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ABSTRACT

Apart from the dramalic increase in thyroid cancer in those exposed as children (see
background paper 2), there is no evidence {o date ol a major public health impact of the radiation
exposure [rom the Chermobyl accident in the three most allected countries. Although some increases
in the frequency ol cancer in exposed populations have been reported, these resulls are diflicult 1o
interpret, mainly hecause of differences in the intensity and method of follow-up bhelween exposed
populations and the general population o which they are compared.

If the cxpericnee of atomic bomb survivors and of other cxposcd populations is applicablc, the
major radiological impact of the accident will be cancer and the total lifctime numbers of excess
cancers will be greatest among the liquidators and among the residents of contaminated territorics,
of the order of 2 000 to 2 500. 'These increases would be difficult to detect cpidemiologically against
an cxpeeted background number of 41 500 and 433 000 respectively (size of the cxposed
pepulations: 200 000 and 3 700 000, respectively).

It is noled, however, that the exposures received by populations exposed as a result of
Chernobyl are dillerent (in type and pattern) from those of atomic homb survivors. Predictions
derived from these populations are therefore uncertain. Indeed, the extent of the increase in thyroid
cancer incidence in persons exposed as children was nol foreseen. In addition, only ten years have
past since the accident. 1t is essential therefore thal monitoring ol the health ol the population be
continued in order o assess the public health impact of the accident, even if; apart from leukemia
among liquidators, Tittle detectable increase ol cancers due to radiation from the Chemohyl accident
is expected.

Studics of sclected populations and discascs arc also nceded in order to study obscrved or
predicted cffects; carcful studics may in particular provide important information on the cffect of
cxposure rate and cxposure type in the low to medium dosc range and on factors which may modity
radiation cffects. As such, they may have important conscquences for the radiation protection of
paticnts and the gencral population in case of further accidental cxposures,
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The issues

lonising radiation is onc of the best studicd carcinogens in the human environment, 1lundreds of
thousands of persons cxposed to radiation around the world (atomic bomb survivors in Japan,
paticnts irradiated for therapeutic purposcs, workers exposed occupationally) have been followed-up
for decades. Many large scale animal cxperiments have been carricd out and much experimental
work has been performed to understand the mechanisms of radiation damage at the ccllular and
meleccular lovel and quantify its offects. ‘The major long-term cffects identificd |1-5] arc an incrcase
in the frequency of cancers, cataracts and, among those ¢xposcd in utcro, a higher frequency of
congenital anomalics. A small inercase in genctic cffects has also been observed in animal
cxperiments,

Predictions conceming the likely radiological consequences of the Chemoby! accident have
been made on the basis of these data. Much of the data accumulated lo date, however, comes from
studies of populations having received relatively high doses in an acute or fractionated fashion, oflen
from external radiation. Uncertainties remain concemning the exact magnitude of the health efllects ol
the exposures received by populations as a resull ol the Chemobyl accident, in parlicular:

(@) the cffects of relatively low doscs', such as thosc generally resulting from environmental
exposures in large areas contaminated by the Chemobyl accident;

(b) the cffects of protracted cxposurcs, such as were reccived by populations cxposcd
environmentally and some of the liquidators;

(¢) the cffects of diffcrent radionuclides and different radiation types;

(d) the ellects of factors which may modify radiation induced risks (including age at exposure, sex,
possible genctic predispositions and other host and cnvironmental factors).

Ten years have now passed since the Chemobyl accident and it is timely 1o summarise what
long-tcrm health cffects have been observed up to now, whether they agree with predicted cffects and
whal we might expect Lo see in coming years and decades. In this paper we review the organisation
of the cpidemiological follow-up of cxposed populations in the three most affected countrics of the
former TJSSR (Belarus, the Russian Federalion and Ukraine), the levels of radiation doses they
received, the health consequences expected on the basis of previous cpidemiological studics of
populations exposed to radiation, and the main resulls to date. Four groups ol exposed populations
(sce Table 1) arc considered scparatcely, where possible:

1. the “liquidators™ — also referred to as “clean-up” or “cmerpency accident workers” ~ they
include persons who participated in the clean up of the accident (clean-up of the reactor,
construction of the sarcophagus, decontamination, building ol roads, destruction and burial of’
contaminated buildings, forests and cquipment), as well as many others, including physicians,

teachers, cooks, interpreters who worked in the contaminated territorics —

' In the range 0-300 mSv over a lifetime
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2. the “cvacuces” — those who were cvacuated from the town of Pripyat and the 30 km zonc

around the Chernobyl reactor in April-May 1986 —;

3. the residents of the “sirict control zones” (§C7)°s): those members ol the general population who

f 137

have continucd to live in the more heavily contaminated arcas (with level of '*'Cs deposition

greater than 555 kBy/m?), typically within a few hundred kilometres of the Chemobyl Nuclear
Power Plant. Within these arcas, radia-tion monitoring and preventive measurcs have been taken
1o maintain doses within permissible levels;

4, the general population of the contaminated territorics in the three countrics.

‘The primary focus of this paper is the cstimation of the burden of cancer — the major long-term
ellect expected on the basis of high dose studies — resulling from the accident. Thyroid cancer, which
has been observed (o increase dramatically since the accident, is discussed in more detail in
background paper 2. It is loo early o assess genelic eflects and the absence of systemalically
collected data on genetic and other eflects (calaracts, congenilal anomalies) in most of the aflected
counlries make any conclusions aboul these difficull to draw. Eflects of the Chemobyl accident
outside the three mam counlries are nol discussed since, although relatively high levels of’
contamination were recorded in Bulgaria, Austna, Greece and Romania, followed by other countries
of Central, Southeast and Northem Furope, the levels ol exposure and the magnitude ol the
expected and observed eflects to date [6-8] are very low. Acule radiation effects are discussed in

background paper 1.

Background

Background scientific knowledge about radiation risks

lonising radiation is onc of the agents in our environment for which genetic and cancer risks
have been best studicd and characterised. This is mainly duc to two facts: (1) very large numbers of
cxposed persons have been followed-up for decades, and (2) compared to many other envirenmental
agents, radiation exposurcs arc relatively casy to reconstruct, on an individual level, at lcast for
cxposurcs reccived at high cxposure rates and high lIevels. The information available to datc on
radiation risks comes from scveral sources:

¢ cpidemiological studics of large populatiens having received relatively high doscs of y- or X-
radiation at a high dosc ratc (atomic bomb survivors, paticnts treated by radiotherapy for
malignant or benign diseases, occupational exposures in the early years of medical exposures)
or of radon in a protracted fashion over many years (hard rock, particularly uranium, miners)
[1,9,10];

e more recenlly, large scale epidemiological studies of populations having received low doses in a
protracted fashion as a result of their occupation, mainly in the nuclear industry {1,11,121;

¢ larpe scalc animal cxperiments carricd out in order to understand the cffccts of different

radiation Lypes, exposure levels, pattems of exposure and modifying lactors [1,9,10];
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*  cytogenctic; molecular and genctic studics aimed at understanding the mechanisms of radiation
induced carcinogenesis [2,9].

The major long-term cffects identificd 1-5] are an increase in the frequency of cancers.
patticularly lcukemia, and of cataracts and. among thosc cxposed in utcro, a higher frequency of
congenital anomalics. A small inercase in genctic cffcets has also been observed in animal
cxperiments,

» The temporal paltems of radiation risks have been observed to difler markedly for leukemia

and solid cancers. In the [ollow-up of the atomic bomb survivors, excess risk for leukemia increased
sharply afler the bombing, reaching a peak between 3-10 years aller exposure lollowed by a gradual
decline [13]. The temporal pattern of leukemia risk was markedly modified by age: in general, the
younger the age at exposure, the higher the initial excess risk and the steeper the subsequent decline.
Among those exposed as adults, the decline was less pronounced for women then men.

‘Ihe cxcess solid cancer risk, however, appeared gradually, starting 5-10 years after exposure
and incrcased roughly in proportion to the background cancer rates (these typically increase with
advancing age). ‘The excess relative risk (i.c. the proportional increase in risk relative to background
risk) for solid cancers depended on age at cxposure and sex. It was generally higher for those
cxposcd at younger ages and for women, The temporal pattern of the relative risk has been
remarkably constant during the follow-up | 14| cxcept for thosc cxposcd carly in life for whom the
relative risk has been decrcasing with the passage of time. Thyroid cancer risk has followed a
similar temporal pattern [15]. A recent pooled analysis of scven studics suggests that the cxccss
relative risk of thyroid cancer among those cxposed as children (below the age of 15 years) remains
clevated for many years, declining only 30 years after cxposure |16].

The follow-up of populations exposed as a resuit of Chemobyl: organisation and
problems

Chernobyl Registry follow-up

The Chernobyl Registries were established inilially as a single “All-Union Distributed
Registry” located in ()hmnsl\ Russia, by a 1987 direclive of the Ministry of Public Health of the
USSR [17]. The aim was Lo sel up a comprehensive registration and follow-up system for the
persons most affected by the Chermobyl accident. The dlrecllve identified four groups of subjects -
the groups of “primary registration” - for whom registration and “active” follow-up was mandatory:
participants in the “liquidation™ of the consequences of (he Chemobyl accident, the so-called
“liquidators™; subjects evacuated from the most contaminated Lerritories (*1480 kBy/m?); persons
living in contaminated areas (=555 kBg/m?); and children of the above groups. Since the break-up
of the USSR, the responsibility for the State Chernobyl Regstries has been passed to the individual

couniries.

As a conscquence of this directive, all persons included in the State Chernobyl Registrics arc
“actively” followed-up, i.c. they must undergo an annual medical cxamination in which they arc
systematically examined by a gencral practitioner and a number of different specialists. ‘The subject
is also dirccted, as appropriate, for additional cxaminations to oncologists and other specialists.

All data on dissases diagnosed during the annual medical examination, as well as al any other
time during the year is sent Lo the Chemobyl Registry for inclusion in the regisiry data base. In
addition to medical data, the Slate Chemobyl Registries includes demographic variables,
information on location and behaviour (food and milk consumplion, time spent in contaminated
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7ones) al time ol accident and on work in the Chemmobyl area, and, when avatlable, dosimelric
mformation.

General population heaith monitoring

Means also exist in the alTected countries to carry out “passive” lollow-up ol exposed persons
and of the gencral population with the usc of population registrics ~ of mortality, cancer and other
discascs.

Mortality

In each couniry of the former USSR, population registration is carried oul al the local level in
the address burcaus (where the addresses of current residents are kept) and the ZAGS - buro zapicii
akta grazhdanskovo sostoyamia — (which compiles all information about birth, marriage, divorce
and death of persons living in the administrative area). No centralised registry exists, however, and
resulls of a recent pilol study [18] indicate that considerable time and eflort may be needed for
tracing subjects who have moved lrom one area to another. In Belarus, centralisation ol population
registry data is underway; this will increase the feasibility of mortality follow-up of populations.
Little information is available currently, however, on the adequacy of mortality dafa in the affecled
states.

Cancer incidence

A computerised national Cancer Registry has been functioning in Belarus sinee the 19707s and
registers all cases of malignant ncoplasms. A comprehensive registry of 1lacmatological Discascs
also cxists in Belarus, in the Institute of Ilacmatology and Blood Transfusology, and a registry of
childhood thyroid cancer cases in the Institute for ‘Thyroid Pathology in Minsk, where most of these
tumours arc operated, These registrics have proved to be valuable tools for epidemiologic follow-up
in Belarus ]19-23).

In Russia and the Ukraine, no centralised cancer registration system was in place at the time of’
the accident. Work is underway in both countrics to sct one up — at least in contaminated arcas in
Russia — [20]. Al present, however, routine data on cancer morbidity in these couniries is oblained
from local oncological dispensaries and verification of the completeness and accuracy of the
diagnosis information and checks for duplicates is nol syslematically performed. For persons
included in the Chernobyl Regisiry, moreover, information on cancer diagnosis is oflen oblained
from the records of medical visils in local medical centres; if a patient is referred to the regional or
national level for confirmation and treatment and the diagnosis is changed, the information is not
necessarily sent to the Chermmobyl Registry. A recenl study in Russia [18] conlinms that the
diagnostic information in the Chernobyl Registry is not always completely accurate. The lack of
verilication and quality control is actively being remedied, bul must be kepl in mind, when
interpreting resulls of studies of cancer lrequency among exposed populalions in those countries.

Ceneral morhidity

Information is also available sysiematically on the general (i.e. not only cancer) morbidity of
the population of the three countries. Tn the countries of the former USSR, regional outpatient clinics
systematically collect information on disease diagnoses on all the residents of the region they cover
(not only on those included in the Chernobyl Registry). This information is summarised locally and
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is senl, on special statistical reporting forms, al yearly intervals to the Ministry of Health. These
lforms contain inlormation aboul the number ol cases of acule and chronic diseases diagnosed in a
given year in the population in all areas of the country. This information is not broken down by age
or sex. No verification ol compleleness and duplicates is possible. This passive system of collection
of morbidity data on the population contrasts with the active follow-up carried oul, as described
above, for persons included in the Chemobyl Registry. Comparisons ol morbidily based on these
sources must therefore be inferpreted with caution.

Ad-hoc studies

A number of factors limil Lhe power of the routine lollow-up activities listed above (o detect the
expecled ellect of radiation from the Chermobyl accident, even in the three most allected countries of’
the former USSR. They include, in particular, the generally low level of radiation dose received by
the majority of cxposed populations — and hence, presumably, low level of risk expected —, the
difficultics of systematic and complete follow-up, the lack of precise dosimetry (as described below)
and the important movements of populations which have taken place since the accident.

Ad-hoc analytical cpidemiologic studics, focusing on specific discases and populations, may be
a morc uscful approach to investigate the cffects of radiation among the cxposcd populations
[24.25]. Cohort studies of well defined populations — i.e. studies of groups of individuals who are
{ollowed over time, for example the cohort of all children whose thyroid dose was measured in the
days following the accident — arc important tools for studying radiation cffects if precise individual
dosc estimates can be obtained and if a systematic and complete follow-up can be achicved. When
this is nol feasible, for logistic and/or linancial reasons, case-control studies — i.e. studies of cases of’
" a disease of interest occurring in a given population (for example cases of leukemia occurring
among liquidators) and of appropriatc controls — arc a cost-cfficient and powerful alternative. ‘This
type of study allows the collection of relatively detailed individual information on the cxposurc of
intcrest and on other risk factors (from questionnaire as well as from scarches of existing records) at
much less cost sinee the number of study subjects is much reduced.

Both cohort and case-control studies are generally much more powerlul than descriplive studies
for investigaling dose-relalionships. Tndeed, the single most informative study on radiation risks
today, that of the survivors of the atomic bombings in Hiroshima and Nagasaki [14], would have
provided much less information concerning the relation between radiation exposure and cancer risk
il" the follow-up had been restricted (o an examination of trends of diseases over lime and
comparisons with non-exposed or the general population.

Radiation doses to different groups: dose levels and available estimates

Table T presents a summary of the number of persons exposed and the levels of doses received
in the four groups described above. Much effort has been directed to reconstructing doses on an
individual or group level for populations exposed environmentally, mainly for those who were living
in the most conlaminated territories at the moment of the accident [26-33]. Tess atention has been
(ocused on reconstructing dose levels for the general population living in contaminaled territories
outside the strict control and evacuation zones, since, given Lhe level ol exposure they received, it is
unlikely (il" our current estimates of risk are correct) that any radiological elTect on health could be
detected in this population, even though it may well have the largest total collective dose.

Radiation dosc cstimates for these populations have been derived in a varicty of ways: from
direct whole body or thyroid counting — 1o determine, respeclively, the individual body and thyroid
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burden from various radienuclides — and physical measures of dose from external radiation using
individual dositmneters, to dose reconstruction using cnvironmental models and questionnaircs, and to
cstimation of dosc using biological or biophysical markers of cxposure. The accuracy of the dosc
cstimates varics according to the cstimation method and the level of dose, sinee, in general, more
precisc and numcrous measuremcents were made in the most contaminated regions,

Liquidators
Approximatcly 600 to 800 000 persons took part in the clean-up activitics to “liquidate™ the

consequences of the Chernobyl accident. This include persons who participated in the clean up of the
accident (clean-up of the reactor, construction of the sarcophagus, decontamination, building of
roads, destruction and burial of contaminated buildings, forests and equipment), as well as many
others, including physicians, teachers, cooks, interpreters who worked in the contaminated territorics
and received on average much lower doses. Approximately 200 000 liquidators (see Table T)
worked in the region of Chernobyl during the period 1986-87, when the cxposurcs were more
significant.

‘The dosimetric information available for liquidators is subject to controversy as the personal
dosimelers in use in the early days afler the accident were loo lew and generally too sensitive. A
reasonable cstimate of the average dose reccived by this group of 200 000 people is 100 mSv |28].
Thus, the collective ellective dose would he approximately 20 000 Sv. It is noted that some workers
reeeived their dosc in a matter of minutes - for cxample working on the roof of the reactor - while
others received il over months or even years, and the predominant radiation type and roule of
cxposure varicd according to time and activity of liquidators.

Dose estimates have generally been derived in one ol three ways:

s individual dosimetry — the liquidator was given a personal dosimeter —;

» proup dosimctry — an individual dosimcter was assigned to onc member of a group of
liquidators;

e from itincrarics —~ measurcments of y—ray levels were made at various points where liquidators
worked, and an individual’s dosc was estimated as a function of the points where he or she
worked and the time spent in these places.

It is thought that the level of dosimetric control and the adequacy of dose estimates may vary
between civilian liquidators (construction workers, logistic support). military liquidators (soldicrs
and officers who worked in decontamination, dosimctric control. cvacuation) and radiation
specialists,

The distribution of liquidators included in the State Chernobyl Registries of Belarus, Russia
and Ukraine and of their doses is shown in Table TI. Tt is noted that doses are missing in these
registries for a subslantial proportion ol them. Tiquidators who worked in the first year generally
had higher recorded doses than those who worked in subsequent years. Throughout this paper,

9
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ellorts are made, where possible, to restrict the presentation 1o those liquidators who have worked in
the 30 km zone in 1986-87 as these are most likely to be those who have actually parlicipated in the
clean-up aclivities.

Evacuees

The evacuees are the former residents of the 30-km zone. There were approximately 135 000
persons evacuated, including the 49 000 residents of the cily ol Pripyal. The evacuation of Pripyal
and olher locations close to the damaged reaclor was completed within approximatly 40 hours of the
accident. Approximately 40 000 additional residents of the 30 km zone were evacuated on 3-5 May
1986 and the evacuation of the 30 km zone was completed during the period 5-14 May [32].

Most of the dosc was reccived in a short time period and resulted from external exposure from
the passing cloud and from radionuclides deposited on the ground or other surfaces. Initial reports
by Sovict scicntists 30| were that this population had received a collective cffective dose from
cxternal exposure of 16,000 person Sv. More recently the doscs from cxternal exposures have been
re-cvaluated by Likhtarev et al. {321, ‘This re-cvaluation was bascd upon dosc-rate data from many
- locations within the zone, and the results of a survey of 42 416 cvacuated residents. Individual doses
were reconstructed for 13 383 inhabitants of Pripyat and 17 203 residents of other scttlements. ‘The
average dosc to the residents of Pripyat was 11.5 mSv and that of residents of the other cvacuated
locations was 18.2 mSv. The calculated individual doses vary widely; the maximum valuc was
stated to be 383 mSv. ‘The collective cffective dosc from external exposure for the entire cvacuated
population is cstimated to be 1,300 person-Sv. The collective cffective dosc from other exposurc
pathways is not belicved to add substantially to the indicated total.

Human exposure in contaminated areas

Currently, there are approximately 4 million people who reside permancntly in arcas with *'Cs
deposition density of more than 37 kBg/m? in arcas of Belarus, Ukraine and Russia. The total arca
covered is about 131 000 km? |29]. Dosc to thesc persons resulted both from external exposurcs
from the passing cloud and from radionuclides deposited on the pround or other surfaces and from
internal cxposurcs: inhalation of material from the passing cloud in the first days and ingestion of
various radionuclides that contaminate foods,

Residents of strict control zones

About 270 000 people lived in the 10 300 km? of the SC7’s (with s deposition density ol
more than 600 kBq/mz) in 1986 (

‘Table 11). "The collective doscs to these populations have not recently been estimated cxplicitly.
However, the dynamics of dose formation have been considered and reported in detail by Balonov
and collaborators 29]. I'rom this work, it can be cstimated that the average external and internal
dose during the period 1986 to 1995 for the populalion in these areas is approximately 50 pSv per
kBy/m? of **’Cs deposition density. For the SC7.'s, a reasonable estimate of the average deposition
density is 25 Ci/kin® (convert to kBq ) — arcas with deposition density greater than 40 kBg/m® were
generally evacuated —. Thus, an approximate value of the average elleclive dose is 3060 mSv and
the collective effective dose for the 270,000 residents is 10,000-20,000 person-Sv.

10
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Residents of other contaminated territories

An cstimate of the collective dose for the remaining 3.7 million persons living in contaminated
arcas can be made in a similar fashion. The average deposition density is assumed to be 3 Cikm®
(kBq). The average external and internal dose during the period 1986 to 1995 for the population in
these arcas is approximately 50-150 uSv per kBqm 2 of 137Cs-deposition density (higher than in
the SCZ’s, as there was less control on internal dosc). The average cffective dose is therefore
calculated to be in the range 6 20 mSv. The estimate of collective cffective dose is 20 000-60 000
Sv. This ecstimatc is compatible with the morc rigorously cvaluated valuc of 22000 Sv by
Kenigsberg ct al. |31 for the entire population of Belarus. Their cstimate for the average dose to the
residents of the Gomel and Mogilev Oblasts is 5.9 mSv. A comparable cstimate of collective dose
for the entire population of Ukraine is given by Likhtarcv and Kovgan |33| as 47 500 Sv, with
about 15 000 Sv caleulated to be delivered to inhabitants of arcas with a 137Cs-deposition density
of lessthan 1 Cikm 2,

It should be noted that, given the large number ol persons residing in these areas, small errors in
dose eslimales may lead to large ermors in the collective dose. Thus, the predicled health eflects
discussed below for this population are very uncertain and should be treated with caution.

Thyroid dose to populations in contaminated regions

An carly cxposurc situation of special intercst is the thyreid dosc to the gencral population
living in the heavily contaminated regions of the countrics of Russia, Belarus, and Ukraine. This is
of particularly interest duc to current reports of a major increase in the incidence of childhood-
Lhyroid cancer in all three countries [34-38]. As discussed in more detail in background paper 2 —
‘Thyroid cffects — there is now very strong circumstantial evidence that this increasc is related to
dosc from iodinc isotopes. Major cfforts have been carried out and continue to reconstruct thyroid
doscs to the populations at risk. A summary of the results that have been reported is provided in
background paper 2

Discussion

Expected health consequences

This section presents predicted health ellects, particularly cancer and genetic disorders, derived
from models ol radiation induced risk developed from epidemiological studies of other populations
exposed Lo radiation, mainly the Japanese alomic homb survivors (Tife Span Siudy, 1.88). Although
there are a number ol epidemiological studies from which radiation risk data can be obtained, the
atomic bomb studies continue Lo be the main source of data lor risk estimation [9][26][39][40]. The
atomic bomb survivors were exposed primarily externally and al high dose rates, however, and
models must be used to extrapolate the effects of such exposures {o the generally fower dose, and
lower dose-rate exposures ol concern for the majority of populations exposed as a resull of the
Chernobyl accident. These models are, inevitably, subject to uncerlainties. Major questions relale to
the choice ol 'models for transler of data between populations with diflerent background cancer rates,
for projection ol risk over time and lor extrapolation ol risks following primarily external high dose
and high dose-rate exposure Lo low dose and low dose-rale exposures involving a mixiure of external
and internal radiation.

In the predictions presented below, the atomic bomb survivor estimates were applicd directly to
the populations cxposed as a result of the Chernobyl accident assuming that, for a given dosc of
11
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radiation, the resulting cancer risk is the same regardless of the pattern and type ol exposure. Tt is
noted that, in extrapolating the risk estimates based on high dose and high-dose-rate exposure to low
dose and low dose-rale exposures, the Inlemational Commission for Radiological Protection (TICRP)
has used a reduction factor (the Dose and Dose-Rate Filectiveness Factor or DDREF) of two [40].

Solid cancers and leukemia

Liletime risk estimates (through age 95 years) were compuled lor solid cancers and leukemia
(excluding C1.1) for the liquidators and the populations living in contaminated areas ol Belarus,
Russia and Ukraine. The methods used follow those of the TINSCEAR 1994 Report [1], allowing
for the modilying eflects of age at exposure and sex (for leukemia). Table TV presents the
predictions of lifelime risk (numbers of deaths) from solid cancers and leukemia. The number of
deaths predicted in the first 10 years afler the accident are also presented for feukemia but not for
solid cancers as the model assumes a 10 year latency period between an exposure and the resulting
increase in cancer.

lior both solid cancers and leukemia, the predicted proportions of cxeess deaths among all
deaths from these discases (i.c. the “attributable fractions”) arc small. For solid cancers, they range
from less than 1% among the populations cvacuated from the 30 km zone and the residents of
contaminated arcas outside the SCZ’s to about 5% for the liquidators who worked in 1986 and
1987, ‘I'he lifctime attributable fraction for lcukemia is greater than that for solid cancers in cach
population, ranging from 2 to 20%. It should be noted that the fraction of excess Icukcemia cases is
much higher for the first 10 years.

Thyroid cancer In children

‘The projections of numbers of thyreid cancer cases were made for populations cxposcd as
children, i.c. between the ages of 0 and 14, in the various Oblasts of Belarus and in Bryansk Oblast
in Russia, for which both dosc and population data were available (Table V). T'wo scts of published
thyreid cancer incidence data were used to estimate the background (naturally occurring) thyroid
cancer incidence: the 1983-87 Belarus incidence data and the 1983-1987 US White (SEER) cancer
incidence data [41]. The US incidence data were used because it was considered likely that the
Belarus thyroid ratcs underestimate the truc incidence, cspecially before the accident when the
registry may not have been as active as afterward, ‘The risk projections were made both for lifctime
and for the first 10 years after the accident; in both cascs a 5-year latent period is assumed.

The predicted lifetime excess number of cases ranges from 0.01% in Vitebsk Oblast 1o about
1% in Gomel Oblast using the US incidence rates, while the attributable fraction ranges from S o
77%. The total number ol cases expected in the Oblasts of Belarus for the first 10 years aller the
accident varies between 39 and 128, depending on the baseline rales used.

Birth defects and genetic effects

The basic assumplion made in estimating genelic eflecls was that, in the first generation
oflspring of a population ol 1,000,000 persons including all ages and hoth sexes, 30 cases with
genelic disorders will be observed per 480,000 births per 10 mSy {o each parent [42]. The genetic
disorders considered here include autosomal dominant, X-linked, recessive, chromosomal, and
congenilal abnormalities. The background (nalurally occwrring) genetic disorders were estimated
using the 1993 UUNSCEAR Report. The projection model used here [ollows those of'the US Nuclear
Regulatory Commission Report |42 and provides the upper limit of the risk.
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Results presented in Table VI show very low predicted occurrence of radiation induced genetic
ellects, ranging lrom 0 (o 0.03% of all hive births and from =0.1% 10 0.4% of all genetic disorders
among the live births to the exposed population.

Summary of available results

Cancer

Table VIT presents the number of observed and expected cases of cancer in 1993-94 among
liquidators having worked in 30 km zone around Chemobyl reactor in the period 1986-87 and
among the populations living in oblasts with territories with '*’Cs contamination levels above 185
kByg/m® in the three countries. The observed numbers of cancer cases were oblained from the
National Cancer Registry in Belarus and from the Stale Chernobyl Registries in Russia and
Ukraine. No information could be obtained systematically lor evacuees and residents ol the SC7.'s.
The expecled numbers are based on the general national population; in Belarus, they were also
obtained from the Cancer Registry while in Russia and Ukraine they are based on data from regional
oncological dispensaries summarised annually at the national level. These results are adjusted for
age and sex; for liquidators, they are restricted to men since the majority ol exposed liquidators were
men.

Liquidators

“There was no increasc in the incidence of cancers as a wholc among liquidators compared to the
general population in Belarus. In Russia, a small but marpinally statistically significant increasc was
noted, of the order of 11%. There was no consistent difference in the incidence of specific types of
cancer, in Belarus or Russia, comparced to the gencral population.

In Ukraine, a 20% increase in the incidence ol all cancers was observed, as well as increases in
the incidence ol several specilic cancer types. As discussed above (section 0), these resulls must be
treated with caution, since the cases have nol yel been veritied and the increase may reflect the elTect
ol increased surveillance ol the liquidators and underregistration ol cases in the population in a
couniry where no systematic centralised cancer registry existed al the lime of the accident [43].

A total of 46 lcukemiia cases were reported among the liquidators in the three countrics during
the two-vear period. A non-significant two-fold increasc (based on 9 observed cascs) was obscrved
in Belarus, In Russia, there was no significant difference in leukemia incidence among liquidators
compared to the general population. In Ukraine, a significant increasc was reported, which, as
indicated in the paragraph above, must be treated with caution.

An increase in the incidence of thyroid cancer was nofed in all hree countries, based on
relatively small numbers of cases (28 cases in 1993-4). Signilicant radiation doses to the thyroid
may have been received [rom short-lived jodine isotopes by the liguidators who worked in the 30 km
zone n the first days aller the accident; these data, however, have nol yet been analysed according to
the time of work in the zone; inlormation about the histology ol the tumours and their mode ol
confirmation is also not yel available. This resull must, therelore, be interpreted with caution,
especially since, as indicaled above, the follow-up of liquidators is much more active than that of the
general population in the three states: for thyroid cancer in adults, the depth ol screening may greatly
inflluence the observed incidence [44,43].
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Residents of contaminated areas

No increase was observed in the incidence of all cancers in Ukraine. In Russia and Belarus, a
marginally statistically significant 3% increasc in all cancer mortality was noted, while no increase
was obscrved for Icukemia in any of the threc countrics, For thyroid cancer, a 1.5 to 2- fold increase
was scen in the three countrics. Again, because of increased awareness of the conscquences of the
accident, and because of the morce intensive medical follow-up of populations living in contaminated
regions, these findings must be interpreted with caution and further analyses are needed before
contirming or refuting this finding,

A number ol authors have recenlly reported increasing trends in cancer morbidity in the
populations living in conlaminated territories over time {43,46]. Care mus{ be taken in interpreting
these lindings, particularly in countries where no centralised cancer registration exists and for cancer
types for which increased ascertainment may result in an apparent increase in incidence.
Prisyazhniuk and collaborators [43] have analysed trends in cancer morbidity in the conlaminated
lerrilories of Belarus, Russia and Ukraine. Although they observed increases in the incidence of all
tolal cancers and of leukemia, they noted that this increase was consistenl with pre-existing
increaging trends in the incidence of these diseases. The increases were, moreover, nol related Lo the
levels of exposure in the regions. The predominant difference with pre-accident rates was noted for
cancers in the oldest age group considered (65 years and over) and slarted as early as one year aller
the accident, thus most likely rellecting increased ascertainment ol diseases in this population. For
leukemia, the inercase primarily concerned chronic lymphocytic leukemia — a subtype not scen to be
associated with radiation exposure in other studies —.

Backpround paper 2 describes the distribution of number of cases and incidence of childhood
thyroid cancer in the contaminated regions of the three countrics since the aceident. As indicated in
that paper, a dramatic increase has becn observed in contaminated territorics of Belarus, Ukraine
and, more recently, and to a morce limited cxtent in Russia. ‘The circumstantial cvidence for this
increase to be related to iodine isotopes released by the stricken reactor is very strong. A number of
questions remain to be answered, however, In particular, the obscrvation of such a large increase in
incidence of a very rarc cancer in children raiscs the possibility that host and cnvironmental factors
may be playing a rolc in the risk of radiation induced cancer

General morbidity

A number of authors have considered the peneral morbidity of liquidators in the affected states
and compared it to that of the general population in these countrics (sce for cxample 23,46,47).
Apparent increascs in the morbidity from a number of broad discasc classes (discascs of the
endocrine system, of the blood and blood-forming organs, mental disorders, discascs of the
circulatory and digestive systems) have been reported. 1t is difficult to interpret these results. These
obscrvations may at Icast be partly cxplained by a bias introduced by the active follow-up of
liquidators and by the impossibility of taking into account the cffects of age and scx in the analyses
(scc sections 0 and 0, above). On the other hand, they may reflect a real increase in morbidity
following the Chernobyl accident. If so, based on cxisting cpidemiological studics of radiation
cxposcd populations, it is unlikely that they are related to the radiation cxposure, although they
could be rclated to stress and cconomic difficultics following the accident (sec background paper no.
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General mortality

Recent reports indicate an increase in mortality rates (accompanicd by a decrease in the average
lifc-span) in states of the former USSR (refs. 2). These incrcascs, which do not appear to be related
lo radiation exposure — since the pattern does not difler between regions with dillerent levels of
contamination —, may again be related to social and cconomic difficultics (sce background paper no.
4). They must, however, be taken into account when interpreting time trends in cxposed populations.

Comparisons to expected effects

Leukemia

On the basis of the data from other populations cxposed to radiation, the major radiological
impact cxpected to date (i.c. within the first 10 ycears after the Chernobyl accident), if the expericnee
of the atomic bomb survivors is applicable, is leukemia,

As indicated in Table 1V, the incrcasce is mainly cxpected among liquidators — indeed, out of
190 cases of leukemia expected in the first 10 years among 200 000 liquidators, 150 (79%) would
be expected to have been induced by radiation. Such an increase can be detected cpidemiologically.
No consistent incrcase has been reported to date. ‘The results reported above, in scction 0, only
concern a two year period, however, and the power to detect such an increase is thus much reduced.

The expected increase in leukemia incidence in the first 10 years afler the accident in the SC7’s
and in the contaminaled areas is much lower than among liquidators, of the order ol 1.5 and 1.05
fold, respectively. This is consistent with the [act that no increase in leukemia incidence was
observed among residents of conlaminated regions in the three countries. Indeed, such increases
would be very dillicult to detect epidemiologically.

All cancers

Il risk models from other studies of populations exposed 1o 10nising radiation are applicable, no
increase in all cancer incidence should bhe detectable o date. The lindings of a 10-20% increase
among liguidators in Russia and Ukraine and a 3% increase in the populalions residing in
contaminated regions in Belarus and Russia, particularly in the absence of a consistent increase in
leukemia incidence in these populations, are therefore not consistent with predicted efTects.

‘Ihe increases obscrved may be real. ‘They may also, however, be an artefact of the above
mentioned diffcrences in follow-up discase between cxposed populations and the genceral population
of the affeeted countrics (section 0).

Thyroid cancer ‘

‘1he number of thyroid cancer cascs cxpected for the first 10 years after the accident among
persons cxposcd to iodine isotopes during childhood is presented in ‘Table V. The discrepancics
between the projected nbers based on the Belarus background data and observed numbers (sce
background paper 2) are outstanding. When the US white background rates are uscd, however, the
discrepancics arc Iess pronounced. “The notable cxeeption is the Gomel population, which shows a
remarkably higher number of cascs obscrved than cxpected.

It should be noled that our predictions include cases which are adolescenls and even young
adulls al the time ol diagnosis, The predicled number ol cases diagnosed among children is

considerably less. Since the numbers presented in background paper 2 only refer Lo cases who were
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children, not only al the time ol the accident bul also al the moment of diagnosis, the discrepancy is
even larger than il appears.

future prospects

If the experience of atomic bomb survivors and of other cxposed populations is applicable, the
total lifctime numbers of cxcess cancers will be greatest among the fiquidators and among the
residents of contaminated territorics, of the order of 2 000 to 2 500, respectively. ‘1hese inercascs,
however, would be difficult to detect cpidemiologically against an cxpected background number of
41 500 and 433 000 respectively.

Predictions hased on other exposed populations, and preliminary resulls to date, indicate that
the signilicant health effects most likely to be detected at this time and in the future, besides thyroid
cancer, is leukemia risk among liquidators. Indeed, il carelt] large-scale studies ol liquidators are
carried-out, they will nol only have the power o delect an increased risk, but may provide important
information concerning the eflects of exposure protraction and perhaps of radiation type in the
relatively low dose (0-500 mSv) range.

‘The extent of the increase in thyroid cancer is very difficult to predict, as the observed incidence
in those cxposcd as children is, particularly in the Gomel arca of Belarus, considerably greater than
what would have been cxpected based on past studics. Background paper 2 discusses the predictions
in more detail. Uncertaintics mainly concern the temporal behaviour of the inercase; if the relative
increase stays constant over time, a very large increasc in the incidence of thyroid carcinoma may be
obscrved in the next century in adults who were cxposed as children.

An increase in the incidence of thyroid cancer in adulls (liquidators and populations residing in
contaminated fermitories) has also been noled in recent years. Al present, however, this increase
needs verification and it is unclear whether it is related to exposure from the Chernobyl accident or
to changes in the ascerlainment ol this disease due to more active follow-up ol exposed populations.
Predictions of thyroid cancer risk in those exposed as adulls are therefore very uncertain.

Because of the absenee of established population based registrics in the affected countrics (and
in most countrics around the world), it is difficult to monitor trends in genctic cffects. Given the
levels predicted, however, it is unlikely that, if data from other studics arc applicable, any increasc
could be detected in the offspring of the cxposed populations.

As indicaled in section 00, a number ol factors limit the power of the routine follow-up activities
listed above to detect the expected eflect of radiation lrom the Chemobyl accident, even in the three
most allected countries ol the former USSR, They include, in particular, the generally low level of
radiation dosc reccived by the majority of exposed populations — and henee, presumably, low level
ol risk expected —, the difliculfies of systematic and complete active follow-up, the lack of precise
dosimetry and the importanl movements ol populations which have taken place since the accident.

Ad-hoc analytical epidemiologic studies, focusing on specilic diseases and populations, may he
a more useful approach 1o investigate the elfects of radiation among the exposed populations. Both
cohort and casc-control studics arc gencrally much more powerful than descriptive studics for
investigating dose-relationships. To be informative, however, studies of the consequences of the

Chemobyl accident must fulfil scveral important criteria; they must cover very large numbers of

exposed subjects; the follow-up must be complete and non-seleclive and precise and accurate

individual dosc cstimates (or markers of cxposure) must be available. In particular, the feasibility
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and the quality of epidemiological studies largely depend on the existence and the quality of basic
population-bascd registers, and on the feasibility of linking information on a single individual from
dillerent data sources.

Studics of lcukemia and thyroid cancer risk among liquidators are now underway or planned in
all three countrics, They are- designed as cobort studics, and in some cases as casc-control studics
(since pilot studics have shown that cohort studics of these populations would require substantial
financial and human resources). Given the distribution of known doscs among the liquidators, the
power of such studics in individual countrics is rclatively low, howcever, and it is cssential that
studics carricd out in different affected countrics be similar so that the results can ultimately be
compared and combined. Dosimetry still poscs an important problem as dosc cstimates are missing
and of uncertain quality for a substantial proportion of the liquidators in the three countrics, Lifforts
arc being made to cstimate radiation levels from detailed questionnaires of activitics in the
Chernobyl arca. If these conditions are met, studics of liquidators will provide important information
concerning the cffects of exposurce protraction and perhaps of radiation type in the relatively low
dosc (0-500 mS$v) range.

Non-specilic studies of cancer risk among the general population exposed in the contaminated
regions are unlikely to be informative for radialion risk estimation because ol (he generally lower
doses received by the majority of these populations, the difficullies in eslimaling these doses and
following these populations. An exception is the study of thyroid cancer risk in populations exposed
as children, the incidence of which has been observed to increase dramatically in the first years
following the accident. Careful cohort and case-control studies are underway and planned in all
countries. They may provide important information on radiation induced thyroid cancer risk, as well
as a unique opportunily lo increase our understanding of factors which modify the nisk ol radiation
nduced cancer and thus have timportant consequences for the radiation protection ol patients and the
general population

‘The predictions described here were made using risk models derived from studics of atomic
bomb survivors, As discussed above, models must be uscd to cxtrapolate the cffects of such
cxposures to the generally lower dosc, and tower dose-rate cxposures and radiation types of concemn
for the majority of populations cxposcd as a result of the Chernobyl accident. These models are,
incvitably, subjcet to uncertaintics. Indeed. the extent of the increase in thyroid cancer incidence in
persons cxposed as children was not foreseen. It is essential therefore that monitoring of the health of
the population be continucd in order to assess the public health impact of the accident, cven if, given
the level of the dosc reecived, no detectable increase of cancers duc to the Chernobyl accident is
cxpected except in liquidators,

As discussed above, although 10 years have passed since the Chernobyl accident, results
published to date are dillicull to interpret, mainly because ol differences in the intensity and method
of follow-up hetween exposed populations and the general population to which they are compared.
In order (or results of such monitoring in the luture to be unambiguous, it is important that they are
based on systematic and complele population based registries, in particular registries of mortality
and of cancer. Russia and Ukraine currently lack national population-hased cancer registries. Tt is
therefore important for monitoring that such regisiries be eslablished (at least in the conlaminaled
regions in Russia) or improved, where appropriate. Such registries will be useful, not only for
assessing the public health impact of the Chemobyl accident, but also [or other research and public
heaith planning and monitoring aclivities in these countries.
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Conclusions

Ten years afler the Chemobyl accident, apart from the dramatic increase in thyroid cancer in
those exposed as children, there is no evidence ol a major public health impact to date of the
radiation exposure from the Chermobyl accident in the three most aflected countries. No major
increase i all cancer incidence or mortality has heen observed which could be altributed to the
accident. In particular, no major increase has been detected in rates of leukacmia — cven among
liquidators ~, one ol the major concerns aller radiation exposure. This is generally consistent with
predictions based on studies ol other radiation exposed populations, in particular the survivors ol the
atomic hombings in Japan.

Increascs in thyroid cancer among those exposed as children were observed, in the more heavily
contaminated regions of Belarus, Ukraine and Russia, at rates much higher than predicted from
previous studics. These increases, which are discussed in more detail in background paper 2, may
reflect a particularly sensitive population, because of host or cnvironmental factors, or
undcrestimated doses to the thyroid, or the high carcinogenic potential of very short lived iodine
isotopes. Increases are now also reported among liquidators and the gencral population. ‘These nust,
however, be verified before being attributed to the Chernobyl accident.

There is a lendency to automatically altribute fluctuations and/or increases in cancer rales over
time Lo the Chemobyl accident. It should, however, he noted thal increases in the incidence ol some
neoplasms have been observed in some countries in the last decades, prior to the accident. A general
increase in morlality has, moreover, been reported in recent years in many areas of the former USSR
and does not appear to he related lo radiation levels. This must be laken into account when
interpreting the results of studies.

Increases in the frequency of a number of non-specific detrimental health cffects other than
cancer among cxposed populations, particularly among liquidators, have been reported, It is difficult
to interpret these findings because cxposed populations undergo a much more intensive and active
health follow-up than the general population, If real, these increascs may be attributablc to stress and
anxicty resulting from the accident; they are discussed in background paper 4.

Only ten years have passed since the accidenl. Based on epidemiological studies ol other
populations, the increases in lrequency of cancers other than leukemia are usually not visible until ai
least ten years aller exposure. Tt is noted that the exposures received by populations exposed as a
resull of Chernobyl are dillerent (in type and pattern) from those of afomic bomb survivors.
Predictions derived [rom these populations are therefore uncertain and il is essential to conlinue
monitoring the health of the exposed populations through population based disease registries.

Studics of sclected populations arc also necded in order to study obscrved or predicted cffects:
carcful studics may in particular provide important information on the cffcct of cxposurc rate and
cxposurc type in the low to medium dosc range and on factors which may modify radiation ctfects.
As such, they may have important consequences for the radiation protection of paticnts and the
general population i case of further accidental exposures.
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Table I Estimatcs of collective cftective doses for population groups of interest,

Population Number Colleetive cffective
dose (Sv)
Fvacuees 135,000 1,300
Liquidators (1986 1987) 200,000 20,000
Persons living in conlaminated areas®
Deposition density of 137Cs 15 Cikm 2 270.000 10,000 20.000
Deposition density ol 137Cs =1 1o 15 Ci km-2 3 700 000 20,000-60,000

Tfhese doscs are for the 1986 1995 time period; over the longer term (1996 2056), the
collective dose will increase by approximatcly 50%.

Table IT Distribution of liquidators and their doses in the three most aflected stales of the former

USSR

Number of Dase (mliy)
hiquidators
% known Mean Median 75% 95%
percentile percentile
Belurus
1986-89 63 000 13.8 430 235 673 119
1986-87, 30km »onc 31 000 284 39 20 67 1M
Ukraine
1986-87 102 000 N.AZ N.A. N.A. N.A. N.A.
 sample studied | 15700 | 519 | Tread |43 | N4 | NA
Russia
1986-89 148 000 632 106.6 b 130.3 240
C T Thess | eeoo0 | sos | vesT | o4 | 220 | 250 |
1987 53000 705 oLe 02 100 208
1988 20 500 82.5 34.0 26 45 94
1989 6 000 73.0 36 205 48 52

IN.A : not available
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Table VII Standardiscd incidence ratio for all cancers (ICD 9 codes 140-208) among malc
liquidators having worked in 30 km zone around the Chermobyl reactor in the period 1986-87 and
among residents in oblasts with contaminated territorics® compared to the gencral national

population. Incidence for the period 1993-4.

All cancers 0 F SIR 95% Ci
‘ Male liquidators

Belarus 102 135.6 75 61-91

Russia 449 404.7 111 101-121

Ukraine 399 329 121 109-133

Population in contaminated territories

Belarus 9 682 9 387 103 101-105
Russia 17 260 16 800 103 101-104
Ukraine 22 063 22 245 99 98-101

? = 185 kDgym?




