were sent to Chernobyl to assist in the cleanup activities
after the reactor accident. A cohort of 4,833 cleanup workers was
assembled based on multiple and independent sources of infor-
mation. Information obtained from 3,704 responses to a detailed
questionnaire indicated that 63% of the workers were sent to
Chernobyl in 1986; 54% were of Estonian and 35% of Russian
ethnicity; 72% were married, and 1,164 of their 5,392 children
were conceived after the Chernobyl disaster. The workers were
less educated than their counterparts in the general population
of Estonia, and only 8.5% had attended university. Based on
doses entered in worker records, the mean dose was 11 cGy, with
only 1.4% over 25 cGy. Nearly 85% of the workers were sent as
part of military training activities, and more than half spent in
excess of 3 months in the Chernobyl area. Thirty-six percent of
the workers reported having worked within the immediate vicin-
ity of the accident site; 11.5% worked on the roofs near the dam-
aged reactor, clearing the highly radioactive debris. The most
commonly performed task was the removal and burial of topsoil
(55% of the workers). Potassium iodide was given to over 18% of
the men. The study design also incorporates biological indicators
of exposure based on the glycophorin A mutational assay of red
blood cells and chromosome translocation analyses of lympho-
cytes; record linkage with national cancer registry and mortality
registry files to determine cancer incidence and cause-specific
mortality; thyroid screening examinations with ultrasound and
fine-needle biopsy; and cryopreserved white blood cells and
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plasma for future molecular studies. Comprehensive studies of
Chernobyl cleanup workers have potential to provide new infor-
mation about cancer risks due to protracted exposures to ioniz-
ing radiat ion. S 1997 by Radiation Research Society

INTRODUCTION

After the accident at Unit 4 of the Chernobyl Nuclear
Power Station in April of 1986, approximately 600,000 peo-
ple from throughout the former Soviet Union were sent to
the surrounding area and participated in the environmental
cleanup and related activities (1, 2). Studies of cleanup
workers provide an opportunity to add to current knowl-
edge about the possible health consequences of exposure to
relatively low doses of ionizing radiation received gradually
over a period of several months. The present research
project was started in 1992 with the aims of assessing the
health effects of exposure to radiation among a cohort of
cleanup workers from Estonia and validating the recorded
radiation dose estimates by biodosimetric methods.

To obtain epidemiologically valuable information on the
cleanup workers, a questionnaire study was conducted
among the cleanup workers from Estonia as part of this
multifaceted collaborative research project. Cancer registry
and mortality registry studies are planned to prospectively
monitor cancer incidence and cause-specific mortality
among approximately 17,500 workers from Estonia, Latvia
and Lithuania. Large-scale blood studies applying the gly-
cophorin A (GPA) somatic cell mutation assay (3) and
fluorescence in situ hybridization (FISH) for chromosome
translocation analysis (4) are being used as biological indi-
cators of exposure (5, 6). Thyroid examinations on over
2,000 workers from Chernobyl were conducted in the
spring of 1995 to learn whether thyroid nodularity and can-
cer might be an adverse outcome (7). Biological dosimetry
of tooth enamel employing the electron spin resonance
(ESR) technique is under consideration. Nearly 5,000 speci-
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mens of viable lymphocytes have been stored at liquid
nitrogen temperatures for future molecular studies, such as
of oncogenes and tumor suppressor genes. In addition,
serum samples from the subjects have been frozen. Ques-
tionnaires are being completed from workers in all three
Baltic countries to obtain detailed information on work his-
tories while at Chernobyl and subsequently, and about can-
cer risk factors such as cigarette smoking and other relevant
lifestyle and demographic information. In the present
paper, information on study design, methods and results of
the questionnaire study in Estonia are reported.

MATERIALS AND METHODS

Assembling the Cohort

The "Chernobyl area" here denotes the 30-km zone around the Cher-
nobyl Nuclear Power Station (also known as the "exclusion zone" or
"evacuation zone") and territories outside, including a new town, Slavu-
tich, erected to house evacuees. Information on persons sent to Cher-
nobyl, referred to here broadly as "cleanup workers" (and elsewhere as
"emergency workers," "accident recovery workers" or "liquidators"),
was held by various governmental and nongovernmental bodies, but the
completeness and accuracy of information were unknown. In 1992, a
database was compiled at the Institute of Experimental and Clinical
Medicine (IECM), Tallinn, Estonia, using data from four independent
sources of information. Written permission for access to this information
was obtained from all four sources.

The first source, the General Staff of Estonian Defense Forces, had in
its possession records of the former Soviet Army. The records contained
information on military personnel who were sent to the Chernobyl area
from Estonia, both for regular servicemen and for reservists who were
specifically drafted for the cleanup. These records were abstracted, and
rosters of cleanup workers were developed.

The second source, the Estonian Chernobyl Radiation Registry, was a
follow-up registry established in 1991 in response to strong public pressure
in the states of the former USSR. The registry was set up to act as an Esto-
nian subdivision of. and a data supplier for, the "All-Union Distributed
Registry" in Obninsk. The tasks of the latter ranged from supporting
"effective and timely medical treatment" to "long-term radiological and
epidemiological monitoring" of people exposed to radiation because of the
Chernobyl accident (ref. 8, p. 64). The registry also was supposed to include
children and grandchildren of the cleanup workers for future study of possi-
ble heritable effects (9). One copy of the relevant medical records was kept
in the Estonian Chernobyl Radiation Registry located at the former 4th
Hospital of Tallinn, and a second copy was routinely sent to the Ail-Union
Distributed Registry in Obninsk (Russian Federation). The Estonian Cher-
nobyl Radiation Registry also included civilians who were hired for the
cleanup work. Although this registry was computerized, the database could
not be used in our study because of unsatisfactory file structure and very
loosely defined fields; it was decided to scrutinize all of the registry's hard-
copy records, reabstract pertinent data and enter it into our files.

The third source, the Estonian Chernobyl Committee, was established
in January 1989 as a result of expanding grassroots activities promoting the
interests of cleanup workers. It consists of Chernobyl cleanup workers and
lobbies the government on their behalf. One goal of the committee is to
obtain compensation and health care benefits for the cleanup workers, so
it has been in the workers' interest to be registered. The committee has
regional branches in almost all of the larger towns and counties of Estonia.

The fourth source, the former Ministry of Social Welfare of Estonia,
had conducted a registration of the Chernobyl cleanup workers through
its local agencies to provide benefits (exemption from income tax,
medicines which were free or at a reduced price, free treatment in a
sanatorium or health resort yearly, additional vacation, subsidies). Regis-
tration cards in the agencies were used for preparing a list of workers.

The criterion for registering individuals in these sources was the pos-
session of an official record documenting their Chernobyl service: entry
in a military passport, a special certificate of Chernobyl cleanup worker,
service record, credential for a business trip, etc. Identifying and Cher-
nobyl-related information (surname, first name, father's name, date of
birth, address in Estonia, dates of arrival to and departure from the
Chernobyl area, recorded radiation dose) was obtained from the four
sources and entered into the computer. The study cohort was restricted
to males because the number of women from Estonia taking part in the
cleanup operations was very small (presumably less than 50). A unique
registration number was assigned sequentially for the men and added to
the database. All records were reviewed extensively, errors were cor-
rected, and duplicates were eliminated.

A cohort of 4,833 men from Estonia who worked in the Chernobyl
area was assembled. The men participated in the cleanup between 1986
and 1991, and 60.4% of them entered the area in 1986 (see Appendix,
Table AI). Military lists yielded 4,070 men (359 of whom were found
only in this source) and proved to be the most comprehensive source of
information for cohort construction. The lists of the Estonian Chernobyl
Committee, the Estonian Chernobyl Radiation Registry and the Ministry
of Social Welfare yielded 2,262 (222 found only in this source), 3,290
(125) and 3,068 (115) men, respectively. Eighty-three percent of the
workers were ascertained from two or more sources.

Tracing

After the cohort was assembled, the names were matched to the
records of the Address Bureau of Estonia, a central population migra-
tion and vital statistics registry. The bureau has haTdcopy records on
persons aged 16 and over living in Estonia. These records contain the
person's name, sex, date and place of birth, address, ethnicity, date of
death, and date and country of emigration. After death or emigration,
the records are kept in the bureau for 6 years. Unfortunately, the com-
pleteness and accuracy of records were not of high quality; for example,
instead of the date of death sometimes the date of the registration of
the death was shown. Frequently, an "official" current residential
address available in the bureau was different from the actual address
where a person resided.

Correcting the transliteration errors proved to be a laborious task,
particularly for subjects' names. Estonian names were transformed twice:
Military lists used the Cyrillic alphabet and had to be transliterated back
to Estonian for computer entry.

To fill in missing or incomplete information, additional data were
gathered from sources such as parish or town administrations and local
agencies of the Ministry of Social Welfare. By September 30,1992, the
distribution of the vital status of Chernobyl cleanup workers from Estonia
was identified: 4,369 (90.4%) living in Estonia, 303 (6.3%) emigrated, 108
(2.2%) dead and 53 (1.1%) untraced. Eighty-four percent of the workers
who emigrated left for former Soviet Union countries, particularly Russia,
Ukraine and Belarus. It is believed that most of the untraced workers are
SovietTRussian military personnel who had left Estonia.

Questionnaire

Estonian and Russian versions of a questionnaire were developed to
collect information on work histories in the Chernobyl area, as well as
potential confounding factors such as occupational histories on radiation
and chemical exposures, medical histories, family histories of cancer and
cardiovascular diseases, educational level, demographic data (including
name, sex and birth date of children), and use of tobacco and alcohol.
The questionnaire was designed in close consultation with cleanup work-
ers to achieve clarity of expression and accuracy in the description of
working conditions during the cleanup activities. Both the Estonian and
the Russian versions of the questionnaire contain 15 pages, and they,
together with a copy of the English translation, are available on request.

Two mailings of the questionnaires were made. The first mailing,
between December 1992 and March 1993, was to 4,549 cleanup workers
presumed to be living in Estonia in December 1992 or to the relatives of
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deceased workers. The questionnaire was accompanied by a stamped
return envelope and an introductory letter explaining the goal of the
study, assuring confidentiality and encouraging a response. The question-
naire was not sent to 284 men who either had moved out of Estonia or
had no known address. For workers who could not be traced in the
Address Bureau, the questionnaire was sent to the address found in the
sources used for assembling the cohort. Addresses of nonrespondents
were checked in the Address Bureau again and updated, and from
March to June 1993 a second mailing was made.

In addition, 66 questionnaires were completed at the time of blood
drawing for the biodosimetric analyses, and .300 questionnaires were
completed from March 27 to April 7,1995, during a thyroid screening of
many of the cleanup workers. In total, 3,704 questionnaires were
returned by May 15,1995, including 15 questionnaires returned by rela-
tives. The response rate for the first mailing was 52.7% and for the sec-
ond 50.3%. Appendix Tables AH and AIII contain information on
response rates and the age of workers when they first went to Chernobyl.
The response rate varied by county of residence, with the lowest being
72.1% and the highest 94.8%.

Data Analysis

The database of the project is a collection of 10 logically related files
originally developed with FoxPro 2.6 software and kept at the Depart-
ment of Epidemiology and Biostatistics, IECM. Standard tabulations and
calculation of medians, means and their standard deviations (SD) were
performed using the FoxPro software package.

RESULTS

The cohort for this study consists of 4,833 men from
Estonia who worked in the Chernobyl area sometime
between 1986 and 1991. The majority (82.8%) entered the
area during 1986-1987 (see Appendix, Table AI). Only 160
(3.3%) cleanup workers went to Chernobyl more than
once. Most of the men were 20-39 years old at first entry
into the Chernobyl area (see Appendix, Table AIII).

The current report is based on the 3,704 questionnaires
returned and thus characterizes 76.6% of the total cohort.
The overall response rate was 81.4%. Respondents and
nonrespondents did not differ by age (see Appendix, Tabie
AIII) or year of first entry into the area. The distribution by
year of first entry among respondents was 62.6% in 1986,
22.8% in 1987,12.0% in 1988 and 2.3% in 1989-1991 (see
Appendix, Table AIV). Corresponding values for the non-
respondents were 61.1,23.4,13.4 and 2.1 % (excluding those
with unknown year of entry).

Demographic Characteristics
Most workers were of either Estonian (54%) or Russian

(35%) ethnicity, but other ethnic groups in the cohort
included Ukrainians, Belarusians, Latvians and Lithuani-
ans. For respondents aged 20-39 at the time of entry, the
ratio of Estonians to non-Estonians was 1.2:1, similar to the
ratio among males in the entire population of Estonia (10).

Seventy-two percent of the respondents were married,
15% were single, and 12% were divorced at the time of
completion of the questionnaire (see Appendix, Table
AIV). Twenty-four percent of the cleanup workers had not
obtained a secondary school education, and only 8.5% had

a university education. Among the respondents aged 20-39
at the time of first entry, there were 21.3% with less than
secondary, 70.5 with general and special secondary, and
8.2% with higher education. According to the 1989 census
(10), the corresponding national figures were 17.9, 68.4 and
13.6%. Thus respondents were less educated than persons
in the general male population.

Professional drivers, including tractor drivers, com-
prised the largest occupational group (38.7%), with con-
struction/building laborers next at 10.7%. Fifty men (1.4%)
were physicians or other medical workers. At the time of
departure for Chernobyl, 25.1% of the men were residents
of Tallinn, the capital of Estonia.

Reason for Presence in the Chernobyl Area
Approximately 85% of the cleanup workers were sent to

Chernobyl as part of military training exercises (see
Appendix, Table AIV). In accordance with usual Soviet
practice, civilians—who were regarded as military
reservists—could be taken from time to time for training
exercises. At the time of the Chernobyl accident, the civil-
ian life of many men in Estonia was suddenly interrupted
and replaced by the status of cleanup worker.

Approximately 6% of the cleanup workers were fulfilling
their regular military duty at the time and were sent to the
Chernobyl area as part of their military activities. An addi-
tional 4% were contract workers. They were mostly builders
whose task was to construct a new town, Slavutich, situated
50 km from Chernobyl, intended to become a residence for
evacuees. The people who worked in Slavutich and those in
regular army service constitute 42.5 and 25.6%, respectively,
of those who were in the area twice or more. The two per-
sons who went to the area in 1990 and 1991 were there to
take samples of soil and building materials.

Duration of Stay at Chernobyl
For the 4,518 cleanup workers whose dates of arrival and

departure were known, the amount of time spent in the
Chernobyl area was: up to 4 weeks (up to 28 days), 5.2%; 5
to 8 weeks (29 to 56 days), 13.4%; 9 to 12 weeks, 23.8%; 13
to 16 weeks, 21.2%; 17 to 20 weeks, 7.5%; 21 to 24 weeks,
21.5%; and 25 or more weeks, 7.3%. The median duration
was 94 days and the mean duration was 103.0 days (SD =
62.2) (see Appendix, Table AV).

Among the reservists arriving in the Chernobyl area in
May, June and July 1986, the median duration of stay was
111, 149 and 103 days, respectively. The largest number
arrived in May, and 46% of them stayed for more than 20
weeks. Of the men arriving in the area in June, 57% spent
over 20 weeks in the area.

Work Sites
Among respondents, 239 (6.5%) reported having

worked only in the special zone, the immediate vicinity
of the accident site. Few (7.3%) worked only outside the
30-km zone.
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FIG. 1. Distribution of documented radiation doses of 4,047 Chernobyl cleanup workers from Estonia.

There were 427 (11.5%) workers who reported having
worked on the roofs near the damaged reactor, clearing the
highly radioactive debris from the accident. Among them,
277 (64.9%) persons worked on the roofs once, 65 (15.2%)
twice, 25 (5.9%) three times, 17 (4.0%) four times and 35
(8.2%) five or more times. Eight men who worked on the
roofs did not report how many times they were there.
Ninety-nine cleanup workers stated that they had worked
on the roofs for 1 or 2 min, 99 for 3 ^ min, 51 for 5-6 min
and 47 for 7-10 min.

Type of Work Performed
The most frequent types of work performed in the Cher-

nobyl area were removal and subsequent burial of topsoil
(54.5%); transport of topsoil, building materials and people;
construction of buildings; and demolition of buildings (see
Appendix, Table AVI). The category "other decontamina-
tion," reported by 18.5% of the workers, includes mainly
jobs like washing buildings, fences, roads and trees. In 1986,
approximately 64% of the men were involved in earth
removal, but in the following years the numbers engaged in
that activity declined gradually, and by 1989 demolition of
buildings and transport were the types of work most often
performed. The category "building of dams" was not speci-
fied in the questionnaire, but it was written in by the men
under the category "other jobs." Among respondents, 42
(1.1%) were involved in building the "sarcophagus" (also
referred to as the "cover") for the damaged reactor.

Recorded Radiation Doses and Use of Dosimeters
Information on radiation dose was abstracted from all

sources, but primarily from military lists and the question-

naire. A total of 4,047 men, 83.7% of the cohort, had a
recorded dose. The median dose was 9.7 cGy and the
mean was 10.9 cGy (SD = 6.3) (see Appendix, Table AI).
The dose ranged from 0.02 to 60.5 cGy. The dose
exceeded 25 cGy (the maximum permissible emergency
dose until 1987, officially adopted by the Soviet authori-
ties) for only 56 cleanup workers (1.4% of men with
recorded doses) (Fig. 1).

Among respondents, 87.4% had a recorded radiation dose
(see Appendix, Table AMI). Comparing the questionnaire
data with other source^ reveals that 34.2% of the workers
with recorded doses could not supply the value in the ques-
tionnaire. The questionnaire data indicate that 1,695 (45.8%)
workers did not wear a dosimeter, but 1,429 (84.3%) of these
workers nonetheless reported a documented dose.

A total of 1,626 (70.2%) of 2,317 of men sent to the
Chernobyl area in 1986 reported having worn a dosimeter,
and those who arrived in the area in May and June were
most likely to have worn a dosimeter (see Appendix, Table
AVIII). For those who worked in only one zone during
1986, the monitor was worn in the special zone, the <10-km
zone, the 10-30-km zone and outside the 30-km zone by
69.6,64.2,64.7 and 54.1% of cleanup workers, respectively.

Skin Reddening and Blistering
Twenty-three percent of the workers reported reddening

or blistering of the skin. However, the percentage was not
higher among those sent in 1986 compared to men with a
later date of entry, suggesting that these symptoms were not
attributable to ionizing radiation. Exposure to ultraviolet
radiation or some type of allergic reaction to material in the
protective uniforms are alternative possible explanations.
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Protective Clothing
For those entering the Chernobyl area 1986-1989,12.8%

reported not using any protective clothing, less than one-
third wore protective clothes (see Appendix, Table AIX),
and 40.1% always wore them. Of those who reported wear-
ing gloves, 35.9% did it always, 25.2% often and 38.9% sel-
dom. A breathing mask was used by 80.0% of cleanup
workers: by 27.6% always, 30.9% often and 41.5% seldom.
A small number (7.2%) used other types of gear, mostly
special boots. Goggles were not generally worn. Use of pro-
tective gear increased from April to May of 1986 and then
decreased (see Appendix, Table AX).

Administration of Iodine
Administration of stable iodine was reported by approxi-

mately 18% of the respondents. Use of potassium iodide
tablets was greater in April (28%) and May (44%) 1986
than at later times. However, there was often a delay
between arrival at Chernobyl and administration of potas-
sium iodide. For example, 62% of the workers who arrived
in May of 1986 and reported taking iodide tablets did not
do so until 5 or more days after their arrival. Of the workers
who used potassium iodide, approximately 16% of the men
used the tablets for 1-4 days, 28.6% for 5-9 days, 17.3% for
10-14 days and 37.8% for 15 or more days.

Food and Beverage Consumption While at Chernobyl

Consumption of alcohol as a putative radioprotector
was apparently recommended to 17% of workers, and the
percentage increased with time (see Appendix, Table
AXI). Alcohol was actually given to only 1.5% of the
workers for this purpose. Questionnaire data indicate that
27% of the workers consumed alcohol once a week or
more while in the area, and 22% of the workers reported
that they never used alcohol.

Approximately 61 % of the respondents reported having
drunk local water, and 52% reported having eaten local fresh
fruits (see Appendix, Table AXI). Consumption of local
fruits, vegetables and mushrooms was more frequent in 1986
than in later years. Approximately 7% of the cleanup work-
ers did not know the origin of beverages and foods eaten.

Smoking and Alcohol Consumption
Among the respondents, 69.0% were current smokers,

13.1% were ex-smokers, and only 16.6% had never
smoked. Information on smoking status was not available
for 1.3% of the respondents. Most smokers (69.3%) began
at the age of 16-20 years. Among the smokers, 63.9% usu-
ally smoked less than one pack a day, 35.5% between one
and two packs a day and 0.6% two or more packs a day.

Nearly 5% of the workers reported that they never
drank alcoholic beverages, whereas 26.8, 38.2,18.5, 8.8, 0.7
and 0.5% reported drinking alcohol once a month or less,
two or three times a month, once a week, several times a
week, once a day and several times a day, respectively. The

favorite beverage was vodka, named by 82.8% of the men
as the preferred drink. Other popular beverages were beer
(46.3%), wine (11.5%), champagne (sparkling wine)
(11.3%) and brandy (5.2%).

Regarding the changes in drinking habits since their
return from Chernobyl, 26.5% of the men reported drink-
ing more, 14.1% reported drinking less, 3.6% had stopped
drinking, and 4.0% had started drinking. Forty-eight per-
cent reported no changes in drinking habits.

Medical and Work-Related Exposure
Exposure to radiation during medical X-ray proce-

dures (involving teeth, gastrointestinal tract, gallblad-
der, kidney, heart and thyroid gland) was reported by
48.2% of respondents.

Approximately 12% of the workers claimed having been
exposed to radiation outside the Chernobyl area, and
30.7% reported exposure to hazardous chemicals. Twenty-
four men indicated previous work at nuclear power stations
other than Chernobyl.

Personal and Family History of Health Conditions
Among the workers, 25.9% reported a history of high

blood pressure, 13.4% cardiovascular disease, 7.4% chronic
bronchitis and 1.9% tumors. Evaluations of health out-
comes associated with service at Chernobyl will depend on
registry linkages and screening evaluations, rather than on
self-reported information.

Of the men, 20.6% reported a history of cardiovascular
disease in their mother and 14.5% in their father. Cancer in
the mother and father was reported by 7.3 and 10.3% of the
workers, respectively.

Children of Respondents
There were 668 (18.0%) cleanup workers who reported

having no children, and 1,068 (28.8%), 1,600 (43.2%), 303
(8.2%) and 65 (1.8%) reported having one, two, three, and
four or more children, respectively. A total of 5,392 chil-
dren were reported, of whom 1,164 were born 9 or more
months after the father's departure from the Chernobyl
area. Fifty-one percent of these children were male.

DISCUSSION

According to UNSCEAR, more is known about the
deleterious effects of ionizing radiation on human health
than of any other environmental exposure with the possi-
ble exception of cigarette consumption (11). One of the
issues requiring additional data, however, is understanding
the risk associated with chronic, i.e. protracted, exposures.
Evidence from animals suggests that the risk of chronic
exposures is generally less than the risk from brief expo-
sures of the same total dose, presumably because of the
opportunity to repair radiation damage when exposures
are prolonged (11)- Few epidemiological studies have been
able to address the issue of dose-rate reduction directly,
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but authoritative national and international committees
have suggested that the reduction of risk of protracted
compared to acute exposure in humans might be between
two and tenfold, with a preference usually given to the
value of two (1,16). Chernobyl cleanup workers provide
one of the few opportunities to study the effects of pro-
tracted radiation exposures in a healthy population for
which cumulative doses might be sufficient to yield statisti-
cally meaningful results. The study of Estonian Chernobyl
cleanup workers was initiated for this purpose.

The issues surrounding the study design included assem-
bling a complete roster of workers; obtaining information
on baseline demographics, risk factors and work histories
by questionnaire to enable assessment of confounding and
modification; drawing blood and preserving viable lympho-
cytes and plasma at liquid nitrogen temperatures; estimat-
ing radiation doses received based on available records and
validating population doses through biological dosimetry
techniques (5); thyroid screening examinations; and linking
worker rosters with national cancer and mortality registries
for current and future monitoring of health outcomes. Here
we describe the results of the development of the cohort
and the responses to the questionnaire.

A key element of the study was the emphasis placed on
assembling a complete roster of Chernobyl cleanup work-
ers from Estonia based on well-defined and mutually com-
plementary sources. Multiple sources were used to help
ensure that ascertainment was complete and unrelated to
the occurrence of health outcomes of interest. Documenta-
tion of service at Chernobyl was required. The cohort of
4,833 men appears to represent a nearly complete census of
male cleanup workers from Estonia. By January 1996, after
extensive publicity surrounding the study, we had learned
of only 37 additional workers who had not been identified
through any of the four sources used. (These men were not
included in the study.) Between 1986 and 1991,1.8% of the
male population of Estonia in the age group 20-39 years
(72) worked at Chernobyl. Through the first 6.5 years after
the accident, only 1.1% of the cohort could not be traced.
This indicates that the study population can be traced effec-
tively using existing follow-up mechanisms.

Completed questionnaires were obtained for 77% of
the cohort. Comparison of respondents and nonrespon-
dents with respect to age and year at entry to the Cher-
nobyl area did not point to any pronounced differences
between the two groups. The results provide a good
overview of the cleanup workers and the dates and types
of work performed while in the Chernobyl area. The
large majority of the workers were sent in 1986 or 1987,
and the average recorded dose was more than twice as
high for workers sent in these years as for those sent sub-
sequently. Workers remained in the Chernobyl area for
3!/2 months on average. They spent varying amounts of
time working close to the power plant. Those who
worked exclusively within the 10-km zone did not stay in
the Chernobyl area as long, on average, as those who

worked exclusively outside the 30-km zone. Many of
those who worked outside the 30-km zone were engaged
in construction. However, the majority of the study popu-
lation engaged in actual decontamination work. Mean
documented dose did not differ greatly among the differ-
ent types of work, perhaps in part because most workers
participated in more than one job activity and had been
exposed to radiation in a variety of settings.

Results support earlier observations (73) that elementary
protective measures were violated commonly during the
decontamination work. Dosimeters often were not available
or not worn. Masks and other protective clothing appear to
have been used erratically, and many workers who arrived
in the area soon after the accident either did not take stable
iodine at all or took it only after a delay. On the other hand,
some workers continued to take iodine tablets long after
most of the radioiodines would have disappeared. Whether
this was done on the recommendation of authorities or the
workers' own initiative is not clear. But Soviet physicians
felt that potassium iodide had a favorable psychological
effect on the people (14), and the late administration found
in our study might be explained by this reasoning.

The mean recorded dose for cleanup workers for whom a
dose was given was 10.9 cGy. This is similar to the value of
10.5 cGy reported for cleanup workers by the Russian
National Medical Dosimetric Registry (75). Early on, we
realized that if this is indicative of the true mean dose, and if
fewer than 2% of the study population received doses from
external sources in excess of 25 cGy, then any increase in
cancer risk associated with irradiation while at Chernobyl
would not be expected to be detectable in a study of this
size. Using the BEIR V estimates (76), it would correspond
to an excess relative cancer risk of 4% (given a mean age at
exposure of 35 years). This is below the level detectable in a
population of this size. Given the sample size and national
age-specific incidence rates of cancer in Estonia, the
expected number of leukemias in 10 years of follow-up is 1.5.
This corresponds to statistical power of 0.8 to demonstrate a
fourfold increase in leukemia incidence (using a two-sided
test and 0.05 as the level of significance). We thus expanded
the population base to include workers from Latvia and
Lithuania, yielding a population approaching over 17,000
men sent to Chernobyl to decontaminate the environment.

The accuracy and reliability of the recorded doses is a
central issue. A large percentage of Estonian cleanup
workers had doses entered in their records, but reported
not having worn a dosimeter. In some cases, a dosimeter
might have been worn by one member of a team and the
same dose assigned to all members of the group; alterna-
tively, an approximate dose may have been calculated
based on time spent in areas in which radiation levels had
been measured (75).

Anecdotal accounts suggest that the recorded dose was,
on occasion, either arbitrary or intentionally falsified to
higher or lower values. Higher doses were written down on
the records for friends or as a return favor, and those work-
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ing in the most radioactive places took with them the
dosimeters of other cleanup workers to get high readings
which would lead to an earlier departure from the Cher-
nobyl area. Arbitrary assignment of doses is described by
the Estonian cleanup worker Tiit Tarlap (17):

Our maximum norm of radiation had been set at 25
roentgens..., but "drawing" this on the paper was
beyond any rational understanding. At first we had no
personal dosimeters. We could not see the scale of the
ones given to us later and there was doubt that they
showed anything at all. In any case, men from our
company had already gotten more than 7 roentgens
according to general dosimetric measurements (air,
ground, etc., objects). Then an article was published
by some top doctor in Pravda (or some other central
newspaper) where it was said that 5 roentgens can
affect a person's genetic code. And right away we all
had less than 5 written into our files....

Results of the biodosimetric assays assume greater
importance in light of the uncertain reliability of the
recorded doses. Although neither FISH nor GPA assays
can reasonably be expected to provide accurate estimates
of dose for individual cleanup workers, they can serve as
independent indicators of whether the mean dose for the
population was likely to be markedly higher than that
based on recorded doses. Early results show poor correla-
tion between biological indicators of exposure and
recorded dose but do not indicate that the true dose was
above 11 cGy, the mean recorded dose (5-7).

The long periods served by reservists arriving in the area
in May-June 1986 have often been pointed out by the men
themselves (17). It is believed that the military and state
authorities of Estonia were very slow to act, and as a result,
hundreds of men were simply forgotten and remained in
the area longer than those from other places, for example
Latvia and Lithuania.

Certainly there is a need for caution in the interpretation
of the results based on self-reported history of medical con-

ditions, because workers often did not know exactly what
diseases or conditions they had. For example, in line with
Soviet medical practice, people with diseases like cancer
were not usually informed (18,19).

Recommendations to use alcohol, especially in 1986, did
not conform to the anti-alcohol campaign aiming to achieve
a universal sobriety in the USSR (20), and this controversy
was successfully resolved by the cleanup workers them-
selves—they did their best in locating local stocks of home-
distilled alcoholic drink (17).

Fragmentary information exists that, because of a short-
age of agricultural products, the consumption of locally pro-
duced and (heavily) contaminated milk, dairy products,
vegetables, fruits and berries was extensive among residents
and among cleanup workers (13). An Estonian cleanup
worker stated (21):

Of course, army food is poor. Only few [of us]
remained firm. Indeed, we signed that we were aware
of the radioactivity.... But several times...tomatoes
were brought to "enrich" our food.

Thus local products were likely to have been used by the
cleanup workers relatively often, and they might be a
source of internal radiation exposure.

Generally, information collected through the question-
naire will allow for evaluations of the occurrence of
selected health outcomes for different subgroups of work-
ers defined by work history variables, particularly when
results for the Estonian study population are pooled with
those from other countries. The questionnaire results also
call attention to the high rate of smoking in this population,
a factor that will need to be taken into account in future
health evaluations.

In summary, this study has provided the opportunity
to collect comprehensive data on a cohort of Chernobyl
cleanup workers from Estonia. Further work will focus
on both biological measures of exposure, monitoring dis-
ease and death occurrence, and conducting studies of
molecular genetics.

APPENDIX

TABLE AI
Year of First Entry to the Chernobyl Area and Recorded Radiation Dose

Year of
first entry

1986
1987
1988
1989
1990
1991
Unknown

Total

Number

2,920
1,083

565
107

1
1

156

4,833

Workers

Percentage

60.4
22.4
11.7
2.2
0.0
0.0
3.2

100.0

Percentage with
a recorded dose

88.0
85.6
78.8
93.5
0.0
0.0
3.2

83.7

Median

11.1
9.8
3.9
4.8

5.0

9.7

Dose (cGy)J

Mean ± SD

11.9 ±6.7
12.1 ± 6.4
3.5 ± 2.7
4.9 ± 2.6

5.8 ± 2.0

10.9 ± 6.9

"If an individual had two or more different recorded doses, an arithmetic average was calculated.
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TABLE All
Questionnaire Response Rate and Reasons for Nonresponse

Questionnaires sent/distributed

Questionnaires returned
By mail
At blood drawing/thyroid examinations
Total

Reason for nonresponse
Left Estonia
Died
Refused
Wrong address
Unknown

Total

First mailing
Number

4,549

2,388
11

2,399

29
78
26
28

1,989

2,150

Percentage

100.0

52.5
0.2

52.7

0.6
1.7
0.6
0.6

43.7

47.3

Second mailing
Number

1.983

943
55

998

12
7
9
2

955

985

Percentage

100.0

47.6
2.8

50.3

0.6
0.4
0.5
0.1

48.2

49.7

Third administration"
Number

337

7
300
307

0
0
1
0

29

30

Percentage

100.0

2.1
89.0

91.1

0
0
0.3
0
8.6

8.9

"Questionnaire distributed mainly during thyroid screening examinations. A few individuals received it by mail after the screening.

TABLE AIII
Distribution of All Cleanup Workers, Respondents and Nonrespondents, by Age at First Entry to the Chernobyl Area

Age at first
entry (years)

£19
20-29
30-39
?r40
Unknown

Total

Number

65
1,745
2,268

588
167

4,833

All workers

Percentage

1.3
36.1
46.9
12.2
3.5

100.0

Respondents
Number

53
1,386
1,792

459
14

3,704

Percentage

1.4
37.4
48.4
12.4
0.4

100.0

Nonrespondents
Number

9
252
355
105
124

845

Percentage"

1.1 (1.2)
29.8 (35.0)
42.0 (49.2)
12.4 (14.6)
14.7

100.0 (100.0)

"In parentheses, persons with unknown age at first entry are excluded from calculations.

TABLE AIV
Demographic and Cleanup-Related Characteristics of Respondents

Characteristic

All respondents

Age at first entry
<19
20-29
30-39
==40
Unknown

Year of first entry
1986
1987
1988
1989-1991
Unknown

Reason for first entry
Military training exercises
Regular army service
Hired/contract work
Other
Unknown

Number

3,704

53
1,386
1,792

459
14

2.317
844
446
85
12

3,139
206
142
211

6

Respondents

Percentage

100.0

1.4
37.4
48.4
12.4
0.4

62.6
22.8
12.0
2.3
0.3

84.7
5.6
3.8
5.7
0.2

Percentage with
a recorded dose

87.4

67.9
89.1
88.9
81.3
7.1

89.1
86.5
82.1
91.8
0

93.6
70.4
65.5
27.5
83.3

Median

9.7

11.0
11.3
9.2
7.0

10.9

11.1
9.8
4.0
4.9
—

9.6
11.5
9.6
8.8

10.2

Dose (cGy)

Mean ± SD

10.9 ± 6.9

12.5 ± 8.4
12.5 ± 6.6
10.1 ± 6.7
8.9 ± 7.3
10.9

12.0 ±6.7
12.2 ± 6.5
3.5 ± 2.8
4.9 ± 2.7

—

10.8 ± 6.7
13.1 ±8.8
10.4 ± 7.4
10.3 ± 8.7
11.0 ±11.5

(Continued on page 649)
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TABLE AIV
Continued

Characteristic

Ethnicity
Estonian
Russian
Other
Unknown

Marital status
Married
Single
Widowed
Divorced
Unknown

Education
<8 years
8 years
Secondary
Secondary special
Higher
Unknown

Number

2,010
1,290

379
25

2,666
539

34
436
29

131
761

1.428
995
313

76

Respondents

Percentage

54.3
34.8
10.2
0.7

72.0
14.6
0.9

11.8
0.8

3.5
20.5
38.6
26.9
8.5
2.1

Percentage with
a recorded dose

87.4
87.8
86.8
84.0

87.0
89.8
79.4
87.8
86.2

87.0
87.6
88.1
88.0
80.5
93.4

Median

9.5
9.8

11.0
9.6

9.6
10.1
10.5
9.9
9.7

8.8
9.3
9.8

10.2
9.5
9.7

Dose (cGy)

Mean * SD

10.6 ± 6.5
11.1 ±7.4
12.0 ± 6.9
9.2 ± 6.9

10.8 ± 6.8
11.4 ±7.0
12.7 ± 8.1
11.0 ±7.0
9.8 ± 6.5

9.8 ± 6.6
10.2 ± 6.7
10.9 ± 6.8
11.5 ±7.1
11.1 ±7.4
10.8 ±6.1

TABLE AV
Time Spent in the Chernobyl Area, by Year and Month of First Entry

Year and month
of first entry

Number
of workers Median

Duration (days)

Mean ± SD Range

1986
April
May
June
July
August
September-December

1987

1988
1989-1991

2.833
57

1.315
347
757
166
191

1,022
557

106

Total 4,518

102
18

111
149
103
68
76
69

102
104

94

107.1 ± 53.8
60.9 ± 100.3

108.7 ± 52.1
130.4 ± 68.6
110.2 ± 35.7
80.3 ± 45.5
79.1 ± 53.9
83.8 ± 78.0

115.0 ± 54.5

114.1 ± 93.8

103.0 ± 62.2

2-751
3-585
2-751
3-667

3-^54
3-548
1-834
1-489
15-650
1-834

TABLE AVI
Percentage of Workers Performing Each Type of Work Done in the Chernobyl Area,

by Year of First Entry and Recorded Radiation Dose

Year"
Job category All years6 1986 1987 1988 1989

Percentage with a .
recorded dose Median

Dose (cGy)
Mean ± SD

Construction of the '"sarcophagus"
Removal of topsoil
Demolition of buildings
Work in the forest
Other decontamination
Construction of buildings
Transport
Building of dams
Guard duty
Radiation measurement

1.1
54.5
21.0
15.4
18.5
25.0
44.0
4.1
1.7
5.1

1.4
64.4
17.4
16.1
21.5
22.9
41.8
5.7
2.2
6.3

1.1
40.6
27.6
16.9
19.0
26.8
46.9
2.0
0.6
3.2

0
34.3
24.2
10.3
2.2

34.5
49.8
0.4
1.1
3.1

0
36.5
40.0
12.9
18.8
9.4

50.6
0
1.2
2.4

97.6
92.9
92.8
90.9
94.9
78.0
91.2
93.4
69.8
91.0

16.4
10.2
9.4

11.0
10.8
10.1
9.6

14.1
10.1
9.4

15.0 ± 6.4
11.6 ±6.7
10.1 ± 6.7
12.0 ± 6.7
12.3 ± 6.7
11.2 ±7.3
10.7 ±7.1
14.2 + 5.3
9.8 ± 6.3

10.4 ± 6.4

(Continued on page 6S0)
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TABLE AVI
Continued

Job category

Medical service
Other
Unknown

All years*

1.2
22.7

0.9

1986

1.8
17.5
0.6

Year"
1987

0.1
30.5
0.9

1988

0.2
34.1
2.7

1989

1.2
27.1
0

Percentage with a
recorded dose

86.7
86.5
72.7

Dose (cGy)
Median

5.9
8.7
9.6

Mean ± SD

7.3 ± 5.5
10.0 ± 7.4
11.1 ±7.7

"Percentages by column exceed 100%. as the workers did a variety of jobs.
^Includes workers with unknown year of entry.

TABLE AVII
Number and Percentage of Respondents with a Recorded Radiation Dose by Use of a Dosimeter

Use of
dosimeter

Recorded radiation dose
Yes No Total

Yes
No

Unknown
Total

1,771 (90.2%)
1,429 (84.3%)

38 (84.4%)
3,238 (87.4%)

193 (9.8%)
266(15.7%)

7(15.6%)
466 (12.6%)

1,964 (100%)
1.695 (100%)

45 (100%)
3,704 (100%)

TABLE AVIII
Use of Dosimeter and Recorded Radiation Doses among Respondents, by Month of First Entry

to the Chernobyl Area in 1986

Month of first entry Number of workers Wearing a dosimeter (%) Having a recorded dose (%) Median

11.1
7.9

13.5
12.7
11.9
15.8
15.5
16.8
21.9
12.0

Dose (cGy)
Mean ± SD

13.1 ± 7.9
9.0 ± 5.1

12.0 ± 6.6
12.7 ± 6.2
11.5 ±6.5
14.6 ±7.3
13.6 ± 6.9
14.4 ± 9.2
21.1 ± 1.8
12.0 * 4.0

April
May
June
July
August
September
October
November
December
Unknown

50
1,097

271
601
135
56
70
29
7
2

56.0
77.2
80.4
60.2
57.0
55.4
65.7
37.9
71.4

100.0

74.0
88.8
89.3
93.7
88.9
83.9
90.0
44.8
42.9

100.0

TABLE AIX
Use of Protective Clothing (%) in the Chernobyl Area among Respondents, by Year of First Entry

Protective clothing

Protective clothes
Gloves
Breathing mask
Other
None
Unknown

1986

30.5
31.6
84.7
6.8

10.1
0.7

1987

37.3
50.1
80.1
9.5

11.1
1.2

Year of first entry

1988

17.0
33.4
57.6
5.2

28.3
1.8

1989

38.6
34.9
69.9
7.2

20.5
2.4

1986-1989

30.6
36.1
80.0
7.2

12.8
1.0



ESTONIAN STUDY OF CHERNOBYL CLEANUP WORKERS: DESIGN 651

TABLE AX
Use of Protective Clothing and Iodine Tablets among Respondents, by Month of First Entry of 1986

Month of first entry

April
May
June
July
August
September
October
November
December
Unknown

Protective clothes (%)

26.0
34.7
34.3
24.6
25.9
28.6
18.6
27.6

0
50.0

Gloves (%)

18.0
34.9
30.3
24.3
33.3
35.7
45.7
37.9
42.9
50.0

Breathing r

74.0
86.1
86.3
85.7
82.2
76.8
80.0
55.2
71.4

100.0

her (%)

6.0
6.7
9.2
6.0
3.7

12.5
7.1
6.9

14.3
0

Iodine tablets (%)

28.0
44.4
11.8
7.0

11.9
10.7
8.6
3.4

14.3
0

TABLE AXI
Eating and Drinking Habits (%) in the Chernobyl Area among Respondents, by Year of First Entry

Characteristic

Eating/drinking local foods/water, etc.
Water
Milk
Fresh fruits
Fresh vegetables
Mushrooms
Meat
Fish
Other
Unknown

Alcohol recommended
Unknown

Alcohol given
Unknown

Alcohol consumption
Never
Once a month or less
2-3 times a month
Once a week
Several times a week
Once a day
Several times a day
Unknown

All years

61.4
16.8
52.0
36.5
13.0
27.7
22.3
15.8
7.1

16.5
2.1

1.5
2.9

21.9
25.2
22.7
12.4
11.8
2.5
0.6
2.9

1986

62.4
15.4
60.8
38.9
16.7
23.9
18.8
15.6
6.2

14.9
1.8

1.7
2.8

19.8
25.8
23.1
12.0
13.0
2.5
0.6
3.1

Ye;

1987

57.3
18.4
34.0
32.0
5.1

34.5
28.1
17.2
9.6

16.6
2.4

1.2
2.4

30.8
24.5
20.6
11.6
8.1
2.1
0.5
1.8

ir of first entry
1988

64.6
20.0
42.6
33.2
9.6

33.0
28.3
13.7
7.8

21.1
2.7

0.7
3.8

17.0
25.8
24.0
15.5
10.3
2.9
0.4
4.0

1989-1991

60.0
20.0
42.4
31.8
10.6
34.1
24.7
16.5
1.2

38.8
2.4

1.2
8.2

16.5
17.6
24.7
10.6
24.7
3.5
1.2
1.2

Unknown year

66.7
50.0
41.7
50.0
16.7
58.3
58.3
33.3
8.3

8.3
0

0
0

16.7
0

33.3
25.0
8.3
0
8.3
8.3

ACKNOWLEDGMENTS

The authors acknowledge the General Staff of Estonian Defense
Forces, the former Estonian Chernobyl Radiation Registry, the Estonian
Chernobyl Committee (particularly its regional branches) and the former
Ministry of Social Welfare of Estonia as the sources of data concerning the
cleanup workers, and appreciate the technical support provided by these
bodies. Special acknowledgment is extended to cleanup workers for the
superb collaboration with us in sharing their harsh experience in the disas-
ter area. The authors are indebted to the relatives of cleanup workers for
their kindness in completing questionnaires. The authors would like to
thank Dr. Peeter Mardna for his substantial assistance in the early phases
of this study. We also thank Kaja Gornoi for her dedicated efforts in com-
puterising, Sirje Just for extensive technical help and Edward A. Gelb for

critical comments during the formulation of this manuscript. The work was
supported by U.S. National Cancer Institute Contract N01-CP-85638-03
and by the Estonian Science Foundation.

Received: June 8,1996; accepted: January 27,1997

REFERENCES

1. United Nations Scientific Committee on the Effects of Atomic Radi-
ation, Sources, Effects and Risks of Ionizing Radiation, Report to the
General Assembly. United Nations, New York, 1988.

2. L. A. Ilyin, M. I. Balonov, V. N. Bur'yak, K. I. Gordeev, S. I.
Demet'ev, I. G. Zhakov, G. A. Zubovsky and 15 others, Radiocontam-



652 TEKKEL £7"/ta-

rnation patterns and possible health consequences of the accident at the
Chernobyl nuclear power station. I. Radiol. Prot. 10,3-12 (1990).

3. R. H. Jensen, R. G. Langlois, W. L. Bigbee. S. G. Grant, D. Moore.
II, M. Pilinskaya, I. Vorobtsova and P. Pleshanov, Elevated fre-
quency of glycophorin A mutations in erythrocytes from Chernobyl
accident victims. Radial. Res. 141,129-135 (1995).

4. J. N. Lucas, A. Awa, T. Straume, M. Poggensee, Y. Kodama, M.
Kakano, K. Ohtaki, U-H. Weier, D. Pinkel, J. Gray and G. Little-
field, Rapid translocation frequency analysis in humans decades after
exposure to ionizing radiation. Int. J. Radial. Biol. 62,53-63 (1992).

5. W. L. Bigbee, R. H. Jensen, T. Veidebaum, M. Tekkel, M. Rahu, A.
Stengrevics. A. Kesminiene, J. Kurtinaitis, A. Auvinen. T. Hakulinen,
K. Servomaa, T. Rytomaa. G. I. Obrams and J. D. Boice, Jr., Gly-
cophorin A biodosimetry in Chernobyl cleanup workers from the
Baltic countries. Br. Med. J. 312,1078-1079 (1996).

6. W. L. Bigbee, R. H. Jensen. T. Veidebaum, M. Tekkel, M. Rahu, A.
Stengrevics, A. Auvinen, T. Hakulinen, K. Servomaa, T. Rytomaa,
G. I. Obrams and J. D. Boice, Jr.. Biodosimetry of Chernobyl
cleanup workers from Estonia and Latvia using the glycophorin A in
vivo somatic cell mutation assay. Radial. Res. 147, 215-224 (1997).

7. P. D. Inskip, M. F. Hartshorne, M. Tekkel, M. Rahu, T. Veidebaum,
A. Auvinen, L. A. Crooks, L. G. Littlefield, A. F. McFee, S. Salomaa,
S. Makinen, J. D. Tucker, K. J. Sorenson. W. L. Bigbee and J. D.
Boice, Jr.. Thyroid nodularity and cancer among Chernobyl cleanup
workers from Estonia. Radial. Res. 147.225-235 (1997).

8. R. Wilson, Ed., Radiation and Risk. Bulletin of the Russian National
Medical Dosimetry Registry (RNMDR), English Translation of Rus-
sian Issues 1 and 2. Harvard University, Cambridge, MA, 1995.

9. A. Y. Romanenko, O. A. Pjatak and A. Y. Prisyazhnyuk, Some
aspects of public health organization at the Chernobyl accident. In
The Medical Basis for Radiation Accident Preparedness II: Clinical
Experience and Follow-up since 1979 (R. C. Ricks and S. A. Fry,
Eds.), pp. 259-270. Elsevier, New York, 1990.

10. 'Statistical Office of Estonia, Eesti rahvastik rahvaloenduste andmetel—
Population of Estonia by population censuses. 1. SOE, Tallinn, 1995.

11. United Nations Scientific Committee on the Effects of Atomic Radi-
ation, Sources and Effects of Ionizing Radiation, Report to the Gen-
eral Assembly, with Annexes. United Nations, New York. 1994.

12. Estonian Interuniverstty Population Research Center and Institute
of Experimental and Clinical Medicine, Rahvastiku soovanuskoostis:
maakonnad 1979-1989—Population age structure: Counties 1979-1989.
RU Series C No. 2, EIPRC and IECM, Tallinn, 1994.

13. Z. A. Medvedev, The Legacy of Chernobvl. W. W. Norton. New
York, 1990.

14. R. Linnemann, Soviet medical response to the Chernobyl nuclear
accident. J. Am. Med. Assoc. 258,637-643 (1987).

25. V. K. Ivanov, A. F. Tsyb, M. A. Maksyutov. A. I. Gorsky, Eu. M.
Rastopchin, V. A. Pitkevich. S. Yu. Chekin, A. P. Konogorov and
A. M. Korelo, Epidemiological investigation of health problems
among Chernobyl emergency workers. In Radiation and Risk. Bul-
letin of the Russian National Medical Dosimetry Registry (RNMDR),
English Translation of Russian Issues 1 and 2 (R. Wilson, Ed.), pp.
132-144. Harvard University, Cambridge, MA, 1995.

16. National Research Council. Committee on the Biological Effects of
Ionizing Radiation, Health Effects on Populations of Exposure to
Low Levels of Ionizing Radiation (BEIR V). National Academy
Press, Washington, DC, 1990.

17. T. Tarlap, Chernobyl 1986: Memoirs of an Estonian Cleanup Worker.
IECM, Tallinn. 1995.

18. V. I. Chissov, Yu. Ya. Gritsman and B. M. Schubin, Deontology in
practical oncology. In Deontology in Medicine, Vol. 2 (B. V.
Petrovskiy. Ed.), pp. 103-144. Meditsina. Moscow, 1988. [in Russian]

19. O. 0 . Thomsen, H. R. Wulff, A. Martin and P. A. Singer, What do
gastroenterologists in Europe tell cancer patients? Lancet 341,
473^176 (1993).

20. B. M. Levin and M. B. Levin, The anti-alcohol campaign in the
USSR—a dubious success. World Health Forum 11.253-256 (1990).

21. M. Mikko, Andres Illak: Naised eelistavad terveid mehi. Eesti Eks-
press, 13 March 1992.



STUK-A158

4.4.

The Estonian Study of Chernobyl Cleanup Workers:
II. Incidence of Cancer and Mortality, Radiat. Res. 147,
653-657 (1997)

Mati Rahu, Mare Tekkel, Toomas Veidebaum, Eero Pukkala, Timo Hakulinen,
Anssi Auvinen, Tapio Rytomaa, Peter D. Inskip and John D. Boice, Jr.

Printed with permission of the publisher.

left BLANK

127



RADIATION RESEARCH 147. 653-657 (1997)
0033-7587/97 $5.00
©1997 by Radiation Research Society.
All rights of reproduction in any form reserved.

The Estonian Study of Chernobyl Cleanup Workers:
II. Incidence of Cancer and Mortality

Mati Rahu,* Mare Tekkel * Toomas Veidebaum * Eero Pukkala,' Timo Hakulinen,*
Anssi Auvinen,* Tapio Rytomaa,' Peter D. Inskip§1 and John D. Boice, Jr.52

'Department of Epidemiology and Biostalistics, Institute of Experimental and Clinical Medicine, Hiiu 42, EE0016 Tallinn, Estonia;
' Finnish Cancer Registry, Liisankatu 21 B, FIN-00170 Helsinki, Finland, and Unit of Cancer Epidemiology, Karolinska Institute,

S-171 76 Stockholm, Sweden; Finnish Center for Radiation and Nuclear Safety, P. O. Box 268, FIN-0010I Helsinki,
Finland; and ^Radiation Epidemiology Branch, National Cancer Institute, 6130 Executive Boulevard,

Executive Plaza North, Room 408, Bethesda, Maryland 20852

Rahu, M., Tekkel, M., Veidebaum, T., Pukkala, E., Hakulinen,
T., Auvinen, A., Rytomaa, T., Inskip, P. D. and Boice, J. D., Jr.
The Estonian Study of Chernobyl Cleanup Workers: II. Inci-
dence of Cancer and Mortality. Radiat. Res. 147, 653-657 (1997).

A cohort of 4,742 men from Estonia who had participated in
the cleanup activities in the Chernobyl area sometime between
1986 and 1991 and were followed through 1993 was analyzed
with respect to the incidence of cancer and mortality. Incidence
and mortality in the cleanup workers were assessed relative to
national rates. No increases were found in all cancers (25 inci-
dent cases compared to 26.5 expected) or in leukemia (no cases
observed, 1.0 expected). Incidence did not differ statistically
significantly from expectation for any individual cancer site or
type, though lung cancer and non-Hodgkin's lymphoma both
occurred slightly more often than expected. A total of 144 deaths
were observed [standardized mortality ratio (SMR) = 0.98; 95%
confidence interval (CI) = 0.82—1.14] during an average of 6.5
years of follow-up. Twenty-eight deaths (19.4%) were suicides
(SMR = 1.52; 95% CI = 1.01-2.19). Exposure to ionizing radi-
ation while at Chernobyl has not caused a detectable increase in
the incidence of cancer among cleanup workers from Estonia. At
least for the short follow-up period, diseases directly attributable
to radiation appear to be of relatively minor importance when
compared with the substantial excess of deaths due to suicide.
© 1 » 7 by Radiation Research Society

INTRODUCTION

In the aftermath of the reactor accident at the Chernobyl
nuclear power plant in April of 1986, hundreds of thou-
sands of men from all 15 Republics of the former Soviet

Current address: Department of Veterinary Anatomy and PubJic
Health, College of Veterinary Medicine, Texas A&M University, College
Station, TX 77843.

2Current address: International Epidemiology Institute, 1550 Research
Blvd., Rockville. MD 20850.

Union were sent to the Chernobyl area to decontaminate
the environment, entomb the damaged reactor, construct
new housing, and perform radiation monitoring and other
tasks. Broadly referred to here as "cleanup workers," and
elsewhere as "liquidators" (/), these men typically
remained in the Chernobyl area for several months, during
which time they would have experienced protracted expo-
sure to low doses of ionizing radiation due to the environ-
mental contamination. In 1986, workers were officially
allowed to accumulate up to 25 cGy before being sent home
(2), but anecdotal reports indicated that doses may have
been higher (J). The level of cancer risk attributable to such
exposures is an issue of current interest in the field of radi-
ation epidemiology. Furthermore, the general mortality
experience of this population is of importance to public
health given the large number of exposed workers.

A cohort of nearly 5,000 cleanup workers from Estonia
was assembled for study. Our companion paper (4)
addresses the aspects of the study design and results of the
related questionnaire study in detail. The present investiga-
tion was undertaken to assess the risk of cancer and causes
of death that could be related to the radiation exposures
experienced at Chernobyl.

MATERIALS AND METHODS

A cohort study was initiated in Estonia in 1992 to determine the mor-
tality experience and cancer incidence among men from Estonia who
participated in the cleanup and in construction in the Chernobyl area
after the reactor accident (4). The cohort was established using data from
four independent sources of information: the General Staff of Estonian
Defense Forces, the former Estonian Chernobyl Radiation Registry, the
Estonian Chernobyl Committee and the former Ministry of Social Wel-
fare of Estonia. The criterion for registering persons in these sources was
the possession of an official record documenting their Chernobyl service.
The cohort consisted of 4,833 men who were residents of Estonia and
had worked at least 1 day in the Chernobyl area sometime between 1986
and 1991. The vast majority (83%) entered the Chernobyl area during
1986-1987; only two men went after 1989. Thirty-six percent of the work-
ers were between the ages of 20 and 29 years and 47% were between 30

653
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and 39 at first entry to the area (4). The average age at the time of arrival
at Chernobyl was 32 years.

Each cleanup worker was followed for vital status from the date of
his return to Estonia until his death, emigration or 31 December 1993,
whichever occurred first. The Address Bureau of Estonia (a central pop-
ulation migration and vital statistics registry) was the primary source of
information on vital status; other tracing sources were parish and town
administrations, local agencies of the Ministry of Social Welfare and
death certificates at the Statistical Office of Estonia. If a Chernobyl
worker had died, the death certificate was obtained. The underlying
cause of death for each subject was coded according to the ninth revi-
sion of the International Classification of Diseases (ICD-9) (5) by a
qualified nosologist who followed the same coding principles as the Sta-
tistical Office of Estonia.

Of the total of 4,833 cleanup workers, 42 (0.9%) could not be traced
and had to be excluded from the analysis. In addition, 49 men were
excluded because of missing year of birth. Thus mortality and cancer inci-
dence analyses were conducted for 4,742 cleanup workers. Among them,
there were 86 persons whose month and/or year of arrival in the Cher-
nobyl area and/or duration of service there were missing. For the purpose
of this analysis, their time of arrival at Chernobyl was assumed to be Jan-
uary 1,1987, and the duration was estimated to be 3 months, which was
the median time spent in the area for the study population as a whole.

All cases of cancer diagnosed between 1986 and 1993 among mem-
bers of the cohort were identified through the Estonian Cancer Registry.
The cancer registry covers the whole of Estonia (6). In 1988-1992 the
diagnosis of cancer in 81 % of the cases among males was based on histo-
iogical examination (7).

Calculation of person-years at risk began on the day when the
cleanup worker returned to Estonia. If he had been in the Chernobyl
area more than once, the calculation started at the date of the first return
to Estonia. The cleanup workers contributed person-years of follow-up
until death, loss to follow-up or termination of the study (31 December
1993). The expected numbers of cancers and deaths were calculated by
applying the age-specific cancer incidence and cause-of-death rates for
the male population of Estonia in 1986-1993 to the age-specific person-
years at risk contributed by the members in the cohort. The observed
and expected numbers were counted by 5-year age groups and years(s)
of follow-up (<2, a2) . The standardized incidence ratio (SIR) and stan-
dardized mortality ratio (SMR) were calculated by dividing the observed
numbers of cancers and deaths, respectively, by "the corresponding
expected numbers. The SIRs were calculated for major cancers and can-
cer sites defined a priori as potentially radiation-related (leukemia, thy-
roid) at the ICD-9 three-digit level, and for combined sites (all cancers,
tobacco-related and alcohol-related cancers). The tobacco-related cancer
group included oral, oropharyngeal and hypopharyngeal (ICD-9 codes
140-146,148), esophageal (150). pancreatic (157), laryngeal (161), lung
(162), bladder (188) and kidney (189) cancers; the alcohol-related cancer
group included oral, orophaTyngeal, hypophaTyngeal and esophageal
(ICD-9 codes 141-146,148-150), liver (155) and laryngeal (161) cancers.
The SMRs were calculated for all causes combined and for nine specific
main groups of underlying causes of death. The exact 95% confidence
intervals (CI) for the SIRs and SMRs were based on treating the
observed numbers as Poisson variates.

RESULTS

The 4,742 cleanup workers in the cohort contributed
30,643 person-years of follow-up (mean length of follow-up
6.5 years) (Table I). The vast majority (92%) of the person-
years occurred under the age of 45. During the follow-up
period, 25 cancers were diagnosed, and 26.5 were expected
(Table II). No statistically significantly increased SIRs were
observed for cancers of specific sites. No cases of leukemia

TABLE I
Number of Persons and Person-Years in the Follow-up

of the Cohort of Chernobyl Cleanup Workers
from Estonia from 1986-1993, by Age

Age (years) Total number of persons" Number of person-years

<29
30-44
45-59
s60
Total

1,896
2,722

121
3

4,742

8,142
19,980
2.480

41
30,643

"Age at beginning of follow-up.

were observed, but only 1 was expected. There was a non-
significant excess of non-Hodgkin's lymphoma (SIR = 4.52;
95% CI = 0.93-13.20) based on 3 cases. The SIR was 1.37
(95% CI = 0.75-2.30) for tobacco-related cancers and 1.43
(95% CI = 0.47-3.34) for alcohol-related cancers. The SIR
for total cancer was 1.32 (8 observed cases compared to 6.05
expected) in the first 2 years since the beginning of follow-
up and 0.83 (17 compared to 20.41) for subsequent years.

There were 144 deaths observed compared to 147.6
expected (Table III). Of the deaths observed, 34% were
caused by accidents and poisoning, 20% were due to dis-
eases of the circulatory system, and 19% were due to sui-
cides. There was a statistically significant excess of suicides:
The SMR was 1.52 (95% CI = 1.01-2.19). This ratio was
1.71 (95% CI = 0.78-3.24) for first 2 years of follow-up and
1.44 (95% CI = 0.87-2.25) for subsequent years. None of
the SMRs for other underlying causes of death differed
significantly from unity.

The overall SMR was 0.82 (32 observed compared to
39.10 expected deaths) during the first 2 years of follow-up
and 1.03 (112 compared to 108.48) for subsequent years.
The SMR for all nonviolent causes was 0.80 (13 compared to
16.28) and for all violent cases 0.83 (19 compared to 22.93)
during the first 2 years of follow-up. For subsequent years
the SMR was 0.81 (43 compared to 53.26) for nonviolent
causes and 1.25 (69 compared to 55.23) for violent causes.

DISCUSSION

This paper addresses the mortality experience and cancer
incidence among 4,742 Chernobyl cleanup workers from
Estonia through 1993,7.5 years after the reactor accident.
The study population is quite young, and only 144 deaths
and 25 cancers were observed. Both mortality due to all
causes and the incidence of cancer of all types combined
occurred at rates close to the expected rates. Data are too
sparse and follow-up too short to support any strong state-
ments about risk with respect to specific types of cancer.
However, the end point of our study was cancer incidence,
and therefore our results are much more informative com-
pared with mortality analysis with similar length of follow-



ESTONIAN STUDY OF CHERNOBYL CLEANUP WORKERS: CANCER 655

TABLE II
Cancer Incidence among Chernobyl Cleanup Workers from Estonia in 1986-1993, by Site or Type

ICD-9 (5) Site or type Number of cases observed Number of cases expected SIR (95% CI)

140-208
143-145
146,148-149
147
150
151
153-154
155
157
161
162
173
188
193
201
200,202
204-208

All sites and types
Mouth
Pharynx (excluding nasopharynx)
Nasopharynx
Esophagus
Stomach
Colon, rectum
Liver
Pancreas
Larynx
Lung
Skin (non-melanoma)
Bladder
Thyroid gland
Hodgkin's disease
Non-Hodgkin's lymphoma
Leukemia

25
1
1
1
1
2
1
1
1
1
8
1
1
0
2
3
0

26.46
0.64
0.83
0.14
0.42
3.49
1.97
0.31
0.75
1.03
4.57
1.90
0.55
0.21
1.14
0.66
1.04

0.94 (0.61-1.39)
1.57 (0.04-8.75)
1.20 (0.03-6.69)
6.95 (0.18-38.71)
2.36 (0.06-13.17)
0.57 (0.07-2.07)
0.51 (0.01-2.83)
3.24 (0.08-18.06)
1.33 (0.03-7.40)
0.97 (0.02-5.41)
1.75 (0.76-3.45)
0.53 (0.01-2.93)
1.81 (0.05-10.08)
0.00 (0.00-17.67)
1.76(0.21-6.36)
4.52 (0.93-13.20)
0.00 (0.00-3.54)

up. Also, excess risk of cancers with little associated mortal-
ity such as thyroid cancer can be assessed in a more valid
fashion. No cases of leukemia or thyroid cancer were
observed. Lung cancer and smoking- and alcohol-related
cancers in the aggregate did occur more often than expected.
This was expected in view of the high prevalence of cigarette
smoking in this cohort: 69% were current smokers and 13%
were ex-smokers at the time of completion of a study ques-
tionnaire (4). These percentages are somewhat higher than
for the Estonian general male population in the same age
range (8). There was an excess of non-Hodgkin's lymphoma,
based on three cases. Radiation has not been established as
a risk factor for non-Hodgkin's lymphoma (9).

There is little information in the literature concerning
cancer incidence in other populations of cleanup workers.
Preliminary findings from a study of cleanup workers from
Belarus were reported to include a significantly low inci-
dence of lung cancer, a significant excess of bladder cancer

and nonsignificant excesses of leukemia and thyroid cancer
(10). Recently published data from the Russian Federation
(11) suggest that a great deal of effort is required to carry
out a valid, large-scale epidemiological study.

Based on studies of other populations exposed to radi-
ation, radiation-induced leukemia begins to appear about
2 years after (acute) exposure and peaks between 4 and
10 years after exposure, whereas most radiation-induced
solid tumors do not begin to appear until at least 10 years
have passed (12). Thus, while it is still too soon after the
accident to look for evidence of radiation-induced solid
cancers, it is not too early for leukemia.

Thyroid cancer presents a special case, as the thyroid
gland concentrates iodines, and much of the radioactivity
released from the damaged reactor was in the form of
radioiodines; thus thyroid exposures could have come
from internally deposited radioiodines as well as from
external sources. The thyroid gland might have received a

TABLE III
Mortality among Chernobyl Cleanup Workers from Estonia in 1986-1993, by the Underlying Cause of Death

Number of deaths observed Nu

144
1

15
29
3
2
6

49
28

ICD-9 (5)

001-E999
001-139
140-239
390-459
460-519
520-579

E800-E949, E990-E999
E950-E959
E960-E969
E980-E989

Cause of death

All causes
Infectious and parasitic diseases
Neoplasms
Circulatory diseases
Respiratory diseases
Digestive diseases
Other known nonviolent causes

Accidents and poisoning
Suicide
Homicide
Other violence

of deaths expected

147.59
2.55

15.85
33.95
3.40
4.54
9.24

47.44
18.42
10.02
2.17

SMR (95% CI)

0.98(0.82-1.14)
0.39 (0.01-2.18)
0.95(0.53-1.56)
0.85 (0.57-1.22)
0.88(0.18-2.58)
0.44(0.05-1.59)
0.65 (0.24-1.41)

1.03 (0.76-1.36)
1.52 (1.01-2.19)
0.80(0.34-1.57)
1.39 (0.29-4.04)
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larger dose than other internal organs. A study that exam-
ined the thyroid of nearly 2,000 of these workers from
Estonia was conducted in the spring of 1995 (13). Examina-
tions included palpation, ultrasound and, as indicated, fine-
needle biopsy. Ultrasound imaging can detect small, sub-
clinical tumors, of the order of several millimeters. Two
thyroid cancers and three benign thyroid tumors were dis-
covered, but the occurrence of nodular thyroid disease did
not appear to be related to different indicators of radiation
exposure at Chernobyl (13).

Although radiation doses to individual workers are not
known with confidence, current indicators suggest that the
mean dose was small. Information about dose was abstracted
from worker records, and the mean was 11 cGy (4). These
data were, ostensibly, based on personal dosimeters or other
measurements. However, they are of uncertain accuracy, as
it is not clear that dosimeters always were worn by workers,
or that correct readings were recorded. For instance, con-
cern has been expressed about possible truncation of doses
at maximum permissible levels. However, we found little
evidence for this. Independent information about exposure
was sought through use of two assays of biological indica-
tors of exposure, namely fluorescence in situ hybridization
for analysis of translocations (14,15) and the glycophorin A
somatic cell mutation assay (16,17). In the analyses con-
ducted to date, at an individual level these biomarkers have
shown poor correlations with documented radiation dose,
but do not indicate a higher mean dose (13,18-20, L. G.
Littlefield et al., manuscript in preparation). These results
leave open the possibility that a small subset of workers
received substantially higher doses. If the mean dose truly
was only of the order of 11 cGy, few radiation-induced can-
cers would be expected in a population of this size, particu-
larly for individuals exposed as adults.

Great reliance was placed on centralized, national
databases for population follow-up and ascertainment of
outcome. Any failures in linking the study population with
these sources of information could have introduced error.
For example, inaccuracies in the spelling of names or other
personal identifiers could have caused cancer cases or
deaths to be missed. However, considerable effort was
directed to obtaining accurate identifying information
about members of the cohort. Similar problems could have
undermined manual linkage procedures at the Address
Bureau of Estonia, with the result that some cleanup work-
ers might have emigrated from Estonia, but records might
still show them as living in Estonia. Again, however, multi-
ple sources of follow-up information were used to minimize
this potential bias. Substantial under-reporting of cancer
cases to the Estonian Cancer Registry seems unlikely, given
the close contacts between the Registry and reporting insti-
tutions. The Registry was formed in 1978, and the com-
pleteness of cancer registration is believed to be 95-98%
(21). Results of the mortality analysis supported the find-
ings on incidence insofar as total cancer mortality also
occurred at close to the expected rate.

The most striking finding from this study was the high
rate of suicide. An excess occurrence of suicide is consistent
with the view that psychological and emotional distress is
among the leading health effects of the Chernobyl accident
to date (22-26). Potentially stressful circumstances faced by
these cleanup workers included the sudden, forced recruit-
ment for duty, work under loosely organized surroundings
in a contaminated environment, perhaps with inadequate
attention to safety, uncertainty about the radiation dose
received, and poor communication from authorities con-
cerning the magnitude of future health risks due to the radi-
ation exposures. The cleanup workers felt there was insuffi-
cient attention given to informing them about the possible
sequelae, which caused considerable anxiety among them.

Notwithstanding the excess of suicide, mortality due to
all causes occurred at slightly less than the rate expected
based on general population comparisons. The excess of
suicide was offset by a 20% deficit of deaths due to all non-
violent cases combined. Men with debilitating conditions
might have not been sent to Chernobyl. Also, although the
majority of cleanup workers were leading civilian lives at
the time they were summoned for duty, the majority were
military reservists and perhaps were more healthy than the
citizenry as a whole (27,28).

At this still-early stage after the reactor accident,
results for a population of cleanup workers from Estonia
do not point to an excess of cancer due to exposure to
radiation. Biological indicators of radiation exposure,
while correlating poorly with dose from worker records,
do not indicate that mean dose was appreciably higher
than the mean documented dose of 11 cGy (75,18, 20,
L. G. Littlefield et al., manuscript in preparation). If the
population mean dose truly was less than 20 cGy, it would
be difficult to detect a radiation effect in a population of
this size. In an expanded study, and after additional time
has passed, subgroups with potential for higher exposure
could be examined in greater detail.

To this point, the primary adverse effects associated
with cleanup duty do not appear to be related directly to
radiation exposure. However, these observations point to
possible needs for intervention to improve the health of
this population.
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Thyroid examinations, including palpation, ultrasound and,
selectively, fine-needle aspiration biopsy, were conducted on
nearly 2,000 Chernobyl cleanup workers from Estonia to evalu-
ate the occurrence of thyroid cancer and nodular thyroid disease
among men with protracted exposure to ionizing radiation. The
examinations were conducted in four cities in Estonia during
March-April 1995, 9 years after the reactor accident. The study
population was selected from a predefined cohort of 4,833
cleanup workers from Estonia under surveillance for cancer inci-
dence. These men had been sent to Chernobyl between 1986 and
1991 to entomb the damaged reactor, remove radioactive debris
and perform related cleanup activities. A total of 2,997 men were
invited for thyroid screening and 1,984 (66%) were examined.
Estimates of radiation dose from external sources were obtained
from military or other institutional records, and details about
service dates and types of work performed while at Chernobyl
were obtained from a self-administered questionnaire. Blood
samples were collected for assay of chromosomal translocations
in circulating lymphocytes and loss of expression of the glyco-

1 Current address: Department of Veterinary Anatomy and Public
Health: College of Veterinary Medicine: Texas A&M University; Col-
lege Station. TX 77843.

2Current address: International Epidemiology Institute Ltd.. 1550
Research Blvd.. Suite 200, Bethesda. MD 20850.

phorin A (GPA) gene in erythrocytes. The primary outcome
measure was the presence or absence of thyroid nodules as deter-
mined by the ultrasound examination. Of the screened workers,
1,247 (63%) were sent to Chernobyl in 1986, including 603
(30%) sent in April or May, soon after the accident. Workers
served at Chernobyl for an average of 3 months. The average
age was 32 years at the time of arrival at Chernobyl and 40 years
at the time of thyroid examination. The mean documented radi-
ation dose from external sources was 10.8 cGy. Biological indica-
tors of exposure showed low correlations with documented dose,
but did not indicate that the mean dose for the population was
higher than the average documented dose. Ultrasound examina-
tions revealed thyroid nodules in 201 individuals (10.2%). The
prevalence of nodules increased with age at examination, but no
significant associations were observed with recorded dose, date
of first duty at Chernobyl, duration of service at Chernobyl,
building the sarcophagus or working on the roof of neighboring
buildings or close to the damaged reactor. Nodularity showed a
nonsignificant (pm = 0.10) positive association with the propor-
tion of lymphocytes with chromosome translocations, but associ-
ations with the frequency of variant erythrocytes in the GPA
assay were weak and unstable (p(1) a 0.46). The majority of fine-
needle biopsies taken on 77 study participants indicated benign
nodular disease. However, two cases of papillary carcinoma and
three benign follicular neoplasms were identified and referred for
treatment. Both men with thyroid cancer had been sent to Cher-
nobyl in May of 1986, when the potential for exposure to
radioactive iodines was greatest. Chernobyl cleanup workers
from Estonia did not experience a markedly increased risk of
nodular thyroid disease associated with exposure to external
radiation. Possible reasons for the apparent absence of effect
include low radiation doses, the protracted nature of the expo-
sure, errors in dose measurement, low sensitivity of the adult
thyroid gland or the insufficient passage of time for a radiation

effect tO be expressed. O 1997 by Radiation Research Society
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INTRODUCTION

The Chernobyl nuclear reactor accident on April 26,
1986, resulted in massive radioactive contamination of the
surrounding area (1-3). Hundreds of thousands of workers
from throughout the former Soviet Union were sent to
Chernobyl (Ukraine) to entomb the damaged reactor and
decontaminate the environment. These cleanup activities,
possibly the largest such effort undertaken in the history of
civilization, may have resulted in substantial radiation expo-
sures to many who participated. Exposures were from
rapidly decaying radioactive iodines, as well as from lj'Cs
and other long-lived radioisotopes (3). In response to these
events, a cohort of nearly 5,000 cleanup workers from Esto-
nia was assembled to provide information on the health
effects of protracted exposure to ionizing radiation (Tekkel
et al., manuscript submitted for publication).

Because the thyroid gland is highly susceptible to cancer
induction by ionizing radiation, at least when exposure
occurs at a young age (4), a clinical examination survey was
conducted in the spring of 1995 to determine the prevalence
of thyroid tumors and other nodular thyroid disease among
former cleanup workers 9 years after the accident. The
sample included workers sent shortly after the accident, as
well as men sent after 1986, when the likelihood of high-
dose exposure would have been lower. Thyroid nodules
were identified by palpation and ultrasound examinations,
and suspicious lesions were evaluated by fine-needle aspira-
tion biopsy. It was believed that this approach to the early
identification of nascent tumors would be sufficiently sensi-
tive to detect excess lesions related to the radiation expo-
sure. The use of internal comparisons avoids possible biases
in ascertainment related to intensive screening of popula-
tions with known radiation exposure (5,6).

The current study was designed to detect an increase in
thyroid nodularity of nearly twofold, that is, a doubling of
risk. It was realized at the outset, however, that an absence
of a detectable excess of lesions might be attributable to
any of several factors, including a low thyroid dose, the pro-
tracted nature of the exposure allowing time for repair of
DNA damage, errors in dosimetry, exposures in early
adulthood not being as effective at inducing cancers or nod-
ules as exposures at younger ages, and the insufficient pas-
sage of time for radiation-induced thyroid abnormalities to
appear. Such a study would nonetheless provide useful
baseline information on thyroid disease for reference in
future investigations.

MATERIALS AND METHODS

Study Population
A total of 2.997 former cleanup workers from Estonia were invited to

come to one of four screening sites in different parts of the country to
have their thyroid glands examined by experienced thyroid specialists
and radiologists. The sample was drawn from a predefined cohort of
4,833 male cleanup workers that was assembled previously for an ongo-
ing study of leukemia and other cancers (M. Tekkel ei al.. manuscript
submitted for publication). This cohort was constructed based on four

independent but partially overlapping sources, including records of the
former Soviet Army now in the possession of the Estonian Defense
Forces, the Estonian Chernobyl Radiation Registry, the Estonian Cher-
nobyl Committee and the Ministry of Social Welfare of Estonia. Most
(83%) of the workers were ascertained through more than one of these
sources, of which the military lists were the most complete (n = 4.070).

Workers for the thyroid study were selected based on evidence of
high or low radiation exposure, as indicated by work-history information
and the frequency of N/0 variant cells in the glycophorin A (GPA)3

assay (details given below) (7, 8). The presumptive high-exposure group
included 1.384 men who went to Chernobyl in 1986. helped build the sar-
cophagus, worked on the roof near the damaged reactor, worked in the
special zone or within 10 km of the reactor, or had a 20 X 10"6 N/0 vari-
ant cells. The presumptive low-exposure group (n = 600) had fewer than
10 X 10"6 N/0 variant cells and did not work within 10 km of the reactor.
A total of 1.984 (66%) of the Chernobyl veterans who were invited to
participate came for thyroid screening. Participation rates were similar
for presumptive high-dose (64%) and low-dose (69%) groups.

Thyroid Examinations
Examinations were conducted over 10 days between March 27 and

April 7, 1995. in four cities in Estonia: Tallinn. Tartu, Kohtla-Jarve and
Parnu. Buses were rented to transport workers from outlying areas to
encourage a high participation rate and control the rate at which workers
appeared at the centers for examinations. Local Chernobyl Committees
helped to coordinate these activities. WorkeTS were reimbursed for
expenses and time lost from work. Informed consent was obtained sepa-
rately for the examination and biopsy components of the study.

Screening examinations included palpation by a thyroid specialist and
high-resolution ultrasonography by a radiologist. Each participant's neck
was palpated while in several different positions and while the person
swallowed. Ultrasound examinations were performed with Hitachi Medi-
cal System's model EUB-405 and a 7.5 MHz linear transducer. Nodules
detected by palpation or ultrasound were diagrammed, and size and
location were recorded. Palpable nodules were characterized further as
movable or fixed, hard or soft, and tender or nontender. Nodules
observed by ultrasound were classified as solid, cystic or mixed, based on
the echo pattern. Images in multiple projections were obtained when
nodules were detected. Nodule diameter was measured in the greatest
anterior-posterior dimension and recorded to the nearest millimeter.
Thyroid specialists and radiologists did not discuss findings for a given
individual until after each type of examination had been performed.
Examiners also were unaware of the individual's radiation dose and
work history. Three teams of thyroid specialists, radiologists and support
staff worked in parallel. Teams examined an average of 198 former
cleanup workers per day. Six radiologists and four thyroid specialists
from the U.S. participated in the examinations. An Estonian physician
was also present, to help ensure a smooth transition into the Estonian
health care system for any necessary follow-up care. One worker under-
went palpation but refused the ultrasound examination.

At the conclusion of the examination, results were explained briefly
to the study participants. Examination results were recorded in triplicate;
two copies were in Estonian and one was in English. One of the Estonian
copies was given to the worker along with a copy of the ultrasound
image, with the recommendation that they be given to his physician for
inclusion in his medical record.

Fine-needle aspiration biopsy was recommended for all palpable nod-
ules that were 1 cm or more in diameter as determined by ultrasound.
Biopsy also was recommended if palpation findings were clearly positive,
even if a nodule was not apparent by ultrasound, and for nodules that
either were not palpable or were slightly smaller than 1 cm, provided

JCI, confidence interval; ERR. excess relative risk; FISH, fluores-
cence in situ hybridization; GPA, glycophorin A: ICDO, International
Classification of Diseases for Oncology, 1st ed.; OR, odds ratio; PAP,
Papanicolaou: RR, relative risk; Vr, variant cell frequency.
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that the ultrasound examiner could mark the precise location on the skin
to guide the needle biopsy. Thyroid lesions that were not biopsied and
those with indeterminate findings are being monitored through clinical
follow-up. Two workers refused the needle biopsy.

After anesthetization with 1 % lidocaine. aspirates were obtained with
25-gauge needles affixed to 5-ml syringes. Pairs of glass slides were pre-
pared from each aspirate. One was fixed with Spray-cyte (Becton Dickin-
son) for Papanicolaou (PAP) staining upon return to the U.S. The other
slide was processed on-site with Diff-quik (Baxter Pharmaceuticals) for
immediate microscopic examination to determine whether the aspirate
contained follicular cells. If the sample was not adequate, one or more
additional biopsies were performed. Cytopathology procedures were ham-
pered during the first 5 examination days because of delays in the ship-
ment of chemical supplies. During this period, pairs of slides were pre-
pared from each aspirate and air-dried without fixative. Proof of sample
adequacy was not immediately available, and this resulted in inadequate
biopsies for some workers. All slides were returned to the U.S. Those from
the first week were prepared with a rehydration technique and PAP stain.

A 5% sample of workers was examined independently by three thy-
roid specialists and three radiologists as a check on interobserver vari-
ability. Only results of the first examination were used in analyses of thy-
roid nodularity with respect to documented radiation dose, work history
and biodosimetric end points, as described below.

Radiation Exposure Assessment and Dosimetry

Doses based on personal dosimeter readings were collected by the
Soviet military authorities in the course of workers' cleanup activities.
This information was obtained from military and other institutional
records but was missing for 259 men. If doses differed among the various
sources of records, a mean was used. Because of missing data and the
uncertain accuracy of the recorded doses, thyroid nodularity was also
evaluated with respect to selected work history variables judged likely to
be correlated with radiation exposure, and with two biological markers
of exposure, namely, fluorescence in situ hybridization (FISH) for
translocation analysis, also known as "chromosome painting" (9,10), and
the glycophorin A (GPA) somatic cell mutation assay (7,8).

Information about work activities while at Chernobyl and possible
confounding exposures was obtained through a mail questionnaire
administered previously as part of the ongoing cohort study. Question-
naire responses considered to be predictive of possible high-dose expo-
sure included duty soon after the accident in 1986, long durations of
work at Chernobyl, time spent working on the roof near the damaged
reactor, building the sarcophagus and working elsewhere on the grounds
of the plant within the "special zone." Workers who first came to Cher-
nobyl in later years or who worked at locations remote from the facility
would presumably have experienced lower doses on average. The
potential for thyroid exposure to I j ' l (half-life, 8 days) and other,
shorter-lived radioiodines from the accident was evaluated by consider-
ing dates of service at Chernobyl and whether prophylactic potassium
iodide was taken. Actual radiation doses to the thyroid gland from
radioiodines are unknown.

For cytogenetic evaluation, blood samples were drawn for workers
with biopsied thyroid lesions and a 2% sample of workers without nod-
ules, Heparinized blood samples (identified only by a code number) were
shipped by overnight courier to the Finnish Centre for Radiation and
Nuclear Safety in Helsinki, where blood cells were separated by density
gradient centrifugation and cultures were initiated from washed mono-
cyte layers. When possible, 1 to 2 million viable lymphocytes were inocu-
lated into 5 ml culture medium (RPMI1640 with 15% fetal bovine serum
and 1% phytohemagglutinin plus 100 units of penicillin and 100 ug of
streptomycin/ml). Cultures were incubated at 37°C in a humidified atmo-
sphere of 5% CO2 for 48 h; 0.2 ug/ml colchicine was added for the last 4
h. Harvested cells were exposed to 2 ml of 0.075 M KC1 at 37°C for 15
min. fixed and mounted on microscope slides.

Sets of slides were distributed to three cytogenetics laboratories (Oak
Ridge Institute for Science and Education in Oak Ridge. TN: Lawrence
Livermore National Laboratory in Livermore, CA; and the Finnish Cen-

tre for Radiation and Nuclear Safety in Helsinki, Finland) for probing
with whole chromosome paints. Each set contained randomized samples
from persons who had biopsies of thyroid nodules and from the group of
nodule-negative workers. With minor modifications, all laboratories fol-
lowed the manufacturer's instructions (Vysis. Inc.. Downer's Grove. IL)
for performing FISH using a direct label probe mix for painting chromo-
somes 1. 2 and 4. Chromosomal interchanges involving these three chro-
mosome pairs account for approximately 34% of the total number
induced. The PAINT system of nomenclature (//) was used to classify
and record all types of symmetrical and asymmetrical aberrations involv-
ing painted chromosomes. When possible, 1,500 painted metaphases [i.e.
516 "total genome equivalents" {12}] were scored to quantify the fre-
quencies of various types of aberrations.

Samples for GPA analysis had been collected previously as part of
the larger cohort investigation (13. Tekkel el at., manuscript submitted
for publication). The autosomal glycophorin A gene exists in two com-
mon allelic forms, M and N, in the human population. In heterozygous
M/N individuals. ~50% of the population, the alleles are expressed co-
dominantly and produce allelic forms of the GPA protein on the surface
of erythroid lineage cells that determine the M/N blood group. The GPA
assay is informative only for M/N beterozygotes and delects allele-loss
GPA variant peripheral red blood cells that presumably derive from
inactivating GPA locus mutations in erythroid stem cells in the bone
marrow (7.14).

Blood samples from heterozygous M/N individuals were analyzed for
GPA locus mutations using the previously described DB6 version of the
assay (IS). Briefly, the erythrocytes are first fixed and then immuno-
labeled with GPA allele-specific antibodies to the M and N GPA pro-
teins. These antibodies are conjugated to distinguishable fluorophores
(green and orange fluorescence) so that all normal erythrocytes are dou-
bly labeled. Rare erythrocyte variants, expressing GPA allele-loss (N/0)
or GPA allele-loss and duplication (N/N) phenotypes, are singly labeled
(green-only fluorescence). The single-color variants are enumerated using
a FACScan™ flow cytometer (Becton Dickinson Immunocytometry Sys-
tems, San Jose. CA) and the results reported as the GPA variant cell fre-
quency (Vf), expressed as the number of variant erythrocytes of each phe-
notype detected per million cells examined. A total of 5 X 106 cells were
analyzed for each sample at a rate of 3-4 X 10"' cells per second. In previ-
ous studies of radiation-exposed populations, the N/0 Vf has been found
to be more closely correlated with radiation dose (8. 16-19).

Analysis
The primary outcome variable for thyroid examinations was the pres-

ence or absence of one or more thyroid nodules as determined by ultra-
sound. Nodule prevalence was evaluated with respect to age at examina-
tion, age when first sent to Chernobyl, ethnicity, region within Estonia,
documented radiation dose (as reported in military or otheT records),
date of arrival at Chernobyl, type of work performed at Chernobyl, dura-
tion of service, frequency of chromosomal aberrations and frequencies of
N/0 and N/N variant cells. Tests for differences or trends in proportions
were adjusted for age at the time of thyroid examination. Logistic regres-
sion models were fitted with the aid of GMBO. a program for analysis of
binomial (dichotomous) outcome data (20). Odds ratios (OR) were used
as estimates of the relative risk (RR). and likelihood methods were used
for significance lests and to estimate parameters and calculate 95% confi-
dence intervals. Significance tests were performed at the a = 0.05 level.
Tests of association with measures or indicators of radiation exposure
were one-sided. Pearson correlation coefficients (r) were used to quantify'
correlations between documented doses and biological indicators of dose.

Because stable types of chromosome aberrations in lymphocytes are
the most relevant biomarker of residual radiation damage in persons
exposed many years earlier (21-26). analyses of cytogenetic data were
restricted to comparisons of translocation frequencies. To preclude the
possibility that results would be unduly influenced by multiple aberra-
tions in a single cell, analyses weTe conducted in terms of the proportion
of cells having one or more translocation (per 100 genomic equivalents),
rather than the mean number per cell. In addition to evaluating translo-
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TABLE I
Results of Ultrasound Examinations of the Thyroid Gland

for 1,984 Chernobyl Cleanup Workers from Estonia

Characteristic Number Percentage

Examination status
Adequate 1,979 99.7
Inadequate 4 0.2
Refused examination 1 0.1

Number of nodules"
0 1.778 89.8
1 165 8.3
2:2 36 1.8

Nodule size (cm)
<0.50 26 12.9
0.50-0.99 87 43.3
1.00-1.49 53 26.4
£1.50 35 17.4

Nodule type
Solid 78 38.8
Mixed 112 55.7
Cystic 11 5.5

Thyroid volume (cm3)'
<10 276 13.9
10-14.9 718 36.3
15.0-19.9 541 27.3
£20 443 22.4
Unknown 1 <0.1

"Excludes the 5 workers for whom an adequate examination could
not be performed.

'Calculated as a function of the length, width and depth of the two
lobes of the thyroid gland.

cation frequency as a predictor of thyroid nodularity in the logistic
regression analyses described above, the proportion of cells with translo-
cation(s) also was treated as an outcome variable in linear regression
models (27) with age at phlebotomy, nodule status, documented dose,
cigarette smoking and cytogenetics laboratory as explanatory variables.
The square root transformation was used to stabilize the variance of
translocation frequency.

TABLE II
Results of Thyroid Palpation and Ultrasound Examinations

of Cleanup Workers from Estonia

Nodule status
per palpation

Present
Absent
Unknown
Total

Nodule status per ultrasound examination

Present Absent Unknown Total

44
151

6
201

94
1.653

31
1.778

139
1.806

39
1.984

Notes. A total of 1,984 eligible workers were examined. Ultrasound
results were available for 1,979 workers, and palpation findings were
available for 1,945.

Ultrasound findings were more reproducible in the
present study as well. Among 110 workers who were
examined independently by each of the three teams,
ultrasound findings were concordant for 106: nodule pres-
ent for 13 and nodule absent for 93. Two workers who
were negative at the first examination were positive in the
second and third examinations, and two more were posi-
tive at the second examination and negative in the third
examination. Thus, of 17 workers with positive findings in
any of the examinations, 13 were positive in all three
examinations (76.5%). Among two workers examined
only twice (because of refusals), findings were negative in
both examinations. Palpation examinations were less con-
sistent. Negative results were obtained by all three exam-
iners for 97 workers. However, among 12 workers with
positive findings for nodules in any of the examinations,
results of the three examinations were concordant for
only one worker (8.3%).

Fine-needle aspiration biopsies of the thyroid gland were
performed on 77 study participants (3.9% of study popula-
tion), including two men with nodules detected by palpa-
tion but not ultrasound. Findings are summarized in Table

RESULTS
Ultrasound examinations revealed thyroid nodules in

201 (10.2%) of 1,979 workers on whom a satisfactory exam-
ination could be performed (Table I). Of these, 165 (8.3%)
had single nodules and 36 (1.8%) had two or more nodules.
The smallest nodule detected was 0.3 cm, and the largest
was 5.0 cm (mean, 1.0 cm). The majority (56.2%) were less
than 1.0 cm in diameter. Most nodules (94.5%) were either
solid or mixed solid-cystic in appearance.

Of the 201 workers with nodules detected by ultrasound,
44 had palpable lesions (Table II). The average size was 1.3
cm for palpable nodules and 0.9 cm for nonpalpable nod-
ules. For 95 workers, there were positive findings at palpa-
tion that were not confirmed by ultrasound. The total num-
ber of workers with nodules indicated by ultrasound, palpa-
tion or both methods was 296 (14.9%). However, analyses
in this paper are based solely on ultrasound findings, as
these are considered to be more reliable (28).

TABLE III
Cytopathological Diagnoses for 77 Cleanup

Workers with Biopsied Nodules

Diagnosis

Papillary carcinoma
Follicular neoplasm
Inconclusive, possible neoplasm
Benign thyroid nodule
Inadequate sample"
Total

Number

2
3

10
44
18
77

Percentage

2.6
3.9

13.0
57.1
23.4

100.0

Notes. In 75 workers, the nodules were detected with ultrasound. For
2 others, they were apparent only on palpation. One of the follicular
neoplasms occurred in a worker with a palpable nodule but in whom no
nodules were seen by ultrasound.

°Sixteen of the 18 occurred during the first 5 days of the screening
program, when procedures for ensuring that adequate biopsy samples
were obtained could not be followed due to a delay in the arrival of
study materials (see text).
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FIG. 1. A longitudinal ultrasound section of the right lobe of the thyroid gland (left panel). Orientation is cephalad to the left. The scan shows a
2-cm solid nodule in the inferior pole of the gland. Fine-needle aspiration biopsy revealed this nodule to be a papillary carcinoma. Right panel: A lon-
gitudinal image of the left lobe of the thyroid gland shows a 2.5-cm-diameter solid nodule in the inferior pole that was judged to be benign by fine-
needle aspiration. Both lesions were palpable.

III. For 18 individuals, the biopsy contained only blood or
was otherwise inadequate for diagnosis, for reasons given
above. Firm diagnoses were made for 49 men, and 44 (90%)
were judged to have benign nodular disease. Two cases of
papillary carcinoma and three follicular neoplasms were
identified and referred for consideration of surgery.
[Cytopathological evidence alone generally is insufficient to
distinguish benign and malignant follicular neoplasms (29).]
The neoplasms ranged from 1.5 to 2.8 cm in diameter
(mean, 2.2 cm). Sonograms of one of the papillary cancers
and a benign nodule are shown in Fig. 1. For 10 workers,
cytopathological findings were suggestive of a possible thy-
roid neoplasm, but inconclusive. Three individuals had two
nodules biopsied; the diagnosis was benign thyroid nodule
for both lesions in all three instances.

Follow-up care for workers with neoplasms or suspi-
cious findings based on needle biopsy was provided
through the Estonian health care system. Surgery was per-
formed for the two workers diagnosed with thyroid can-
cer, and histopathological examination by Estonian-physi-
cians confirmed the cancer diagnoses, one as a papillary
adenocarcinoma (ICDO 8260/3) and the other as a papil-
lary and follicular adenocarcinoma (ICDO 8340/3). The
three men with follicular neoplasms also had surgery, and
histopathology showed all three to be benign. Of the ten
workers with suggestive cytopathological findings, surgery
was performed for five, and none had a neoplasm. The
other five failed to seek further care despite the recom-
mendation that they do so.

The prevalence of nodules increased slightly but signifi-
cantly (p(1) = 0.001) with age at time of screening, from
8.0% for those under 35 years to 11.7% for those over
45 years (Table IV). The average age of the workers exam-
ined was 40 years, and the mean age at the time of first ser-
vice at Chernobyl was 32 years. With adjustment for age at
examination, the associations between nodularity and eth-
nicity and region were not significant (P a 0.23).

The presence of nodules was not significantly associ-
ated with documented radiation dose from external
sources [p(1) = 0.70; excess RR (ERR) = -0.01/cGy; 95%
CI: -0.02, 0.01] (Table V). Among men with nodules, the
mean dose was 10.2 cGy, and for those without nodules
the mean was 10.9 cGy. The mean for the total population
was 10.8 cGy. and the maximum recorded dose for any
worker was 61 cGy. Dose was missing for 267 workers
(13% of the study population).

The prevalence of nodules was also examined in terms of
time, place and type of work performed at Chernobyl.
Other things being equal, those who came to Chernobyl
soon after the accident, worked close to the damaged reac-
tor and stayed the longest time might be expected to have
received higher doses. These presumptions are largely sup-
ported by dosimeter readings, although recorded doses
were not higher for those who came to Chernobyl immedi-
ately after the accident relative to those who came later in
1986 (Table VI). (Dosimeter readings were not available
for 68 workers sent in April-May of 1986 and for 41 sent in
June-July. The effect of these missing data on the means is
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TABLE IV
Number of Chernobyl Cleanup Workers Screened, and

Number (%) Found to Have One or More Nodules
by Ultrasound Examination, Separately

by Age, Ethnicity and Region

Number Number with
Characteristic screened nodule(s) (%)

Age at screening examination (years)"
20-29 " ' 87 5(5.8)
30-39 872 77 (8.8)
40-49 864 96 (11.1)
50-71 156 23 (14.7)

Age when sent to Chernobyl (years)
18-25 " 437 36(8.2)
26-35 959 96 (10.0)
36-62 579 68(11.7)
Unknown 4 1 (25.0)

Ethnicity*
Estonian 1050 119(11.3)
Russian 719 61 (8.5)
Other 159 15 (9.4)
Unknown 51 6(11.8)

Examination site (city)'
Kohtla-Jarve ' 412 38(9.2)
Tallinn 740 78 (10.5)
Parnu 229 27 (11.8)
Tartu 598 58 (9.7)

°P(i) trend in nodule prevalence = 0.001.
'Test for heterogeneity, adjusted for age: P = 0.23.
'Test for heterogeneity, adjusted for age: P = 0.82.

unknown.) The differences in mean doses were relatively

small, and nodule prevalence was not associated with any of

these indicators of exposure (Table VI). In particular,

nodularity was no more common among men sent in April

or May of 1986 than among those sent later, and restricting

analysis to workers sent in 1986 did not strengthen associ-

ations with other work history variables. The RR contrast-

ing the a priori presumptive high and low exposure groups

was 0.92 (95% CI: 0.68-1.27).

TABLE V
Risk of Thyroid Nodularity by Radiation Dose

as Listed in Worker Records

TABLE VI
Documented Radiation Dose and Prevalence of Thyroid

Nodules, with Respect to Dates of Service at
Chernobyl and Type of Work Performed

Number of workers
Recorded dose (cGy)

Interval Mean
With nodule(s)

Screened (%)

0-4.9
5.0-9.9
10.0-14.9
15.0-24.9
25.0-60.5
Unknown

3.0
7.7

11.9
19.3
30.5

410
516
289
473
24

267

52 (12.7)
43 (8.3)
36 (12.5)
43(9.1)

1 (4.2)
26 (9.7)

OR"
(95% CI)

1.00 (reference)
0.65(0.4-1.0)
1.07(0.7-1.1)
0.75 (0.5-1.2)
0.31 (0.0-2.4)
0.74 (0.4-1.2)

Characteristic
Mean dose

(cGy)
Number
screened

Number with
nodule(s) (%)

First service at Chernobyl
1986

April-May
June-July
August-December

1987
1988
1989
1990
Unknown

Duration of service
at Chernobyl (months)
0.0-0.9°
1.0-1.9
2.0-2.9
3.0-3.9
4.0-4.9
£5
Unknown

Work on roof
Yes

1986
1987-1990

No
Unknown

Time spent on roof (min)
0
1-3
4-10
a l l
Unknown

Work on sarcophagus
Yes

1986
1987-1990

No
Unknown

Work in special zone
Yes

1986
1987-1990

No
Unknown

Duration of work
in special zone (days)
0(none)
0.001-1.9
2.0-11.9
12.0-31.9
32.0-305

Distance of usual workplace
from reactor (km)
0.0-0.9
1.0-9.9
10.0-29.9
30.0-120.0
Unknown

12.1
10.2
13.7
14.0
11.8
3.1
5.0

11.5
8.9

10.1
11.0
13.3
11.9

14.7
16.3
9.6

10.1
10.5

10.1
15.6
14.5
13.5
10.8

14.7
16.4
9.3

10.7
12.4

12.1
14.5
8.8
9.6

10.1

9.7
12.9
12.1
12.3
11.3

10.1
12.0
10.6
10.4
10.8

1,247
603
486
158
433
242

52
1
4

129
388
496
350
249
356

11

252
193
59

1,550
177

1.550
110
76
50

193

24
18
6

1.939
16

867
514
353
937
175

1,116
191
229
226
217

184
333
481
534
447

117(9.4)
54 (9.0)
52(10.7)
11 (7.0)
51 (11.8)
27(11.2)

5 (9.6)
0 (0.0)
1 (25.0)

11 (8.5)
39 (10.0)
58(11.7)
30 (8.6)
27 (10.8)
34 (9.6)
2 (18.2)

22 (8.7)
16 (8.3)
6 (10.2)

162 (10.4)
17 (9.6)

162 (10.4)
11 (10.0)
6 (7.9)
3 (6.0)

19(9.8)

2(8.3)
2(11.1)
0 (0.0)

198 (10.2)
1 (6.2)

85 (9.8)
49 (9.5)
36 (10.2)

100 (10.7)
16(9.1)

116(10.4)
22(11.5)
20 (8.7)
18 (7.8)
25(11.5)

17 (9.2)
32 (9.6)
63(13.1)
48 (9.0)
41 (9.2)

"Adjusted for age at time of thyroid screening examination.

Note. Mean dose excludes workers for whom a documented dose
was not available.

"Dose was missing for 77 (60%) of the 129 screened workers in this
category'.
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TABLE VII
Average Chromosomal Translocation Frequency (Proportion of Metaphases with One or More Translocations)

with Respect to Age at Time of Thyroid Screening, Documented Radiation Dose, Smoking Behavior
(Ever/Never) and Cytogenetics Laboratory Where FISH Analyses Were Performed

Worker subgroup

Total

Age at screening (years)*
20-29
30-39
40-49
50-71

Recorded dose (cGy)c

0-4.9
5.0-9.9
10.0-19.9
20.0-25.0
Unknown

Smoking
Ever
Never

Unknown

Cytogenetics laboratory-
Helsinki (Finland)
Livermore (U.S.)
Oak Ridge (U.S.)

Number of workers

Nodule present

73

1
27
40
5

17
15
22
9

10

54
17

2

25
25
23

Nodule absent

28

1
11
15
1

4
13
3
4
4

21
4

3

9
7

12

Total

101

2
38
55
6

21
28
25
13
14

75
21

5

34
32
35

Mean proportion of metaphases
with translocation (%)

Nodule present Nodule absent

0.66°

0.34
0.55
0.67
1.21

0.64
0.83
0.57
0.59
0.66

0.69
0.52

0.83

0.61
0.62
0.74

0.54°

0.38
0.35
0.63
1.51

0.62
0.54
0.56
0.61
0.40

0.53
0.61

0.56

0.47
0.60
0.57

Total

0.62

0.36
0.49
0.66
1.26

0.64
0.70
0.57
0.59
0.58

0.65
0.53

0.67

0.57
0.62
0.68

°p(1) difference in mean translocation frequency for workers with and without nodules = 0.09.
Vd i fend in translocation frequency with age = 0.001.
cpm trend in translocation frequency with dose = 0.70.

For the two workers found to have thyroid cancer, doc-
umented doses were 3.5 and 7.8 cGy. Neither helped build
the sarcophagus or worked on the roof, and neither
worked within the special zone before 1988. However,
both men were sent to Chernobyl in May of 1986, within
2 to 3 weeks after the accident, when there was potential
for exposure to radioiodines. Two of the three workers
with follicular neoplasms detected by cytopathology were
also sent to Chernobyl in May of 1986, though, again, doc-
umented doses were low (maximum, 13.3 cGy). Overall,
30% of the screened workers were sent in April-May of
1986. Among workers who arrived at Chernobyl in April
or May of 1986, two of four tumor cases (50%) and 51% of
non-cases reported having taken prophylactic potassium
iodide. One of the workers with a thyroid neoplasm
reported having consumed locally produced milk. Four of
the five men with thyroid neoplasms reported having
engaged in earth removal in the course of their duties at
Chernobyl, but other shared work activities were not
apparent. Age at time of arrival at Chernobyl for the four
men ranged from 33 to 43 years.

Satisfactory lymphocyte cultures were obtained for 101 of
the 102 that were attempted, and 1,500 metaphases were
scored for 94 of the 101 cultures. The average proportion of

metaphases with one or more translocations was 0.66% for
workers with nodules and 0.54% for those without nodules
(p(1) = 0.09). The proportion of metaphases with one or
more chromosome translocation showed a highly significant
positive association with age at phlebotomy (p(i) = 0.001)
but was virtually uncorrelated with documented radiation
dose (r = -0.05) (Table VII). Overall, proportions were sim-
ilar for workers for whom dose information was available
and those for whom it was missing. Translocation frequency
also was not associated with presumed indicators of radi-
ation exposure from work histories, including early arrival
at Chernobyl, duration of service within the special zone or
having worked on the roof; however, sample sizes were
small in some of the subgroups (data not shown). None of
the workers tested for chromosome aberrations reported
having worked on the sarcophagus. The relative risk of thy-
roid nodularity was associated positively but not significantly
with translocation frequency, with an ERR of 0.16 per 0.1%
increase in the proportion of metaphases with one or more
translocations (95% CI: -0.03,1.72) (Table VIII). None of
the workers sampled reported having had radiotherapy,
while one reported having had chemotherapy for cancer.
For the two workers with thyroid cancer, the mean propor-
tion of metaphases with translocations was 0.47%.
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TABLE VIII
Risk of Thyroid Nodularity among Chernobyl Cleanup Workers, by Frequency of

Chromosomal Translocations in Circulating Lymphocytes

Proportion of metaphases with
translocation(s) (%)

Interval" Mean

0.000-0.193 0.13
0.194-0.549 0.37
0.550-0.809 0.65
0.810-2.270 1.14

Present

12 (16.4)
14 (19.2)
27 (37.0)
20 (27.4)

Number of workers (%)
Nodule status

Absent

7 (25.0)
7 (25.0)
7 (25.0)
7 (25.0)

Total

19 (18.8)
21 (20.8)
34 (33.7)
27 (26.7)

OR*e

(95% CI)

1.00 (reference)
1.18(0.3-4.4)
2.18 (0.6-7.7)
1.61 (0.4-5.9)

Translocation-frequency categories are based on quartiles of distribution for workers without nodules.
'Adjusted for age at time of thyroid screening examination.
'pm trend = 0.10.

Thyroid nodularity was not significantly associated with
the frequency of N/0 or N/N variant cells in the GPA assay
{P s 0.46) (Table IX). Among 37 workers with thyroid nod-
ules, the median frequency of N/0 cells was 7.0 per 106 cells
(range, 1.2-69), and the median frequency of N/N cells was
5.8 per 106 cells (range, 1.2-32.4). Corresponding medians
among the 274 workers without nodules were 6.4 (range,
0.3-146) and 5.0 (range, 0.3-236) per 106, respectively. N/0
and N/N variant frequency both showed significant positive
associations with age at phlebotomy (p(2)

 < 0.04), but nei-
ther was correlated with documented dose (Pearson r =
0.01-0.05). Results for the GPA assay are not available for
the two men with thyroid cancer.

DISCUSSION

Residents of Estonia sent to Chernobyl soon after the
reactor accident to help clean up the site and local environ-
ment experienced little, if any, increased risk of nodular
thyroid disease through the first 9 years after the accident.
Screening with ultrasound indicated an overall prevalence
of thyroid nodules of 10.2%, which is not unusually high for
40-year-old men in a general population (25). Nodularity
was not associated with documented radiation dose, and no
subgroups of workers were identified with nodule preva-
lences appreciably greater than the overall mean. The only
findings suggestive of a possible radiation effect were the
nonsignificant positive association between thyroid nodu-

larity and proportion of lymphocytes with chromosome
translocations, and the clustering of the small number of
thyroid neoplasms among workers sent to Chernobyl soon
after the accident.

There are several possible explanations for the negative
overall findings. Radiation doses to cleanup workers may
simply have been too low and protracted to yield demon-
strable effects. If documented doses are accurate, the mean
dose for the study population was approximately 11 cGy.
Doses would have been accumulated over variable periods,
with most workers experiencing chronic low-dose-rate expo-
sures over a period of weeks or months. A small minority
experienced more intense, but brief, exposures, such as dur-
ing a couple of minutes of work on nearby roofs. Data from
other studies indicate that, for sparsely ionizing radiation,
the risk of radiation-induced thyroid cancer is somewhat less
when the exposure is protracted than when the same dose is
experienced acutely, possibly because protraction allows
time for the repair of lesions that may otherwise result in
neoplastic transformation (4). In a study of thyroid nodular-
ity in relation to background radiation in China, the preva-
lence of thyroid nodules was similar among residents of high
and low background areas, indicating little effect of pro-
tracted radiation exposures totaling about 14 cGy (30).
Dosimeter readings do not reflect internal exposure from
radioiodines, but, because of the short half-lives of these
isotopes (8 days for 131I, less for most of the others), this is
an issue only for workers sent in the initial weeks after the

TABLE IX
Risk of Thyroid Nodularity by Frequency of Variant Erythrocytes in the Glycophorin A (GPA) Assay

Type of
variant cell

N/0

N/N

Variant cell frequency (Xl0s)

Interval

0.0-4.9
5.0-9.9

10.0-145.6

0.0-4.9
5.0-9.9

10.0-236.1

Mean

3.4
7.0

19.1

2.9
6.7

22.4

Number of workers

Screened

95
154
62

143
109
59

With nodule (%)

9(9.5)
23 (14.9)
5(8.1)

13(9.1)
17(15.6)
7(11.9)

OR (95% CI)

1.00 (reference)
1.68 (0.7-3.8)
0.73 (0.2-2.3)

1.00 (reference)
1.72 (0.8-3.7)
1.24 (0.5-3.3)
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accident. There was no evidence of increased risk of nodu-
larity among workers sent in April or May of 1986.

The accuracy of radiation doses as documented in
worker records is unknown. Doses were uncorrelated not
only with the prevalence of thyroid nodules but also with
the occurrence of chromosome translocations in circulat-
ing lymphocytes and variant erythrocytes in the GPA
assay. If doses were seriously misclassified, an associ-
ation with thyroid nodularity might have been obscured.
The positive association between nodularity and translo-
cation frequency, unstable though it is, at least raises this
as a possibility. On the other hand, there appeared to be
no correlation between chromosome aberrations and any
of the presumed indicators of increased radiation expo-
sure, such as early entry, work close to the damaged
reactor and long duration at Chernobyl. Results of the
GPA assay also yielded no evidence that radiation doses
were appreciably higher among the men with nodules.
The mean frequencies of lymphocytes with transloca-
tions and of GPA variant cells are not high relative to
values in the literature for minimally exposed popula-
tions of similar age (8,12).

Data from other epidemiological studies of populations
exposed to sparsely ionizing radiation demonstrate an
inverse association between age at exposure and suscepti-
bility to radiation-induced thyroid cancer, with little evi-
dence of increased risk among those exposed in adulthood
(4, 31). The average age of these cleanup workers from
Estonia at the time of arrival at Chernobyl was 32 years.
The study population would appear to represent a compar-
atively low-risk group with respect to radiation-induced
thyroid cancer or nodular disease.

Finally, it might still be too soon after the reactor acci-
dent for radiation effects to be apparent. The minimum
latent period for radiation-induced thyroid cancer is gener-
ally believed to be 5 to 10 years (52). The present study was
conducted 9 years after the reactor accident and 8 to 9 years
after most of the workers were sent to Chernobyl. Because
ultrasonography is able to detect even small, subclinical
tumors and nodules, we had anticipated that screening
might advance the date of diagnosis and shorten the latent
period relative to that based on clinically apparent disease.
Nonetheless, the absence of a detectable increase in nodu-
larity now does not preclude the possibility that an excess
will appear in the future. We biopsied only the larger nod-
ules and cannot rule out the possibility that some of the
smaller lesions are malignant and will progress to clinical
significance in future years.

Two thyroid cancers were identified. Because this is a
screened population, it is difficult to identify an expected
number of cases. Both cancers occurred in men who appear
to have received small radiation exposures from external
sources. However, both men, plus two others with benign
follicular neoplasms, had been sent to Chernobyl during the
first 2 to 3 weeks after the accident when there was poten-
tial for internal exposure to radioiodines after inhalation or

ingestion. Such exposure would not be recorded on dosime-
ters, nor would it be detected by the biodosimetric assays
used. Thyroid exposure due to internally deposited
radioiodines thus might have played a role in the develop-
ment of one or more of these neoplasms.

Several considerations temper such a conclusion of
effects attributable to radioiodines. First, the number of
cases is small and easily could have occurred by chance.
Second, the tumorigenic potential of 131I radioiodines in
adults is unclear. Large studies of adults administered diag-
nostic levels of 131I (mean dose to thyroid gland, 1.1 Gy)
have not revealed an excess occurrence of thyroid cancer
(33-35). This might be attributable to the protracted nature
of the radiation exposure or to inhomogeneities in the dis-
tribution of dose within the thyroid gland. Alternatively, it
might be because the adult thyroid gland is much more
resistant to radiation carcinogenesis than is the thyroid
gland in childhood (4). Third, other investigators have
reported positive associations between dose from external
radiation and thyroid nodularity, as well as cancer (36-38),
yet we did not observe an association between prevalence
of nodules and date of arrival at Chernobyl; that is, thyroid
nodules were not more common among workers with
greater likelihood of exposure to 131I. Finally, two of the
four workers with tumors who were sent in 1986 reported
having taken prophylactic potassium iodide, which would
have lessened radiation exposure to the thyroid gland.

Whether radioiodines cause thyroid tumors among per-
sons exposed during adulthood is unclear; however, an epi-
demic of thyroid cancer appears to be under way among
children living in parts of northern Ukraine and southern
Belarus, and radioiodines in fallout from Chernobyl are
suspected to play a role (39-44). Even here, however, inter-
pretations are somewhat uncertain because of the very
short latency, lack of published data on dose response and
possible effects of intense screening of populations with
known radiation exposure, or endemic iodine deficiency (5,
6, 45, 46). The single analytical epidemiological study of
thyroid abnormalities in populations living near Chernobyl
failed to identify differences in the occurrence of lesions
detectable by ultrasound between populations living in con-
taminated and noncontaminated areas, but this study was
conducted only 4.5 years after the accident, possibly too
soon for an effect to be apparent (28).

In summary, strengths of the present study include the
use of a sensitive method for detecting even small thyroid
nodules and the use of internal comparisons to avoid possi-
ble bias in ascertainment. Important limitations are the
uncertain dosimetry and absence of information on expo-
sure to radioactive iodines. Nonetheless, results are largely
reassuring with respect to the occurrence of thyroid cancer
and nodularity among Chernobyl cleanup workers from
Estonia. It seems clear that there has not been a notable
increase in thyroid cancer incidence in this population. In
light of the reported doses and average age at exposure, the
failure to detect a radiation effect is not surprising. At the
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outset of the study, the reliability of the doses from military
records was unknown, nor do we know even now how accu-
rate these doses are for individual workers. However, bio-
dosimetric data not only support the view that the occur-
rence of thyroid nodularity was largely or entirely unrelated
to occupational exposure to external radiation, but also that
the mean dose for the cohort was low, well under 0.2 Gy
(47). Any increases in cancer risk associated with such
exposures during adulthood would be expected to be small
and difficult to detect in a population of the size studied.
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Abstract

Following the reactor accident at Chernobyl (Ukraine) in late April of 1986,
hundreds of thousands of men from throughout the former Soviet Union
were sent to Chernobyl to entomb the damaged reactor, remove radioac-
tive debris, and help decontaminate the local environment. They remained
for an average of three months and were allowed to accumulate up to 25
cGy of radiation before being sent home. Doses for some workers may
have exceeded the allowable limit. The experience of Chernobyl clean-
up workers is potentially informative about cancer risks associated with
protracted exposure to low levels of radiation.

Cohorts of clean-up workers from the Baltic Republics were assembled
for study, based on military records and other lists. The study population
includes 4,833 men from Estonia, 5,709 from Latvia and at least 5,446
from Lithuania, where a pilot study is underway. They are being monitored
for cancer incidence through linkages with the corresponding national
cancer registries. Biodosimetric assays, including fluorescent in sift/hybrid-
ization (FISH) for chromosome translocation analysis and the glycophorin
A (GPA) somatic cell mutation assay, are being used to supplement infor-
mation about radiation doses from worker records and questionnaires.
Thyroid screening examinations, including palpation, ultrasound and,
selectively, fine-needle aspiration biopsies were performed on nearly 2,000
workers in the Estonian cohort (mean age, 40 y) during the spring of 1995,
nine years after the reactor accident.

The study is still in progress. Work began first in Estonia, and results
presented here pertain to this subgroup except as otherwise noted. The
average age at the time of arrival at Chernobyl was 31 years. 62% were
sent in 1986. The mean documented dose based on military or other
records was 11 cGy. Results of FISH and QPA analyses do not indicate that
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the mean dose for the population was markedly higher than the average
documented dose, but neither biomarker correlated well with documented
dose for individual workers. Linkage with the Estonian Cancer Registry
for the years 1986-93 identified zero cases of leukemia versus 1 expected,
based on incidence rates for the general population. Two hundred and
one of 1,979 cleanup workers examined by ultrasound (10.2%) had one or
more thyroid nodules. Two of 77 biopsied nodules proved to be cancerous.
Modularity was significantly associated with age but not with documented
dose, dates, duration or type of duty at Chernobyl. A nonsignificant positive
association was observed between nodularity and the frequency of lympho-
cytes with chromosome translocations (p(1) = 0.10). Possible reasons for
the apparent absence or rarity of radiation-induced thyroid nodules include
low and protracted doses, low susceptibility among men exposed as adults,
and insufficient passage of time since the accident.

Introduction

The Chernobyl nuclear reactor accident that occurred on April 26, 1986
resulted in extensive contamination of the environment with radioactive
fission products (Anspaugh, 1988; llyin etal., 1990). An estimated 5 x107

Ci (1.9 x 10" Bq) of radionuclides, much of it in the form of radioiodine
or radiocesium, escaped from the reactor core over a ten day period
(Bonte, 1988; Behar etal., 1990). All nuclear accidents, before or since,
pale in comparison with this catastrophic event (Nenot, 1990).

People were exposed to hazardous, or potentially hazardous, levels of
ionizing radiation under a variety of circumstances. During the immediate
aftermath of the explosion, 31 firemen and other emergency workers trying
to extinguish the fires and bring the reactor under control received very
large whole-body radiation doses that proved to be acutely fatal. Approxi-
mately 200 additional workers also experienced acute radiation sickness
but survived. One hundred thirty five thousand people living within a 30
km radius of the plant were evacuated within the first two to three weeks
after the accident and resettled to other areas of the former Soviet Union,
but they may have received significant radiation doses during the passage
of the radioactive cloud (Mould, 1987; Wilson, 1987). As the radioactivity
moved into other areas in Europe, it became dispersed and diluted, but
fallout exposed millions more people to radiation at low doses.

Beginning shortly after the reactor explosion and continuing over the next
several years, several hundred thousand persons from throughout the
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former Soviet Union came to the Chernobyl area to entomb the damaged
reactor, clean up the high levels of radioactivity in the contaminated envi-
ronment and build new housing (Little, 1993; Weinberg etal., 1995; Karog-
iou et at., 1996). Most had been leading civilian lives and were sent to
Chernobyl with little or no advance warning in the name of military retraining
(Tekkel et a!., 1997). A much smaller percentage were on active military
duty at the time, and another small group, mostly contractors, went volunta-
rily. Most clean-up workers remained at Chernobyl for between one and
six months. They were allowed to receive up to 25 cGy of external radiation
before being sent home. Anecdotal reports suggest that the exposures
may have been two to three times the allowable limit in some instances
(Jensen etaL, 1995, after Vainson etal., 1990). Chernobyl clean-up work-
ers represent a population of relatively healthy young men possibly
exposed to doses of up to tens of cGy over a period of months.

Investigators from Estonia, Latvia, Lithuania, Finland and the USA are
collaborating in a study of cancer among Chernobyl clean-up workers from
the Baltic Republics of the former Soviet Union, with the aim of providing
new information about cancer risks associated with protracted radiation
exposures. These newly independent countries have well-developed
nationwide population and cancer registries that predate the reactor acci-
dent. Records and lists necessary for assembling complete, or nearly
complete, rosters of clean-up workers were available. In most instances,
these records also included information about radiation dose.

The study is in progress, and results are just beginning to emerge. Here,
we give a brief overview of the study and a glimpse of some early results
concerning leukemia and thyroid noduiarity.

Methods

Study Population. Rosters of Chernobyl clean-up workers from Estonia,
Latvia, and Lithuania were assembled based on information in independent
and partially overlapping sets of records (Tekkel etal., 1997). The two most
important sources were records of the former Soviet Army and Chernobyl
Radiation Registries in the respective countries. The latter were formed
to provide medical treatment and epidemiologic surveillance and include
civilians hired for contract work as well as those sent through the military.
Army records included information on dates and place of service in the
Chernobyl area, both for those sent while on active duty and for reservists
drafted specifically for service at Chernobyl. A third source for cohort
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ascertainment was records of Chernobyl Committees, which were formed
to act as activist groups representing interests of the workers to the govern-
ment. Also used were records of agencies responsible for administering
government benefits, including ministries of social welfare, health and
internal affairs. To be registered as a Chernobyl worker in one of these
sources, a worker had to possess an official document demonstrating
service at Chernobyl. Most often this was the military passport. Most
workers were ascertained through more than one source (83% in Estonia).

Rosters assembled from these different sources were compiled into one
data file, and duplicates were eliminated. Study cohorts have not yet been
finalized, but a minimum of approximately 16,000 workers are available
for study (Table 1). The study began first in Estonia, later in Latvia, and
lastly in Lithuania where a pilot study is currently underway. Except as
otherwise noted, data presented here pertain to the Estonian cohort.

Questionnaire. A self-administered questionnaire was mailed to the for-
mer cleanup workers from Estonia. It inquired about work activities while
at Chernobyl, use of protective gear, other radiation exposures, cancer risk
factors, current occupation, medical history and fathered children (Tekkel ef
a/., 1997). Completed questionnaires were received from 3,704 workers
(77%). In Latvia and Lithuania, the questionnaire is being administered
during an in-person interview.

Blood Studies. Workers also were asked to donate a sample of blood
for biodosimetric assays (see below) and cryopreservation of lymphocytes
and serum. The participation rate for this component of the study is 67%.
To date, blood samples have been collected, processed and frozen from
nearly 5,000 workers.

Radiation Exposure Assessment Radiation doses from external sources
are documented in each worker's military passport and in the military and

Table 1. Numbers of Chernobyl Clean-Up Workers from
Baltic Countries

Country

Estonia
Latvia
Lithuania*
Total*

Number of Workers

4,833
5.709

2:5,446

2=15,988

• Cohort is still in process ot being assembled.
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Radiation Registry records. In most cases, these doses are based on
trtermoluminescent dosimeters or film badges, but area radiation monitors
also were used. There are instances of workers reporting not having worn
a dosimeter, yet having doses entered in their records (Tekkel et a/., 1997).
Dose was not evaluated separately for the different types of radiation, and
radiation exposure due to internally deposited radionuclides was rarely
quantified. The likelihood of exposure to radioiodines was assessed indi-
rectly through consideration of dates of service and use of stable potassium
iodide, which was asked about in the questionnaire. The questionnaire
also included questions about place and type of work performed while in
the Chernobyl area, the use of protective clothing and masks, and the
occurrence of skin damage.

The validity of the physical dosimetry is not known. Anecdotal reports give
reason to question the accuracy (Tekkel et al., 1997). Because of this
uncertainty, biodosimetric methods also are being used as independent
indicators of radiation exposure. These include fluorescent in srtuhybridiza-
tion (FISH) for chromosome translocation analysis, also known as chromo-
some painting (Lucas era/., 1989; 1992; Matsuoka etal., 1994; Tucker et
al., 1993; 1995) and the glycophorin A (GPA) somatic cell mutation assay
(Langlois etal., 1986; Jensen et al., 1995). In studies of other radiation-
exposed populations, the frequencies of translocations and GPA NO vari-
ant erythrocytes were found to be positively correlated with radiation dose,
although with considerable scatter (Langlois et al., 1986; Jensen et ah,
1995; Kyoizumi et al., 1996). Because of this residual variability, and
the absence of suitable calibration curves, biodosimetry was not used to
estimate doses to individual cleanup workers, but rather to group workers
into presumptive ordinal categories of exposure. Assays were carried out
blinded with respect to documented dose.

FISH and GPA results presented here are limited to workers included in
the thyroid study. Blood samples were drawn from all workers with thyroid
nodules and a 2% sample of workers without nodules. Samples were
shipped daily to Helsinki, where lymphocytes were promptly cultured and
arrested at metaphase. Slides were prepared and sent to co-investigators
at three cytogenetics laboratories, where FISH analyses were performed
using probes for painting chromosomes 1,2 and 4 simultaneously. Results
of chromosome painting are presented as the proportion of lymphocyte
metaphases with one or more translocations. GPA results are given as
the number of aliele-loss (NO) or allele-loss with duplication (NN) variant
cells per million cells examined (Grant and Bigbee, 1993). Methods were
described in greater detail in previous papers (Jensen etal., 1995; Bigbee
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era/., 1997; Inskip et al., 1997). The sample for the GPA measurements
is larger than that used tor the chromosome analysis, as many workers
in the thyroid study had had GPA assays done previously as part of the
larger cohort investigation (Bigbee etai, 1996; 1997).

Population Follow-up and Cancer Ascertainment Study population ros-
ters are being linked with national population and death registries to update
vital status and determine dates of death and emigration. Rosters are then
linked with national cancer registries of each country. For any cases of
leukemia or lymphoma reported by cancer registries, slides that were used
to make the diagnosis are being requested for review by an experienced
hematologist in the US (WCM).

Thyroid Screening Examinations. A thyroid screening study was con-
ducted in four cities in Estonia during the spring (March-April) of 1995,
nine years after the reactor accident. Details were reported previously
(Inskip et al., 1997). A total of 2,997 former clean-up workers in the study
cohort were invited to come to an examination center to have their thyroid
palpated by a thyroid specialist and examined with ultrasound by a radiolo-
gist; 1,984 of the invited men came (participation rate 66%), and satisfac-
tory ultrasound exams were performed for 1,979. Palpable thyroid nodules
1 cm or greater in diameter, as determined by ultrasound, were recom-
mended for fine-needle aspiration biopsy.

Analysis. Person-years (PY) for computation of risk began at the date
of last service at Chernobyl (and return to home Republic) and continued
until the earliest of date of diagnosis of cancer, date of death, date emi-
grated or lost to follow-up, or end of 1993. Expected numbers of cancers
were determined using incidence rates for the general population of the
home country, with adjustment for age, sex and calendar time, according
to the observed PY distribution among the clean-up workers.

The prevalence of thyroid nodules was evaluated with respect to docu-
mented dose, work history variables, and biological indicators of dose.
Because ultrasound results proved to be more reproducible than palpation
findings, analysis was based on the presence or absence of nodules as
determined by ultrasound. Logistic regression methods were used (Preston
etal., 1990). Analyses were adjusted for age at time of thyroid examination.
Significance tests were conducted at the « = 0.05 level based on likelihood
ratio statistics. P(1) and pp, denote one-sided and two-sided tests, respec-
tively.

The association between biological indicators of dose and documented
dose was quantified with the Pearson correlation coefficient.

Proceedings | 129



Results

The majority (62%) of clean-up workers from Estonia went to Chernobyl
in 1986 (Table 2). They arrived as early as April 26, but the largest influx
was during May. The average age at the time of arrival was 31 years, and
workers stayed for an average of 3.4 months. Few workers were younger

Table 2. Distribution of4,833 Chernobyl Clean-Up
Workers from Estonia with Respect to Selected
Characteristics'

Characteristic

Date of arrival in Chernobyl area
1986 (April-May)
1986 (June-July)
1986 (August-December)
1987
1988-91

Age at arrival at Chernobyl (years)
17-19
20-29
30-39
40-63

Duration of stay in Chernobyl area (months)
0.0-0.9
1.0-2.9
3.0-4.9
5.0-6.9
7.0-39.2

Documented dose (cGy)
0.0-4.9
5.0-9.9
10.0-14.9
15.0-24.9
25.0-60.5

Percent

29.8
24.6

8.7
23.7
14.6

22
38.7
48.3
10.8

6.2
42.5
33 2
16.3
1.8

23.6
30.7
17.9
26.6
1.2

Mean Dose
<cGy)

9.9
13.3

14.1

12.1

3.7

12.8

12.3

9.9
8.7

10.6

9.7
11.7

11.5

11.2

—
—
—
—

—

• Adapted from Tekkel et a/. (1997). Percentages differ slightly from those in Tekkel er a/,
due to differences in treatment of missing values and whether the distribution is based on
the entire cohort or on respondents to the questionnaire. Some of the above numbers
were recalculated from the raw data.
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than 20 y when sent, but they were relatively more common among those
sent in 1986 than in later years.

Common jobs included the removal, transport, and burial of topsoil, equip-
ment and debris, demolition of old buildings and construction of new hous-
ing, clearing debris from the roofs of the other reactor units or nearby
buildings, washing buildings, roads and fences, decontaminating forests
and vegetation, and transporting people and construction equipment
(Table 3) (Tekkel et a!., 1997). Most workers engaged in more than one
of these activities. Only 1.1% of workers reported having helped build the
sarcophagus.

Documented doses were available for 83% of the workers. The mean dose
was 10.8 cGy, and the maximum dose was 60.5 cGy. The documented
dose was less than 10 cGy for more than half of the study population, and
only 1.2% of workers had recorded doses in excess of 25 cGy (Table 2).
Among workers sent in 1986, the average documented dose was lower
among those sent in April or May than those sent later in the year. The
mean dose was decidedly lower among workers sent in 1988-91 than
those sent in 1986-7. With respect to type of work performed, the mean
documented dose was highest for the relatively small group of men who
worked on the sarcophagus and those who worked clearing debris from

Table 3. Types of Work in Chernobyl Area Performed by
Clean-Up Workers from Estonia, and Mean Dose for
Workers Performing Each Task1

Type of Work

Construction of sarcophagus
Cleaning debris from roof
Removal of topsoil
Forest decontamination
Other decontamination work
Transport
Building demolition
Construction
Radiation measurement
Guard duty

Percent of Workers'

1.1
14.3
54.5
15.4
18.5
44.0
21.0
25.0

5.1
1.7

Mean Dose
(cGy)

15.0
14.6
11.6
12.0
12.3
10.7
10.1
11.2
10.4
9.8

• From Tekkel et al. (1997).
* Percentages total more than 100% due to individual workers performing more than one
type of work.
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roofs of nearby buildings (Table 3). However, the differences in mean
doses among the different tasks were small.

Eighty percent of the workers reported having worn protective masks, 31 %
used protective clothing, and 44% of those sent in April-May of 1986 said
they had taken prophylactic potassium iodide (Kl).

With respect to characteristics of these workers other than those associ-
ated with duty at Chernobyl, 82% were current or former cigarette smokers,
the most common occupation was driver, and the average education was
below that of the Estonian general population.

Linkage with the Estonian Cancer Registry for the years 1986-1993 identi-
fied zero cases of leukemia versus one expected based on general popula-
tion rates (Rahu et a/., 1997). As an aside, we note that nearly one fifth
of the 144 deaths observed among members of the Estonian cohort were
due to suicide and these deaths were 50% more than expected (Rahu et
ai, 1997).

Of the 1,979 clean-up workers from Estonia whose thyroids were examined
by ultrasound, 201 (10.2%) had one or more thyroid nodules. Of these,
165 (8.3%) had single nodules, and 36 (1.8%) had two or more nodules.
The average diameter was 1.0 cm, with a range of 0.3 to 5.0 cm. Fine-
needle biopsy was performed for 77 of the workers with thyroid nodules.
The majority were benign nodular goiters, but two thyroid carcinomas (one
papillary adenocarcinoma and one mixed papillary and follicular adenocar-
cinoma) and three follicular neoplasms were detected and referred for
surgery. After surgery, histopathologic examination showed the follicular
tumors to be benign.

The mean age at the time of thyroid examination was 40 years. Nodule
prevalence increased significantly with age at the time of examination,
but was not significantly associated with documented dose, frequency of
variant erythrocytes in the GPA assay, or dates, duration or type of work
performed at Chernobyl (Tables 4, 5). A nonsignificant positive associa-
tion was observed with the frequency of chromosomal translocations
(p(,, = 0.10) (Table 6). Thyroid nodularity was no more common among
workers sent in April or May of 1986, when the opportunity for exposure
to radioiodines would have been greatest, than among those sent subse-
quently (Table 4). However, four of the five men with thyroid tumors (80%)
went to Chernobyl in May of 1986, including both men with thyroid cancer,
whereas only 30% of the total screened population were sent in May. Two
of the four (50%) reported having taken prophylactic Kl, versus 44% of all
workers sent in April-May 1986.
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Table 4. Prevalence of Thyroid Nodules as Determined by
Ultrasound, by Age at Time of Thyroid Screening,
Documented Dose, and Date of Arrival in Chernobyl Area

Characteristic

Age (years)
20-29
30-39
40-49
50-71

Documented dose (cGy)
0.0-4.9
5.0-9.9
10.0-14.9
15.0-24.9
25.0-60.5
unknown

Date of arrival in Chernobyl area
1986 (April-May)
1986 (June-July)
1986 (August-December)
1987
1988
1989-90

Examined

87
872
864
156

410
516
289
473

24
267

603
486
158
433
242

53

Number of Workers

With Nodute(s) (%)

5 (5.8)
77 (8.8)
96(11.1)
23 (14.7)

52 (12.7)
43 (8.3)
36 (12.5)
43 (9.1)

1 (4.2)
26 (9.7)

54 (9.0)
52 (10.7)
11 (7.0)
51 (11.8)
27(11.2)

5 (9.4)

• From Inskip et at. (1997).

Table 5. Prevalence of Thyroid Nodules by Frequency of
Variant Erythrocytes in Gtycophorin A Assay"

Type ol
Variant Cell

N/0

N/N

Variant Cell
Frequency (x 10s)

0.0- 4.9
5.0- 9.9

10.0-145.6

0.0- 4.9
5.0- 9.9

10.0-236.1

Number of Workers

Screened

95
154
62

143
109
59

With Nodule (%)

9 (9.5)
23 (14.9)

5 (8.1)

13 (9.1)
17 (15.6)
7(11.9)

RR (95% Cl)

1.00 reference
1.68(0.7-3.8)
0.73 (0.2-2.3)

1.00 reference
1.72(0.8-3.7)
1.24(0.5-3.3)

1 From Inskip et at. (1997).
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Table 6. Risk of Thyroid Modularity, by Proportion of
Cultured Lymphocyte Metaphases With One or More
Chromosome Translocation. Translocation Frequency
Categories are Based on Quartiles of Distribution for
Workers Without Nodules.'

Number of Workers (%)

Proportion of Metaphases
with Translocation(s), %

0.000-0.193
0.194-0.549
0.550-0.809
0.810-2.270

Nodule
Present

12 (16.4)
14 (19.2)
27 (37.0)
20 (27.4)

Nodule
Absent

7 (25.0)
7 (25.0)
7 (25.0)
7 (25.0)

RRtc (95% Cl)

1.00 (reference)
1.18(0.3-4.4)
2.18 (0.6-7.7)
1.61 (0.4-5.9)

• From tnskip ef a.'. (1997).
b Adjusted for age at time of thyroid examination.
c p,,, trend in nodularity = 0.10.

The frequencies of chromosome translocations and GPA variant erythro-
cytes showed significant positive associations with age at time of blood
draw, but not with documented dose or work history variables, such as
date of arrival at Chernobyl or type of work performed (Inskip era/., 1997).
The Pearson correlation coefficient for the association between docu-
mented dose and chromosome translocation frequency was - 0.08
(N=87). Correlations between documented dose and GPA variant erythro-
cytes were 0.04 and 0.00 for the NO and NN types, respectively (N = 290).
The median frequencies of NO and NN variant cells in the GPA assay
were 6.4 and 5.0 per 10s, respectively. The mean proportion of lymphocyte
metaphases with one or more translocation was 0.66% among 73 workers
with nodules, and 0.54% among 28 workers without nodules. These values
are not large relative to values in the literature for nonexposed populations
(Tucker ef a/., 1994; Jensen et a/., 1995; Ramsey etal., 1995; Bigbee et
a/., 1996).

Discussion

Ten years have passed since the accident at Chernobyl when the first of
the clean-up workers began arriving at the scene. Previous studies of
irradiated populations (atomic bomb survivors and patients treated for
ankylosing spondylitis and cervical cancer in particular) indicate that radio-
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genie leukemias begin appearing about two years following exposure and
that the relative risk peaks between four and ten years after exposure
(NAS/NRC, 1990). Thus, sufficient time has elapsed since clean-up work-
ers began arriving at Chernobyl to look for evidence of radiation-induced
leukemia in this population. Preliminary results for 4,833 clean-up workers
from Estonia do not show an excess of leukemia (Rahu et al., 1997), but
this subgroup by itself is too small to support any strong conclusions.

The study of thyroid nodularity among clean-up workers from Estonia was
generally negative with respect to associations with indicators of radiation
exposure at Chernobyl (Inskip et al, 1997). The disproportionate occur-
rence of thyroid tumors among workers sent in May 1986 and the nonsig-
nificant positive association between nodularity and translocation fre-
quency are interesting, but no more than suggestive in light of the small
sample sizes. It is possible that insufficient time has passed since exposure
for an effect to be detectable by screening, as radiation-induced thyroid
tumors typically begin to appear (or to be diagnosed) 5 to 10 years following
exposure (NAS/NRC, 1990; Ron et al., 1995). However, ultrasound can
detect even small, preclinical nodules, and the minimum latency for this
outcome measure would be expected to be shorter than for symptomatic
or palpable thyroid tumors. Furthermore, an apparent epidemic of thyroid
cancer among children residing in villages near Chernobyl, and potentially
exposed to fallout, began within the first several years after the accident
(Baverstock etal., 1992; Kazakov era/., 1992; Williams, 1994; Stsjazhko
era/., 1995).

Additional possible explanations include low and protracted exposures,
low susceptibility to radiation-induced thyroid cancer or nodularity among
men exposed as adults, and misdassification of exposure (Inskip et al.,
1997). All indications are that a large majority of these workers received
less than 20 cGy (Bigbee et al., 1996). Such doses may be too low to
yield a demonstrable effect in a population of the age and size studied,
especially if protracted overtime. Susceptibility to radiation-induced thyroid
cancer is dramatically lower among persons exposed during adulthood
than during childhood (Ron etal., 1995). Although the radiation dose to the
thyroid gland due to radioiodines is not known, it probably was unimportant
among workers sent after May of 1986, since most radioiodines have half-
lives of 8 days or less. The prevalence of thyroid nodules was no greater
among workers sent in April-May of 1986 than among those sent subse-
quently.

FISH and GPA results for the Estonian subgroup tend to support the view
that doses generally were low and provide no evidence that the mean
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exceeded the value of 11 cGy based on worker records. Biodosimetry
cannot exclude the possibility that a relatively small subgroup of workers
received much higher doses.

Correlations between biological indicators of dose and documented doses
in worker records were poor, for FISH as well as for GPA. Possible explana-
tions include inaccuracies in the physical doses, or protracted doses that
were below the sensitivity thresholds for the assays used, such that they
could not discriminate among doses received by individual workers. Varia-
tions in the baseline frequency of translocations among individuals (Tucker
et al., 1994; Ramsey era/., 1995; Tucker and Moore, 1996) also makes
precise dosimetry problematic, especially for people over the age of 50.

Strengths of the study should be noted as well, especially the comprehen-
sive multi-disciplinary approach used to assess exposure and to ascertain
disease. The strengths of the program of studies include the nearly com-
plete cohort ascertainment based on multiple sources of information, the
availability of comprehensive population, mortality and cancer registries,
the use of biodosimetry to validate documented doses, and inclusion of
a systematic and sensitive thyroid screening study relying on internal
comparisons to screen for preclinical thyroid disease. The study also is
unusual in bringing together data on multiple endpoints previously found
to be associated with radiation exposure, including chromosomal translo-
cations, GPA variant cells and thyroid nodules, as well as leukemia and
other cancers. The frequencies of thyroid nodularity, chromosome translo-
cations, and GPA variant cells all showed significant positive associations
with age, which suggests the accumulation of damage, but they did not
correlate well with each other. Apart from the issue of cancer risks associ-
ated with irradiation at Chemobyl, with the passage of time and subsequent
cancer registry linkages, it will be possible to evaluate whether the biomark-
ers used are predictive of cancer risk (Hagmar et al., 1994; Kyoizumi et
al., 1996), and the availability of frozen lymphocytes will allow for future
analyses of genetic determinants of risk.

It is premature to draw any firm conclusions about cancer risks attributable
to radiation in this population of clean-up workers. It is still too soon after
exposure, and the study population is still too young, for patterns to be
clearly apparent. Early results from Estonia do not show an excess either
of leukemia or thyroid tumors among these men exposed as young or
middle-aged adults. The further passage of time and possible pooling with
other worker populations will mitigate sample size and latency limitations.
Uncertainty regarding worker doses is perhaps the most intractable of the
limitations bearing on the scientific objective of learning about cancer
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risks due to protracted exposure to ionizing radiation. Still, based on the
chromosome and GPA results, we can say with some confidence that the
average dose for clean-up workers from Estonia was not appreciably
greater than that based on their records (11 cGy). This provides a degree
of reassurance about the likely magnitude of longer-term cancer risks due
to radiation. The high suicide rate in this population, and the high preva-
lence of smoking, point to psycho-social and behavioral influences, rather
than biological effects of radiation exposure, as the most pressing health
concerns to date.
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Studies of workers who were sent to Chernobyl after the 1986
reactor accident are being conducted to provide a better under-
standing of the effects of chronic low-dose radiation exposures.
A crucial component to these investigations is an accurate
assessment of the radiation doses received during the cleanup
activities. To provide information on biological measurements of
dose, fluorescence in situ hybridization (FISH) with whole-chro-
mosome painting probes has been applied to quantify stable
chromosome aberrations (translocations and insertions) among
a defined cohort of 4,833 cleanup workers from Estonia. Cyto-
genetic analysis of 48-h lymphocyte cultures from 118 Estonian
cleanup workers (10.3 cGy mean recorded dose; 25 cGy maxi-
mum), 29 Estonian population controls and 21 American con-
trols was conducted by three laboratories. More than 258,000
painted metaphases were evaluated. Overall, we observed lower
translocation frequencies than has been reported in previous
studies using FISH among Chernobyl cleanup workers. In our
data, a clear association with increased levels of translocations
was seen with increasing age at blood drawing. There was no
correlation, however, between aberration frequency and recorded
measurements of physical dose or any category of potential
high-dose and high-dose-rate exposure such as being sent to
Chernobyl in 1986, working on the roof near the damaged
nuclear reactor, working in special zones or having multiple

'Current address: College of Veterinary Medicine. Texas A&M
University, College Station, TX 77834.

2Current address: International Epidemiology Institute, 1550
Research Blvd.. Rockville, MD 20850.

tours. In fact, the translocation frequency was lower among the
exposed workers than the controls, though not significantly so. To
estimate the level of effect that would have been expected in a
population of men having an average dose of -10 cGy, blood from
six donors was exposed to low-LET radiation, and more than
32,000 metaphases were scored to estimate dose-response coeffi-
cients for radiation-induced translocations in chromosome pairs 1,
2 and 4. Based on these results, we estimate that had this group
of 118 men received an average whole-body dose of 10-11 cGy,
as chronic or acute exposures, an increase in the mean fre-
quency of chromosome translocations of more than 40-65%
would have been observed in their lymphocytes compared to
findings in nonirradiated controls. In spite of evaluating more
than a quarter of a million metaphases, we were unable to detect
any increase in the mean, median or range in chromosome aber-
rations in lymphocyte cultures from a group of Estonian men
who took part in the cleanup of the Chernobyl nuclear power
site and those who did not. We conclude that it is likely that
recorded doses for these cleanup workers overestimate their
average bone marrow doses, perhaps substantially. These results
are consistent with several negative studies of cancer incidence
in Chernobyl cleanup workers and, if borne out, suggest that
future studies may not be sufficiently powerful to detect
increases in leukemia or cancer, much less distinguish differ-
ences between the effects of chronic compared to brief radiation
exposures . ©1998 by Radiation Research Soctoy

INTRODUCTION

In the aftermath of the accident that occurred at Unit 4
of the Chernobyl Nuclear Power Station in April 1986,
approximately 600,000 persons from locales throughout
the former Soviet Union were sent to the area to clean up
the site and its surroundings (i, 2). As a result, an
unprecedented number of people were at risk for expo-
sure to ionizing radiation emanating from short-lived fission
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products such as radioiodine and from 137Cs and other
long-lived radioisotopes. Extensive efforts have been
made to compile estimates of dose for various groups of
cleanup workers based on recorded physical dosimetry
readings, military records and dose reconstructions (e.g. 3).
However, individual dose estimates continue to be fraught
with uncertainties due to the questionable accuracy of
reported exposures.

As alternative means for estimating dose, biological
"dosimeters" including glycophorin A (GPA) assays to
detect somatic cell mutations (4), standard cytogenetic stud-
ies to detect dicentrics (5) and fluorescence in situ
hybridization (FISH) to detect translocations (6-11) have
been employed in several studies of cleanup workers.
Among the cytogenetic methods that may be used to detect
radiation exposures, FISH has been recommended as the
technique of choice for retrospective dosimetry studies
because the method allows rapid screening and quantifica-
tion of translocations (72). Prior to the introduction of FISH
methods, several "classical" cytogenetic studies demon-
strated that radiation-induced symmetrical aberrations, such
as translocations, persist in the lymphocyte pool for decades
in persons having acute whole- or partial-body radiation
exposures, and that translocation frequencies show positive
correlations with dose in populations exposed up to 40 years
ago (13-16). More recently, "persistence" of translocations
has been reported in studies of radiation accident victims
evaluated using chromosome painting techniques (17-20).
However, studies of Chernobyl cleanup workers using
FISH have produced mixed results. No increase in translo-
cations has been observed in many workers, whereas ele-
vated translocation frequencies have been reported in oth-
ers having similar exposure scenarios. As an additional
complication in interpreting the data obtained by FISH,
large and variable background frequencies of translocations
have been noted among controls having no history of radi-
ation exposure other than to background or through occa-
sional medical diagnostic procedures (21, 22). Finally, it is
unclear how certain workers had been selected for cytoge-
netic study, which brings into question whether their results
can be generalized to the much larger population of
cleanup workers. One recent evaluation, for example,
appeared to have heavily weighted the sample of workers
with men known to have participated in activities associ-
ated with potential high doses delivered at a high dose rate
(7). Thus, although more than 12 years have passed since
the accident, there is still some question regarding levels of
radiation exposure received by workers during the cleanup
at Chernobyl.

Earlier, we presented a summary of cytogenetic data
obtained by FISH on the frequencies of cells with transloca-
tions (70) in 101 Estonian cleanup workers from a cohort of
4,833 men who had participated in cleanup activities in
Chernobyl between 1986 and 1991 (23). Physical dosimetry
information for these workers was based primarily on ther-
moluminescence dosimeter readings. From information

entered in their records, the mean dose received by the
Estonian cleanup workers was estimated to be 11 cGy, with
less than 1.4% of the cohort receiving more than 25 cGy.
We observed that the frequency of lymphocytes with one or
more translocations among these workers showed a signifi-
cant correlation with age at blood drawing, but no correla-
tion with physical estimates of dose. Based on the lack of an
observed dose-response relationship among these workers
and the relatively low frequency of translocations, we con-
cluded that it was unlikely that their average dose was
greater than the average recorded dose.

To gain additional information on the sensitivity of FISH
in detecting evidence of radiation exposure in these work-
ers, we used identical lymphocyte culture and chromosome
painting methods to evaluate translocations in 29 Estonian
population controls who never traveled to Chernobyl and
in 21 American men. In vitro dose-response curves were
produced for translocations induced in lymphocytes
exposed to low-LET radiation. We now present detailed
interlaboratory comparisons of all types of chromosome
aberrations detected by FISH in 118 Estonian cleanup
workers and compare these data with findings in Estonian
and American controls. We also employ in vitro coefficients
to estimate expected levels of translocations in a population
of workers having acute or chronic exposures to an average
dose of 10 cGy.

MATERIALS AND METHODS

Estonian Cleanup Workers

Blood samples for cytogenetic evaluations were obtained from 118
former cleanup workers (i.e. "veterans") from Estonia who participated
in medical examinations to detect thyroid disease (for details, see ref.
10). The sample of cleanup workers invited for medical examination
included all who had presumptive high exposures; that is, they were sent
to Chernobyl in 1986, had helped build the sarcophagus, worked on the
roof near the damaged reactor, worked in the special zones near the
reactor, or had high GPA measurements. The present cytogenetic data
set includes results for 101 persons who had been invited to participate in
the thyroid screening examination and an additional 17 uninvited
cleanup workers who requested to participate in the medical evaluations.
The thyroid examinations were conducted in four cities in Estonia
between March 27 and April 7,1995. Among veterans having satisfactory
screening examinations of their thyroid glands, 201 workers (10.2%) had
thyroid nodules detected by ultrasound and 81 of these provided blood
for cytogenetic evaluation. All 118 persons were members of the Esto-
nian Study of Chernobyl Cleanup Workers, and questionnaire data that
provided details of their service in Chernobyl cleanup activities, informa-
tion on lifestyle variables, occupational or medical exposures, smoking
history, etc. were available for each participant (23). Physical dose esti-
mates were recorded for 100 persons.

Approximately 20 ml of blood from each donor was collected into
sterile Vacutainers and maintained at ambient temperature until delivery
to STUK-Radiation and Nuclear Safety Authority in Helsinki, Finland.
All samples were received within 30 h after venipuncture. Blood cells
were separated by density gradient centrifugation, and four replicate cul-
tures were initiated from washed mononuclear cell layers from each
donor. Details of culture methods employed have been published (24).
Briefly, 1-2 million viable lymphocytes were inoculated into 5 ml of
RPMI1640 medium supplemented with 15% fetal bovine serum, 1.0%
phytohemagglutinin (PHA), 100 U penicillin and 100 ug streptomycin
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per milliliter. Two cultures from each set were supplemented with 45 uM
5-bromodeoxyuridine (BrdU). Cells were incubated at 37°C in an atmo-
sphere of 5% CO2 in air for 48 h, the last four in the presence of colchicine
(0.2 ug/ml). Cultures with BrdU were harvested and slides were prepared
for evaluation of the kinetics of lymphocyte proliferation using standard
fluorescence plus Giemsa techniques. Slides for FISH were prepared
from cultures without BrdU.

One of three randomized sets of coded slides from the 118 donors
was distributed to laboratories at the Oak Ridge Institute for Science and
Education (ORISE), Lawrence Livermore National Laboratory (LLNL)
and STUK for cytogenetic evaluation. The ORISE and STUK laborato-
ries used standard techniques to determine the percentages of second-
division metaphases in BrdU-supplemented cultures from randomly
selected cleanup workers. Other slides were processed for probing with
whole-chromosome paints to quantify the frequencies of aberrations that
involved specific chromosome pairs. With minor modifications, each lab-
oratory followed the manufacturer's instructions (Vysis) for performing
FISH using direct-label probes for chromosome pairs 1, 2 and 4. All
paints were conjugated with SpectrumOrange fluorophores, and
metaphase preparations were counterstained with 4',6-diamidino-2-
phenylindole (DAPI) prepared in an antifade/glycerol solution (25). All
probed slides were illuminated with appropriate wavelength light and
viewed using dual-band pass niters which allowed simultaneous visualiza-
tion of the probed chromosome pairs and the DAPI counterstain. DAPI
differentially binds to centromeric heterochromatin; thus chromosomal
centromeres fluoresce brightly when counterstained with this chro-
mophore. This probe/counterstain combination thus allows for excellent
resolution of asymmetrical as well as symmetrical exchanges involving
painted and nonpainted chromosomes.

All three laboratories used similar approaches for scoring aberra-
tions. Probed slides were scanned to locate high-quality metaphases hav-
ing a full complement of painted chromosomes. When possible, at least
1500 painted metaphases were scored from each culture. All types of
aberrations involving painted chromosomes were recorded using the
PAINT system of nomenclature (26). Bicolored dicentrics observed in
cells containing bicolored acentrics [i.e. dic(BA) + ace(ba)] and appar-
ently reciprocal bicolored translocations [i.e. t(Ab) + t(Ba)] were tallied
as single "complete" interchanges. Apparently nonreciprocal asymmetri-
cal or symmetrical interchanges, i.e. dic(AB), ace(ab), t(Ab) or t(Ba),
occurring singly in cells without their reciprocal counterparts were tallied
as single "incomplete" exchanges. In all data summaries, "total transloca-
tions" are the sum of "complete" + "incomplete" translocations. To esti-
mate "total genomic frequencies" of chromosome aberrations, we
assumed that the proportion detected reflected the probability that the
chromosome that was painted (fp) had undergone exchange with chro-
mosomes in the nonpainted fraction (1 -fp) based on the length of the
painted fraction; i.e., the proportion of observed exchanges will equal
2(fp)(l -fp). (See ref. 77 for details.) Since chromosome pairs 1,2 and 4
cover approximately 23.8% of the human genome (27), this paint combi-
nation detects about 34.4% of the chromosomal interchanges occurring
in the complete genome.

Estonian Population Controls-American Controls

In addition to the blood samples collected from Estonian veterans
who participated in the thyroid study (10), several thousand specimens
have been collected from the cohort of 4,833 Chernobyl cleanup workers
and a group of population controls (23). Viable lymphocytes have been
cryopreserved in dimethyl sulfoxide (DMSO) and stored under liquid
nitrogen. Cryopreserved lymphocytes from 29 male Estonian population
controls who had not served as cleanup workers were selected from
among the frozen-sample database, and cultures were initiated at STUK
for cytogenetic evaluation using FISH. Because of differences in partici-
pation rates among Estonian controls and cleanup workers, it was not
possible to match the two groups precisely based on smoking history,
occupational or medical exposures to radiation, or other variables. How-
ever, all controls completed detailed personal exposure questionnaires,
and potential confounding variables were taken into account in statistical

analysis of data. For initiation of cultures from the Estonian controls,
vials of frozen cells were thawed quickly by submersing them in warm
water, lymphocytes were washed twice to remove DMSO, and cultures
were initiated and harvested as described above. Coded slides from Esto-
nian controls were shipped to ORISE for evaluation using FISH.

Earlier studies have verified that cryopreservation does not affect the
frequencies of radiation-induced chromosome aberrations in cultured
lymphocytes (28,29). For comparison with data from cultures initiated
from frozen lymphocytes from the Estonian controls, cultures were initi-
ated from freshly drawn blood samples from 21 adult men from Oak
Ridge, TN. All completed detailed questionnaires on lifestyle and per-
sonal exposure histories and gave their informed consent for the study.
Culture methods, harvesting and scoring of translocations were accom-
plished as described.

In Vitro Irradiations of Human Blood

The area around the Chernobyl nuclear site was contaminated with
137Cs (which emits both -y and p-particle radiations) as well as many other
radionuclides. Thus Estonian cleanup workers were at risk for exposures
to a relatively broad spectrum of low-linear energy transfer (LET) photons
and p particles having a range of energies. To derive in vitro dose-response
coefficients for aberrations induced in human lymphocytes exposed to
low-LET radiation having track-averaged LETs in the range of a few keV
per micrometer, whole blood from six adults was exposed at ambient tem-
perature to 0,0.12,0.25,0.50,0.75 or 1 Gy 220 kVp X rays delivered at a
rate of 50 cGy min"1 (ORISE). Blood donors were selected to include two
persons with high and two with low baseline frequencies of translocations.
Early-harvest (48 h) lymphocyte cultures were initiated for evaluation
using FISH, and asymmetrical and symmetrical aberrations involving
painted chromosome pairs 1, 2 and 4 were quantified in preparations from
each donor.

RESULTS

Lymphocyte cultures from the 118 Estonian cleanup
workers typically exhibited high mitotic indices and brightly
fluorescent chromosomes having excellent morphology. In
total, 179,324 metaphases were scored from cultures from
the cleanup workers. At least 1000 painted metaphases were
scored on all but three samples, and more than 1400
metaphases were scored from cultures from 111 veterans.
Metaphases from 62 randomly selected BrdU-substituted
cultures were differentiated using fluorescence plus Giemsa
methods for evaluation of the kinetics of lymphocyte prolif-
eration. On average, less than 5% of the metaphases had
proceeded to second division in these cultures, and no more
than 9% were observed in any culture. In addition, 45,908
painted metaphases were scored from 29 Estonian men who
had not been sent to Chernobyl, and 33,600 metaphases
were evaluated from cultures from 21 control men from
Oak Ridge, TN. For the entire data set, more than 258,000
metaphases were evaluated for chromosome aberrations
involving chromosome pairs 1,2 or 4.

Interlaboratory Comparison of Chromosome Aberrations
among Cleanup Workers
Cultures from 40 Estonian cleanup workers were evaluated

at STUK and LLNL, while 38 cultures were scored at ORISE
The total numbers of painted metaphases scored by each lab-
oratory and a summation of the numbers of various types of
chromosome aberrations involving painted chromosome
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TABLE I
Interlaboratory Comparisons of Data from 118 Estonian Cleanup Workers

40

Translocations Dicentrics Deletions

Persons Cohort Laboratory0 Metaphases6 Genomer Complete'' Incomplete Total Complete Incomplete Total ace(ab) ace(b) Total

Cleanup
worker

40 Cleanup
worker

38 Cleanup
worker

LLNL 64.154 22,069 87'(3.94) 58(2.63) 145(6.57) 13(0.59) 13(0.59) 26(1.18) 4(0.18) 47(2.13) 51(2.31)

STUK 60,045 20,650 72(3.49) 63(3.05) 135(6.53) 8(0.39) 13(0.62) 21(1.06) 4(0.19) 25(1.21) 29(1.40)

ORISE 55,125 18,962 87(4.59) 64(3.37) 151(7.%) 16(0.84) 10(0.53) 26(1.32) 2(0.11) 25(1.32) 27(1.42)

"Laboratory responsible for scoring slides.
''Number of painted metaphases scored.
eGenome "equivalent", assumes that exchanges involving painted chromosome pairs 1. 2 and 4 detect 34.4% of those induced in the total genome; i.e., number of

painted metaphases scored (X) 0.344 = number of genome equivalents (see text for details).
dAs used in this report, "complete" translocations denote apparently reciprocal symmetrical interchanges [i.e. t(Ab) + t(Ba)]: "incomplete" translocations were

recorded as "nonreciprocal'' events [i.e. t(Ab) or t(Ba)] occurring singly in a painted metaphase. Similarly, "complete" dicentrics are bicolored dicentrics accompanied by
bicolored acentrics [i.e. dic(AB) + ace(ab)]: "incomplete" dicentrics lacked accompanying bicolored acentrics.

^Number of events observed (number per 1000 genome equivalents).

pairs 1,2 and 4 are shown in Table I. Similar frequencies of
asymmetrical and symmetrical exchanges were observed by
the three laboratories. Translocations were by far the most
common aberration; a total of 431 were observed among
61,681 genome equivalents compared to 73 dicentrics. The
majority of all translocations were recorded as reciprocal or
"complete" events. LLNL recorded 145 translocations in
64,154 painted metaphases for a rate of 6.57 translocations
per 1000 genome equivalents, compared to 6.53, and 7.96
per 1000 among cultures scored at STUK and ORISE,
respectively. Frequencies of dicentrics in cultures scored by
the three laboratories ranged from 1.06-1.32 per 1000
genome equivalents. Accompanying bicolored fragments
were recorded with about half of the observed dicentrics.

Physical estimates of dose were available for 100 of the
Estonian cleanup workers. LLNL and STUK each scored
slides from 33 of these veterans, while ORISE scored
preparations from 34. The means, medians and ranges of
translocations are compared with mean dose estimates in
Table II. The average doses and age at blood drawing
among the cultures scored at the three laboratories were

similar to the overall mean dose (i.e. 10.3 cGy) and mean
age (i.e. 41 years) for the cleanup workers. Among cultures
from the 100 veterans for whom estimated doses were
available, the overall mean frequency of translocations was
7.01 per 1000 genome equivalents, and similar frequencies
were observed among the sets of slides sent to the three lab-
oratories. Each laboratory observed considerable variability
in translocations between individual veterans, and for the
total group of cleanup workers, translocation frequencies
varied from 0 to 23.3 per 1000 genome equivalents.

Comparison of Aberrations among Cultures from Estonian
Cleanup Workers, Estonian Population Controls and
Controls from Oak Ridge
Aberrations in cultures from 29 population controls from

Estonia and in cultures from 21 controls from Oak Ridge,
TN, are compared to findings for the 118 cleanup workers in
Table III. Virtually identical mean frequencies of chromoso-
mal translocations and dicentrics were observed in cleanup
workers and Estonian controls. The types and mean frequen-
cies of aberrations among painted chromosome pairs 1,2 and

TABLE II
Interlaboratory Comparison of Translocations in Lymphocyte Cultures from 100 Cleanup Workers

for Whom Physical Dose Estimates Were Available

Laboratory

LLNL
STUK
ORISE
Total

Number of

cleanup workers

40
40
38

118

Age (years)
(range)

41 (30-50)
40 (27-52)
41(27-53)
41(27-53)

Number with

dose estimate"

33
33
34

100

Estimated dose (cGy)°

Mean (range)

10.25 (0.4-24.8)
10.47 (0.45-23.3)
10.16 (0.24-21.7)
10.29 (0.24-24.8)

Median

9.60
9.35
8.75
9.07

Translocations per 1000*

genome equivalents

Mean ± SD (range) Median

6.27 ± 3.8* (0-16.4) 5.8
6.62 ±5.0 (0-18.2) 5.7
8.25 ± 5.4 (1.9-23.3) 5.8
7.01 ± 4.9 (0-23.3) 5.8

"Dose estimates based on recorded doses.
*Total including "complete" and "incomplete" translations.
•Mean frequencies of translocations in cultures from cleanup workers, range in translocation frequencies among cultures.
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TABLE HI
Comparisons of Data from Estonian Cleanup Workers and Controls (Includes Data from 18 Veterans

for Whom Dose Estimates Were Not Available)
Translocations Dicentrics Deletions

Persons Cohort Laboratory" Metaphases* Genome' Complete'' Incomplete Total Complete Incomplete Total ace(ab) ace(b) Total

118 All

29

Cleanup
worker

Estonian ORISE
control

21 Oak Ridge ORISE
control

179,324 61,681 3.99'

45,908 15,781 4.37

33,600 11,550 3.72

2.99

2.66

3.12

6.99

7.03

6.84

0.60

1.20

0.52

0.58

0.13

0.00

1.18

1.33

0.52

0.16

0.06

0.00

1.57

0.95

0.52

1.73

1.01

0.52

"Laboratory responsible for scoring slides.
'Number of painted metaphases scored.
'Genome "equivalent", assumes that exchanges involving painted chromosome pairs 1, 2 and 4 detect 34.4% of those induced in the total genome:

i.e., number of painted metaphases scored (x) 0.344 = number of genome equivalents (see text for details).
''As used in this report, "complete" translocations denote apparently reciprocal symmetrical interchanges [i.e. t(Ab) + t(Ba)]; "incomplete" translo-

cations were recorded as "nonreciprocal" events [i.e. t(Ab) or t(Ba)] occurring singly in a painted metaphase. Similarly, "complete" dicentrics are
bicolored dicentrics accompanied by bicolored acentrics [i.e. dic(AB) + ace(ab)]; "incomplete" dicentrics lacked accompanying bicolored acentrics.

'Mean frequency of translocations per 1000 genome equivalents among lymphocyte cultures from 118 cleanup workers.

4 were also quite similar in cultures initiated from cryopre-
served lymphocytes from the Estonian controls and from
freshly drawn blood from 21 American men. As in the
cleanup workers, translocations were the predominant type
of aberration, and on average, 7 translocations per 1000
genome equivalents were observed in cultures from Estonian
cleanup workers, Estonian controls and Oak Ridge controls.

Translocation Frequencies in Relation to Estimated Radiation
Dose, Surrogates for Exposure, Age at Blood Drawing
and Smoking Status
The mean estimated dose was 10.3 cGy among the 100

veterans for whom physical estimates were available
(range 0.24 to 24.8 cGy). In Fig. 1A, we compare the
observed translocation frequencies in relation to radiation
dose for 100 veterans and compare the data to results
obtained for 29 Estonian controls. No apparent trend was
observed with dose, and when exposure status was consid-
ered as a single independent variable, no apparent differ-
ences were observed between cleanup workers and Esto-
nian controls. As a followup, we considered mean translo-
cation frequencies in relation to other surrogates for
exposure including year of first service at Chernobyl, dura-
tion of service, and whether veterans had spent time on the
roof of Unit 4 or in the Special Zone, where risk for expo-
sure was greatest (Table IV). No straightforward correla-
tion was observed between mean translocation frequency
in lymphocytes and any of these work-history variables.

Age and lifestyle factors such as smoking have been
shown to be significant confounders in interpreting
dose-response data from exposed populations (10,11,21,
22,30,31). A summary of the age distribution and smoking
history for Estonian veterans and Estonian controls is pre-
sented in Table V. Their mean ages were similar (i.e. 41 and
42 years old, respectively) and the majority of men in both
groups were between 40-49 years old at the time of blood

drawing. An apparent positive trend in translocation fre-
quencies with increasing age was observed (Fig. IB). Dif-
ferences were noted with regard to reported smoking his-
tory, in that 68% of the cleanup workers were current
smokers, compared to 35% of the Estonian controls.
Higher translocation frequencies were observed in cultures
from current smokers in both groups. A preliminary statisti-
cal comparison [analysis of variance (ANOVA) with log
transformation of translocation data] considered Chernobyl
exposure status, age at examination and current smoking
history for the 147 Estonian veterans and controls. No sig-
nificant associations were observed for service at Cher-
nobyl, while significant associations (P < 0.05) were
observed with current smoking and age at blood drawing.

Although we did not expect to observe effects due to diag-
nostic X-ray exposures, this variable was also considered in
preliminary statistical comparisons of data. Approximately
equal percentages of cleanup workers (38%) and Estonian
controls (34%) reported having one or more medical X-ray
examinations, whereas a higher proportion of the controls
had dental X rays (57% compared to 25%). No trends or sig-
nificant differences in mean frequencies of translocations
were associated with reported medical or dental X-ray expo-
sures in any set of comparisons. Twelve percent of the
cleanup workers and 37% of the Estonian controls reported
having a "job working with radiation" at some time in the
past. Identical mean frequencies of translocations were
observed among cleanup workers who had a job working
with radiation prior to their service in Chernobyl and those
who did not. A higher (but statistically insignificant) mean
frequency of translocations was observed among the nine
Estonian controls who reported that they "had worked with
radiation"; however, the highest translocation frequency was
observed in an older, current smoker, and it is not possible to
separate the effects of age, smoking and "worked with radi-
ation" in this small sample of subjects.
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FIG. 1. Panel A: The frequency of translocations per 1000 genome equivalents is plotted as a function of radiation film-badge dose (estimated dose)
for 100 Chernobyl veterans. Data for 29 Estonian controls are shown on the abscissa. Larger dots denote that multiple persons had observed frequency of
tianslocations. Panel B: The frequency of translocations per 1000 genome equivalents is plotted as a function of age for 129 Estonian veterans and con-
trols. Significant associations with age were found in all statistical analyses of data.

Multiple Regression Analysis of Translocation Data among
Cultures from Estonian Cleanup Workers and
Estonian Controls

Among the several variables considered in prelimi-
nary statistical analyses, only age and current smoking
status appeared to be potential confounders in the inter-
pretation of any possible dose response among the veter-
ans. In a more definitive statistical analysis, multiple lin-
ear regression using quasi-maximum likelihood methods

(32) was used to describe the relationship between the
yield of translocations per 1000 genome equivalents (i.e.
Y) and age at the time of blood drawing, current smok-
ing status, recorded dose as a continuous variable, and
laboratory that scored the data and to look foT possible
interactions. The data set included translocations scored
in cultures from the 29 Estonian controls and 100 veter-
ans having physical dose estimates. Since chromosome
aberrations are discrete and often follow the Poisson dis-
tribution, Poisson regression (32) was used in the initial
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analysis using the statistical system GLIM 4 (33). The
deviance for the model was 210.61 with 122 degrees of
freedom (df), indicating overdispersion. The mean
deviance 1.726 was used to adjust for the overdispersion
(for discussion, see refs. 32,33). Results of the regression
analyses demonstrated no significant differences
between laboratories, whereas a significant positive cor-
relation was observed with age at the time of blood
drawing (P = 0.025). A negative response was obtained
for radiation dose, but the slope was not significantly dif-
ferent from zero. Likewise, higher but statistically
insignificant frequencies of translocations were observed
among smokers. The influence of age and exposure vari-
ables on translocation frequencies may be summarized
by the following equation for Estonian nonsmokers and
current smokers of mean age of 41 at blood drawing
[parameter estimates (SE)]:

TABLE IV
Translocation Frequencies in Relation to Risk Factors for

Radiation Exposure in 118 Estonian Cleanup Workers

Y (trans /1000 genomes) =
6.3 (0.83) [nonsmoker]

or
8.1 (0.83) [smoker]

+ 0.145 (0.065) (Age-41)

-0.101 (0.061) D(cGy).

We next made the assumption that, although individual
physical dose estimates may not have accurately reflected
absorbed dose, the group of Estonian veterans as a whole
may have higher mean frequencies of translocations result-
ing from exposures they received during cleanup activities
at Chernobyl. These data analyses included results for 18
veterans for whom individual dose estimates were lacking
as well as the 100 having dose estimates. All subjects were
classified as exposed or not exposed, and regression took
into account the laboratory scoring data, age, current smok-
ing and exposure status. Again, age had significant associa-
tions with observed translocation frequency and exposure
status yielded a negative but statistically insignificant coeffi-
cient. Additional modeling of data that took into account
effects of age and exposure status among smokers and non-
smokers as separate groups also failed to show significant
effects attributable to service in Chernobyl. Likewise, no
significant interactions (e.g. age X smoking, age X dose,
etc.) were observed. Thus, in this data set from 147 Esto-
nian men, we are not able to detect a significant dose-
related increase in translocations among individual cleanup
workers, or among the group of veterans as a whole and the
Estonian controls.

Yields of Translocations in Lymphocytes Exposed In Vitro
to Low-LET Radiation
Translocations involving painted chromosome pairs 1,2 and

4 were quantified in more than 32,000 painted metaphases
from lymphocytes exposed to multiple doses of 220 kV X
rays. Data from cultures from each of the six donors were fitted
using Poisson regression methods (32, 33) to the linear-

Characteristic

First service at Chernobyl
1986

April-May
June-July
August-December

1987
1988
Unknown

Duration of service (months)
0.0-0.9
1.0-1.9
2.0-2.9
3.0-3.9
4.0-4.9
==5.0
Unknown

Work on roof
Yes

1986
1987-1988

No
Unknown

Time spent on roof (min)
0
1-3
4-10
a l l
Unknown

Work in special zone
Yes

1986
1987-1988

No
Unknown

Duration of work
in special zone (days)

0
0.01-1.9
2.0-11.9
12.0-31.9
32.0-305
Unknown

Number of
workers

73
39
29
5

29
15
1

4
19
40
17
17
20
1

11
10
1

91
16

91
7
2
2

16

46
24
22
54
18

54
10
15
11
10
18

Translocations per 1000
genome equivalents

(mean ± SD)°

6.56 ± 4.48
5.96 ± 4.62
7.16 ± 4.43
7.80 ± 3.67
8.31 ± 5.19
5.66 ± 3.66
6.07 ± —

6.79 ±3.38
7.43 ± 3.36
8.41 ± 5.56
5.59 ± 4.60
5.52 ± 3.23
5.55 ±4.19
6.07 ± —

7.75 ± 6.14
6.45 ± 4.56

20.80 ± —
6.27 ± 4.06
9.70 ± 5.45

6.27 ± 4.06
7.64 ± 4.78
4.55 ± 3.76

11.32 ± 13.40
9.70 ±5.45

6.53 ± 4.69
5.99 ±3.98
7.12 ±5.39
7.28 ± 4.59
6.53 ± 4.64

7.28 ± 4.59
6.90 ±4.74
5.74 ± 3.86
8.12 ±5.62
5.59 ± 4.91
6.53 ± 4.64

"Estimated mean frequency of translocations per 1000 genome equiv-
alents; SD = measure of variability between cultures from individuals,
nontransformed data.

quadratic dose-response function Y = -y + a.D + $D2, where
y is the yield of translocations per 100 genome equiva-
lents, -y is the derived estimate of the intercept term (base-
line frequency of translocations), a is the coefficient of the
linear term, (3 is the coefficient of the dose-squared term,
and D is the dose in grays. Significant differences in translo-
cation yields were observed between the six blood donors
(34). Subsequently, pooled data from the six individuals
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TABLE V
Translocation Frequency by Age and Smoking Status of Estonian Cleanup Workers and Controls

I
Age group (years)

20-29

30-39

40-49

>50

Mean age

Current smokers
No

Yes

Unknown

Cle

n

118

2

46

63

7

41

13

80

25

:anup workers

Translocations
± SD* (range)

6.90 ± 4.63
(0-23.3)

3.71 ± 0.24
(3.5-3.9)

5.65 ± 4.03
(0-16.3)

7.31 ± 4.27
(1.78-21.3)
13.71 ± 6.08
(7.2-23.3)

5.89 ± 3.98
(0-15.3)

6.97 ± 4.38
(0-23.3)

7.59 ± 5.71
(0-21.3)

Estonian controls

n
29

4

7

12

6

42

17

10

2

Translocations
± SD (range)

7.04 ±5.41
(0-21.8)

7.73 ± 6.86
(1.8-14.6)
4.42 ± 2.94

(0-9.1)
8.84 ± 6.65
(1.8-21.8)
6.06 ±2.97
(3.6-10.9)

6.42 ± 5.57
(0-18.2)

8.61 ± 5.55
(3.6-21.8)

4.55 ± 1.29
(3.6-5.45)

n
147

6

53

75

13

30

90

27

All

Translocations
± SD (range)

6.99 ± 4.80
(0-23.3)

6.39 ± 5.71
(1.8-14.5)
5.48 ± 3.90

(0-16.3)
7.55 ± 4.71
(1.78-21.8)
10.18 ± 6.16
(3.6-23.3)

6.19 ± 4.87
(0-18.2)

7.15 + 4.52
(0-23)

7.36 ± 5.55
(0-21.3)

"Estimated mean frequency of translocations per 1000 genome equivalents: SD = measure of variability between cultures from individuals, non-
transformed data.

were fitted to the linear-quadratic model to derive an over-
all estimate of yields of radiation-induced translocations in
lymphocytes of donors having differing frequencies of base-
line aberrations. Fitted coefficients were: y = 1.12 ± 0.17, a =
3.24 ± 1.35, and (3 = 9.82 ± 1.58. Errors reflect observed het-
erogeneity of variance observed between donors (34).
Dose-response coefficients were used to estimate expected
frequencies of translocations for Estonian cleanup workers
(see Discussion).

DISCUSSION

No differences in the mean, median or range in frequen-
cies of dicentrics or translocations were observed in evalua-
tions of nearly a quarter-million painted metaphases from
lymphocyte cultures from 118 Estonian veterans who partici-
pated in cleanup activities at Chernobyl and 29 Estonian men
of similar age who did not take part in the cleanup. The mean
frequencies of translocations involving painted chromosome
pairs 1,2 and 4 in both groups of Estonian men were virtually
identical to those observed in 21 American men.

The lack of any demonstrable increase in radiation-
induced translocations among the Estonian cleanup workers
was unexpected for several reasons. First, among the veter-
ans who provided blood samples for cytogenetic analysis, 68
were sent to Chernobyl during April-July of 1986, and 46
reported working in the "special zone" during 1986 or 1987;
thus their potential for meaningful radiation exposure while
engaged in cleanup activities was great. The mean estimated
dose for the 100 veterans for whom physical dosimetry was

available was 10.3 cGy and ranged from 0.24 to 24.8 cGy;
27 men were estimated to have received exposures in excess
of 15 cGy. In light of previously reported findings in other
populations having medical, occupational or accidental
exposures, it was anticipated that if the average bone mar-
row dose of the veterans was upward of 10 cGy, scoring of
translocations should reveal differences between large
groups of exposed and nonexposed blood donors. Attempts
to explain and interpret these apparently "negative" findings
in Estonian cleanup workers must take into account several
factors including the scientific and statistical "robustness" of
the data set in relation to the sensitivity of FISH transloca-
tion analysis for detecting effects in populations having low
levels of radiation exposure nearly a decade ago.

The strengths of the epidemiological study design and
cytogenetic data set are many. The Estonian cleanup work-
ers were selected from among a carefully defined cohort of
Estonian veterans, and all are members of the Estonian
Study of Chernobyl Cleanup Workers (23) who are under
epidemiological surveillance for cancer incidence and mor-
tality (35). It is believed that nearly all workers sent from
Estonia have been identified, and questionnaire data are
available for all members of the cohort. The 118 cleanup
workers who provided blood for this study participated in
examinations for thyroid disease (10), and GPA mutation
data are available for many (4).

As detailed in the Materials and Methods, extensive
efforts were made to maintain quality control in sample col-
lection, lymphocyte culture and scoring of data. To avoid
potential problems with lymphocyte viability, all samples
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TABLE VI
Predicted Yields of Translocations in Human Lymphocytes

Exposed to Low-LET Radiation

Estimated
yields per
1000 cells"

Smoker
8.1

Nonsmoker
6.3

Predicted yields per 1000 cells at doses
indicated (95%confidence interval)'1*

5.0 cGy

10.0'
(8.5-11.4)

9.7'
(8.4-11.1)

8.2'
(6.7-9.6)

7.9r

(6.6-9.3)

10.0 cGy

12.3'
(9.3-15.4)

11.3C

(8.6-14.1)

10.5'
(7.4-13.5)

9.5'
(7.5-12.3)

20.0 cGy

18.5*
(11.8-25.1)

14.6C

(9.1-20.0)

16.7'
(9.96-23.3)

12.8'
(7.3-18.2)

"Estimated baseline frequency of translocations in smokers and non-
smokers at age 41 from current data (i.e. 8.1 and 6.3 translocations per
1000 genome equivalents). See text for details.

'Predicted total yields of translocations (observed baseline + radiation-
induced) calculated from in vitro dose-response curve from human lym-
phocytes exposed to low-LET radiation assuming high-dose-rate (acute)
exposure, where for radiation-induced translocations, Y = aD + p£>2.

^Predicted total yields of translocations (observed baseline + radiation-
induced) calculated from in vitro dose-response curve from human lym-
phocytes exposed to low-LET radiation assuming low-dose-rate (pro-
tracted) exposure, where for radiation-induced translocations, Y = aD .

were hand-carried to the cytogenetics laboratory within
30 h of blood drawing. Cultures from 118 cleanup workers
were initiated using a single lot of serum, medium and other
culture reagents. Culture success was nearly 100%. Harvest
was at 48 h to minimize potential loss of aberration-bearing
cells due to multiple in vitro divisions, and scrutiny of a ran-
dom sample of 62 cultures verified that none displayed
more than 9% second-division metaphases.

Participation of three laboratories allowed collection
of a large sample of data. Although individual scorers did
not cross-validate data by scoring the same slides, inter-
laboratory comparisons of data sets each involving nearly
60,000 painted metaphases demonstrated generally excel-
lent agreement in the means, medians and ranges of aber-
rations among cultures scored by the three laboratories.
The multivariate statistical analysis verified that there
were no significant differences between sets of data
scored by the different laboratories. No correlation
between translocations and estimates of dose for the Esto-
nian cleanup workers was observed by any laboratory.
On the other hand, data from two laboratories demon-
strated positive effects of age at blood drawing, even
though the age range spanned less than 30 years. When
data from the three laboratories were combined, age
effects were significant in all statistical comparisons, as
has been reported in other studies (11,21,22,30,31).

In agreement with the translocation data, no differences
in dicentrics were observed in the Estonian cleanup work-
ers and Estonian controls. The estimated total genomic fre-
quencies of 1.18-1.33 per 1000 genome equivalents, respec-

tively, agree with historical control data published from
scoring dicentrics in first-division metaphases using classical
techniques (36,37). Fewer dicentrics were observed in cul-
tures from the Oak Ridge controls, but when the Poisson
errors associated with the relatively small numbers of
dicentrics are taken into account, the apparent differences
in dicentric frequencies between Estonian and Oak Ridge
controls are not statistically significant.

Although virtually identical mean frequencies of translo-
cations were observed among the cultures from the cleanup
workers and controls, pronounced variability in the num-
bers of translocations was observed among cultures from
different blood donors. Translocations among 118 cultures
from the cleanup workers ranged from 0 to 16, 0 to 18 and
1.9 to 23 per 1000 genome equivalents in slides scored by
LLNL, STUK and ORISE, respectively. Similar ranges
were observed among cultures from 29 Estonian controls
(i.e. 0 to 22.0) and 21 control men of similar age from Oak
Ridge (i.e. 0 to 25.5) in cultures scored by ORISE. As
noted, statistical analyses demonstrated that age at time of
blood drawing accounted for a significant proportion of the
observed variation in translocation frequencies between
donors. Although significantly higher mean frequencies of
translocations were observed among current smokers in
preliminary data analyses, the increase was not statistically
significant in linear regression analysis that took multiple
variables into account. Smoking status was unknown for
21% of the Estonian cleanup workers and no information
on pack-years was available. Smoking status has been
observed to be a confounder in interpreting paint transloca-
tion data in several population studies (11, 31) but not in
others (30,38).

All statistical comparisons included data from Estonian
cleanup workers and Estonian population controls only.
Data from Oak Ridge controls were collected for comparison
with data from the Estonian population controls and to pro-
vide general information on baseline frequencies of transloca-
tions in a second group of control men. The Oak Ridge con-
trols included laboratory, office and maintenance workers;
three were current smokers, and only two reported having
had exposures to diagnostic radiation (an intravenous pyelo-
gram, CAT scan) other than chest or dental X rays. Three
had had jobs "working with radiation", though none had
received measurable doses on personal dosimeters. None
reported exposures to other known clastogens. The similari-
ties in the range and mean frequencies of translocations
between Estonian and American controls provide evidence
that Estonian controls had not had unusual exposures to das-
togenic agents relative to those experienced by a group of
workers in the United States. The comparison demonstrates
that cryopreservation of lymphocytes prior to culture does
not confound scoring of translocations.

Our primary objective was to employ translocation anal-
ysis by FISH as a "retrospective" biological dosimeter to
determine whether biomarkers of exposure in cleanup
workers correlated with physical estimates of dose based on
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film-badge readings or other types of dose reconstructions.
Because many individual dose estimates that were recorded
at the time of service at Chernobyl continue to be suspect,
we also sought to determine whether translocations in lym-
phocytes showed positive correlations with other surrogate
measurements of risk for exposure such as month and year
of service, type of cleanup activity performed, length of ser-
vice at Chernobyl, etc. We were aware that the large vari-
ability in background frequencies of translocations among
controls could have a major impact on the sensitivity of
translocation analyses in detecting evidence of low-level
exposure to ionizing radiation. For this reason we scored
large numbers (—1500) of painted metaphases from lym-
phocyte cultures from a selected group of cleanup workers
who should have been at greatest risk for high-dose and
high-dose-rate exposure. Similarly, in an attempt to mini-
mize any possible confounding influences of lifestyle expo-
sures, differences in ethnic background, etc., among con-
trols and cleanup workers, we drew our controls from Esto-
nian men of similar age who had not participated in cleanup
activities. In spite of the relatively large number of persons
studied, we could not detect any differences in the mean,
median or range in translocations among Estonian men
who served as cleanup workers and those who did not.

The lack of a demonstrable effect on translocations
among cleanup workers is noteworthy given our observation
of significant age effects in the same group of men. These
latter findings verify that, in spite of the interindividual vari-
ability in baseline frequencies of translocations among
donors, FISH methods readily detect relatively small differ-
ences in mean frequencies of translocations between groups
of persons of different ages. Thus we are faced with the con-
clusion that the average whole-body radiation dose received
by the group of Estonian cleanup workers was too small to
detect using FISH as a biological indicator of exposure.

This leaves the question of "what is the lowest dose that
could be detected among populations having chronic expo-
sures to low levels of radiation?" Because of the order-of-
magnitude range in baseline frequencies of translocations
among nonexposed controls, the impact of age on baseline
frequencies of aberrations and the lack of rigorous data on
the persistence of translocations in the peripheral lympho-
cyte pool as a function of time after exposure, precise statis-
tical estimates of "lowest detectable dose" are quite difficult
to make for the Estonian cleanup workers. However, data
from studies of other radiation-exposed cohorts and from in
vitro exposures of human blood to low-LET radiation can
be used to generate estimates of sensitivity of chromosome
painting for estimating average exposure levels in groups
having similar exposure histories.

For example, several earlier "retrospective dosimetry"
studies used classical group-analysis methods to score
translocations in epidemiological studies of cohorts under
surveillance for radiation-induced cancers. Significantly
increased frequencies of symmetrical aberrations (primarily
translocations) were observed among groups of adults who

received partial-body medical exposures for enlarged thy-
mus or tonsils during infancy or childhood (36,39). Mean
bone marrow doses in the thymus and tonsil cohorts were
estimated to be 21cGy and 6 cGy, respectively. Significant
differences in chromosome aberrations were also detected
in lymphocyte cultures among 100 women living in high-
background areas (330 mR/year) compared to 100 women
living in low-background areas (110 mR/year) from the
Quangdong Province of China (40). Cumulative doses to
their thyroid glands were estimated to be in the range of
14 and 6 cGy, respectively, accumulated over a period of
exposure of more than 50 years. Because of additional
shielding afforded by bone and other tissues, average doses
to their marrow would have been somewhat lower than
average doses to their thyroid glands. More recent studies
using chromosome painting to quantify translocations have
also demonstrated increased frequencies of translocations
among Sellafield nuclear workers having low cumulative
levels of occupational exposure, 17 cGy-1.17 Gy (37).
These studies provide evidence that significant differences
in mean frequencies of chromosome aberrations can be
observed among exposed populations having mean marrow
doses of the order of ~6 cGy even though wide differences
in aberration rates are observed between cultures from
individuals within groups.

Our in vitro dose-response data for translocations
induced in human lymphocytes exposed to low-LET radi-
ation also suggest that a mean dose of 10 cGy should have
been readily observed in a population sample of more than
100 men. For example, using our in vitro coefficients, we
can calculate that exposures of lymphocytes to 10 cGy low-
LET radiation delivered at high dose rates, induces on
average 4.2 translocations per 1000 cells in excess of back-
ground (Table VI). Using 8.1 translocations per 1000 cells
in Estonian smokers of mean age 41 as an estimate of base-
line, a mean frequency of 12.3 translocations per 1000 cells
would have been expected in a population of smokers hav-
ing an acute exposure of 10.3 cGy low-LET radiation. Simi-
lar acute exposures in populations of nonsmokers should
increase translocation frequencies by more than 67%, i.e.
from an average baseline level of 6.3 to more than 10.5 per
1000 cells. If all cumulative exposures in these cleanup
workers had been chronic and at very low dose rates, the
predicted frequencies of radiation-induced translocations
would have been about 10% lower than those observed at
high dose rates, but nonetheless more than 40% higher
than those observed in controls. In a sample of more than
200,000 painted metaphases scored from the group of 118
cleanup workers and 29 controls, effects at these magni-
tudes should have been detected. The fact that we observed
no increase in the mean, median or range in translocations
before or after performing adjustments for age and smok-
ing effects leads us to conclude that their average recorded
dose overestimates their true average bone marrow dose.
Our findings further suggest that the true average dose
received by this highly selected group of workers is too low
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to detect using translocations detected by FISH analysis in
lymphocytes as a biological end point.

These cytogenetic biodosimetry data are in agreement
with other biological measurements that failed to demon-
strate statistically significant levels of radiation-related
effect in this cohort. Ultrasound examinations of thyroid
glands in approximately 2000 veterans revealed that the
prevalence of thyroid nodules among Estonian cleanup
workers increased with age at examination, but not with
recorded dose, date of first duty at Chernobyl, duration of
service at Chernobyl, or other surrogate measurements or
indicators for exposure (10). Evaluations of giycophorin A
(GPA) mutations also led to the conclusion that doses
received by the Estonian cleanup workers (4) as well as
cleanup workers from other Baltic countries (41) were
below the limits of detection using mutations at the GPA
locus as a biomarker of exposure.

The mean frequency of translocations that we observed
in Estonian cleanup workers using FISH (i.e. ~7 per 1000
genome equivalents) is much lower than reported findings
in a group of 34 cleanup workers evaluated at the Institute
of General Genetics in Moscow (i.e. -13.7 per 1000) (7).
Those authors used their in vitro dose-response curve to
estimate that the cleanup workers received a mean dose of
25 cGy, which compared well with the average documented
dose of 26 cGy. The higher mean frequencies of transloca-
tions observed among those workers may be the result of
the inclusion of several persons with potentially large accu-
mulated doses including physicists/technicians who worked
inside reactor block 4, helicopter pilots who assisted in
extinguishing the reactor fire and several other persons hav-
ing documented doses of more than 25 cGy to upward of
1.36 Gy. None of the members of the Estonian cohort was
estimated to have received doses of more than 25 cGy. Sig-
nificantly elevated translocation frequencies (mean of 17.7
per 1000 genome equivalents) were also observed among
130 Russian cleanup workers when compared with data
from 54 controls after adjustments for confounding effects
of age at blood drawing and smoking status (11). Again,
the mean physical dose estimate for the cleanup workers
who were studied was about 25 cGy, which is more than
twice the mean dose estimated for the Estonian cleanup
workers (10.3 cGy). In spite of the more than twofold
higher physical doses for the selected group of Russian
cleanup workers, their mean estimated dose based on cyto-
genetic response was 9 cGy, which was less than half the
dose estimated by physical dosimetry. The highly selected
nature of the workers studied in these two reports suggest
that they might not be representative of the much larger
population of cleanup workers who received much lower
exposures. The results of our FISH analyses also differ
from those reported by Granath and coworkers (9) in ear-
lier evaluations of Estonian cleanup workers. In that study
a translocation frequency of 13.4 per 1000 cells was
observed based on scoring 6088 painted metaphases from
cultures from 25 cleanup workers. Our data from evalua-

tions of more than 179,000 painted metaphases from 118
Estonian cleanup workers do not substantiate these results.

Our cytogenetic findings, if borne out, would have
important implications regarding ongoing and planned
studies of Chernobyl cleanup workers. If the actual doses
received by the majority of workers are in fact much less
than the recorded doses, then the statistical power for an
epidemiological study to detect an increase in risk is
severely limited, even for leukemia. Current estimates of
average worker dose are 100 mSv with only about 4% of
the population to Chernobyl sent in 1986-1987 having a
dose greater than 250 mSv (55, 42). If our findings and
those of Moore et al. (11) are correct, then the worker dose
may be considerably less than physical estimates would
imply. Predictions of excess radiation risk (43) depend upon
the assumed dose distribution and assumptions about the
effectiveness of low-dose and low-dose-rate exposures in
causing leukemia. A recent comprehensive evaluation of 81
Sellafield nuclear fuel reprocessing workers (range of expo-
sures about 17 cGy-1.11 Gy) suggested that the effective-
ness for low-dose and low-dose-rate exposures in causing
somatic cell aberrations was six times less than acute expo-
sures of the same total dose (31). Together, these data sug-
gest that even for leukemia, which has the highest relative
risk coefficient for acute exposures in adulthood, there
would be no chance to detect an increase: The mean expo-
sure would be too small to produce a measurable excess of
leukemia. There would be little power to detect an effect,
much less distinguish between the effectiveness of brief or
chronic exposures in causing leukemia.

The current epidemiological data are not very encour-
aging about the likelihood that Chernobyl cleanup worker
studies will be informative in quantifying the risk from
chronic radiation exposure. A recent comprehensive study
of over 4000 emergency workers from Estonia, with near
complete identification of all citizens engaged in the
cleanup activities and the use of population cancer and
mortality registries to determine cancer occurrence, failed
to identify an increase in leukemia (no cases were
revealed and one was expected based on population rates)
(35). In an even larger series of 155,000 Russian cleanup
workers, there was no evidence for a radiation-related
increase in leukemia (42). One explanation for these nega-
tive findings might be that the doses were systematically
overestimated, and the studies did not have adequate sta-
tistical power to find an increase in leukemia. If a
leukemia effect is not detectable, then it will also be
impossible for a solid-tumor effect to be identified since
the relative risk for solid cancer is very much less than that
for leukemia. While this is certainly good news for Cher-
nobyl cleanup workers who are concerned about future
late effects, it does not bode well for epidemiological
investigations aimed at clarifying the risks from low-dose
and low-dose-rate exposures.

Clearly our findings should be replicated, but the scoring
of over a quarter of a million metaphases was a substantial
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undertaking, there was remarkable consistency in the find-
ing from our three laboratories, and the precision of our
observations is quite high. Further, to have any hope of
detecting a leukemia effect, it will be essential in the future
to combine larger series and focus on those groups likely to
have received the highest doses, such as the 4% estimated
to have received more than 250 mSv, the 5000 soldiers who
were on the roof shortly after the accident, and the 1200
helicopter pilots dumping material on the reactor to con-
tain the fire (44). Unfortunately, if the biological dosimetry
reflects the actual doses received better than the recorded
doses, even this emphasis on high-dose workers may not be
sufficient to provide meaningful information on radiation
risks, nor will it help answer the important question as to
the level of risk associated with chronic, as opposed to
acute, radiation exposures.
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5. RISK COMMUNICATION

Hundreds of thousands of clean-up workers were sent to Chernobyl from the
15 former Soviet Union republics over a period of 3 years following the 1986
accident. Military personnel handled the immediate damage control - extin-
quishing the fire and containing the nuclear reactor. Civilians were con-
scripted from their homes and taken to Chernobyl and its surroundings to raze
and rebuild cities, and clean-up the contaminated environment.

The Chernobyl accident raised a lot of concern and fear on possible health ef-
fects of the radiation exposure, not the least among the clean up workers
themselves and their families. There has been plenty of debate on the magni-
tude of doses and risks, and several projects have been planned and set up to
clarify these questions. Even though there are much larger cohorts of workers
in Russia, the Ukraine and Belarus, the advantage of studying Baltic workers
is their countries' more developed infrastructure, especially population regis-
tries and cancer registries. First results from these studies have now been
published.

The results from the Estonian study are very reassuring in the sense that both
dose estimates - recorded physical exposure and two methods of biological do-
simetry - plus the thyroid examinations all indicated that the doses were not
as high as expected or feared. No excess leukemias or thyroid cancers were
observed among the 4800 Estonian Chernobyl clean-up workers. These are
the two types of cancers that could have been detected during the first years
after the accident - a substantially longer follow-up will be needed to draw any
conclusions on the incidence of other cancers.

A more worrying observation was that the clean-up workers had serious men-
tal health problems. The only significantly increased cause of death for the
Estonians that took part in the Chernobyl clean-up operations was a 50% in-
crease in suicides. This observation supports the conclusion of major interna-
tional organisations, such as the WHO, that the major health detriment due to
the Chernobyl accident is due to the psychosocial effects. The Estonian study
indicates that the effects on mental well-being should be taken more seriously
- these deaths should certainly be prevented.
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The study group organized press conferences in Tallinn and Helsinki in June
1997 to pass the present findings to the general public and the clean-up work-
ers themselves. Furthermore, news of the results were released in the US.
Examples of newspaper articles are included in the report (in Estonian, Fin-
nish and English).
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Tšernobõli veteranide seas
on palju enesetappe

Eesti, Soome ja USA tead-
lased uurisid 1992.—1997.
siastani Eesti Tšcrnoböli vete-
ranide kiirgusdoosc, haigestu-
mist pahaloomulistesse kasva-
jatessc ja kilpnäärmchaigus-
tesse ning surmapõhjuseid.
Uuringu tulemusel selgus, et
psühholoogilised tegurid on
Tšernobõli veteranidele teki-
tanud rohkem terviseproblee-
me kui kiiritus.

Eksperimentaalse ja Kliinili-
se Meditsiini Instituudi direktor
Toomas Vcidcbaum ütles, et
Euroopas sai Tšernobõli katast-
roofi tagajärjel suurenenud kii-
titusdoosi viis miljonit inimest.

1990. aastal algasid uuringud
nende inimestega, kes saadeti
Eestist Tšernobõli tavaliselt
kordusõppuste sildi all. Kõik
Tšernobõlis käinud said vaga
suure kiiritusdoosi, kuigi tolle-
aegne ametlik versioon seda ei
kinnitanud. Suurem osa Tšcino-
bõlis käinutest on saanud poole
suurema kiirituse, kui tavaliselt
saadakse kogu eluaja jooksul.

Veidcbaumi sõnul olid 1990.

aastaks molekulaarbioloogia ja
molekulaargeneetika arenenud
nii kaugele, et oli võimalik
kiudlaks määrata, kui palju
Tšcrnobõlis käinud tegelikult
kiiritada said. Nüüdseks on loo-
dud Tšernobõlis käinute koe-
pank, säilitatud on 3400 inimese
rakke.

Eksperimentaalse ja Küünili-
se Meditsiini Instituudi teadlane
Mare Tekkel lisas, et Eestist
saadeti Tšernobõli 4833 meest,
kes olid peamiselt vanuses 20—
39 aastat. Vanusegrupis 20—30
aastat moodustas Tšernobõlis
käinute arv 2% kogu selleeali-
sesl Eesti elanikkonnast.

85% meestest saadeti Tšer-
nobõli kordusõppuste sildi all.
Osa 19—20-aastasi mehi oli õn-
netuse ajal sõjaväes Valgevenes
ja Ukrainas ning alla 5% Tšer-
nobõlis käinutest läksid sinna
vabatahtlikult, lootes saada kor-
terit või autoostuluba.

85% meestest viibis Tšerno-
bõlis 3—4 kuud, kuigi oli ette
nähtud, et üle kähe kuu ci tohiks
seal keegi olla.

Eestist Tšernobõli saadetud
mehed eemaldasid labidatega
saastunud pinnast, tegid trans-
pordi-, ehitus- ja lammutustöid.
ning 40 inimest osales purune-
nud reaktori sarkofaagi ehitu-
sel.

Peamine kaitsevahend oli va-
ti-marlimask, kuid paljud ei kä-
sutanud sedagi. Joodipreparaate
sai 30—40% meestest, kuid sa-
geli anti jooclipreparaate hiline-
misega.

87% Tšernobõlis käinutest
olid ametlikult registreeritud
kiiritusdoosid, mis kanti sõja-
väepiletitesse või sõjaväenimc-
kirjadesse.

Haigestumus pole
suurenenud

2500 Tšernobõli veteranil
uuriti ka kilpnääret. Kümnel
protsendil uuritutest tuvastati
sõlmed kilpnäärmes, kuid sõl-
mede esinemine ei ole seotud
varajase saatmisega ohupiirkon-
da ega ka registreeritud kiiritus-

doosiga. Leiti ka kaks kilpnäär-
mevähi juhtu, kuid pole selge,
kas vähk oli põhjustatud radiat-
sioonist.

1986.—1993. aastani haiges-
tus vähki 25 Tšernobõli vetera-
ni, kuigi eeldatav oli 26,5 hai-
gusjuhtu, seega haigestumus
vähki ci ole suurenenud.

Ka ci ole suurenenud Tšerno-
bõlis käinute üldine suremus.
Surnud on 144 Tšernobõli vete-
rani, kuigi eeldatav oli 147,5
surmajuhtu.

Suur on aga enesetappude
arv. Nii on teinud enesetapu 28
Tšernobõlis käinut, kuigi eelda-
tav oli 18,4 enesetapujuhtu. Nii
on Tšernobõli veteranide seas
enesetappude hulk 50% suurem
kui ühiskonnas samas vanuse-
grupis tervikuna.

Toomas Veidebaumi sõnul
viitab see psühhosotsiaalsetele
probleemidele ning edaspidi on
kavas läbi viia ka Tšernobõli
veteranide psühholoogilised
uuringud.

URMAS PAET
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Vähist hirmsam on
psühhotrauma
Eesti, Soome ja USA teadlased uurisid aastatel
1992-97 Eesti Tšernobõli veteranidele mõjunud
kiiritusdoose, nende haigestumist
pahaloomulistesse kasvajatesse,
kilpnäärmehaigustesse ning surmapõhjust.
Uurimisgrupi tulemused on mõneti üllatavad.
Nimelt ei ohusta Tšernobõlis käinud mehi niivõrd
saadud kiiritusest tulenevad haigused, kuivõrd
psühholoogilised tegurid.

Professor Toomas Veidebaumi sõnul on Tšernoböüs tööta-
nutel enesetappude suhtarv tervenisti 50 protsenti kõrgem kui
teistel samas eas meestel.

Eesti 4833 Tšernobõli veteranist on aastatel 1986-93 soori-
tanud suitsiidi kakskümmend kaheksa. 10 000 mehest, kes said
suurima kiiritusdoosi, olid 50 Eestist.

Tšernobol Vietnami kõrval
Ometi ei saa teadlased väita, et vähki ja kilpnäärmehaigustesse

haigestumine oleks Tšernobõli veteranidel suurem, kui teiste!
samas eas meestel.

Veidebaum ütleb, et ehkki psühholoogilisi uuringuid pole
tehtud, on Tšernobõli veteranide probleemid samalaadsed kui
ameeriklastest Vietnami sõja veteranidel, kellel on tuvastatud
teatud ajumuutusi.

Lisaks otseselt katastroofi likvideerimas käinutele uuritakse
ka mehi, kes ehitasid üles Slavutitši linna. Nemadki said küntust
ning olid töödel sunniviisiliselt kordusõppuste sildi all. Veide-
baum märkis, et tegelikult oli isegi hea, et Tšernobõlisse saadeti
nii palju mehi - 600 000. "Vähemate meeste ja pikema kohal-
oleku aja korral olnuks tagajärjed kindlasti palju hullemad."

Oht mitmenda põlveni
Doktor Mare Tekkel arvab, et katastroofi likvideerimisel

kandsid kaitseriietust vähesed. "Hingamisteede kaitseks pidid
mehed käsutama meile peamiselt tsiviilkaitsetundidest tuttavat
vati-marHmaski, mille olemust on välismaalastele üldse raske
selgeks teha. Sellega oli aga kuumuses võimatu töötada ning
seepärast maski enamjaolt ei kantudki. Ka joodipreparaate anti
meestele nii suure hilinemisega, et mõju see enam ei avaldanud.
Küll aga saavutati nii positiivne psühholoogiline efekt: teie heaks
midagi tehakse."

Et tavapäraselt suurema kiiritusdoosi saanutel võivad
vähkkasvajad ilmneda pikema aja järel, on Tšernobõli veteranid
koepanga kaudu kogu aeg passiivse jälgimise all. Geneetilised
mutatsioonid võivad avalduda kas neil endil või järeltulevatel
põlvedel.

Rita LOEL
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Eesti Päevaleht
28. juuni 1997

Uudistetoimetus tel 6 311 46'
Toimetaja EvaTammsaa

Tšernobõlis käinud
teevad enam enesetappe

Eesti Tšemobõli veteranide suu-
rim mure on enesetapud, mis
teadlaste hinnangul viitavad
psühhosotsiaalsetele probleemi-
dele.

1992. aastal alustasid Eesti, Soome
ja USA teadlased Tšernobõlis tööta-
nud meeste uurimist. Tuumakatastroo-
fi likvideerinud eestlaste seas on ene-
setappude arv suurenenud 50 protsen-
ti, näitasid uurimistulemused. Enese-
tappude arvuks eeldati 18,5, kuid te-
gelikult sooritas aastail 1986-1993
enesetapu 28 Tšemobõli veterani.

Eksperimentaalse ja Klünilise Me-
ditsiini Instituudi direktor professor
Toomas Veidebaum põhjendas seda
pikaajalise töötamisega stressiseisun-
dis radioaktiivselt saastatud avariipiir-
konnas. Koju pöördudes lisandus
stressile pettumus ja rahulolematus,
et veteranidega keegi ei tegele.

1986. aasta 26. aprillil toimunud
Tšemobõli katastroofi likvideerinud
eestlastest oli enamik 20-39-aasta-
sed mehed. Uurimisgrupi Soome liik-
me professor Anssi Auvineni sõnul po-
le selle vanusegrupi suremus tõusnud
- eeldatav normaalne suremus oleks
147,5 inimest, tegeliksuremus oli 144.

Teadlaste kinnituselpoleTšernobõ-
Iis töötanud eestlaste vähirisk teistest
suurem. 1995. aasta mais ei leidnud
kümme USA radioloogi ja patoloogi
2500 Tšemobõli veterani uurimisel

neil sagedamini esinevat kilpnäärme-
kasvajat või leukeemiat.

Veteranidejälgimist jätkatakse, sest
leukeemiasse ja kilpnäärmevähki hai-
gestumine sageneb alles kümme aas-
tat pärast kiirituse toimet.

Eesti mehi saadeti Tšemobõli kor-
dusõppuste sildi all. Vabatahtlikke oli
alla viie protsendi ja neid meelitati
autoostuloaga või lubadusega anda
korter. Ülejäänud (18-20-aastased)
olid ajateenistuses.

85 protsenti eestlastest töötas vahe-
tult pärast õnnetust tuumajaama ümb-
ritsevas 30 kilomeetri tsoonis kuni
kuus kuud, kuigi piirajaks oli kaks
kuud. Umbes 40 protsenti eestlastest
osales eriti radioaktiivse nn sarkofaa-
gi ehitusel.

Joodipreparaate sai 30-40 protsen-
ti veteranidest. Radioaktiivne jood la-
guneb kaheksa päeva vältel ja seda
oleks tulnud eelnevalt manustada. Pre-
paraate anti aga hilinemisega.

Katastroofi järel said Euroopas kii-
ritusdoosi umbes 5 miljonit inimest.
Õnnetuse tagajärgi likvideerinud
600 000 inimesest 135-1 diagnoositi
kiiritushaigus, mõned neist on surnud.
Eesti Tšemobõli veteranidest pole
kellelgi kiiritushaigust.

Praegu on pooleli meeste perede uu-
ringud, et määrata kindlaks kiiritusest
tingitud võimalikud muutused sugu-
rakkudes.

KÄRT KARPA
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Postimees 26.6.1997

Tšernobõlist tulnute
probleemid on psüühilised

Eestlasi Tšcmobõli viinud
punaarmee kinnitas, et mingi-
sugust radiatsiooni ei ole. Me-
hed ise mõtlesid, et vene värk,
ega neid või usaldada. Hirm oli
suur, liikusid igasugused ju-
tud. Mis on neist meestest saa-
nud? On nad veel üldse elus?

Eesti-Soome-Ameerika tead-
lasterühm on uurinud juba mitu
aastat Tšcmobõlis käinud eestlas-
te tervislikku seisukorda. «See on
selge, et suuri radiatsiooniannu-
seid ei saadud.» kinnitab uurimis-
programmi juhtinud Ameerika
Epidemioloogia Instituudi juhata-
ja John Boicc. «Suuromad prob-
leemid on psühholoogilised.»

Selgelt ilmnenud erinevus ta-
valiste eestlaste ja Tšornobõlis
käinute vahel tuli välja enesetap-
pude statistikast. Enesetapu tõe-
näosus on puhastustöödel käinu-
tel peaaegu kaks korda suurem
kui eestlastel üldse.

Eksperimentaalse ja Kliinilise
Meditsiini Instituudi direktori
Toomas Veidebaumi hinnangul
ongi tähtsaimaks tulemuseks see,
et on selgeks saadud, et radiat-

sioon ei ole hädade põhjuseks.
«Pigem on küsimus sotsiaalses
pooles. Kõhe oleks vajatud head
sotsiaalse rehabilitatsiooni süs-
teemi,» selgitas ta.

Keskmiseks radiatsioonidoo-
siks mõõdeti inimese kohta 110
millisievertit. mis vastab tavalise
inimese kogu elu jooksul saada-
vale radiatsioonimäärale.

Vähki haigestumine ei olnud
Tšemobõlis käinutel sagenene-
nud. Esimese kümne aasta jook-
sul radiatsiooni saamisest võib
ilmneda leukeemia ja kilpnäär-
movähk. «Kui leukeemia ei ole
ilmnenud, siis on väga tõenäoli-
ne, et ei teki ka muid kasvajaid,»
kinnitas John Boiee.

«Üks tulemusrikkamaid uuri-
musi üldse.» võttis John Boice
seni tehtud töö kokku. Eesti head
registrid andsid teadlastele ainu-
laadse võimaluse saada täpne
ülevaade Tšernobõli saadetute
hulgast, nende tervislikust seisu-
korrast. Lisaks on inimestele saa-
detud küsimustikke ja korralda-
tud tervisekontroll.

TARMO VIRKI
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Tsernoboli veteranide seas
on palju enesetappe

UKMASSEAVEK

Uuringu "Vahirisk Tser-
noboli veteranide seas"
pOhial on tuumakatast-
roofi jalgi peitnute seas
enesetappude arv pool-
teist korda suurem kui
nende eakaaslaste hulgas,
kes pole Tsernobolis ka*i-
nud.

"Nad tiriti viigisi igapacvaclust
viilja," nentis Sooinc Vahikcsku-
sc doklor Anssi Auvincn. "Ning
ncis on cbakindlus ja piinav tcad-
matus oma lervise kahjustalusc
kohta."

Uuringut finantsccris Amcc-
rika Uhendriikidc riiklik vnhi-
insliluut ning sec valinis Ecsti,
Soomc ja Ohcndriikidc arstidc
koostoos.

lik.spL'iimcnUKilse ja Kliinili.se
Mctlitsiini Inslitiuult (EKMI) pro-
tcssori Toom.is Vcidcbauuii sonut
on ciKiintktil F.cslisl TScrnoboli
iuuinak.i(;is(roofi piirkonnas kor-
Kisiusloiidcl kainutel kcskmiscsl
kurgcin huiiulsiooni iniiiir ja um-

bes viiskiimincnd on sa:inud kiiri-
t<ut;t tugcvalt.

Anssi Auvincn lodes, ct kiiri-
tusost tulcncvaid haigusi nagii
kilpnaarincvahki ju Icukccmiat ci
csinc T5crnobolis kiiinutc! uva-
liscst tihedamini. Samuti ci suu-
rencnud Eesli Viihircgistri jargi
aastatet 1986-1993 va'hki haiges-
tujatc arv.

EKMI doktor Marc Tckkcl mar-
kis, ct cnamikul mccstel on rcakto-
ri korrastamiscl saadud kiir-
guscdoosid amctltkult rcgistrccrt-
tud, numbrile digsus on nga kahcl-
dav. "Mccslc sonul naitasid moncd
andurid vaga erincvatcs tingimus-
tcs ikka samu numbrcid,' titles
Tckkcl.

Tckkcl i sonut ka'is Ecstist
TScrnobolis saastunud pinnasl
ccmafdamas, iransporl-, chi-
tus- ja tammutustoid tegemas
ning timber rcaktori betoon-
hauda chitamas 4833 iniincst.
"Ncist 85% saadcti sinna kor-
dusoppusic sitdi all ning suu-
icni osa ci Icadnud. kului nad
liihcvad," miirkis Tokkcl. "Ulc-
jiiiinud olid kas ajalccnijatl voi

vnhalaluhfuul A'iiinasoul tiK-oli-
(ali sinna koi'lcnlc niny atilooslu-
Itibadcga."

Tckkch tcada looiaii luuniajaa-
ma iimbritsovas .lU-kilomeeiriscs
[soonis kcskmiscll ncli kuud. "Ko-
ristustoodcl o leva id initnesi kaitsti
kiiritusc ccsl norgalt," vaitis Tck-
kei. "Ainus iildiselt kasutusel ol-
nud kaitscvahend oli hingamis-
mask ja ka ncid ci jatkunud kdiki-
dcle."

Professor Toomas Vcidcbaum
ncntis, ct 26. aprilli! 1986 toi-
munud tuumakatastroofi tagajarjcl
sai kiiritust ligikaudu viis iniljonit
inimest. Onnctust kais TScrnobolis
likvidccrimas iihlckokku 600 000
inimcsl, kcllcst 135-1 on tocsiatud
kiiritushaigus ning ncli-viis ini-
incst suri kohapcal.

Eksperlmentaalse |a Kllinilise
Meditsiini Instltuudl prolcssorl
Toomas Veidebaumi sonul on
radiatsioon koige enam uuritud
ja koigc kindlam vahki tekitav
faktor. PILLE PREGEU folo
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Lapin Kansa 20.6.1997

Tshernobylin
puhdistajilla
yllättävän
vahan syopaa
Tshernobylin ydinvoimala-
onnettomuusalueelle lähete-
tyt puhdistustyöntekijät ei-
vät tuoreen tutkimuksen mu-
kaan sairasta syöpää sen
enempää kuin muutkaan.
Sen sijaan säteilyä koskevat
pelot ovat yleisiä ja aiheutta-
vat jopa itsemurhia.

Virolaiset, suomalaiset ja
amerikkalaiset tutkijat ovat
seuranneet virolaisten puh-
distustyöntekijöiden syöpä-
sairastavuutta. Tuloksista
käy ilmi, että onnettomuutta
seuraavien seitsemän vuoden
aikana puhdistustöissä ol-
leilla ei havaittu lainkaan
leukemiaa tai kilpirauhas-
syöpää.

Sen sijaan itsemurhien
määrä oli lähes kaksinkertai-
nen väestön keskimäärään
verrattuna. Tutkimuksen ai-

kana 28 puhdistustyönteki-
jää teki itsemurhan.

Tutkimuksen valossa
näyttääkin siltä, että säteilyn
vaikutuksia koskevat pelot ja
ahdistus ovat puhdistustyön-
tekijöiden joukossa huomat-
tavasti suurempia terveys-
haittoja kuin itse säteily.

- Tämä oli meille yllätys,
sillä etsimme nimenomaan
säteilyn biologisia vaikutuk-
sia, sanoo erikoistutkija Ans-
si Auvinen säteilyturvakes-
kuksesta.

- Puhdistustöissä olleet
tuntevat olevansa neuvosto-
järjestelmän uhreja, joita on
käytetty hyväksi. Monet vain
odottavat paljon puhutun
syövän puhkeamista ja saat-
tavat kärsiä pelosta, epävar-
muudesta ja muista stressioi-
reista.
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Helsingin Sanomat 20.6.1997

Tshernobylin siivoojat eivät
saaneet vielä säteilysyöpää

PÄIVI REPO
Helsingin Sanomat

Tshernobylin ydinvoimalassa
puhdistustöissä olleet virolaiset
eivät ole saaneet vielä yhtään sä-
teilyn aiheuttamaa syöpää. Viros-
sa tosin huhutaan, että joka toi-
nen olisi jo kuollut syöpään, mut-
ta Säteilyturvakeskuksen, viro-
laisten ja yhdysvaltalaisten tutki-
joiden mukaan se ei pidä paik-
kaansa.

"Säteilyn vaarat eivät ole sen
isompia kuin on luultu, vaikka
usein niin kuvitellaan", sanoo
Säteilyturvakeskuksen tutkimus-
johtaja Sisko Salomaa. Siivoa-
massa olleilta on löytynyt muita
syöpiä kuin säteilyn aiheuttamia.
mutta se on tavallista, koska syö-
pä on niin yleinen tauti.

Enemmän kuolemia aiheutti-
vat itsemurhat. Puhdistustyönte-
kijät ajautuivat itsemurhaan kaksi
kertaa useammin kuin muut. Sa-
lomaa arvelee, että syynä on sä-
teilyn aiheuttama pelko. Puhdis-
tustyöntekijöille myös maistuivat
viina ja tupakka paremmin kuin
virolaisille yleensä.

Virosta lähti Tshernobylin
alueelle kaikkiaan 4 700 miestä.
He siivosivat räjähtäneen ydin-
voimalan aluetta viitenä vuonna.
Siivoamassa olleet 30—10-vuo-
tiaat miehet kutsuttiin kertaus-
harjoituksiin, mutta he purkivat
rakennuksia ja siirsivät saastu-
nutta maa-ainesta 4-5 kuukauden
ajan. Puhdistustöissä oli kaikki-
aan 600 000 miestä eri puolilta
Neuvostoliittoa.

Säteilyn aiheuttamista syövistä

vain leukemia eli verisyöpä sekä
kilpirauhasen syöpä ehtivät kehit-
tyä kymmenessä vuodessa. Näitä
ei löytynyt yhtään tapausta.
Kaikkien puhdistuksessa mukana
olleiden kilpirauhaset tutkittiin
ultraäänellä, ja silloin löytyi pii-
leviä kilpirauhassyöpiä. Niitä
löytyy seulottaessa muutenkin,
Salomaa kertoo.

Kiipirauhassyöpä syntyy, kun
on altistuttu radioaktiiviselle jo-
dille. Suurin osa säteilystä aiheu-
tuvia kilpirauhassyöpiä on löyty-
nyt Valko-Venäjän lapsilta.
Tshernobyl aiheutti noin tuhat
kilpirauhassyöpää.

Sisko Salomaa arvioi, että seu-
raavan kymmenen vuoden ku-
luessa kehittyy enemmän syöpiä.
Kiinteät kasvaimet eivät ehdi ke-
hittyä kymmenessä vuodessa.

Aamulehti 23.6.1997

Tshernobylin puhdistajilla vähän syöpää
STT - Helsinki
Tshernobylin ydinvoimalaonnettomuusalueelle lähetetyt puhdistus-
työntekijät eivät tuoreen tutkimuksen mukaan sairasta syöpää sen
enempää kuin muutkaan. Sen sijaan säteilyä koskevat pelot ovat yleisiä
ja aiheuttavat jopa itsemurhia.

Virolaiset, suomalaiset ja amerikkalaiset tutkijat ovat seuranneet vi-
rolaisten puhdistustyöntekijöiden syöpäsairastavuutta. Tuloksista käy
ilmi, että onnettomuutta seuraavien seitsemän vuoden aikana puhdis-
tustöissä olleilla ei havaittu lainkaan leukemiaa tai kilpirauhassyöpää.

Sen sijaan itsemurhien määrä oli lähes kaksinkertainen väestön kes-
kimäärään verrattuna. Tutkimuksen aikana 28 puhdistustyöntekijää te-
ki itsemurhan.
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Tuoreen tutkimuksen mukaan:
Hameen Sanomat 1.7.1997

Tshernoby lin puhdis tus ty ontekij oiila
A " 1 A A 1111 1 1 I) •» * • « • • • • • • • •

todettu yllattavan vahan syopaa
Tthcrnobylin ydimoinialaonn*l-
iitinutmluMlle laheiciyt puhdis-
lu-siytintekijat civil moreen tulki-
muksen mukaan wirasla syopaa
•*n tnempii kuin muulkaan. Sen
sijaan saicilyS koskevat petot
uvat y\tWii ja aiheullaval jopa il-
tcmurtua.

vjtolaisci. suomalaisei ja
.imcrikkalaiKt tulkijat ovat KU-
ranneei virolaistcn puhdisius-
iy<Sniekij4fiden syfipSsairajla-
vuulta. Tuloksista kay ilmi. ell*
urine iromuuita scuoavjen seitse-
man vuoden aikana puhdisius-
idi^id oileilla ei havaiim lainkaan
Icukcmiaa (ai kilpirauhaisyepSa.

Sen ;ijaan iiwmurhien mSarS
oh tahes kaksinkenaincn waeitdn
keskimaariin venratiuna. Tutki-
muksen aikana 28 puhdiiiui-
lydntckijaS icki ilsemurtian.

Tulkimukscn vatossa nSytlSS-
kin silia. citS saicilyn vaikutuksia
koskeval pctol ja ahdistus ovat
puhdisiusi>6nickijoidcn joukoj-
sa huomattavasii suurempia ten
veyshaiiioja kuin ilse sSieily.

— TamS oli meillc yiUtys, sil-
la eliimme nimenomasn salcilyn
biologiiia viikutuksii, sanoo cri-
koisiutkija An»i Auvinen.sKci-
lylunakcskukscsta.

— PuhdiituitOissi ollcct tun-
levat olevansa neuvoslojaijestei-
man uhreja. joila on klytedy hy-
\UA\. Monet vain odoltavat pal-
jon puhutun syoviin puhkeamiila
ja iaatiavat kSraii pelosta, epa-
vatmuudesta ja muista stresiioi-
reisia. Jaikolullumuksisia kan-
natuiii kiinnittat lahSn asiaan
trityiitS huomiota ja lulkia psy-
kologiwlia kannalia iiMtnurtiien
laustoja.

Virosia onneitomuusaluecile
liheKitiin vuosina 1986—1990
liiiiseniuhaita 30—(O-vuoliasta
micsla. joika nyt olivat tuikimuk-

ws^a mukana. Kaikkiaan T^hcr-
nohylin puhdi'iuuoihin osaltii-
lui«X100Ohcnkea

Seurantaa
jatketaan
Yleensa lyontekijdl viipyivSt on-
netlomuusalueella 4—3 kuu-
kaulia. jonka aikana pureiliin ra-
kennuksia ja rakenncttiin uuiia
teka iiinelliin saasiunuiia maa-
aincsla. Osa osaltiilui myOs vau-
rioiiurKin ydinrtaktorin ympa-
rillc KhJyn betonikuorcn raken-
nu^iBihin.

— Puhdistuslybntekijal eivai
juuri suojauluneet saieiiylla
Vain hcngiiyssuojainKl otivai
ylciscssa kaylOssa. kenoo Auvi-
nen.

Puhdisuisiyijniekijijiden saa-
mai sSieilyannokset olivat keski-
mUnn 110 millisieveniS. Suo-
malatsien normaali sSwilyannos
on noin 4 miliisievertU vuod*i-

— Leukemia ja kilpirauhas-
sydpa oval ainoila syopSiyyppe-
jl.jotkaolisivatvoifKetlisa'a'niyS
allc lOvuodenkuluttuasSKiiyal-
listukscsia. Muiden syOpJtyyp-
picn vaara suurenee vajta 10
vuoden jllkccn. loteaa tutkimus-
johiaja Sisko Salomaa sltcilytur-
vakeskuksesia.

— Aiommckin jalkaa puhdis-
(uslyontekijeidtn terveydentilan
teuranlaa, silla Virossa on heisll
eritllin hyvil reknterit, kcrtoo
Vltofi kokMllisen >a ktiinisen
liikctielccn lailoksen johtaja
Toomai Vei<kbaum.

Sateilycdellcen
vaara 111st a
Vaikka syijvan esiimyminea oli-

lluhllkuun 26. palvSna 1986 luhoulunulTshcmobylln ydlnvolmalin reaktori on pcllclly bttonlkuorella.

kin yllitlSviln vihiliita. ei lutkJ- niyiiai otevan lahinni siina. soa
moksesia kuitenkaan voida veila ko sdieilya kenalla pienia
Kllaisia johtopallosta. elta ra-
dioakliivisclle sltcilylle altistu-
minen oliii vaaratonta.

— Enya syOp&ain

suuha ma in l Kaikkea (urtiaa al-
liiiumitta kannau.ia ioka (apauk-
se»3 atna valttaa. muistuiiaa Sa-
lonen.

y j imki-
laan myOs useisia muisia kan-
sainviliiissi tulkimuksissa.
Torstaina julkistetlu tuikimus oli
naisia ernimmlinen, ja lita joh-
laa amerikkaiaincn Intcmalionjl

Epidemiology Institulc. Tutki-
muksen on on rahoitlanut Yhdys-
\aliain syCpainsliiuuui. Suomei-
la tuikimuksissa ovat mukana
sySpSrekistcri ja saicilyturvakes-
k'
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Health Effects Observed in Baltic Chernobyl
Workers Appear Minimal
by John Boice

An international workshop was held at the National
Cancer Institute (NCI) in Bethesda, May 29-30. 1997,
culminating seven years of collaborative investigation
on the potential health effects among Chernobyl cleanup
workers from the three Baltic countries. Participants
included representatives from Estonia (M. Rahu, M.
Tekkel, T. Veidebaum), Latvia (A. Stengrevics),
Lithuania (A. Kesminiene, J. Kurtinaitis), as well as
Finland (T. Hakulinen, S. Salamaa, T. Rytomaa, K.
Servomaa), NCI (G. Beebe, A. Auvinen, I. Obrams), Oak
Ridge National Laboratory (G. Littlefield, A. McFee),
University of Pittsburgh (B. Bigbee), University of Cali-
fornia at San Francisco (R. Jensen), University of New
Mexico (M. Hartshorne), and the International Epidemi-
ology Institute (J. Boice).

After the Chernobyl
reactor accident in April
1986, the former Soviet
Union sent hundreds of
thousands of workers to
the Ukraine to entomb
the damaged reactor
and to clean up the ra-
d ioac t ive ly -contami -
nated environment.
These activities lasted
nearly three years, and
workers from all 15
former republics were
involved, including
17,000 from the Baltic
countries.

Because of existing national record systems, includ-
ing cancer registration, NCI, in cooperation with the
Finnish Cancer Registry, Helsinki, and the Estonian
Institute of Clinical Medicine, Tallinn, embarked on a
comprehensive evaluation of the Estonian workers in
1990. Results presented during the workshop included
the successful completion of studies on biological do-
simetry, medical examinations for thyroid nodules and
cancer, cause-specific mortality, and cancer incidence.
These results have recently been published in Radiation
Research (references on page 11).

A nearly complete roster of 4,800 workers from
Estonia was compiled from a variety of sources, includ-
ing military lists. Over 80% had recorded doses, with a
mean dose of 100 mGy, essentially the same as that
seen in larger cohorts from Russia. Comprehensive
biodosimetry using flow cytometry, the glycophorin A
mutational assay of red blood cells, and chromosome
aberration analyses using fluorescent in situ hybridiza-
tion techniques, confirmed that high exposures were
infrequent and unlikely, and that the mean population
dose might adequately characterize the exposure, al-
though an even lower mean dose than 100 mGy could

RRS (Radiation Research Society) News,
August 1997, Vol, XXX No2.

not be excluded. A thyroid screening study of 2,500
workers with ultrasound and fine needle aspiration of
nodules greater than I cm revealed no increase in
thyroid nodule disease or cancer that could be related to
dose. Cause-specific mortality was determined through
linkage with national death registry data, and cause-
specific cancer incidence was determined through link-
age with national cancer registry data. No leukemias
were reported against only one expected (based on
population rates), and relative risks higher than about
three could be excluded with 95% confidence. The only
significant finding was a 50% increase in death due to
suicide. Future analyses are planned with the 12,000
workers from the other two Baltic countries, Latvia and
Lithuania.

Thousands of work-
ers completed detailed
questionnaires on work
histories and lifestyle
factors, such as alcohol
consumption and to-
bacco use, to be used in
future investigations.
Blood samples were
drawn on many thou-
sands of workers. A
novel component of the
blood studies involves
the storage of viable
lymphocytes at liquid
nitrogen temperatures.
This repository on

Participants in MCI Workshop- Back row. A. Stengrevics. Latvia. G. Littlefield.
U.S., I. Obrams, U.S., J. Kurtinaitis. Lithuania. J. Boice. U.S., W. Bigbee, (J.S..
M. Rahu. Estonia. M. Tekkel. Estonia. T. Rytomaa. Finland, K. Servomaa.
Finland. R. Jensen, U.S.. P. Inskip. (J.S.. N. Rothman. U.S., G. Beebe. (J.S.. M.
Hartshorne. CJ.S: Front row: S. Salomaa. Finland. A. Auvinen. Finland and U.S..
T. Hakulinen. Finland. T. Veidebaum. Estonia. A.-2. Kesminiene. Lithuania.

nearly 5,000 workers may prove valuable in the future as
biodosimetry techniques evolve. Further, they would
provide a source of DMA for molecular studies of future
health outcomes, such as cancer development.

Observations to date, if borne out, have several
implications. A low excess of leukemia (which has been
recently confirmed in larger studies of 155,000
Chernobyl workers from Russia) implies that any future
radiation excess of solid tumors may be very low and
perhaps outside the realm of epidemiologic detection.
Future efforts should aim to combine series to have any
hope of detecting a leukemia effect, and focus should be
on the groups likely to have received the highest doses,
such as the 4% estimated to have received > 250 mGy,
the 5,000 soldiers who were on the roof shortly after the
accident, and the 1,200 helicopter pilots dumping ma-
terial on the reactor to contain the fire.

Further, other accident-related problems, rather than
radiation-related problems, may deserve more atten-
tion, in particular psychological effects. For example, as
noted above, the only significant finding among Esto-
nian cleanup workers was a 50% increase in suicides,

(continued on page 11)
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Chernobyl . . . (continued from page 5)

indicating, perhaps, the severe stress associated with
the accident experience. With the publication of sound
epidemiologic studies on the range of risks, it appears
that the health consequences associated with the
Chernobyl accident may be less than perceived by the
public. Other than thyroid cancer in children, where the
numbers of incident cases are large but the number of
deaths is apparently small, perhaps just a small propor-
tion of future cancers and leukemias might eventually be
attributed to the radiation received during the cleanup
activities. (It may be interesting to debate whether
sending 300,000 persons to Chernobyl and allowing
them to receive 100 mGy on average will eventually
result in fewer leukemias and cancers than if. say.

30,000 persons had been sent and allowed to receive a
mean of 1,000 mGy.)

Future studies of Baltic cleanup workers include
combining the cancer incidence and mortality data from
the three countries; additional comparisons with regard
to the biological dosimetry techniques and the FISH
chromosome aberration analyses: a detailed method-
ological evaluation of the thyroid screenings: and con-
tinued followup of cancer incidence and mortality
through the existing registration resources available in
the three countries.

References [all in Radiat.Res. 147 (1997)]: Bigbee,
W.L., el at., pp. 215-224; Inskip, P.I., el a/., pp. 225-235;
Tekkel. M., eiai, pp. 64 1 -652; Rahu, M.. eial.. pp. 653-
657.
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Chernobyl "Liquidators" Show
Increased Risk of Suicide,
Not Cancer

A new study shows that llic only
significant increased mortality risk for
the Estonian workers who cleaned up
aflcr ilic Chernobyl nuclear power plant
accident was a 50% increase in suicides.

The study, published las) summer in
Radiation Research, found no increases
in thyroid cancer or leukemia rates
among exposed workers, but did de-
velop a methodological approach (o this
kind of investigation that wil l case the
way for companion studies of much
larger groups of clean-up workers from
other countries, experts said.

In explaining the increased suicide
rate, Anssi Auvincn, M.D., Ph.D., co-
author of the study, said that the Cher-
nobyl accident and the cleanup activi-
ties caused complete disruption of the
workers' normal lives. "Our Estonian
colleagues believe they were victims of
the Soviet system. They are just wailing
for cancer to strike."

Worried About Chernobyl

Auvincn, a senior scientist at the
Finnish Radiation and Nuclear Safety
Authority in Helsinki, said study authors
held a press conference in Estonia last
summer to announce the encouraging
findings about cancer risk and provide
some reassurance to the men who spent
years worried about the effects of their
involvement in Chernobyl.

John D. Boice, Sc.D., also a study
co-author, said "there was a psychologi-
cal effect related to the reactor accident
that my be long-lasting and severe."

1750 NEWS

Huicc is scientific director of lite Intei-
ttaiional Epidemiology Institute in
Rockvillo, Md.. but began this study
while ai the U.S. National Cancer I n t i -
tule.

Hundreds of thousands of ctean-up
workers, also called "liquidators." wore
sent to Chernobyl from the IS Cornier
Soviet republics over a period of 3 years

following the

Or. Anttt AuUnt

were conscripted from their homes and
taken to Chernobyl and its surroundings
to raze and rebuild cities and clean up
the contaminated environment.

The reported study includes 4,800
workers from Estonia, a subset of the
17,000 workers from the Baltic coun-
tries (Estonia, Latvia, and Lithuania),
who were sent to Chernobyl after the
initial disaster to handle reconstruction
of cities and removal of contaminated
topsoii.

Although there ate much larger co-
horts of woikers in Russia, the Ukraine,
and Retains, the advantage of studying
Oaltic workers ts their countries' more-
devetoped infrastructure, according to

Auuiwit. UnltVe RMSM;> ami tiw uliwi
former Soviet republics, the Dallies
already h;id population registries mid
cancer registries in place. Researchers
from NCI, Hie l-innixlit"anwr KcgiMiy
in Helsinki, and the Estonian Institute nt
Clinical Medicine in Tallinn were ;iblc
to build a rosier of every lislonian wlio
went t« Chernobyl for cleanup duly and
determine their cancer and mortality rules.

The workers completed a compre-
hensive questionnaire to give first-haml
accounts (if their woik experiences in
Chernobyl, (heir tobacco and alcohol
use, and health and work histories. The
researchers analyzed data from the
questionnaire, cytogenetic dosimetry
measurements, and registry data. They
also completed extensive thyroid exami-
nations on 2,000 workers with the high-
est exposures.

"Our results arc very reassuring in
the sense that both dose estimates —
recorded physical exposure and two
methods of biologic dosimetry — plus
the thyroid examinations all indicate that
doses were not as high as expected Of
feared." Auvincn stated. The mean dose
was 100 milliGray (10 rad). simitar to that
seen in the larger cohorts from Russia.

Low-Level Exposure

Although the Estonian study involved
only 4,800 workers, it i s " important
historically, particularly in tarns of
methodology," said Gilbert W. Bcebc,
Ph.D., NCI. "It verified pretty well the
generally low-level exposure of clean-
up workers."

The Finnish Radiation and Safety
Authority plans to publish the question-
naire and all major papers related to this
research in one volume to make the
methodology and results available to
interested researchers, according to
tloicc.

Journal of the National Cancer Institute. Vol. 89, No. 23, December 3, 1997

Dr. John D. Boltt

Kailiatiimdo.se
taken three ways: using radiatio
worn Ity the men during the clean up.
using glycopl.orin A m i l l i o n assays of
red Moot! cells, anil usinj; lymphocyte
chromosome aberration analyses w ill)
fluorescent in situ hybrufi/atioit tct.li-
n iqut i tt :tSU). The icscirchcrs were
particularly excited about using FISH,
because il allows visualization of chro-
mosomal translations, which don't

diminish over
time. The
stable aberra-
tions found
with FISH can
serve as mea-
sures of total-
life exposures
accumulated
by an indi-
vidual.

"This is
one of the

largest studies using FISH," Auvincn
claimed. "Logislicatly. it was phenom-
enal," Doicc recalled. At the end ofeach
day of blood testing, the blood samples
were rushed to Tallinn airport and flown
to the Finnish Institute in Helsinki,
where they were processed immediately.
Some samples were analyzed there and
others were flown to the Oakridge Insti-
tute for Science and F-ducation in
Oakridgc. Term., and the Lawrence
Livermore National Laboratory in
Lawrence, Calif. Al l three groups evalu-
ated the bloods Tor chromosomal dam-
age using FISH.

In all, about 250,000 mctaphascs
were examined. "That gives us phenom-
enal statistics to determine whether or
not the workers had received meaning-
ful radiation doses," Boicc stated.

He believes that the "huge" sample
size o f FISH celts, which revealed no
difference in the number o f abcrra-

tion ih.it tin- ̂ posmc receive.) was
low If the e\|i»MiFcti.ulK\iihit:li.
I ISM »i>uM li.itc had n« dilliailty pick-
1115; up ilic dillercnce.

]lie iliyroid screening silmly W:ISJI
Hi-tlay. intense, invasive evaluation ul
1 lie Estonian workers who received (he
highest radiation exposures. A team of
M U.S. radiologists and thyroid special-
M S uii l i ihcir Estonian colleagues ex-

amined uluuvtt 2(KI cleanup iMtikeispt'T
day. using p.itpaiini). ultrasound, and

greater than I 011
Their uotk revealed no increase in

thyroid nodule disease or cancer that
could be related 10 r.uliation dose. Imti-
v uluah workers w ilti higher recorded
doses hail the same risk as- those w ilh
lower doses, according to Hoico,

(Still, the most striking radi.tiion-
induced eflect of ihe Chernobyl accident

Panel Makes Point About Acupuncture
A panel of experts convened bylhc National Institutes of Health last month

concluded that needle acupuncture, a Chinese treatment more than 2,500 years old,
is effective for the treatment of postoperative and chemotherapy nausea and vomit-
ing, the nausea of pregnancy, and postoperative dental pain.

They also said it is likely that other conditions, such as addiction, stroke reha-
bilitation, headache, menstrual cramps, tennis elbow, carpal tunnel syndrome and
asthma, among others, may benefit from acupuncture as an adjunct or alternative
treatment. However, the scientific data suggesting these probable benefits is not yet
convincing.

"We need more high quality research to validate what appears to be useful for
the millions of Americans that have used acupuncture in this country," said panel
chairman David J. Ramsay, D.M., D. Phil, president of the University o f Maryland,
Baltimore. "The challenge in studying acupuncture is to integrate the theory of
Chinese medicine into the conventional Western biomedical research model and
into the conventional health care arena."

Acupuncture — the penetration of specific anatomic locations on the skin by
thin, solid, usually metallic, needles — is based on the premise that there are pat-
terns of energy flow through the body, called Qi, lhat are essential for health. Dis-
ruptions cause disease and the needles are believed to correct these imbalances.

The panel called for more uniform licensing, certification, and accreditation of
acupuncturists among States, to help the public identify qualified practitioners.
They noted lhat although adverse side effects arc rare, patients should be fully
informed of their treatment options, expected prognosis, relative risk, and safety
practices to minimize the risks prior to treatment.

Because patients are often being treated by both acupuncturist and physician,
the panel advocated a strengthening of communications between these health care
providers. To encourage broader access, the panel urged insurance companies,
federal and state health programs (including Medicare and Mcdicaid) and other
payers to expand their coverage to include appropriate acupuncture treatments.

The full NIH Consensus Statement on Acupuncture is available by calling I-
888-N1H.CONSENSUS or on the Web at http://consensus.nih.gov.

Journal of the National Cancer Institute. Vol. 89. No. 23, December 3. 1997
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MINUTES (FINAL 1/19/96)
FOURTH INTERNATIONAL WORKSHOP ON BALTIC CHERNOBYL CLEANUP WORKERS

Inari, Finland
June 26-30, 1995

OVERALL SUMMARY:

The study of Chernobyl clean-up workers from Baltic countries continues to show
excellent progress and is on the verge of producing tangible evidence of productivity in the
form of publications. Three draft manuscripts were reviewed during the meeting. One
was a description of study design and characteristics of the Estonian study population
based on the questionnaire. The second concerned the thyroid screening examination
conducted in Estonia in March-April of this year, and the third concerned glycophorin-A
(GPA) results for the Estonian and Latvian study populations. In addition, results of the
mortality and cancer registry linkages in Estonia are now available, and these can serve as
the basis for an additional paper.

The cohort from Estonia numbers 4,854, and that from Latvia numbers 5,709. The latter
recently was increased when missing military lists were found. In Lithuania, where work
continues on a pilot study of 600 clean-up workers, a population of 7,030 workers has
been identified, including persons from the Ignalina Nuclear Power Station. Preliminary
interview results from Lithuania indicate workers have received frequent exposure to some
types of diagnostic x-rays.

GPA analyses were uniformly negative with regard to any excess over normal expectation
for large numbers of blood samples from Estonia and Latvia. GPA analyses further indicate
that the mean dose was less than 20 cGy for these cohorts. Results from fluorescent in
situ hybridization (FISH) for translocation analyses indicate that, if there is a high-dose
group in this sample, that it will be under 1 Gy. An additional 1,000 bloods still remain to
be collected in Estonia. There is a need to empty the freezers in Helsinki and Riga to make
room for additional samples. Approaches for evaluating the viability of Latvian and
Lithuanian blood samples are ongoing. GPA will no longer be used on a large-scale
population basis; the analyses will be curtailed and only focused on certain areas where
additional biodosimetry endpoints are being considered.

Record linkages in Estonia revealed 25 cancers among members of the cohort, versus 25
expected, including zero leukemias versus 1 expected. Mortality linkages revealed
strikingly high numbers of deaths due to accidental causes, suicides and homicides. A
high proportion of deaths due to external causes also was observed in Latvia. These
findings highlight the serious health problems faced by clean-up workers, while also
providing perspective; "radiation" exposure perse appears to be a minor contributor.

The thyroid study was a major logistical accomplishment. 2400 subjects were examined
within a two-week period; 115 needle biopsies were performed, and blood samples were
drawn for FISH and GPA. Blood samples for FISH were shipped by special courier within
24 hours to a lab in Helsinki where successful cultures were prepared for nearly all
samples. Overall, there was no indication that thyroid nodularity was associated with any
measure of radiation exposure. The only provocative finding was that four of the five
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thyroid neoplasms occurred in Chernobyl clean-up workers who were sent to Chernobyl in
May of 1986 and possibly exposed to radioiodines. However, there were no similar
clusterings with respect to Modularity.

Next year's meeting is tentatively scheduled for June 10-14 in Pamu, Estonia.

PARTICIPANT LIST: Attached.

AGENDA: Attached.

SUMMARY OF PROCEEDINGS:

Review of Minutes from Last Year's Meeting (Dr. Inskip)

Dr. Inskip reviewed the minutes from the previous year's meeting, which took place June
28-30, 1994 at the Southwestern Cancer Society of Finland, in Moikoinen (Turku),
Finland. During that meeting, investigators from Estonia and Latvia presented overviews
of study cohorts from their respective countries. Projected sample sizes were 4,844 from
Estonia and 4,766 from Latvia, though the latter was expected to increase as additional
eligible subjects were ascertained. 3,432 men in the Estonian cohort had completed
questionnaires. Blood samples had been drawn for more than 1,000 workers from Estonia
and 900 from Latvia. Additional glycophorin-A (GPA) results indicated that the mean dose
for the population was less than previously believed. There was considerable discussion
concerning problems with lymphocyte viability for frozen Estonian samples shipped to Oak
Ridge. It was decided to suspend shipments until problems were resolved. It also was
decided to ship some of the vials of frozen lymphocytes and sera to a biorepository in the
U.S., but to retain several vials for each worker in Helsinki. Investigators from Lithuania
discussed opportunities for expanding the study to that country. Approximately 5300
clean-up workers had been identified as of that time. It was decided to conduct a pilot
study during the coming year.

The protocol for a proposed thyroid screening examination in Estonia was reviewed, and it
was decided to proceed with this study in March-April of 1995. Manuscripts concerning
GPA results and questionnaire data for the Estonian cohort were to be drafted. Finally, it
was decided to reconvene in Finland in June of 1995 for another meeting of the working
group.

The written minutes from last year's meting were approved.

Workshop Goals, Agenda, & Review of NCI Studies (Dr. Boice)

Dr. Boice presented a summary and overview of ongoing efforts and major issues to be
addressed in reviewing current results and in planning for future studies. NCI also is
collaborating on a case-control study of thyroid cancer in children from Belarus, and a
case-cohort study based on a cohort of 90,000 cleanup workers from Ukraine. That study
is to include cytogenetics (FISH) and use of electron spin resonance (ESR) of teeth for
dosimetry. A limitation is the lack of a good cancer registry.
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Estonian Clean-up Worker Cohort (Drs. Tekkel and Rahul

A draft manuscript based on the questionnaire was distributed and discussed in detail.
The paper was entitled "A health survey of Chernobyl clean-up workers from Estonia."
Only a few general points are noted here. It was suggested that the paper should stress
what is special and unique about the clean-up worker cohort, avoid hearsay, and state
outcomes of interest, thus laying the groundwork for future papers. The introduction could
include a sentence to the effect of "This paper is the first in a series of planned ..." Future
papers can reference this paper with respect to methods and characteristics of the study
population. It appears that nearly 2% of the male population of Estonia went to Chernobyl
between 1986-91. The manuscript will be revised to include separate Results and
Discussion sections. The Discussion might include consideration of the level of cancer risk
to be expected if the documented doses are to be believed. It also was suggested that the
Abstract include a few more specifics, such as the mean documented dose, and
prevalence of smoking.

To date, questionnaires have been received from 3,705 workers, or 77% of the cohort
(response rate 81%). Among respondents, 69% were current smokers. The mean
documented dose was 9.9 cGy.

Lymphocyte samples have been collected for more than 2,000 workers. These are being
stored in Helsinki (five 2 ml vials per worker), along with plasma. Blood sampling and
freezing of lymphocytes will continue for approximately 1,000 more clean-up workers.

Linkages with mortality and cancer registry files have been completed. Overall, 25
cancers occurred among members of the cohort, versus 25 expected. No cases of
leukemia were identified (one expected), but there was a small excess of lymphoma based
on three cases. There was a strikingly high number of deaths due to accidental causes,
suicide, and homicide.

Estonian Thyroid Screening Study

Dr. Tekkel described the organization of the study. The exams were conducted between
March 27 and April 7, 1995 in four cities in Estonia (Tallinn, Tartu, Kohtla-Jarve and
Parnu). Participation rate varied considerably by district within the country, from 6% to
83%. Participation rates were highest where workers were invited by staff from the
Institute of Experimental and Clinical Medicine (IECM), less if by the local Chernobyl
Committee (LCC), and lowest if by the local agency of social welfare. Participation rates
were similar for the presumptive high (64%) and low (69%) exposure groups; these
groups were defined by the frequency of N0 variant red blood cells (GPA) and work
history information. High risk indicators were presumed to be >_ 20 x 10"6 N0 variant
cells, construction of the "sarcophagus", work on the roof near the damaged reactor, work
in the special zone or work within 10 km from the reactor. Low risk indicators were
< 10 x 10'6 N0 variant cells, construction of buildings at Slavutich, work elsewhere
beyond the 30 km zone or work within 10-30 km from the reactor.
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Dr. Hartshorne was unable to attend the meeting. However, he prepared a detailed report
concerning the procedures for conducting the examinations and biopsies.

Dr. Inskip summarized the principal findings from the study. Among 1,981 workers
examined by ultrasound, 199 (10%) were found to have one or more nodule. (Estonian
clean-up workers had not been screened previously for thyroid disease.) There was poor
agreement between ultrasound and palpation findings. A reproducibility sub-study
indicated that ultrasound results were more reproducible, and ultrasound findings were
used for further analyses of associations between thyroid nodularity and radiation dose
and work history variables. The prevalence of nodularity was not associated with
documented radiation dose, nor with work history variables indicative of potential for high-
dose exposure, including early arrival at Chernobyl, having worked on the roof, or having
helped to build the sarcophagous. Preliminary data from FISH analyses indicate that the
the frequency of chromosomal aberrations is similar in workers with and without nodules,
which is compatible with the two groups having experienced similar bone marrow doses.
Fine needle biospies were performed for 75 workers. Cytopathology showed most lesions
to be benign nodular disease, but two papillary carcinomas and three follicular tumors were
identified. Four of these five men (80%) had been sent to Chernobyl during the first few
weeks after the accident, when there was potential for exposure to radioactive iodines.
For the screened population as a whole, only 30% were sent during April-May of 1986.
After the meeting. Dr. Hartshorne stated that a colleague would be willing to clarify
histopathology (benign versus malignant) for the follicular tumors if operations had
occurred and pathology specimens were available.

A draft manuscript for the thyroid study was reviewed ("Thyroid cancers and noduiarity
among Chernobyl clean-up workers from Estonia"). It is hoped that results from additional
FISH analyses will soon be available and can be included in the paper. It also was decided
to include GPA results. Following the meeting. Dr. Inskip sent Dr. Bigbee a list of clean-up
workers who participated in the thyroid study. Dr. Bigbee will provide GPA values by
September.

GPA Issues and Draft Manuscript (Dr. Bigbee)

Discussion of GPA issues occurred in parallel with review of a draft manuscript concerning
GPA results ("Biodosimetry of Chernobyl cleanup workers using the glycophorin-A in vivo
somatic cell mutation assay").

The availability of frozen, replicate samples from previous runs allowed for the application
of the new version of the GPA assay to the old samples run previously using the old
assay. Also included were freshly drawn Estonian samples, which were run in Pittsburgh,
and Latvian samples, which were run in San Francisco. Results were summarized in Table
1 of the manuscript and showed no evidence of an effect of exposure for either the
Estonian or Latvian study populations. Results for Estonian and Latvian "control" samples
look like those for controls from the U.S.

Dr. Boice inquired about the rationale for choosing a variant cell frequency count (v,) of
greater than 30 per 10" cells to define outliers, and about possible explanations for the
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extreme values. Dr. Big bee responded that the extreme values are not a technical artifact;
they are reproducible both for a given sample and for a given person; i.e., they appear to
represent a biological phenomenon. However, the explanation is not known. Possibilities
include that they signify a mutator phenotype or clonal expansion. Dr. Bigbee added that
one rarely sees large values for people less than 40 years, but that the frequency increases
steeply as a nonlinear function of age after 40. Dr. Hakulinen commented that he would
not recommend a technical approach to picking a cut-off to define outliers. The key point
is whether results are sensitive to outliers, and the analysis would appear to indicate that
the answer is "no". Dr. Bigbee concurred. Dr. Boice observed that, regardless of the
presence or absence of association with radiation exposures, it will be interesting to see
whether GPA results are predictive of future disease. Dr. Bigbee added that this will be
the largest sample for which both GPA and FISH results are available.

Dr. Obrams observed that we need to recheck whether all of the Latvian "controls" truly
were nonexposed. A zero in the dose field signifies missing data rather than nonexposure.
Dr. Jensen added that some of the historical controls may have been done with the old
version of the assay.

Age at phlebotomy has a strong association with the NO variant cell count, but recorded
dose does not; no dose-response was observed. The NN v, increased more steeply with
age than the NO vf. Dr. Hakulinen suggested that it might be worth presenting the age
coefficients.

Dr. Hakulinen also suggested presenting the data in the scatterplots on a log scale. The
sample size is large, and one gets a significant age-response. However, the scatterplots
indicate that one has explained relatively little of the variation.

In summary. Dr. Bigbee noted that the Estonian and Latvian study populations resemble
other normal populations studied to date in terms of overall means, percentage of outliers,
and age-response. Again, however, no evidence of an association with recorded dose was
observed. We now have large quantities of high-quality data that are internally consistent.
What do these data tell us about the biology of the assay, leaving aside the matter of use
of the assay as a biodosimeter?

Other studies have yielded coefficients of 25 variant NO cells (per 10s cells) per Gy of
relatively brief exposures. Background frequencies are about 7 per 106 cells. For this
population, based on a mean recorded dose of 11.5 cGy, one would expect 2.9 variants
per million cells. Dr. Hakulinen noted that inspection of plots from high-dose (and high
dose-rate) studies, such as in the Mendelsohn paper, would lead one to believe that one
cannot extrapolate from high to low doses. Dr. Bigbee agreed, adding that the biological
dose-response of this assay under exposure conditions such as experienced by clean-up
workers is not adequately modeled by extrapolation from high doses. Dr. Auvinen noted
that not only might protraction of dose affect the slope, but that documented physical
doses might misrepresent actual doses. Dr. Boice commented that it is hard to accept the
view that this assay can detect doses greater than or equal to 0.1 Gy. Dr. Bigbee
responded that the most insightful thing we have learned is not what this assay can tell us
about doses, but rather about the behavior of the assay itself. He would say that the
slope probably is less than one half of that derived from high dose, high dose-rate studies.
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Dr. Boice added that while we cannot exclude the possibility that some individuals
received high doses, we can exclude group means of, say, 0.5 Gy; that is still informative,
even if we cannot make distinctions within the range 0.1 to 0.2 Gy. With respect to the
low documented doses, it is possible either that workers were withdrawn after reaching
some limit dose, or that part of their dose is hidden and not reflected in the recorded
doses. Dr. Big bee recalled that their was a clumping of recorded doses at multiples of five
cGy, which suggests at least some bias in reporting.

With respect to choice of journals, it was suggested that the detailed GPA paper be
submitted to Radiation Research, preceded by a letter to (e.g.) Lancet concerning the
exposure distribution among Chernobyl clean-up workers.

Dr. Boice remarked that it was his understanding that we will not continue with the GPA
sample shipping and processing, given limitations of the assay and the fact that additional
data probably will not change results based on the extensive data collected to date. Dr.
Jensen noted that if we will be collecting more samples for FISH, we might want to do
GPA as well. Dr. Boice asked, given that we would be collecting and processing bloods
for lymphocytes for 1,000 more workers, what would be the marginal cost of typing,
fixing and sphering for GPA? [answer=?] Dr. Rothman mentioned the idea of banking
blood samples for future case-control studies, and advocated freezing red blood cells.

Blood Issues (cont'd)

Shipping (Littlefield)

Thousands of 2 ml cryotubes are stored under liquid nitrogen in Helsinki and Riga. We
need to provide relief, as the freezers are filling up. Options for shipping include: (1) liquid
nitrogen dry shippers, (2) liquid nitrogen vessels, and (3) other options, such as moving
freezers intact. With respect to shipping whole freezers, it was noted that even if the
specimens were damaged in transit, we would still have one half of the samples.
Alternatively, samples could be placed elsewhere in Helsinki and Riga, but this would
require more freezers. This issue received much discussion. The problem seems well-
defined, and it was felt that we could come up with an acceptable solution, but a final
decision was not made at the meeting. Dr. Rothman agreed to help identify the best
approach.

Dr. Littlefield reported results of extensive studies of the effects of temperature
fluctuations on cryopreserved lymphocytes that are shipped from one site to another.
Results from these studies demonstrated that lymphocytes frozen to liquid nitrogen
temperatures cannot be warmed to dry ice temperatures and returned to liquid nitrogen for
storage if subsequent culture of lymphocytes is the endpoint for which frozen cells are to
be used.

Cvtoaenetics

(Parts of this section were taken from Dr. Littlefield's trip report dated July 24, 1995.)
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In December 1994, Dr. Al McFee traveled to the Finnish Centre for Radiation Safety and
retrieved cryopreserved lymphocyte samples for 89 clean-up workers selected for
evaluation by Dr. Auvinen to address the two dose questions posed at last year's meeting.
The samples were hand-carried to Oak Ridge in liquid nitrogen containers and subsequently
thawed and cultured for cytogenetic evaluations. Forty-seven cultures yielded sufficient
mitotic activity for chromosome evaluations, whereas 42 cultures failed. Among the failed
cultures, lymphocyte samples from 35 persons had been subjected to cryopreservation
procedures prior to April 1993. The pattern suggests that some change in the collection
procedure or freezing protocol may have been made in April or May that markedly
improved lymphocyte survival; however, it has not been possible to specifically identify the
nature or source of the change. Among the 47 samples that yielded sufficient material for
cytogenetic evaluation, 14 were from Estonian veterans who were at risk for exposure
because of early entry at the Chernobyl reactor site. Eight samples were obtained from
"controls", nine from a cohort that had previously shown high GPA values, and 11
samples were identified as a random sample. Slide preparations were subjected to in situ
hybridization with chromosome pairs 1, 2 and 4 (24% of the genome), and when possible,
1,600 metaphases were scored from each preparation to determine the frequencies of all
types of chromosomal aberrations with specific emphasis on chromosomal translocations.
More than 61,000 painted metaphases were evaluated from the 47 successful cultures. In
this small sample, the highest frequencies of translocations were observed in preparations
from nine persons who had previously been shown to have high mutation frequencies at
the GPA locus. The frequencies of chromosomal translocations were quite variable among
blood donors in the other three groups and ranged from 0 to 1.4 per hundred cells with no
apparent increased frequency in preparations from 14 persons who were among the
Estonia veterans who entered Chernobyl early on. High frequencies were observed in
preparations from three of the eight "control" subjects, but as yet we have no information
on other possible exposures they may have had. Because of the high rate of failures
among this particular set of cultures, additional studies are planned to gather a sufficient
number of persons to be able to characterize the range and variability in aberrations in the
various groups.

As part of the thyroid examination study, blood samples were drawn from workers with
biopsied nodules and a random sample of workers without nodules. Samples were
delivered by special courier to the cytogenetics laboratory at the Finnish Institute of
Radiation Safety within 24 hours after the blood draw. Oak Ridge and Finnish
collaborators initiated replicate lymphocyte cultures on samples from each veteran and
processed, harvested and prepared slides on several hundred cultures. The success rate for
these preparations was in excess of 97%. Coded slides were prepared for distribution to
three different cytogenetics laboratories (ORISE, Lawrence Livermore, and STUK) for
evaluation of all classes of radiation-induced chromosome aberrations. The remainder of
the fixed cells from cultures from each veteran are currently stored at -4 C and are
available for preparing extra slides for additional study in the future. This major
collaboration between US, Finnish and Estonian scientists represents a unique
accomplishment with regard to cytogenetic studies in Chernobyl veterans since blood
samples were cultured promptly from all individuals and the success rate was nearly
100%. Data from these cultures will be a valuable reference resource, not only for the
present study, but also for future studies in Chernobyl clean-up workers having similar
exposure histories. The FISH results will be incorporated into the thyroid screening project
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and should be more fully developed in a cytogenetic manuscript.

The ORISE cytogenetics staff were able to complete scoring of 39 of the Estonian
veterans from the thyroid study (> 55,000 painted metaphases) within six weeks of their
return to Oak Ridge. On average, about four translocations were observed per 500
metaphases in lymphocyte preparations from these Estonian veterans. However,
translocation frequencies were quite variable, ranging from 1 to 12 per 500 cells. The
distribution appeared to be overdispersed and possibly bimodal, suggesting that this
sample was not drawn from a uniform population and that not all members of the
population had experienced the same "exposures" whatever those exposures might be.
No correlation was observed between translocation frequency and documented dose, but
there was a strong association with age at blood draw.

Dr. Littlefield also presented data for a variety of other study populations (tonsils, thymus,
TB, cervical cancer, benign gynecological disorders), separately for exposed and
nonexposed groups.

Cytogenetic data can be used to get an estimate of lifetime cumulative radiation dose,
including that from background, if the following assumptions hold: (1) ionizing radiation is
the primary clastogen causing chromosomal interchange; (2) translocations in mitogen-
stimulated lymphocytes are quantifiable in terms of stable aberrations; (3) there is no
selective advantage or disadvantage for lymphocytes with stable aberrations; (4) there is
no selective clonal expansion of altered cells (strong assumption). The issue of chronic
versus acute exposures also must be taken into account, with chronic exposures
presumably yielding fewer aberrations per unit dose.

Dr. Auvinen noted that, at last year's meeting, we decided to use FISH to address two
specific questions, as outlined in the minutes. We selected 90 individuals to address those
questions. About one half of those samples did not produce viable cultures. Should we
redraw blood samples for those that failed?

There was agreement that it is important to get translocation frequencies for the controls
nailed down well. We have about 70 samples. How should we handle them? Given the
nonviable samples, how should we supplement what we have (re: selected subgroups)?

As an aside. Dr. LJttiefield noted that, based on the small sample available to date, we see
a correlation between between FISH and GPA among workers with high values.

Dr. Salomaa projected that their lab would finish running FISH for the samples collected
during the thyroid screening by early fall. She presented some results from selected other
studies being conducted in her lab, including of persons exposed from a radiation accident
that occurred in Estonia at the end of 1994, in which one person died. Exposure occurred
when some scrap metal was removed from a waste deposit, and several individuals are
estimated to have received doses of 1 Gy. Based on a small sample, dose estimates based
on GPA are in good agreement with estimates based on FISH (assuming acute exposure),
indicating that these biodosimeters work well for doses of this magnitude. For doses an
order of magnitude lower, life gets more complicated, as we have amply documented.
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It was proposed that we conduct a reproducibility study for FISH, in which we draw blood
from a set of individuals, prepare slides in Helsinki, and send a slide to each of the three
collaborating labs (Littlefield, Salomaa, Tucker) for reading.

When frozen samples are received from Lithuania, they will be tested for viability. If
viability is good, a study will be designed to look at aberration frequencies in Lithuanian
veterans who previously worked at the Ignalena Power Station.

Biomarkers (Dr. Jensen)

Dr. Jensen presented an overview of an NCI-funded study of 450 Russian clean-up and
accident workers and their families in which he is participating {"Radiation Genotoxicity for
Chernobyl Accident"). The study is addressing multiple endpoints, including FISH-TLs,
GPA, HPRT, and germinal mutations. In the somatic studies, FISH (based on
chromosomes 1, 2 and 4) is being used as the gold standard for dose estimation.

When they examined translocations (TLs) in relation to recorded dose, there was a positive
association but with much residual, person-to-person variability. Documented doses
cluster in the 25 cGy region (maximum, 1.6 Gy), whereas the median for "cytodose"
estimates, based on FISH, is 10 cGy. The correlation between GPA (NO variant cell
frequency) and "cytodose" (per FISH) was poor in this domain of dose (< < 1 Gy). Dr.
Littlefield expressed surprise that the two assays did not show a better correlation.

Hematoloav (Dr. Molonev)

Dr. Moloney summarized results of the hematopathology review based on materials
received to date. He commented on the low number of leukemias observed (zero from
Estonia versus 1 expected). He presented a series of slides prepared from materials for
the Estonian cohort.

Latvian Chernobyl Cleanup Worker Cohort (Drs. Stengrevics, Obrams)

There was an interruption in the study in Latvia last summer. Progress reported during the
meeting was based on work done since December 1994.

The cohort numbers 5,709, based on information from overlapping sources. (4,776 were
listed in the Radiation Registry and 4,786 were listed in army records.) The actual final
sample size still is subject to change, as the present cohort might include some evacuees
in addition to clean-up workers. Interviews have been completed for 3,007 men (53%),
1,600 of whom were sent to Chernobyl in 1986. There was a difference in the
documented dose, depending on the source of information: Chernobyl Registry (per
passport) vs. questionniare vs. army records. Blood specimens have been drawn for 980
workers. GPA biodosimetry results are reported back to workers in terms of a group dose
(high, medium, low) according to rules worked out in consultation with Dr. Jensen. The
expense reimbursement was increased in an attempt to increase participation in the blood
draw, but this did not work. They propose to travel to several districts around the country
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to collect samples; however, it is a challenge to get to the express mail office in Riga in
time to ship samples. Dr. Obrams inquired about other possible incentives that could be
offered to boost participation.

Dr. Veidebaum noted that they had interviewed 2,000 more people than they had drawn
blood samples for, and asked why the blood draw was not done at the same time, rather
than requiring a second contact. Dr. Obrams responded that the initial workscope called
for interviewing all workers but only getting blood samples for some. Now, the aim is to
get bloods for everybody.

Linkages have been performed with the Latvian Population Registry, Death Registry (death
certificates), and Cancer Registry. The cancer linkage identifed 30 cases of malignancy
among the 5,709 workers through the end of 1994. There were four presumed cases of
chronic myelogenous leukemia (CML), two cases of acute erythrocytic leukemia and one
case of Hodgkin's disease. One of the cases of CML has been confirmed by Dr. Moloney,
and he has materials for two others. Dr. Rahu asked whether they believed all cancers for
1994 had made it into the registry yet, and Dr. Stengrevics said that he believed that they
had.

The cause of death distribution was: 34% by accidents, 14% by suicide, 11 % due to
alcohol/intoxication, 21 % due to cardiovascular disease, 7% due to malignancies, and
13% due to other causes. It was noted that, to date, external causes, rather than cancer,
are the leading force of mortality for this cohort. Such analyses highlight the serious
health problems faced by clean-up workers, while also providing perspective; "radiation"
exposure per se appears to be a minor contributor.

Among possible future activities. Dr. Stengrevics mentioned using serum samples to look
at heavy metals and creating a repository for extracted DNA from Chernobyl veterans. Dr.
Veidebaum asked why heavy metals were of interest. Dr. Obrams replied that there was
interest in lead. Dr. Veidebaum said that lead exposure was for drivers and wasn't
associated with work at Chernobyl. He suggested that it would be a waste to use serum
samples for this, and that they could better used in the future, for example, for
oncoproteins or other interesting assays that might emerge. Dr. Obrams said she had
heard that many Chernobyl veterans had high lead exposures. Dr. Kesminiene noted that
lead levels had been measured for some Lithuanian Chernobyl veterans and a control
sample that included drivers. They observed high levels in the clean-up workers.

Dr. Rytomaa asked whether they proposed to do the DNA extraction manually or if it
would be automated; DNA extraction can be costly. Drs. Rothman and Veidebaum asked
why not just store the cells? Why kill the cells and extract DNA? Dr. Rytomaa said he
understood that it was easier to store DNA (long-term storage). Dr. Veidebaum said that
extracting DNA does not save you much space and is not worth it. Dr. Obrams said it also
was safer, such as in the event of freezer failure. She noted that all the samples are in
one freezer. If it fails, will we have to extract DNA for everybody at once? Dr. Boice
noted that we hope to be moving on the issue of more freezers shortly so samples will be
more secure.

Dr. Stengrevics also suggested the possibility of conducting a thyroid study in Latvia and
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in getting teeth for dosimetry. Dr. Hakulinen asked why they would consider repeating the
thyroid study, in light of the negative results from the study in Estonia.

Lithuanian Chernobyl Cleanup Workers Pilot Study (Drs. Kurtinaitis, Kesminiene)

The sample size for the pilot study was 600 workers, including 200 from Ignalena nuclear
power station (NPS). Work began on April 26, 1995, the ninth anniversary of the
accident. To date, 120 cleanup workers living in the vicinity of Vilnius and 43 from
Ignalina have been contacted, as well as 30 "controls" (hospital staff). The invitation to
participate is by phone for those in Vilnius and with the assistance of the administration at
Ignalina NPS and the local Chernobyl Committe for those at Ignalena. The response rate
among the cleanup workers is 70%. The Lithuanians revised some of the questions in the
questionnaire and added some of their own. Preliminary tabulations of questionnaire
responses (handout distributed) indicated high levels of exposure to certain diagnostic
exams, including upper Gl series. This should be taken into account in biodosimetric
evaluations. Nearly half also reported having had an ultrasound exam of the thyroid gland,
possibly indicating a high rate of thyroid disease in this population. Processing of bloods
and storage of lymphocytes is done within a few hours of blood draw. Blood processing
is done through an agreement with a state institute. This agreement is only in effect for
one year, after which time alternative arrangements will have to be made.

Trial linkages with the Cancer Registry were performed, including both automatic and
manual methods. Problems encountered included incorrect reading of names from
handwritten documents and incorrect birth year.

The projected sample size for the entire cohort is 7.030, of which 5,253 (74.7%) are in
active follow-up, 484 (6.9%) have emigrated, 193 (2.8%) have died, and 850 (12.1%) are
of unknown status. Or. Boice asked whether this is likely to be the final sample size. Dr.
Kurtinaitis said that they believe so. Dr. Hakulinen commented that the population of
Lithuania is more than double that of Estonia and that he would expect there to have been
more than 10,000 clean-up workers from Lithuania, assuming proportional representation.
Dr. Boice reiterated that a key goal of the pilot study is assuring that a nearly complete
roster of clean-up workers is obtained.

Dr. Big bee noted that the study in Lithuania has benefited from our prior experiences in
Estonia and Latvia. Every blood shipment to his lab has arrived on schedule and in good
condition, and every blood sample has been successfully harvested. He reported results of
a first look at the GPA data from Lithuania, based on 48 clean-up workers and 9 controls
(drivers and technicians from the hospital). The reported doses for the Lithuanians are
somewhat higher (median, 16.2 cGy) than for Estonia (9.5 cGy) or Latvia (12 cGy). The
small Lithuanian sample is weighted towards the early entrants. Dr. Boice noted that
another possible explanation is self-reporting of dose based on the passport/military
document, and also noted that some Latvian controls will be reclassified as exposed (those
with dose = 0 , a missing data code rather than truly indicative of zero dose). The initial
Lithuanian clean-up workers are somewhat older than those from the other two countries,
whereas the controls are somewhat younger. The NO vf was 5.0 per million cells for the
controls and 6.6 for the "exposed". Both values are similar to what was seen for Estonia
and Latvia. There also are a couple of outliers, and a positive association with age, as was
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seen for the other two groups. There was no suggestion of dose-response. Differences
for NN variant cells were somewhat greater. People with higher reported doses tended to
have higher NN counts (includes the controls as zero dose), but the trend was not
signifcant with adjustment for age.

Biodosimetry of Tooth Enamel (Dr. Liidja)

Dr. Lidja presented an overview of the use of teeth for dose estimation
("odontodosimetry"). He noted that the electron spin resonance (ESR) method has been
used for dating in the fields of geology and archeology. He described the theoretical basis
of the method, the procedures involved, and some of the advantages, limitations and
drawbacks. Teeth are good dosimeters in the sense that they are constantly with you, the
signal is nondecaying over many thousands of years, and measurement of the signal is
nondestructive. Drawbacks include the need to extract the tooth, unknown baseline for
most individuals, possible incomplete extraction of dentine, confounding by dental x-rays,
mechanical distortions, and when the sensitivity of an individual's tooth is determined
using in vitro re-irradiation of the grassed enamel, its dependence on grain size.

A number of questions were raised, including whether ultraviolet light or fluoride exposure
affects the signal, whether within individual (tooth-to-tooth), intra-lab and inter-lab
variation had been studied, and whether in vivo studies with animals had been conducted.
Much of this information appears to be lacking, though it was suggested that one could
take teeth from the rear of the mouth to minimize the uv problem.

Intra-laboratory variations were reported at the First international Intercalibration of
Dosimetry with Tooth Enamel meeting. Selected laboratories (3 of the 8 participants)
made no errors in assessing 13 enamel probes each which had been irradiated with doses
of 0, 10, 25, 50, and 100 cGy. However, more needs to be done to standardize the
methodology in many laboratories to reduce the standard errors to below 10 cGy.

Dr. Boice noted that it might be possible to deploy U.S. dental teams and have teeth
evaluated by NIST. It was not stated whether autopsy material might be a possible source
of teeth for study.

Dr. Auvinen raised some of the ethical considerations regarding employing this method for
clean-up workers. Would the person benefit? If a tooth was removed, could it be
replaced? What would benefit the individual is getting rid of their worst teeth, but ESR
requires that enamel still be present.

Biodosimetry Subcommittee

Dr. Jensen summarized discussions of the biodosimetry subcommittee. He began by
revisiting the questions raised at last year's meeting, namely (1) is the mean dose as
estimated from FISH translocation analysis ("cytodose") > 20 cGy, and (2) did identifiable
subgroups experience a high cytodose? Based on the limited number of samples run to
date, including preliminary results obtained in the course of the thyroid study, the answer
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to the first question appears to be "no", and, for the second, it would appear that few, if
any workers received over 1 Gy.

Future plans call for completing the "Population Study". It must be expanded to be
completed. For controls, he proposed assaying 50 frozen samples and 50 freshly collected
samples. For clean-up workers, he proposed assaying 25 frozen samples and 25 freshly
collected samples for workers selected based on high GPA values or evidence of high
exposure based on the questionnaire.

To assess the viability of the frozen Latvian samples, he proposed selecting 10 veterans,
taking one cryotube for each, putting them on dry ice, shipping in liquid nitrogen, waiting
one month, and then culturing for FISH [Is this accurate?].

Dr. Boice asked why new samples are needed. Dr. Jensen replied that he understood that
we didn't have enough frozen control samples. If we have enough controls, then we don't
need new samples for controls or veterans. Dr. Boice noted that as of now we only have
eight controls, but asked whether we really need more. We already have low-dose
controls, as nearly everybody appears to have received a low dose. He suggested that we
see if frozen samples are adequate to answer our questions, and then go from there.

For the Lithuanian component of the study. Dr. Jensen recommended that, for the Ignalena
study, we select 20 men who went to Chernobyl, 20 who did not, and 20 staff controls,
and then run FISH and GPA.

If odontodosimetry is to be pursued, samples for GPA and FISH should be collected, if not
already available.

Scientific Resource Committee (Auvinen)

Dr. Auvinen reported on the deliberations of the Scientific Resource Committee. He noted
that it was good to see that the study was showing productivity, as evidenced by the
three draft manuscripts reviewed during the meeting. With respect to authorship. Dr.
Rytomaa should be added to the GPA paper, and (possibly) one Finnish investigator should
be added to the thyroid paper. If FISH and GPA results are to be included in the thyroid
paper, the those collaborators should be added as well. Dr. Inskip or Dr. Hartshorne will
take the lead role on the thyroid paper. It was recommended that this paper be submitted
to a weekly journal, such as JNCI, JAMA, or Lancet. The author list on the questionnaire
paper was judged to be appropriate. Radiation Research was suggested as a suitable
journal, but the final decision was left to the first author. Dr. Tekkel. For the forthcoming
Estonian cancer incidence paper, the authors should be the same as for the questionnaire
paper, plus E. Pukkala from the Finnish Cancer Registry. Authorship on the letter to
Lancet concerning GPA results should be the same as for the full paper. This letter was
rated as a high priority, and early submission was encouraged.

The issue of collaboration with other groups was raised in the context of a letter from Dr.
John Goldsmith. While we are happy to share information regarding our plans and results,
it was thought best that we maintain our independence. No problem was seen with listing
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our studies in the WHO catalog.

With respect to the multiple sources of information concerning documented dose for the
Estonian cohort, we will use the mean of non-missing (non-zero) values. Initial analyses
for the thyroid study were done using the maximum dose. The decision will have minimal
effect on results, but it was felt that we should be consistent in our choice. We will not
differentiate between units recorded as R, rad or bar.

Dr. Hakuiinen commented that budget issues generally had gone well and that there were
no major problems. Dr. Auvinen noted that that a key issue remained regarding the liquid
nitrogen freezer(s).

Drs. Boice and Obrams stressed the constrained financial environment at NCI at this time,
and the difficulty of going beyond the work currently underway. Dr. Obrams noted that
grants (RFAs, cooperative agreements), rather than contracts, may be something to
consider for the future.

With regards to possible future studies, including possible exposures other than radiation.
Dr. Auvinen suggested the possibility of getting a second blood sample in another 5-10
years.

Dr. Boice presented a closing summary of the meeting, and the group thanked the Finnish
contingent for their efforts in organizing the meeting.

It was agreed that we should meet again next year, at about the same time. At last year's
meeting, it had been decided that the 1996 meeting site would shift to the south, in one
of the other Baltic countries. Dr. Veidebaum issued an invitation to hold the meeting in
Estonia, in the city of Parnu, near the Latvian border. Final dates were not set, but it was
tentatively proposed to schedule the meeting in the first half of June, possibly the week of
June 10-14. This was agreed and the meeting was adjourned.
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