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INTRODUCTION

1. The accident of 26 April 1986 at the Chernobyl
nuclear power plant, located in Ukraine about 20 km south
of the border with Belarus, was the most severe ever to
have occurred in the nuclear industry. The Committee
considered the initial radiological consequences of that
accident in the UNSCEAR 1988 Report [U4]. The short-
term effects and treatment of radiation injuries of workers
and firefighters who were present at the site at the time of
the accident were reviewed in the Appendix to Annex G,
“Early effects in man of high doses of radiation”, and the
averageindividual and collective dosesto the popul ation of
the northern hemisphere were evaluated in Annex D,
“Exposures from the Chernobyl accident”, of the 1988
Report [U4]. The objective of thisAnnex is(a) toreviewin
greater detail the exposures of those most closely involved
in the accident and the residents of the local areas most
affected by the residual contamination and (b) to consider
the health consequences that are or could be associated
with these radiation exposures.

2. Theimpact of the accident on the workers and local
residents hasindeed been both serious and enormous. The
accident caused the deaths within a few days or weeks of
30 power plant employees and firemen (including 28
deathsthat were dueto radiation exposure), brought about
the evacuation of about 116,000 people from areas sur-
rounding thereactor during 1986, and therelocation, after
1986, of about 220,000 peopl e from what were at that time
three constituent republicsof the Soviet Union: Belorussia,
the Russian Soviet Federated Socialist Republic (RSFSR)
and the Ukraine[K 23, R11, V2, V3] (these republics will
hereinafter be called by their present-day country names:
Belarus, the Russian Federation and Ukraine). Vast
territories of those three republics were contaminated, and
trace deposition of released radionuclides was measurable
in all countries of the northern hemisphere. Stratospheric
interhemispheric transfer may aso have led to some
environmental contamination in the southern hemisphere
[D11]. In addition, about 240,000 workers (“liquidators”)
were called upon in 1986 and 1987 to take part in major
mitigation activities at the reactor and within the 30-km
zonesurrounding thereactor; residual mitigation activities
continued until 1990. All together, about 600,000 persons
received the special status of “liquidator”.

3. Theradiation exposuresresulting from the Chernobyl
accident were due initially to **I and short-lived radio-
nuclides and subsequently to radiocaesiums (***Cs and
B¥7Cs) from both external exposure and the consumption of
foods contaminated with these radionuclides. It was
estimated in the UNSCEAR 1988 Report [U4] that, outside
theregionsof Belarus, the Russian Federation and Ukraine
that were most affected by the accident, thyroid doses
averaged over largeportionsof European countrieswere at
most 25 mGy for one-year old infants. It was recognized,
however, that thedosedistribution wasvery heterogeneous,

especially in countries close to the reactor site. For
example, in Poland, although the countrywide popul ation-
weighted average thyroid dose was estimated to be
approximately 8 mGy, the mean thyroid doses for the
populations of particular districts were in the range from
0.2 to 64 mGy, and individual values for about 5% of the
children were about 200 mGy [K32, K33]. It was also
estimated in the UNSCEAR 1988 Report [U4] that
effective doses averaged over large portions of European
countries were 1 mSv or less in the first year after the
accident and approximately two to five timesthefirst-year
dose over alifetime.

4. The doses to population groups in Belarus, the
Russian Federation and Ukraineliving nearest the acci dent
siteand to theworkersinvolved in mitigating the accident
are, however, of particular interest, because these people
have had the highest exposures and have been monitored
for health effects that might be related to the radiation
exposures. Research on possible health effects is focussed
on, but not limited to, the investigation of leukaemia
among workers involved in the accident and of thyroid
cancer among children. Other hedlth effects that are
considered are non-cancer somatic disorders (e.g. thyroid
abnormalities and immunological effects), reproductive
effects and psychological effects. Epidemiological studies
have been undertaken among the populations of Belarus,
the Russian Federation and Ukraine that were most
affected by the accident to investigate whether dose-effect
relationships can be obtained, notably with respect to the
induction of thyroid cancer resulting from internal
irradiation by **1| and other radioiodinesin young children
andtotheinduction of leukaemiaamong workersresulting
from external irradiation at low dose rates. The dose
estimates that are currently available are of a preliminary
nature and must be refined by means of difficult and time-
consuming dose reconstruction efforts. The accumulation
of health statistics will also require some years of effort.

5. Because of the questions that have arisen about the
local exposures and effects of the Chernobyl accident, the
Committeefed sthat areview of information at this stage,
almost 15 years after the accident, iswarranted. Of course,
even longer-term studies will be needed to determine the
full consequences of the accident. It is the intention to
evaluate in this Annex the data thus far collected on the
local doses and effectsin relation to and as a contribution
to the broader knowledge of radiation effects in humans.
Withinthelast fewyears, severa international conferences
were held to review the aftermath of the accident, and
extensive use can be made of the proceedings of these
conferences [E3, 115, T22, W7]; aso, use was made of
books, e.g. [I5, K19, M14, M15], and of special issues of
scientific journals, e.qg. [K42], devoted to the Chernobyl
accident.
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6. Thepopulationsconsidered in thisAnnex are(a) the
workers involved in the mitigation of the accident, either
during the accident itself (including firemen and power
plant personnel who received doses leading to deter-
minigtic effects) or after the accident (recovery operation
workers); (b) members of the general public who were
evacuated to avert excessive radiation exposures; and (c)
inhabitantsof contaminated areaswhowere not evacuated.

The contaminated areas, which are defined in this Annex
as being those where the average **'Cs ground deposition
density exceeded 37 kBgm~2 (1 Ci km™), arefound mainly
in Bdarus, in the Russian Federation and in Ukraine.
Information on the contamination levels and radiation
doses in other countries will be presented only if it is
related to epidemiological studies conducted in those
countries.

l. PHYSICAL CONSEQUENCES OF THE ACCIDENT

7.  Theaccident at the Chernobyl nuclear power station
occurred during a low-power engineering test of the Unit
4 reactor. Safety systems had been switched off, and
improper, unstable operation of the reactor allowed an
uncontrollablepower surgetooccur, resultingin successive
steam explosions that severely damaged the reactor
building and compl etely destroyed thereactor. An account
of the accident and of the quantities of radionuclides
rel eased, totheextent that they could be known at thetime,
were presented by Soviet experts at the Post-Accident
Review Meeting at Vienna in August 1986 [I2]. The
information that has become available since 1986 will be
summarized in this Chapter.

8.  Theradionuclide releases from the damaged reactor
occurred mainly over a 10-day period, but with varying
release rates. An initial high release rate on the first day
was caused by mechanical discharge as a result of the
explosionsin thereactor. Therefollowed afive-day period
of declining rel eases associated with the hot air and fumes
from the burning graphite core material. In the next few
days, the release rate of radionuclidesincreased until day
10, when the releases dropped abruptly, thus ending the
period of intenserelease. Theradionuclidesreleased in the
accident deposited with greatest density in the regions
surrounding the reactor in the European part of the former
Soviet Union.

A. THE ACCIDENT

9. The Chernobyl reactor is of the type RBMK, which
is an abbreviation of Russian terms meaning reactor of
high output, multichanne type. It is a pressurized water
reactor using light water as a coolant and graphite as a
moderator. Detailed information about what is currently
known about the accident and the accident sequence has
been reported, notably in 1992 by theInternational Atomic
Energy Agency (IAEA) [17], in 1994 in a report of the
Massachusetts I nstitute of Technology [S1], in 1995 by the
Ukrainian Academy of Sciences[P4], andin 1991- 1996 by
the Kurchatov Ingtitute [B24, C5, K20, K21, S22, V4]. A
simplified description of the eventsleading to the accident
and of the measures taken to control its consequences is
provided in the following paragraphs. Asisthe casein an

accident with unexpected and unknown events and
outcomes, many questions remain to be satisfactorily
resolved.

10. The events leading to the accident at the Chernobyl
Unit 4 reactor at about 1.24 a.m. on 26 April 1986 resulted
from effortsto conduct atest on an electric control system,
which allows power to be provided in the event of a station
blackout [12]. Actions taken during this exercise resulted
in asignificant variation in the temperature and flow rate
of the inlet water to the reactor core (beginning at about
1.03 am.). The unstable state of the reactor before the
accident isdueboth tobasi c engineering deficiencies(large
positive coefficient of reactivity under certain conditions)
and to faulty actions of the operators (e.g., switching off
the emergency safety systems of the reactor) [G26]. The
relatively fast temperature changes resulting from the
operators actionsweakened thelower transition jointsthat
link the zirconium fuel channels in the core to the steel
pipesthat carry theinlet cooling water [P4]. Other actions
resulted in arapid increasein the power level of thereactor
[17], which caused fudl fragmentation and the rapid
transfer of heat from these fuel fragments to the coolant
(between 1.23:43 and 1.23:49 am.). This generated a
shock wavein the cooling water, which led to thefailure of
most of thelower transition joints. Asaresult of thefailure
of these transition joints, the pressurized cooling water in
the primary system was released, and it immediately
flashed into steam.

11. The steam explosion occurred at 1.23:49. It is
surmised that the reactor core might have been lifted up by
the explosion [P4], during which time all water left the
reactor core. Thisresulted in an extremely rapid increase
in reactivity, which led to vaporization of part of the fuel
at the centre of some fud assemblies and which was
terminated by a large explosion attributable to rapid
expansion of thefuel vapour disassembling the core. This
explosion, which occurred at about 1.24 a.m., blew thecore
apart and destroyed most of the building. Fuel, core
components, and structural items were blown from the
reactor hall onto the roof of adjacent buildings and the
ground around the reactor building. A major release of
radioactive material sinto the environment alsooccurred as
aresult of this explosion.
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12. The core debris dispersed by the exploson darted
multiple (more than 30) fires on the roofs of the reactor
building and the machine hall, which were covered with
highly flammable tar. Some of those fires spread to the
machine hall and, through cable tubes, to the vicinity of the
Unit 3 reactor. A first group of 14 firemen arrived on the
scene of the accident at 1.28 am. Reinforcements were
brought in until about 4 am., when 250 firemen were
availableand 69 firemen participated in fire control activities.
These activities were carried out a up to 70 m above the
ground under harsh conditions of high radiation levels and
dense smoke. By 2.10 am., thelargest fires on the roof of the
machine hall had been put out, while by 2.30 am. thelargest
fires on the roof of the reactor hall were under control. By
about 4.50 am., mogt of the fires had been extinguished.
These actions caused the degths of five firefighters.

13. It is undear whether fires were originating from the
reactor cavity during the fird 20 h after the explosion.
However, there was condderable steam and water because of
the actions of both the firefighters and the reactor plant
personnel. Approximately 20 h after the explosion, at 9.41
p.m., alargefire sarted asthe material in the reactor became
hot enough to ignite combugtible gases rdeased from the
disrupted core, eg. hydrogen from zirconium-water reactions
and carbon monoxide from the reaction of hot graphite with
seam. The fire made noise when it sarted (Some witnesses
called it an explosion) and burned with a large flame that
initially reached at least 50 m above the top of the destroyed
reactor hal [P4].

14. The firs measures taken to contral the fire and the
radionucliderd eases cond sted of dumping neutron-absorbing
compounds and fire-control materials into the crater formed
by thedestruction of thereactor. Thetotal amount of materials
dumped on the reactor was approximately 5,000 t, including
about 40 t of boron compounds, 2,400 t of lead, 1,800 t of
sand and clay, and 600 t of dolomite, as well as sodium
phosphate and polymer liquids [B4]. About 150t of materials
were dumped on 27 April, followed by 300 t on 28 April,
750t on 29 April, 1,500t on 30 April, 1,900t on 1 May, and
400 t on 2 May. About 1,800 helicopter flights were carried
out todump materialsontothereactor. During thefirgt flights,
the heicopters remained stationary over the reactor while
dumping thematerials. However, asthe doseratesreceived by
the helicopter pilots during this procedure were judged to be
too high, it was decided that the materials should be dumped
while the helicopters travelled over the reactor. This
procedure, which had a poor accuracy, caused additional
destruction of the standing structures and spread the
contamination. In fact, much of the material delivered by the
helicopters was dumped on the roof of the reactor hall, where
a glowing fire was observed, because the reactor core was
partially obstructed by the upper biological shidd, broken
piping, and other debris, and rising smoke madeit difficult to
see and identify the corelocation (see Figure ). The materid
dumping campaign was stopped on day 7 (2 May) through
day 10 (5 May) dfter the accident because of fears that the
building support structures could be compromised. If that
happened, it would allow the core to be less restrained from

possible mdtdown, and steam explosions would occur if the
core were to interact with the pressure suppresson pool
beneath the reactor. The increasing release rates on days 7
through 10 were associ ated with the rising temperature of the
fud in the core. Coaling of the reactor structure with liquid
nitrogen using pipdinesoriginating from Unit 3 wasinitiated
only at late sages after the accident. The abrupt ending of the
releases was said to occur upon extinguishing the fire and
through transformation of the fisson products into more
chemically stable compounds [12].

Materials dropped
from helicopter

Core region *
(empty)

_H LBS [avit] D [ 1 A ‘
‘ ] .
N e Y S o ./; ’ v
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Figure I. Cross-section view of damaged Unit 4

Chernobyl reactor building.

15. The further sequence of events is gill somewhat
speculative, but the following description conforms with the
observations of residual damageto the reactor [S1, S18]. Itis
suggested that the meted core materials (also caled fud-
containing masses, corium, or lava) sdttled to the bottom of
the core shaft, with thefud forming ametallic layer below the
graphite. The graphite layer had a filtering effect on the
release of volatile compounds. This is evidenced by a con-
centration of caesium in the corium of 35% [S1], somewhat
higher than would otherwise have been expected in the highly
oxidizing conditionsthat prevailed in the presence of burning
graphite. The very high temperaturesin the core shaft would
have suppressed plate-out of radionudlides and maintained
high rdease rates of pendrating gases and agrosols. After
about 6.5 days, the upper graphite layer would have burned
off. This is evidenced by the absence of carbon or carbon-
containing compounds in the corium. At this stage, without
the filtering effect of an upper graphite layer, the release of
volatile fisson products from the fue may have increased,
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athough non-volatile fisson products and actinides would
have been inhibited because of reduced particulate emission.

16. On day 8 after the accident, it would appear that the
corium melted through the lower biological shield (LBS)
and flowed onto the floor of the sub-reactor region (see
Figure 1). This rapid redigtribution of the corium and
increase in surface area as it spread horizontally would
have enhanced the radionuclide releases. The corium
produced steam on contact with thewater remainingin the
pressure suppression pool, causing an increasein aerosols.
This may account for the peak releases of radionuclides
seen at the last stage of the active period.

17. Approximately nine days after the accident, the
corium began to lose its ability to interact with the
surrounding materials. It solidified relatively rapidly,
causing little damage to metallic piping in the lower
regions of the reactor building. The chemistry of the
corium was altered by the large mass of the lower
biological shield taken up into the molten corium (about
400 of the 1,200-t shield of stainless stedl construction and
serpentinefiller material). Thedecay heat wassignificantly
lowered, and the radionuclide rel eases dropped by two to
three orders of magnitude. Visual evidence of the
disposition of the corium supportsthis sequence of events.

18. Onthe basis of an extensive series of measurements
in 1987-1990 of heat flux and radiation intensities and
from an analysis of photographs, an approximate mass
balance of the reactor fuel distribution was established
(datareported by Borovoi and Sich [B16, S1]). Theamount
of fuel in the lower regions of the reactor building was
estimated to be 135 + 27 t, which is 71% of the core load
at thetime of the accident (190.3 t). Theremainder of the
fuel was accounted for as follows: fudl in the upper levels
of thereactor building (38 £ 5t); fuel released beyond the
reactor building (6.7 = 1 t); and unaccounted for fuel
(10.7 t), possibly largely on the roof of the reactor hall
under the pile of materials dumped by the helicopters.

19. Different estimates of the reactor fue digtribution have
been proposed by others. Purvis[P4] indicated that theamount
of fud inthelava, plusfragmentsof thereactor core under the
levd of the bottom of the reactor, isbetween 27 and 100t and
that the total amount of the fud in the reactor hall area is
between 77 and 140t. Kissdev et d. [K12, K15] reported that
only 24 + 4 t were identified by visua means in the lower
region of thereactor. It may be that most of the fud ison the
roof of thereactor hall andiscovered by the material that was
dropped on it from helicopters. Only theremoval of thislayer
of materia will alow making a better determination of the
reactor fue digtribution.

B. RELEASE OF RADIONUCLIDES
20. Two basic methodswere used to estimate the release

of radionuclidesin the accident. The first method consists
in evaluating separately the inventory of radionuclides in

thereactor core at the time of the accident and the fraction
of theinventory of each radionuclidethat wasreleased into
the atmosphere; the productsof thosetwo quantitiesarethe
amounts released. The second method consists in
measuring the radionuclide deposition density on the
ground all around the reactor; if it is assumed that all of
the released amounts deposited within the area where the
measurementswere made, theamountsdeposited areequal
to the amounts released. In both methods, air samples
taken over the reactor or at various distances from the
reactor wereanalysed for radionuclidecontent todetermine
or to confirm theradionuclidedistribution in the materials
released. Theanalysisof air ssmplesand of fallout alsoled
to information on the physical and chemical properties of
the radioactive materials that were released into the
atmosphere. It is worth noting, however, that the doses
were estimated on the basis of environmental and human
measurements and that the knowledge of the quantities
rel eased was not needed for that purpose.

1. Estimation of radionuclide amounts
released

21. Fromtheradiological point of view, **!| and ®¥'Csare
the most important radionuclidesto consider, becausethey
areresponsiblefor most of theradiation exposurereceived
by the general population.

22. Severa estimateshavebeen madeof theradionuclide
core inventory at the time of the accident. Some of these
estimates are based on the burn-up of individua fuel
assemblies that has been made available [B1, S1]. The
average burn-up of 10.9 GW dt™*[B1], publishedin 1989,
issimilar tothe originally reported value of 10.3 GW d t™*
[12], but with non-linear accumulation of actinides, more
detailed val ues of burn-up allow more preci se estimation of
the core inventories. In the case of ***Te and of the short-
lived radioiodines, Khrouch et al. [K16] took into account
the variations in the power level of the reactor during the
24 hours before the accident, as described in [S20]. An
extended ligt of radionuclides present in the core at the
time of the accident is presented in Table 1. The values
used by the Committee in this Annex are those presented
in the last column on the right. For comparison purposes,
theinitial estimates of the core inventory as presented in
1986 [12], which were used by the Committee in the
UNSCEAR 1988 Report [U4], are also presented in
Table 1; these 1986 estimates, however, have been decay-
corrected to 6 May 1986, that is, 10 days after the
beginning of the accident. The large differences observed
between initial and recent estimates for short-lived
radionuclides (radioactive half-lives of lessthan 10 days)
are mainly dueto radi oactive decay between the actual day
of release and 6 May, while minor differences may have
been caused by the use of different computer codes to
calculate the build-up of activity in the reactor core. For
BCs, the 1986 and current estimates of core inventory at
thetime of the accident are 290 and 260 PBq, respectively.
For *, the corresponding valuesare 1,300 and 3,200 PBq,
respectively.
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23. Therearesevera estimatesof radionuclidesreleased
in the accident based on recent evaluations. Three such
listings, including two taken from the IAEA international
conference that took place at Vienna in 1996 [D§], are
givenin Table 2 and compared to the original estimates of
1986 [12]. Theestimates of Buzulukov and Dobrynin [B4],
as wdl as those of Kruger et al. [K37], are based on
analyses of core inventories [B1, B3]. There is general
agreement on the releases of most radionuclides, and in
particular those of *¥Cs and 4, presented in the 1996
evaluations. The values used by the Committee in this
Annex arethose presented in the last column on theright.
Therelease of 'Csis estimated to be 85 PBq, about 30%
of the core inventory and that of **| is estimated to be
1,760 PBq, about 50% of the core inventory.

24. Inthe UNSCEAR 1988 Report [U4], estimates were
made of the release of *’Cs and **I in the accident. From
average deposition densities of **Cs and the areas of land
and ocean regions, the total *’Cs deposit in the northern
hemisphere was estimated to be 70 PBg, which isin fairly
good agreement with the current estimate.

25. Thereease of ' was estimated in the UNSCEAR
1988 Report to be 330 PBg on the basis of the reported !
inventory of 1,300 PBq [12] and of a release fraction of
25% [U4]. This, however, was the inventory of **!| at the
end of therelease period (6 May 1986). It would have been
higher at the beginning of the accident. The **!I inventory
isnow estimated to be 3,200 PBq, asshown in Table 1, and
because the fractional release of %Y islikely to have been
about 50%, the **!| release given in the UNSCEAR 1988
Report is lower than the current estimate by a factor of
about 5.

26. Theresults presented in Table 2 areincompletewith
respect to the releases of **Te and of the short-lived
radioiodines (*3 to *1). In this Annex, the releases of
those radionuclides have been scaled to the releases of *1,
using theradionuclideinventoriespresentedin Tablel and
taking into account the radioactive half-lives of the
radionuclides. The following procedure was used: (@) the
release rates at the time of the steam explosion were
estimated from the radionuclide inventories presented in
Table 1, assuming no fractionation for the short-lived
radioiodines (*1, 4 and *I) with respect to 41, a value
of 0.85 for theratio of the release rates of **Te and of **!,
and radioactive equilibrium between *2| and ***Te in the
materials released. The activity ratiosto Y in theinitial
release rates are therefore estimated to have been 1.5 for
31, 0.64 for ¥4, 0.9 for I, and 0.85 for **Te and **; (b)
the variation with time of the release rate of **I over the
first 10 days following the steam explosion was assessed
using published data[A4, 16]. Theestimated daily rel eases
of ! are presented in Table 3; and (c) the variation with
time of thereleaserates of the short-lived radioiodinesand
of **2Te has been assumed to bethe same asthat of **!1, but
a correction was made to take into account the differences
in radioactive half-lives. The variation with time of the
daily releases of !, | and **Te, which are adopted in

this Annex, are illustrated in Figure I1; for comparison
purposes, the estimated daily releases of *¥Cs are also
shown in Figurell.
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Figurell. Daily releaseof iodine-131, iodine-133, tellurium-
132 and caesium-137 from the Chernobyl reactor.

27. The overall releases of short-lived radioiodines and
of ©*?Te are presented in Table 4; they are found to be
substantially lower than those of 4. Thisis dueto the fact
that most of the short-lived radioiodines decayed in the
reactor instead of being released.

28. Additional, qualitativeinformation on the pattern of
release of radionuclides from the reactor is given in
Figurelll. The concentrations of radionuclidesin air were
determinedin air samplescollected by helicopter abovethe
damaged reactor [B4]. Although the releases were
considerably reduced on 5 and 6 May (days 9 and 10 after
theaccident), continuing low-level releasesoccurredinthe
following week and for up to 40 days after the accident.
Particularly on 15 and 16 May, higher concentrationswere
observed, attributableto continuing outbreaksof firesor to
hot areas of the reactor [16]. These later releases can be
correlated with increased concentrations of radionuclides
in air measured at Kiev and Vilnius[16, 135, U16].

2. Physical and chemical properties of the
radioactive materials released

29. There were only a few measurements of the aero-
dynamic size of the radioactive particles released during the
first days of the accident. A crude anaysis of air samples,
taken at 400- 600 m above the ground in the vicinity of the
Chernoby! power plant on 27 April 1986, indicated that large
radioactive particles, varying in size from severa to tens of
micrometers, were found, together with an abundance of
smaller particles [16]. In a carefully designed experiment,
aerosol samplestaken on 14 and 16 May 1986 with a device
ingtalled on an aircraft that flew above the damaged reactor
were anadysed by spectrometry [B6, G14]. The activity
digribution of the particle sizes was found to be wel
represented as the superposition of two log-normal functions.
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Figure lll. Concentration of radionuclides in air measured above the damaged Chernobyl reactor [B6].

one with an activity median aerodynamic diameter (AMAD)
ranging from 0.3 to 1.5 um and a geometric sandard
deviation (GSD) of 1.6- 1.8, and another with an AMAD of
more than 10 um. The larger particles contained about
80%-90% of theactivity of non-valatileradionudlidessuch as
%Zr, ®Nb, °La, **'Ce, ***Ce and transuranium radionuclides
embedded in the uranium matrix of the fud [K35]. The
geometric szes of the fud partides collected in Hungary,
Finland and Bulgaria ranged from 0.5 to 10 um, with an
average of 5 um [B35, L40, V9]. Taking the densty of fud
particlestobe 9 g cm™3, their aerodynamic diameter therefore
ranged from 1.5 to 30 um, with an average value of 15 pm.
Smilar average values were obtained for fud particles
collected in May 1986 in southern Germany [R20] and for
those collected in the 30-km zone in September 1986 [G27].

30. It was observed that Chernobyl fallout consisted of hot
particlesin addition tomorehomogeneoudy distributed radio-
active materia [D6, D7, K34, 26, S27, S28]. These hot
particles can be classified into two broad categories. (a) fud
fragments with a mixture of fisson products bound to a
matrix of uranium oxide, smilar tothe composition of thefuel
in the core, but sometimes strongly depleted in caesum,
iodine and ruthenium, and (b) particles consisting of one
dominant dement (ruthenium or barium) but sometimes
having traces of other dements[D6, J3, M4, K35, K36, S27].
These monoelementa particles may have originated from
embedments of these dements produced in the fud during
reactor operation and rel eased during the fragmentation of the
fud [D7]. Typica activitiesper hot particleare 0.1- 1 kBq for
fud fragments and 0.5- 10 kBq for ruthenium particles [D6];
atypica effective diameter is about 10 um, to be compared
with szes of 0.4-0.7 um for the particles associated with the
activities of **1| and *"Cs[D6, D7]. Hot particlesdeposited in
the pulmonary region will have along retention time, leading
to condderable local doses [B33, L23]. In the immediate
vicinity of a1 kBq ruthenium particle, the dose rate is about
1,000 Gy h™*, which causes cdl killing; however, sublethal
dosesarereceived by cdlswithin afew millimetres of the hot
partide. Although it was demongrated in the 1970s that
radiation dosesfrom alpha-emitting hot particlesarenct more

radiotoxic than the same activity uniformly distributed in the
wholelung [B28, L33, L34, L35, R15], it isnot clear whether
the same conclusion can be reached for beta-emitting hot
particles [B33, S27].

C. GROUND CONTAMINATION
1. Areas of the former Soviet Union

31. Radioactive contamination of the ground was found to
some extent in practically every country of the northern
hemisphere [U4]. In this Annex, contaminated arees are
defined as areas where the average **'Cs deposition densities
exceeded 37 kBg m™ (1 Ci km?). Caesium-137 was chosen
as a reference radionudide for the ground contamination
resulting from the Chernobyl accident for several reasons its
subgtantial contribution to the lifetime effective dose, itslong
radioactive haf-life, and its ease of measurement. As shown
in Table 5, the contaminated areas were found mainly in
Bdarus, in the Russian Federation and in Ukraine [124].

32. Theradionuclides released in the accident deposited
over most of the European territory of the former Soviet
Union. A map of thisterritory is presented in Figure V.
The main city gives its name to each region. The regions
(oblasts) are subdivided into digtricts (raions).

33. The characterigtics of the basic plume devel opments
wereillugtrated in the UNSCEAR 1988 Report [U4]. Further
details have been presented by Borzilov and Klepikova [B7]
and areillustrated in Figure V. Theimportant rel eases |asted
10 days, during that time, the wind changed direction often,
s0 that al areas surrounding the reactor Site received some
fallout at onetime or ancther.

34. The initid plumes of materids rdeased from the
Chernobyl reactor moved towards thewest. On 27 April, the
winds shifted towards the northwest, then on 28 April to-
wardstheeast. Two extensiveareas, Gomed-Mogilev-Bryansk
and Ord-Tula-Kauga, became contaminated as a result of
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deposition of radioactivemateria sfrom theplumethat passed
over at that time (Figure V, trace 3). The contamination of
Ukrainian territory south of Chernobyl occurred after 28 April
(Figure V, traces 4, 5 and 6). Rainfdl occurred in an

inhomogeneouspattern, causing uneven contamination aress.
The generd pattern of **'Cs deposition based on calculations
from meteorological conditions has been shown to match the
measured contamination pattern rather well [B7].
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35. The dealed contamination patterns have been
esablished from extensve monitoring of the affected
territory. The contamination of soil with *"Cs in the most
affected areas of Belarus, the Russian Federation and Ukraine
isshown in Figure VI, and the **'Cs contamination of sail in
the immediate area surrounding the reactor is shown in
Figure VII. The deposition of ®°Sr and of nudear fud
particles, usually represented asthedeposition of their marker,
%Zr or “Ce, were rdativey localized. The contamination
maps for these radionuclides are illugtrated in Figures VIII
and 1X. An important deposition map to be established isthat
of Y, Edimated **Y deposition in Bearus and the western
part of the Russan Federation is shown in Figure X. Because
there were not enough messurements at the time of
depodtion, the *Y depodtion pattern can be only
approximated from limited data and relationships inferred
from ¥Cs depostion. Because the | to *'Cs ratio was
obsarved to vary from 5 to 60, the Y deposition dendties
estimated for areas without **!I measurements are not very
reliable. Measurements of the current concentrationsof 1 in
s0il could provide valuable information on the **!1 deposition

pattern [$45].

36. The principa physico-chemical form of the deposited
radionuclides are: (8) dispersed fud particdes, (b) condensa
tion-generated particles, and (c) mixed-type partides, in-
cluding theadsorption-generated ones[122]. Theradionudlide

digtribution in the nearby contaminated zone (<100 km), aso
caled the near zone, differs from that in the far zone (from
100 km to approximately 2,000 km). Deposition in the near
zonereflected the radionuclide composition of thefud . Larger
particles, which were primarily fud particles, and the
refractory dements (Zr, Mo, Ce and Np) were to a large
extent deposited in the near zone. Intermediate dements (Ru,
Ba, Sr) and fue dements (Pu, U) were a so deposited largely
in the near zone. The valatile dements (I, Teand Cs) in the
form of condensation-generated particles, were more widely
dispersed into the far zone [I6]. Of course this
characterization overamplifies the actua dispersion pattern.

37. Aress of high contamination from *Cs occurred
throughout thefar zone, depending primarily onrainfdl at the
timethe plume passed over. The composition of the deposited
radionuclides in these highly contaminated areas was
rdatively smilar. Some ratios of radionuclides in different
digricts of the near and far zonesare given in Table 6.

38. The three main areas of contamination have been
designated the Central, Gomel-Mogilev-Bryansk and
Kaluga-Tula-Orel areas. The Central area isin the near
zone, predominantly to the west and northwest of the
reactor. Caesum-137 was deposited during the active
period of release, and the deposition density of *’Cs was
greater than 37 kBqm2 (1 Ci km™? inlarge areasof the
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Figure VIII. Surface ground deposition of strontium-90
released in the Chernobyl accident [I1].

Kiev, Zhitomir, Chernigov, Rovno and Lutsk regions of
Ukraine and in the southern parts of the Gomel and Brest
regionsof Belarus. The*Csdeposition was highest within
the 30-km-radius area surrounding the reactor, known as
the 30-km zone. Deposition densities exceeded 1,500
kBg m (40 Ci km™) in this zone and also in some areas
of the near zone to the west and northwest of the reactor,
in the Gomel, Kiev and Zhitomir regions (Figure V1I).

39. The Gomel-Mogilev-Bryansk contamination areais
centred 200 km to the north-northeast of the reactor at the
boundary of the Gomel and Mogilev regionsof Belarusand
of the Bryansk region of the Russian Federation. In some
areas contamination was comparable tothat in the Central
area; deposition densitieseven reached 5MBg m™2in some
villages of the Mogilev and Bryansk regions.

40. TheKauga-Tula-Ore areaislocated 500 km to the
northeast of the reactor. Contamination there came from
the same radioactive cloud that caused contamination in
the Gomel-Mogilev-Bryansk areaasaresult of rainfall on
28-29 April. The *¥"Cs deposition density was, however,
lower in this area, generally less than 500 kBg m™2

41. Outsdethesethree main contaminated aresstherewere
many areaswherethe *'Csdeposition density wasintherange
37-200 kBg m™2 Rather detailed surveys of the contamina-
tion of the entire European part of the former Soviet Union
have been completed [I3, 16, 124]. A map of measured ¥'Cs
deposition is presented in Figure VI. The aress affected by
3'Cs contamination are listed in Table 7. As can be seen,
146,100 km? experienced a *'Cs deposition density greater
than 37 kBq m2 (1 Ci km™). The total quantity of *'Cs
deposited asaresult of the accident in the contaminated areas
of the former Soviet Union, including in areas of lesser
depodition, is esimated in Table 8 to be 43 PBg. A ¥ Cs
background of 2-4 kBgm-2attributabletoresidual levelsfrom
atmospheric nuclear weapons testing from earlier years must
be subtracted to obtain the total deposit attributable to the
Chernobyl accident. When thisisdone, thetotal *'Cs deposit
from the accident is found to be approximatdy 40 PBq
(Table 8). The total may be apportioned as follows: 40% in
Bearus, 35% in the Russian Federation, 24% in Ukraine, and
less than 1% in other republics of the former Soviet Union.
The amount of **’Cs deposited in the contaminated areas (>37
kBqgm) of theformer Soviet Unionisestimated tobe 29 PBq,
and the residua activity there from atmospheric nuclear
weapons testing is about 0.5 PBQ.
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European map of caesium-137 deposition

Figure XI. Surface ground deposition of caesium-137 released in Europe after the Chernobyl accident [D13].

20° 25° 30° 35° 40° 45° 50°

European map of caesium-137 deposition

OQcean

Total caesium-137 (nuclear weapons test, Chernobyl, ) deposition

KBy’ Gk
1aso [ 4
15 [ s
ot 108
Jry == )
oost
55°

35°
Ss S N
30° PR
v
-
5° 0° 5° 10° 15° 20° 40° 45°

©ECIGCE

1998



ANNEX J: EXPOSURES AND EFFECTS OF THE CHERNOBYL ACCIDENT 465

42. During the first weeks after the accident, mogt of the
activity deposited on the ground conssted of short-lived
radionudlides, of which **!| was the most important radio-
logically. Maps of **!| deposition have been prepared for
Bdarus and part of the Russan Federation (Figure X). As
indicated in paragraph 35, these maps are based on the
limited number of measurements of **!| deposition density
available in the former Soviet Union, and they use *'Cs
measurements as a guide in aress where Y was not
measured. These maps must be regarded with caution, asthe
ratio of the *! to **'Cs deposition dendtieswas found to vary
in ardatively large range, at leest in Belarus.

43. Deposition of °Sr wasmostly limited tothenear zone
of the accident. Areaswith ®Sr deposition density exceed-
ing 100 kBg m™2 were almost entirely within the 30-km
zone, and areas exceeding 37 kBg m2 were almost all
within the near zone (<100 km). Only a few separate sites
with *Sr deposition density in therange 37- 100 kBg m™
werefound in the Gomel-Mogilev-Bryansk area, i.e. inthe
far zone (Figure VIII) [A9, B25, H13].

44, Information on the deposition of plutonium isotopesis
not as extensve because of difficulties in detecting these
radionucdlides. The only areawith plutonium level sexceeding
4 kBqg m2 waslocated within the 30-km zone (Figure IX). In
the Gomel-Mogilev-Bryansk area, the #*?°Pu deposition
density ranged from 0.07 to 0.7 kBg m™2, and in the Kaluga
Tula-Ord area, from 0.07 to 0.3 kBq m2 [A9]. At Korosten,
located in Ukraine about 115 km southwest of the Chernobyl
power plant, wherethe™'Cs deposition density was about 300
kBq m2, the 2*2%Py deposition density due to the Chernobyl
accident derived from datain [H8] is found to be only about
0.06 kBg m2, which is 4-8 times lower than the Z*2°py
deposition density from global fallout.

2. Remainder of northern and southern
hemisphere

45. Asshown in Table 5, there are aso other areas, in
Europe, where the *'Cs deposition density exceeded 37
kBg m2, notably, the three Scandinavian countries (Fin-
land, Norway and Sweden), Austriaand Bulgaria. In those
countries, the **'Cs deposition density did not exceed 185
kBg m2 except in localized areas (for example, a2-4 km?
area in Sweden within the commune of Gévle [E6] and
mountai nous areas in the Austrian Province of Salzburg
[L24]). The pattern of ***Csdeposition density in thewhole
of Europeisshown in Figure X1 [D13, 124].

46. Small amounts of radiocaesium and of radioiodine
penetrated the lower dtratosphere of the northern
hemisphereduring thefirst few days after the accident [ J6,
K43]. Subsequently, transfer of radiocaesium to the lower
atmospheric layers of the southern hemisphere may have
occurred as a result of interhemispheric air movements
fromthenorthern tothe southern stratosphere, foll owed by
subsidencein thetroposphere[D11]. However, radioactive
contamination washot detected inthesouthern hemisphere

by the surveillance networks of environmental radiation.
Interhemispheric transfer also occurred to a small extent
through human activities, such as shipping of foods or
material sto the southern hemisphere. Therefore, only very
low levels of radioactive materials originating from the
Chernobyl accident have been present in the biosphere of
the southern hemisphere, and the resulting doses have been
negligible.

D. ENVIRONMENTAL BEHAVIOUR OF
DEPOSITED RADIONUCLIDES

47. The environmental behaviour of deposited radio-
nuclides depends on the physical and chemical character-
istics of the radionuclide considered, on the type of fallout
(i.,e. dry or wet), and on the characteristics of the
environment. Special attention will bedevoted to **!l, *¥Cs
and ®¥Sr and their pathways of exposure to humans.
Deposition can occur on the ground or on water surfaces.
The terrestrial environment will be considered first.

1. Terrestrial environment

48. For short-lived radionuclides such as **, the main
pathway of exposure of humans is the transfer of the
amounts deposited on |eafy vegetables that are consumed
within a few days, or on pasture grass that is grazed by
cows or goats, giving rise to the contamination of milk.
The amounts deposited on vegetation are retained with a
half-time of about two weeks before removal to the ground
surface and to the soil. Long-term transfer of ! from
deposition on soil to dietary products that are consumed
several weeks after the deposition has occurred need not be
considered, because Y has a physical half-life of only
8 days.

49. Radionuclides deposited on soil migrate downwards
and arepartially absorbed by plant roots, leadingin turnto
upward migration into the vegetation. These processes
should be considered for long-lived radionuclides, such as
B’Cs and ¥Sr. The rate and direction of the radionuclide
migration into the soil-plant pathway are determined by a
number of natural phenomena, including relief features,
the type of plant, the structure and makeup of the soil,
hydrological conditions and weather patterns, particularly
at thetimethat deposition occurred. Thevertical migration
of ¥Cs and ®Sr in soil of different types of natural
meadows has been rather slow, and the greater fraction of
radionuclides is still contained in its upper layer
(0-10 cm). On average, in the case of minera soils, up to
90% of *¥'Csand *Sr arefound in the 0-5 cm layer; inthe
case of peaty soils, for which radionuclide migration is
faster, only 40% to 70% of **'Cs and *¥Sr are found in that
layer [122]. The effective half-time of clearance from the
root layer in meadows (0- 10 cm) in mineral soilshasbeen
estimated to range from 10 to 25 years for **’Cs and to be
1.2-3 times fagter for ®Sr than for *'Cs; therefore, the
effective clearance half-timefor Sr is estimated to be 7 to
12 years[A11, Al4].
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50. For a given initial contamination of soil, the
transfer from soil to plant varies with time as the
radionuclide is removed from the root layer and as its
availability in exchangeable form changes. The *¥'Cs
content in plants was maximum in 1986, when the
contamination was due to direct deposition on aerial
surfaces. In 1987, ¥"Csin plants was 3- 6 times |ower
than in 1986, as the contamination of the plants was
then mainly dueto root uptake. Since 1987, the transfer
coefficients from deposition to plant have continued to
decrease, although therate of decrease hasslowed: from
1987t0 1995, thetransfer coefficientsof *’Csdecreased
by 1.5to 7 times, on average[|22]. Compared with *Cs
fromglobal fallout, *"Csfrom the Chernobyl accidentin
the far zone was found to be more mobile during the
first four years after the accident, as the water-soluble
fractions of Chernobyl and fallout ***Cs were about 70%
and 8%, respectively [H15]. Later on, ageing processes
led to similar mobility values for *Cs from the
Chernobyl accident and from global fallout.

51. The variability of the transfer coefficient from
deposition to pasture grassfor **’Csisindicated in Table 9
for natural meadowsin the Polissyaareaof Ukraine[S40].
The type of soil and the water content both have an
influence on the transfer coefficient, the values of which
werefoundtorangefrom 0.6 to 190 Bq kg * (dry grass) per
kBg m™2 (deposition on the ground) in 1988-1989 [4Q].
The variability as a function of time after the accident in
the Russian Federation hasbeen studied and reported on by
Shutov et a. [$41].

52. Contraryto®Cs, it seemsthat the exchangesability of
95r does not keep decreasing with time after the accident
and may even be increasing [B36, $41]. In the Russian
Federation, no statistically significant changewasfound in
the®Sr transfer coefficient from deposition tograssduring
thefirst 4to 5 years following the accident [S41]. Thisis
attributabl eto two competing processes: (a) *Sr conversion
from a poorly soluble form, which characterized the fuel
particles, to a soluble form, which is easily assimilated by
plant roots, and (b) the vertical migration of ®Sr into
deeper layers of soil, hindering its assimilation by
vegetation [$41].

53. Thecontamination of milk, meat and potatoesusually
accounts for the bulk of the dietary intake of *¥Cs.
However, for theresidentsof rural regions, mushroomsand
berries from forests occupy an important place. The
decrease with time of the *"Cs concentrations in those
foodstuffs has been extremely dow, with variations from
oneyear toanother depending on weather conditions[122].

2. Aquatic environment

54. Deposition of radioactive materials also occurred on
water surfaces. Deposition on the surfaces of seas and
oceans resulted in low levels of dose because the
radioactive materials were rapidly diluted into very large
volumes of water.

55. Inriversand small lakes, the radioactive contamina-
tion resulted mainly from erosion of the surface layers of
soil in the watershed, followed by runoff in the water
bodies. In the 30-km zone, where relatively high levels of
ground deposition of ¥Sr and *'Cs occurred, the largest
surface water contaminant was found to be ®Sr, as *'Cs
was strongly adsorbed by clay minerals[A15, M19]. Much
of the ®Sr in water wasfound in dissolved form; low levels
of plutonium isotopes and of Am were also measured in
the rivers of the 30-km zone[A15, M19].

56. The contribution of aquatic pathways to the dietary
intake of *"Cs and ¥Sr is usually quite small. However, the
5¥7Cs concentration in the muscle of predator fish, like perch
or pike, may be quite high in lakes with long water retention
times, asfound in Scandinaviaandin Russa[H16, K47, R21,
T23]. For example, concentration of *Csin thewater of lakes
Kozhany and Svyatoel ocated in severely contaminated part of
the Bryansk region of Russawasdtill high in 1996 because of
special hydrological conditions: 10-20 Bq I of *Cs and
0.6-1.5 Bq I of °Sr [K47]. Concentration of *Cs in the
muscles of crucian (Carassius auratus gibeio) sampled in the
lake Kozhany wasin the range of 5-15 kBqg kg * and in pike
(Esox lucius) in the range 20-90 kBq kg [K47, T23).
Activity of ¥"Csin inhabitants of thevillage Kozhany located
along the coast of lake Kozhany measured by whole-body
countersin summer 1996 was 7.4 + 1.2 kBq in 38 adultswho
did not consume lake fish (according to interviews performed
before the measurements) but was 49 + 8 kBq in 30 people
who often consumed lake fish. Taking into account seasonal
changes in the **’Cs whole-body activity, the average annual
internal doses were estimated to be 0.3 mSv and 1.8 mSv in
these two groups, respectively. Also, the rdative importance
of theaguatic pathways, in comparison toterrestria pathways,
may be high in areas downstream of the reactor Ste where
ground deposition was small.

E. SUMMARY

57. Theaccident at the Chernobyl nuclear power station
occurred during a low-power engineering test of the Unit
4 reactor. Improper, unstable operation of the reactor
allowed an uncontrollable power surge to occur, resulting
in successive steam explosions that severely damaged the
reactor building and completely destroyed the reactor.

58. The radionuclide releases from the damaged reactor
occurred mainly over a 10-day period, but with varying
release rates. From the radiological point of view, **1| and
B’Cs are the most important radionuclides to consider,
because they are responsible for most of the radiation
exposure received by the general population. The rel eases
of #4 and ¥'Cs are estimated to have been 1,760 and
85 PBq, respectively (1 PBq = 10" Bq). It isworth noting,
however, that the doses were estimated on the basis of
environmental and thyroid or body measurementsand that
knowledge of the quantities released was not needed for
that purpose.
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59. The three main areas of contamination, defined as
thosewith *'Csdeposition density greater than 37 kBgm™2
(1 Ci km™), are in Bearus, the Russian Federation and
Ukraine; they have been designated the Central, Gomel-
Mogilev-Bryansk and Kaluga- Tula-Orel areas. TheCentral
areaiswithin about 100 km of the reactor, predominantly
to the west and northwest. The Gomel-M ogilev-Bryansk
contamination area is centred 200 km to the north-
northeast of the reactor at the boundary of the Gomel and
Mogilev regions of Belarus and of the Bryansk region of
the Russian Federation. The Kaluga-Tula-Oréel area is
located in the Russian Federation, about 500 km to the
northeast of the reactor. All together, as shown in Table 7
andin Figure XI, territorieswith an area of approximately
150,000 km? were contaminated in the former Soviet
Union.

60. Outside the former Soviet Union, there were many
areasin northern and eastern Europe with *"Cs deposition

density in the range 37-200 kBgq m™. These regions
represent an area of 45,000 km?, or about one third of the
contaminated areas found in the former Soviet Union.

61. The environmenta behaviour of deposited
radionuclides depends on the physical and chemical
characteristics of the radionuclide considered, on the type
of fallout (i.e. dry or wet), and on the characteristics of the
environment. For short-lived radionuclides such as**!l, the
main pathway of exposure to humans is the transfer of
amounts deposited on |eafy vegetables that are consumed
by humans within a few days, or on pasture grass that is
grazed by cows or goats, giving rise to the contamination
of milk. The amounts deposited on vegetation areretained
with a half-time of about two weeks before removal to the
ground surfaceand tothesail. For long-lived radionuclides
such as*¥*Cs, the long-term transfer processes from soil to
foods consumed several weeks or more after deposition
need to be considered.

Il. RADIATION DOSES TO EXPOSED POPULATION GROUPS

62. It is convenient to classify into three categories the
populations who were exposed to radiation following the
Chernoby! accident: (a) the workersinvolved in the accident,
either during the emergency period or during the clean-up
phase; (b) inhabitants of evacuated aress, and (c) inhabitants
of contaminated areaswho were not evacuated. The available
information on the doses recaived by the three categories of
exposed populations will be presented and discussed in turn.
Dosesfrom external irradiation and from internal irradiation
will be presented separately. The externa exposures due to
gamma radiation were reatively uniform over al organsand
tissues of the body, astheir main contributors were *2Te-13,
By and “Ba'®La for evacuess, ®*Cs and *Cs for
inhabitants of contaminated areas who were not evacuated,
and radionudidesemitting photonsof moderately high energy
for workers. Theseexternal dosesfrom gammaradiation have
been expressed in terms of effective dose. With regard to
internal irradiation, absorbed doses in the thyroid have been
estimated for exposures to radioiodines and effective doses
have been estimated for exposures to radiocaesiums.

63. Dossshavein amos al casesbeen estimated by means
of physical dosmetrytechniques. Biological indicatorsof dose
has been mainly used, within days or weeksafter theaccident,
to estimate doses received by the emergency workers, who
received high doses from externd irradiation and for whom
dosemeters were either not operational nor available. Unlike
physica dosmetry, biologica dosmetric methods are
generaly not applicable to doses blow 0.1 Gy and reflect
inter-individual variationsin radiation senstivity. Soon after
the accident, biological dosmetry is usualy based on the
measurement of the frequency of ungtable chromosome
aberrations (dicentric and centric rings). By comparing the
rate of dicentric chromosomes and centric rings with a

standard dose-effect curve obtained in an experiment in vitro,
it is possible to determine a radiation dose. This method has
been recommended for practical use in documents of WHO
and |AEA. However, the use of dicentric as well as other
aberrations of the ungtable type for the purposes of biological
dosmetry is not aways possible, since the frequency of cdls
containing such aberrations declinesin time after exposure.

64. For retrogpective dosmetry long after the exposure,
biological dosimetry can be a complement to physical dosi-
metry, but only techniques where radiation damage to the
biological indicator is stable and persstent and not subject to
biochemical, physiological or immunological turnover, repair
or depletion are useful. In that respect, the analysis of stable
aberrations (trand ocations), the frequency of which remains
congant for a long time after exposure to radiation, is pro-
mising. The probability of occurrence of stable (trandoca-
tions) and ungtable (dicentrics) aberrations after exposure is
the same. However, trandocations are not subjected to
sdection during cdl proliferation, in contrast to dicentrics.
Fluorescence in situ hybridization (FISH) or Fast-FISH in
conjunction with chromosome painting may be ussful in
retrospective dosmetry for several decades after exposure.

65. Other hiological (or biophysical) techniques for
measuring doses are eectron spin resonance (ESR) or
optically stimulated luminescence (OSL ). Thesetechniques
are used in retrospective dosmetry to measure the
radiation damage accumulated in biological tissue such as
bone, teeth, fingernails and hair. Also, the gene mutation
glycophorin A that is associated with blood cells may be
used. Currently, the detection limits for FISH, ESR and
OSL areabout 0.1 Gy [P28]. At low dose levels, however,
the estimation of the dose due to the radiation accident is
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highly unreliable because of the uncertainty in the
background dose resulting from other radiation exposures
(medical irradiation, natural background, etc.) or, in the
case of FISH, from other factors such as smoking.

A. WORKERS INVOLVED IN THE
ACCIDENT

66. Theworkersinvolvedin variouswaysin the accident
can be divided into two groups. (a) those involved in
emergency measures during the first day of the accident
(26 April 1986), who will be referred to as emergency
workersin this Annex, and (b) those activein 1986- 1990
at the power station or in the zone surrounding it for the
decontamination work, sarcophaguscongtruction and other
clean-up operations. This second group of workers is
referred to as recovery operation workers in this Annex,
although the term liquidator gained common usage in the
former Soviet Union.

1. Emergency workers

67. The emergency workers are the people who dealt
with the consequences of the accident on the very first day

(26 April 1986), i.e. the saff of the plant, the firemen
involved with the initial emergency, the guards and the staff
of thelocal medicd facility. Most of them were at the reactor
site a the time of the accident or arrived at the plant during
the few firg hours. In the Russan literature, two cther
categories of people are referred to: () the “accident
witnesses’, who were present at the plant at the time of the
accident and who may or may not have been involved in
emergency operations (so that part of them are also dassified
as“emergency workers') and (b) the “accident victims’, who
were sent to the local medical facility and then transferred to
specia hospitals in Moscow and Kiev. All accident victims
were emergency workers and/or accident witnesses. The
numbers of accident witnesses and emergency workers are
listed in Table 10. According to Table 10, on the morning of
26 April, about 600 emergency workerswere on thesite of the

Chernobyl power plant.

68. The power plant personnd wore only film badges that
could not register doses in excess of 20 mSv. All of these
badgeswere overexposed. Thefiremen had nodos metersand
no dosimetric control. Doserateson theroof and in therooms
of the reactor block reached hundreds of gray per hour.
Measured exposure rates in the vicinity of the reactor at the
time of the accident are shown in Figure XII.
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Figure XIl. Measured exposure rates in air on 26 April 1986 in the local area of the Chernobyl reactor.
Units of isolines are R h™.

69. Thehighest doseswere received by the firemen and the
personnd of the power station on the night of the accident.
Some symptoms of acute radiation sickness were observed in
237 workers. Following clinical tests, an initia diagnosis of
acuteradiation scknesswas madein 145 of these persons. On
further analysis of the dlinical data, acute radiation sickness
was confirmed later (in 1992) in 134 individuas. The hedlth
effectsthat were observed among the emergency workers are
discussed in Chapters |1l and V.

70. The most important exposures were due to external
irradiation (relatively uniform whole-body gamma
irradiation and betairradiation of extensive body surfaces),
as the intake of radionuclides through inhalation was
relatively small (except in two cases) [U4]. Because all of
the dosi metersworn by theworkerswere overexposed, they
could not be used to estimatethegamma dosesreceived via
external irradiation. However, relevant information was
obtained by means of biological dosimetry for the treated
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persons. The estimated ranges of doses for the 134
emergency workers with confirmed acute radiation
sicknessaregiven in Table 11. Forty-one of these patients
received whol e-body doses from external irradiation of less
than 2.1 Gy. Ninety-three patients received higher doses
and had more severe acute radiation sickness: 50 persons
with doses between 2.2 and 4.1 Gy, 22 between 4.2 and
6.4 Gy, and 21 between 6.5 and 16 Gy [I5]. Asshown in
Table 12, the relative errors were 10%-20% for doses
greater than 6 Gy; they increased as the dose leve
decreased, to about 100% for whole-body doses of about
1 Gy, and were even greater for doses of lessthan 0.5 Gy.
The skin doses from beta exposures evaluated for eight
patientswith acute radiation sicknessranged from 10to 30
times the dose from whole-body gamma radiation [B10].

71. Internal dosesweredetermined fromthyroid and whole-
body measurements performed on the persons under treat-
ment, as wel as from urine analyss and from post-mortem
analysis of organs and tissues. For most of the patients, more
than 20 radionuclides were detectable in the whole-body
gamma measurements, however, apart from the radioiodines
and radiocaes ums, the contribution to theinternal dosesfrom
the other radionuclides was negligible [U4]. Internal doses
eval uated for 23 persons who died of acute radiation sickness
areshown in Table 13. Thelung and thyroid doses, cal culated
to the time of death, are estimated to have ranged from
0.00026 to 0.04 Gy and from 0.021 to 4.1 Gy, respectively.
Some of the low thyroid doses may be due to the fact that
gableiodinepillsweredigtributed among thereactor staff less
than half an hour after the beginning of theaccident. Itisaso
speculated that the internal doses received by the emergency
workers who were outdoors were much lower than those
received by the emergency workers who stayed indoors. For
comparison purposes, the estimated external doses are also
presented in Table 13. The external doses, which range from
2910111 Gy, are, in generd, much greater than theinternal
doses.

72. Internal dosereconstruction wasalso carried out for 375
surviving emergency workers who were examined in
Maoscow; the results are presented in Table 14. The average
doseswere estimated to vary from 36 mGy to bone marrow to
280 mGy to bone surfaces, the maximum doses being about
10 times greater than the average doses. Also, thyroid doses
were etimated for the 208 emergency workers admitted to
Hospital 6 in Moscow within 3-4 weeks after the accident
(Table 15); most of thethyroid doseswerelessthan 1 Gy, but
three exceeded 20 Gy. It is interesting to note that the
measurements of ! and *¥ among the five emergency
workers with the highest thyroid doses showed that **
contributed less than 20% to the thyroid dose. The specific
values of the contributions from | were 18% (with 74%
from 1), 11% (81% from ), 6% (86% from *1), 10%
(82% from ) and 14% (78% from **1) for thefiveworkers
[G12]. The thyroid doses due to internal exposures are
estimated to be in the range from several percent to severd
hundred percent of the external whole-body doses. The
median value of the ratio of the thyroid to the whole-body
dose was estimated to be 0.3 [K19]. Finally, information is

available for the relative intakes of 16 radionuclides of 116
patients, determined from measurements in urine and in
autopsy materials [D12]; according to these measurements,
the average intake of *2Tewas found to be about 10% that of
B [D12].

2. Recovery operation workers

73. About 600,000 persons (civilian and military) have
received special certificates confirming ther status as
liquidators, according to laws promulgated in Bdarus, the
Russan Federation and Ukraine. Of those, about 240,000
weremilitary servicemen [C7]. Theprincipa taskscarried out
by the recovery operation workers (liquidators) included
decontamination of the reactor block, reactor Site, and roads
(1986-1990) and congtruction of the sarcophagus (May-
November 1986), a settlement for reactor personnd (May-
October 1986), the town of Savutich (1986-1988, 1990),
wasterepositories(1986- 1988), and damsand water filtration
systems (July-September 1986, 1987) [K19]. Duringtheentire
period, radiation monitoring and security operationswerea o
carried out.

74. Of particular interest arethe 226,000 recovery operation
workers who were employed in the 30-km zone in
1986- 1987, asit isin this period that the highest doses were
received; information concerning theseworkersisprovidedin
Table 16. About half of these persons were civilian and half
weremilitary servicemen brought in for the special and short-
term work. The workers were dl adults, mostly males aged
20-45 years. The congtruction workers were those partici-
pating in building the sarcophagus around the damaged
reactor. Other workers included those involved in transport
and security, scientists and medical gtaff. The distributions of
theexternal dosesfor the categories of workerslistedin Table
16, as wdl as for the emergency workers and accident
witnesses, are shown in Table 17.

75. The remainder of the recovery operation workers
(about 400,000), who generally received lower doses,
includes those who worked inside the 30-km zone in
1988- 1990 (asmall number of workersare till involved),
those who decontaminated areas outside the 30-km zone,
and other categories of people.

76. In 1986 a date registry of persons exposed to radiation
was established a Obninsk. This included not only recovery
operation workersbut evacuees and residents of contaminated
areas as wdl. The registry existed until the end of 1991
Starting in 1992, nationa registries of Belarus, the Russian
Federation and Ukraine replaced the dl-union registry. The
number of recovery operation workers in the national
registries of Bdarus, the Russian Federation and Ukraineis
listed in Table 18. Some 381,000 workersfrom thesecountries
wereinvolved in the years 1986-1989. To thismust be added
the 17,705 recovery operation workers recorded in the
registries of the Bdtic countries, induding 7,152 from
Lithuania, 5,709 from Latvia and 4,844 from Estonia[K13].
More detailed information on the regidtries is provided in
Chapter 1V. The total number of recovery operation workers
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recorded in the registries appears to be about 400,000. This
number is likdy to increese in the future, as some
organizations may not have provided al ther information to
the centra regidries, in addition, individuals may on their
own initiative ask to be registered in order to benefit from
certain privileges. However, the number of recovery operation
workers recorded in the national registries is well below the
figure of about 600,000, which corresponds to the number of
peoplewho havereceived special certificates confirming their
datus as liquidators.

(&) External effective doses from gamma
radiation

77. The doses to the recovery operation workers who
participated in mitigation activities within two months
after the accident are not known with much certainty.
Attemptsto establish ados metric servicewereinadequate
until the middle of June. TLDs and condenser-type dosi-
meters that had been secured by 28 April wereinsufficient
in number and, in the case of the latter type, largely non-
functioning, and records were lost when the dosimetric
servicewastransferred from temporary to more permanent
guarters. In June, TLD dosimeterswere availablein large
numbers, and a databank of recorded values could be
established. From July 1986 onwards, individual dose
monitoring was performed for al non-military workers,
using either TLDs or film dosimeters.

78. Thedoselimitsfor externa irradiation varied with time
and with the category of personnd. According to national
regulations established before the accident [M1], for civilian
workers, during 1986, the dose limit, 0.05 Sv, could be
exceeded by afactor of up to 2 for asingleintervention and by
a factor of 5 for multiple interventions on condition of
agreement by the personnd. The maximum dose allowed
during the year 1986 was, therefore, 0.25 Sv. In 1987, the
annual doselimitsfor civilian personne werelowered to 0.05
or to 0.1 Sv, according to the type of work performed on the
ste. However, adose of up to 0.25 Sv could be allowed by the
Ministry of Health for a limited number of workers for the
implementation of extremelyimportant interventions. In 1988,
the annual dose limit was st a 0.05 Sv for al civilian
workers, except those involved in the decontamination of the
engine hall insdethe sarcophagus; for them, the annual dose
limit was st at 0.1 Sv. From 1989 onwards, the annual dose
limit was set at 0.05 Sv for all civilian workers, without
exception [M1, M12]. For military workers, a dose limit of
0.5 Sv, corresponding to radiation exposures during wartime,
wasapplied until 21 May 1986, when the Ministry of Defence
lowered the dose limit to 0.25 Sv [C7]. From 1987 onwards,
the dose limits were the same for military and civilian
personnd.

79. Edimates of effective doses from externa gamma
irradiation were generaly obtained in one of three ways: (a)
individual dosmetry for dl civilian workers and asmall part
of the military personnel after June 1986; (in 1987, they were
identified as those working in locations where the exposure
rate was greater than 1 mR h™%); (b) group dosimetry (an

individual dos meter was assigned to one member of a group
of recovery operation workersassigned to perform aparticul ar
task, and al members of the group were assumed to receive
the same dose; in some cases, no member of the group wore
an individual dosmeter and the dose was assigned on the
basis of previous experience); or (¢) time-and-motion Sudies
(measurements of gammaradiation levels were made at
various pointsof thereactor site, and an individua’ sdosewas
estimated as a function of the points where he or she worked
and the time spent in these places). Methods (b) and () were
used for the civilian workers before June 1986, when the
number of individual dosmeterswasinsufficient, and for the
majority of the military personnd at any time. For example,
effective doses from externa irradiation have been re-
congtructed by physical means for the staff of the reactor, as
wdl asfor the workers who had been detailed to assigt them,
exposed from 26 April to 5 May 1986 [K19]. Personnd
location record cards filled in by workers were anaysed by
experts who had rdiable information on the radiation
conditions and who had personally participated in ensuring
the radiation safety of al operations following the accident.
Using this method, two values were determined: the maxi-
mum possible dose and the expected dose. The maximum
possible effective doses ranged from lessthan 0.1 Sv to afew
severt and were estimated to be about twice the expected
doses. It seems that in mogt cases the maximum possible
effective doses are those that were officially recorded.

80. The main sources of uncertainty associated with the
different methods of dose egtimation were as follows: (@)
individual dosmetry: incorrect use of the dosmeters (inad-
vertent or deliberate actionsleading to either overexposure or
underexposure of the dosmeters); (b) group dosmetry: very
high gradient of exposure rate at the working places at the
reactor dite; and (c) time-and-motion studies: deficienciesin
data on itineraries and time spent at the various working
places, combined with uncertainties in the exposure rates.
Uncertainties associated with the different methods of dose
estimation are assessad to be up to 50% for method (8) (if the
dosmeter was correctly used), up to afactor of 3 for method
(b), and up to afactor of 5 for method (c) [P15].

81. Theregistry data show that the annual averages of
the officially recorded doses decreased from year to year,
being about 170 mSv in 1986, 130 mSv in 1987, 30 mSv
in 1988, and 15mSvin 1989134, S14, T9]. Itis, however,
difficult to assess the validity of the resultsthat have been
reported for avariety of reasons, including (a) thefact that
different dosimeters were used by different organizations
without any intercalibration; (b) the high number of
recorded dosesvery closeto thedoselimit; and (c) thehigh
number of rounded values such as 0.1, 0.2, or 0.5 Sv
[K19]. However, the doses do not seem to have been
systematically overestimated, because biol ogi cal dosimetry
performed on limited numbers of workers produced results
that are also very uncertain but compatible nonetheless
with the physical dose estimates[L18]. It seemsreasonable
to assume that the average effective dose from external
gamma irradiation to recovery operation workers in the
years 1986-1987 was about 100 mSv, with individual



ANNEX J: EXPOSURES AND EFFECTS OF THE CHERNOBYL ACCIDENT 471

effective dosesranging from lessthan 10 mSv tomorethan
500 mSv. Using the numbers presented in Table 18, the
collective effective dose is estimated to be about 40,000
man Sv.

82. A particular group of workers who may have been
exposed to substantial doses from external irradiation is
made up of the 1,125 helicopter pilots who were involved
in mitigation activities at the power plant in thefirst three
months after the accident [U15]. The doses to pilots were
estimated using either personal dosimetersor, lessreliably,
calculations in which the damaged reactor was treated as
a collimated point source of radiation [U15]. The doses
obtained by calculation were checked against the results
derived from the personal dosimetersfor about 200 pilots.
That comparison showed a discrepancy of (a) less 0.05 Sv
for about 10% of pilots, (b) from 0.05 to 0.1 Sv for about
33%, and (c) more than 0.1 Sv for about 57% [U15]. The
simplification used to describe the origin of the radiation
emitted from the damaged reactor is the main source of
uncertainty in the assessment of the doses received by the
helicopter pilots. The average dose estimates are 0.26 Sv
for the pilots who took part in the mitigation activities
from theend of April tothebeginning of May, and 0.14 Sv
for the pilots who were exposed after the beginning of

May.

83. Another group of workers that may have been
exposed tosubstantial dosesfrom external irradiationisthe
672 workers from the Kurchatov Ingtitute, a group that
includes those who were assigned special tasks inside the
damaged unit 4 before and after the construction of the
sarcophagus [S36]. Recorded and calculated doses
available for 501 workers show that more than 20% of
them received doses between 0.05 and 0.25 Sv, and that
about 5% of them received doses between 0.25 and 1.5 Sv
[S36]. A number of nuclear research specialistsworked in
high-radiation areas of the sarcophagus, without formal
recording of doses, on their own personal initiative, and
were exposed to annual levels greater than the dose limit
of 0.05 Sv applicable since 1988. Doses for this group of
29 persons have been estimated using electron spin
resonance analysis of tooth enamel as well as stable and
unstable chromosome aberration techniques [$42, $47]. It
wasfound that 14 of those 29 persons received doses | ower
than 0.25 Sv, 5 had doses between 0.25 and 0.5 Sv, 6
between 0.5 and 1 Sv, and 4 greater than 1 Sv [$42].
Additional analyses by means of the FISH technique for
three of those nuclear research specialistsresulted in doses
of 0.9, 2.0 and 2.7 Sv [48].

84. Biological dosimetry. Chromosomeaberration levels
among Chernobyl recovery operation workers were
analysed in anumber of additional studies. In apilot study
of a random sample of 60 workers from the Russian
Federation, stratified ontheleve of recorded dose (31 with
doses <100 mGy, 18 with 100-200 mGy, and 13 with
>200 mGy), no association was found between the
percentage of the genome with stable trandocations
measured by fluorescent in situ hybridization (FISH) and

individual recorded physical dose estimates [C1, L18]. A
good correlation was found, however, for group (rather
than individual) doses. Blood samples of 52 Chernobyl
recovery operation workers were analysed by FISH [S32]
and simultaneously by conventional chromosomeanalysis.
Based on FISH measurements, individual biodosimetry
estimates between 0.32 and 1.0 Gy were estimated for 18
cases. Pooled data for the total group of 52 workers
provided an average estimate of 0.23 Gy. For agroup of 34
workerswith documented doses, the mean dose estimate of
0.25 Gy compared well with the mean documented dose of
0.26 Gy, athough there was no correlation between
individual trand ocation frequenciesand documented doses.
Comparison between the conventional scoring and FISH
analyses showed no significant difference. In a study of
Estonian workers, Littlefield et al. [L41] did not detect an
increase of stable trandocation frequencies with reported
doses and questioned whether the reported doses could
have been overestimated. In conclusion, FISH does not
currently appear to be a sufficiently sensitive and specific
techniquetoallow the estimation of individual dosesinthe
low dose range received by the majority of recovery
operation workers.

85. Lazutka and Dedonyte [L30], using standard
cytogenetic methods, reported no significant overall
increase in chromosome aberrations over controlsin 183
recovery operation workers from Lithuania with a mean
dose egtimate of 140 mGy, although ~20% had € evated
frequencies of dicentric and ring chromosomes, possibly
related to radiation exposure. Lazutka et al. [L31] also
evaluated the impact of a number of possible confounders
such as age, alcohal use, smoking, recent febrile illness,
and diagnostic x-ray exposures on the frequency of
chromosome aberrations. When transformed data were
analysed by analysis of variance, alcohol abuse made a
significant contribution to total aberrations, chromatid
breaks, and chromatid exchanges. Smoking wasassociated
with frequency of chromatid exchanges, and age was
significantly associated with rates of chromatid exchanges
and chromosomeexchanges[L 31]. In another study [S37],
thefreguency of chromosomal aberrationswaseval uated in
more than 500 recovery operation workers. Blood samples
were taken from several days to three months after
exposureto radiation. Themean frequenciesof aberrations
for different groups of workers were associated with doses
varying from 0.14 to 0.41 Gy, with a good correlation
between the doses determined by biological and physical
methods [S37].

86. Glycophorin A assay (GPA) was used as a possible
biological dosimeter on 782 subjects from Estonia, Latvia
and Lithuaniawith recorded physical doseestimates[B17].
Although adlight increasein the frequency of erythrocytes
with loss of the GPA allele was seen among these subjects
compared to control subjectsfrom the same countries, this
difference was not significant. The pooled resultsindicate
that the average exposures of these workers were unlikely
to greatly exceed 100-200 mGy, the approximate
minimum radiation dose detectable by this assay.
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(b) External skin doses from beta radiation

87. In addition to effective doses from external gamma
irradiation, recovery operation workersreceived skin doses
from external beta irradiation as well as thyroid and
effective doses from internal irradiation. The dose to
unprotected skin from beta exposures is estimated to have
been several times greater than the gamma dose. Ratios of
dose rates of total exposures (beta + gamma) to gamma
exposures, measured at the leve of the face, ranged from
2.5t0 11 (average, around 5) for general decontamination
work and from 7 to 50 (average, 28) for decontamination
of the central hall of the Unit 3 reactor [O3].

(c) Internal doses

88. Because of the abundance of ! and of shorter-
lived radioiodines in the environment of the reactor
during theaccident, therecovery operati on workerswho
were on the site during the first few weeks after the
accident may have received substantial thyroid doses
from internal irradiation. Information on the thyroid
doses is very limited and imprecise. From 30 April
through 7 May 1986, invivo thyroid measurementswere
carried out on more than 600 recovery operation
workers. These in vivo measurements, which are
measurements of the radiation emitted by the thyroid
using detectors held or placed against the neck, were
used to derive the ™| thyroidal contents at the time of
measurement. The thyroid doses were derived from the
measured Y thyroidal contents, using assumptions on
the dynamics of intake of **!I and short-lived radio-
iodines and on the possible influence of stable iodine
prophylaxis. Preliminary thyroid dose estimates (assum-
ing a single intake at the date of the accident and no
stable iodine prophylaxis) showed the following
distribution [K30]: 64% of workerswereexposedtoless
than 0.15 Gy, 32.9% to 0.15-0.75 Gy, 2.6% to
0.75-1.5 Gy, and the remaining 0.5% to 1.5-3.0 Gy.
The average thyroid dose estimate for those workersis
about 0.21 Gy. The thyroid doses from internal
irradiation are estimated to range from several percent
to several hundred percent of the effective doses from
external irradiation. Themedian value of theratio of the
internal thyroid dose to the external effective dose was
estimated to be 0.3 Gy per Sv [K19].

89. Itisimportant to note that information on theinfluence
of stable iodine prophylaxisis limited, as iodine prophylaxis
among therecovery operation workerswas not mandatory nor
was it proposed to everybody. The decison to take stable
iodine for prophylactic reasons was made by the individual
worker or by the supervisor. The results of interviews of 176
workers(including emergency workersand recovery operation
workers who arrived at the plant at the edly stage of the
accident) concerning thetimewhen they took stableiodinefor
prophylaxisispresentedin Table19. Accordingtothissample
of workers, only about 20% took stable iodine before being
exposad to radioiodine, while another 109% refused to take
gableiodine.

90. The internal doses resulting from intakes of
radionuclides such as ®Sr, **Cs, ¥'Cs, #*#%py, and others
have been assessed for about 300 recovery operation
workers who were monitored from April 1986 to April
1987 [K2, K8, P13, S11]. The majority of them were staff
of the power plant who took part in the recovery work
starting on days 3 and 4 after the accident. The dose
assessment was based on the analysis of whole-body
measurements and of radionuclide concentrations in
excreta. The average val ue of the effective dose committed
by the radionuclide intakes was estimated on the basis of
ICRP Publication 30 [117] to be 85 mSv. The part of the
effective dose received between June and September 1986
was estimated to have been about 30 mSv. Internal doses
fromintakesin later years are expected to be much lower:
routine monitoring of the *™Cs + ¥'Cs body burdens
indicated average annual doses from **Cs+ *¥'Cs of about
0.1-0.2 mSv in 1987 and 1988 [V6].

B. EVACUATED PERSONS

91. The evacuation of the nearby residents was carried
out at different times after the accident on the basis of the
radiation situation and of the distance of the populated
areas from the damaged reactor. The initial evacuations
were from the town of Pripyat, located just 3 km from the
damaged reactor, then from the 10-km zone and from the
30-km zone around the reactor (located mostly in Ukraine
but also in Belarus). In addition, a number of villagesin
Belarus, the Russian Federation and Ukraine beyond the
30-km-radius circle centred on the reactor were aso
evacuated in 1986. The term “exclusion zone” isused in
this Annex to refer to the whole area evacuated in 1986,
which includes the 30-km zone.

92. InUkraine, theresidents of Pripyat (49,360 persons)
and of the nearest railway station, Yanov (254 persons),
3 km from the reactor, were the first to be evacuated. On
the evening of 26 April 1986, the radiation exposures in
Pripyat were not considered too alarming. Exposure-rate
readingswerein therange 1- 10 mR h™*[11], but with the
seriousness of the accident becoming evident, thedecision
to evacuate the residents of the town was taken at 22:00.
During the night, arrangements were made for nearly
1,200 busesthat would be needed totransport theresidents.
Around noon on 27 April the evacuation order was
broadcast to the people, and the evacuation began at 14:00
and finished at 17:00. The over 40,000 evacuees were
taken in by families who lived in settlements in the
surrounding districts, especially Polesskoe district of
Ukraine. Most people stayed with these families until
August 1986. After that they were resettled to apartments
inKiev[l11].

93. Alsoin Ukraine, theevacuation of theresidentsfrom
the southern part of the 10-km zone (10,090 persons) was
carried out from 30 April through 3 May. The other
Ukrainian residents (28,133) inside the 30-km zone,
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including Chernobyl town, were evacuated from 3 May
through 7 May. On the basis of exposure-rate criteria
(5-20mRh*on 10 May 1986), 2,858 personswho resided
outside the 30-km zone in the Kiev and in Zhitomir
regions were evacuated from 14 May to 16 August. The
last Ukrainian settlement that was evacuated was Bober,
with 711 inhabitants, in September 1986. Thus, 91,406
residentsfrom 75 settlementswereevacuated in Ukrainein
1986 [S20, U14].

94. The evacuation in Belarus was conducted in three
phases. During thefirst phase(2-7 May), 11,358 residents
of 51 villages were evacuated from the 30-km zone. In a
second phase (3- 10 June), 6,017 residents of 28 villages
beyond the 30-km zone were evacuated. In the third phase
(August and September 1986), 7,350 residents of 29
villages, aso beyond the 30-km zone, were evacuated. In
villages evacuated during the second and third phases, the
exposure rate was from 5t0 20 mR h™, corresponding toa
projected annual effective dose (26 April 1986 to 25 April
1987) of more than 100 mSv. The total number of
Belarusian residents who were evacuated in 1986 was
24,725 from 108 rural settlements. In the Russian Federa-
tion, only 186 residents from four settlements in the
Krasnaya Goradistrict of Bryansk region were evacuated,
mainly to other settlementsof that district. In summary, by
the autumn of 1986, about 116,000 residents from 187
settlements had been evacuated (Table 20). By the same
time, about 60,000 cattle and other agricultural animals
had been rel ocated from the evacuated zone.

95. Thefigure of 116,000, adopted in this Annex asthe
number of evacueesin 1986, is somewhat lower than the
figure of 135,000 that was cited by the Committee in the
UNSCEAR 1988 Report [U4] and by IAEA in 1996 [115].
It is believed that the figure of 135,000 was a rough
preliminary estimate that was not substantiated.

96. The extent of the exclusion zone was based on two
principles: geographical and radiological (dosecriteria). A
detailed study of the radiation situation carried out in the
exclusion zone led to the resettlement of 279 residents of
two Ukrainian villages (Cheremoshnya and Nivetskoe) in
June 1986. In addition, it was recommended that the
residents of 27 other villages might move back after the
sarcophagus was constructed (15 settlements in Ukraine
and 12 settlements in Belarus). In accordance with these
recommendations, 1,612 residentsof 12 villagesin Belarus
had been resettled by December 1986. However, the
Ukrainian authorities considered that resettling the
residents inside the exclusion zone was economically and
socially undesirable. Nevertheless, some people, mainly
elderly, resettled by themsel vesto 15 settlementsinsidethe
exclusion zone. Thepopulation of those 15 settlementswas
estimated to be about 900 by spring 1987; about 1,200 by
September 1988; and about 1,000 in 1990. In 1996- 1997,
the number is estimated to be 600-800. The decrease with
time is due to migration rather than death.

1. Doses from external exposure

97. The effective doses from external exposure for the
persons evacuated from the Ukrainian part of the 30-km
zone were estimated from (&) measurements of exposure
rates performed every hour at about 30 sitesin Pripyat and
daily at about 80 sitesin the 30-km zone and (b) responses
to questionnairesfrom about 35,000 evacueesfrom Pripyat
and about 100 settlements; the questionnaires asked for
information on their locations, types of houses, and
activities at thetime of the accident and during a few days
thereafter [L9, M2, R10]. Individual effective doses were
reconstructed in this way for about 30,000 evacuees from
the city of Pripyat and settlementsin the 30-km zone. The
average effective dose from external irradiation for this
cohort was estimated to be 17 mSv, with individua values
varying from 0.1 to 380 mSv [L9]. This value is con-
cordant with the absorbed dose of 20 MGy estimated for the
evacuees of Pripyat using Electron Spin Resonance (ESR)
measurements of sugar and exposure rate calculations
[N1]. The collective effective dose for the approximately
90,000 evacuees from the Ukrainian part of the 30-km
zone was assessed to be 1,500 man Sv [R12].

98. The effective doses and skin doses from externa
irradiation received by the evacuees from Bearusian territory
were esimated on the bass of (a) 3,300 measurements of
expoaure rates performed in the sdtlements that were
evacuated; (b) 220 spectrometric measurements, carried out
mainly in May and June 1986, of the gamma radiation
emitted by radionuclides deposted on the ground; (C)
measurements of the *Cs ground deposition dendity for each
settlement from the Belarusian data bank [D4]; and (d)
responses of about 17,000 evacuees from the territory insde
the 30-km zoneand from adjoining areas. It was assessed that
the doses to evacuees from externd irradiation were mainly
due to radionuclides deposted on the ground, because
externa irradiation during the passage of the radiocactive
cloud played aminor role. The method deve oped to assessthe
doses induded the recondruction of the radionudide
composition of the deposition in each of the 108 evacuated
sdtlements in Bdarusian territory and the etimation of the
contribution to the dose from each radionuclide [S29]. It was
assumed that 60%- 80% of the effective daseswas contributed
by the short-lived radionudides !, *Te+*)| and
“0Ba+% g, while the contribution from the long-lived
radionuclide *'Cs was estimated to be only 3%-5%. The
digtribution of individual doses received by the residents of a
given settlement was found to be appropriately described by a
log-normal function with a geometric standard deviation of
about 1.5. Overdl, it isestimated that about 30% of the people
were exposad to effective doses lower than 10 mSvy, about
86% were exposed to doses lower than 50 mSv, and only
about 4% were exposed to doses greater than 100 mSv, with
theaverage dose estimated to be 31 mSv. Thehighest average
effective doses, about 300 mSv, were estimated to be received
by the population of two villages located inside the 30-km
zone in Khoyniki digrict: Chamkov and Masany. The
uncertainty in the average dosefor a settlement isestimated to
be characterized with ageometric sandard deviation of about
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1.3. The main source of uncertainty in the estimation of the
average effective doses from externa irradiation for the
Bdarusian evacuessis the assessment of the activity ratios of
32Te and ! to 'Cs in the deposition. The collective
effective dose from externd irrediation for the 24,725
evacuees from Belarus is assessad to be 770 man Sv.

99. The average skin doses from beta and gamma
radiation are estimated to be 3-4 times greater than the
effective doses and to range up to 1,560 mGy. The
uncertainty of the average skin dosesin a given settlement
is estimated to be characterized by a geometric standard
deviation of about 1.6.

2. Doses from internal exposure

100. The thyroid doses received from intake of **!I by the
evacuees from Pripyat were derived from (a) 4,969
measurements of radioiodine content of their thyroid
glandsmade, on average, 23 days after the accident and (b)
responses to questionnaires by 10,073 evacuees on their
locations and consumption of stableiodine [G8]. Average
individual and collective thyroid doses to the evacuees
from Pripyat are shown in Table 21. The thyroid doses
from 24, which were for the most part due to inhalation,
were highest for 0- 3-year-old children (about 1.4 Gy) and
averaged about 0.2 Gy. The main factor influencing the
individual dose was found to be the distance of the
residence from the reactor [G8].

101. Thyroid doses from intake of **Y| to other evacuees
from the 30-km zone were also estimated on the basis of
measurements of thyroid contentsin 10,676 persons[L12,
R10]. When dose estimates obtained for the evacuees from
Pripyat are compared with those for the evacuees from
other settlements of the 30-km zone (Table 21), the doses
to the latter are seen to be somewhat higher than those to
the evacuees from Pripyat, especially for adults. This may
be because Pripyat was evacuated before the rest of the
30-km zone, giving the population of the 30-km zone more
time to consume foodstuffs contaminated with *4. Using
for the settlements of the 30-km zone the same age
structure as that for Pripyat in Table 21, the collective
thyroid dose from **I intake for the entire population of
evacuees from Ukraineistentatively estimated to be about
30,000 man Gy. Evaluation of thyroid doses to the
evacuated population of Belarus is presented in Table 22.
The collective thyroid dose estimate for this population is
25,000 man Gy.

102. Inhalation of short-lived radioiodines and of *Te
contributed somewhat to the thyroid dose received by
evacuees. According to Goulko et a. [G5], the most
important of these short-lived radionuclides is I,
amounting to about 30% of the contribution of **!I to the
thyroid doses. This maximal value was obtained by taking
into account an inhalation for one hour occurring one hour
after the accident. Khrouch et al. [K16] estimated that the
contribution of all the short-lived radioiodinesand of ***Te
could have represented about 50% of the dose from | if

theintake occurred by inhalation during the first day after
the accident and about 10% if the intake occurred by both
inhalation and the ingestion of contaminated foodstuffs.

103. Internal effective dosesfrom **Cswere estimated for
the Belarusian evacuees on the basis of 770 measurements
of gamma-emitting radionuclides in foodstuffs and of 600
whol e-body measurements of *’Cs content, in addition to
the environmental measurements already mentioned in
Section 11.B.1 [S29]. The main contribution to dose was
from inhalation (about 75% of total internal dose) and
radiocaesiumintakeinmilk. Theaverageinternal exposure
from radiocaesium in milk for the evacuated population is
estimated to be 1.4 mSv. The main sources of uncertainty
in the assessment of the internal doses from *'Cs are
considered to be the dates when the cows werefirst put on
pasturein each settlement and the actual countermeasures
that were applied in the settlement. The collectiveeffective
dose for the 24,725 Belarusian evacuees from interna
exposure was assessed to be 150 man Sv [S29].

3. Residual and averted collective doses

104. Estimatesof collective doses for the popul ations that
were evacuated in 1986 from the contaminated areas of
Belarus, the Russian Federation and Ukraine are sum-
marized in Table 23. The collective effective and thyroid
doses are estimated to be about 3,800 man Sv and 55,000
man Gy, respectively. Most of the collective doses were
received by the populations of Belarus and Ukraine.

105. The evacuation of theresidents of Pripyat (28 April)
and of the rura settlements inside the 30-km zone
(beginning of May) prevented the potential occurrence of
determinigtic effects and resulted in collective doses
substantially lower than would have been experienced if
therehad been no evacuation. A comparison of theexternal
effective doses for the Belarusians, calculated with and
without evacuation from the 30-km zone, is presented in
Table 24 [S24]. Because of the evacuation, the number of
inhabitants with doses greater than 0.4 Sv was reduced
from about 1,200 to 28 persons. The collective effective
dose from external exposure averted in 1986 for the
approximately 25,000 evacuated Belarusian inhabitants
was estimated to be 2,260 man Sv (or approximately 75%
of the dose that would have been received without
evacuation). A similar assessment of averted collective
dosefor the evacuated Ukrainian inhabitantsled to avalue
of about 6,000 man Sv. Therefore, the averted collective
dose from external exposure for the 116,000 persons
evacuated in 1986 is estimated to be 8,260 man Sv.

106. Thethyroid collective dose was also reduced to some
extent. lodine prophylaxiswas mostly effectivein Pripyat,
where about 73% of the population received iodine tablets
on April 26 and 27, i.e. during the very first days after the
accident. It is estimated that a single intake reduced the
expected thyroid dose by a factor of 1.6-1.7 and that
intakes during two consecutive days reduced it by a factor
of 2.3 [R10]. In therural areas close to the nuclear power
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plant, about two thirds of the children used iodine tablets
for prophylacticreasons. However, they did not start taking
the tablets before 30 April, and about 75% of the children
who took iodine tablets began to take them on 2-4 May.
Thus, because there was a one-week delay in the use of
iodine tablets and because only part of the population was
covered, theaverted collective thyroid dose from ingestion
of contaminated milk was about 30% of the expected
collective thyroid dose from that pathway, while the
thyroid doses from inhalation remained unchanged. An
upper estimate of theaverted collective thyroid dosefor the
116,000 evacuees is about 15,000 man Gy [A10].

C INHABITANTS OF CONTAMINATED
AREAS OF THE FORMER SOVIET UNION

107. Areas contaminated by the Chernobyl accident have
been defined with reference to the background level of
%¥'Cs deposition caused by atmospheric weapons tests,
which when corrected for radioactive decay to 1986, is
about 2-4 kBgq m2 (0.05-0.1 Ci km?. Consdering
variations about thislevel, it is usua to specify thelevel of
37 kBg m2 (1 Ci km™? as the area affected by the
Chernobyl accident. Approximately 3% of the European
part of the former USSR was contaminated with *'Cs
deposition densities greater than 37 kBgm=2[I3].

108. Many people continued to live in the contaminated
territories surrounding the Chernobyl reactor, although
efforts were made to limit their doses. Areas of “'Cs
deposition density greater than 555 kBg m™2 (15 Ci km™)
were designated as areas of strict control. Within these
areas, radiation monitoring and preventive measureswere
taken that have been generally successful in maintaining
annual effective doseswithin 5 mSv. Initially, the areas of
strict control included 786 settlements and a popul ation of
273,000 in an area of 10,300 km? [I3, 14]. The sizes and
populationsof theareasof strict control within Belarus, the
Russian Federation and Ukraine are given in Table 25.
Those population numbers applied to the first few years
following the acci dent. Because of extensive migration out
of the most contaminated areasand into | ess contaminated
areas, the current population in the areas of strict control
ismuch lower in Belarusand Ukraineand somewnhat [ ower
in the Russian Federation. In 1995, the number of people
living in the areas of drict control was about 150,000
[K23, R11]. Thedigtribution of the population residing in
contaminated areas in 1995 according to **'Cs deposition
density interval is provided in Table 26. The tota
population is about 5 million and is distributed almost
equally among the three countries.

109. Inthe UNSCEAR 1988 Report [U4], the Committee
evaluated separately thedosesrecelved during thefirst year
after the accident and the dosesreceived later on. Themost
important pathways of exposure of humans were found to
be theingestion of milk and other foodstuffs contaminated
with Y, ¥Cs and *'Cs and external exposure from

radioactive depositsof short-lived radionuclides (***Te, !,
“Ba, ™Ru, *Ce, etc) and long-lived radionuclides
(essentially, **Cs and ¥'Cs).

110. In the first few months, because of the significant
release of the short-lived **!, the thyroid was the most
exposed organ. The main route of exposure for thyroid
dose was the pasture-cow-milk pathway, with a secondary
component from inhalation. Hundreds of thousands of
measurements of radioiodine contents in the thyroids of
people were conducted in Belarus, the Russian Federation
and Ukraineto assess the importance of the thyroid doses.

111. During the first year after the accident, doses from
external irradiation in aress cdose to the reactor arose
primarily from the ground deposition of radionuclides with
half-lives of one year or less. In more digant aress, the
radiocaesiums became the greatest contributors to the dose
from externd irradiation only one month after the accident.

112. Over the following years, the doses received by the
populations from the contaminated areas have come
essentially from external exposure due to *Cs and *'Cs
deposited on the ground and internal exposure due to
contamination of foodstuffs by **Cs and *Cs. Other,
usually minor, contributions to the long-term radiation
exposures include the consumption of foodstuffs
contaminated with ®Sr and the inhalation of aerosols
containing *°Pu, *°Pu and **Am. The internal exposures
to **Csand **'Csresult in relatively uniform doses over all
organs and tissues of the body. A very large number of
measurementsof exposurerates, aswell asof radiocaesium
in soil and in foodstuffs, have been made in Belarus, the
Russian Federation and Ukraine to assess the effective
doses and have been used to prepare compilations of
annual effective doses received by the most exposed
residentsin the contaminated settlements. These compila-
tions, which were prepared for regulatory purposes, tendto
overestimate the average doses that were received during
the years 1986-1990.

113. Since 1991, methods for average dose estimation
have been introduced to account for observed changes in
radiation levels, as evidenced by experimenta dose
determinations with TLD measurements and ***Cs/*Cs
whole-body counting. These methods were introduced in
order to makereasonabl e decisionsregarding theradiation
protection of the population, and also to obtain dose
estimates for use in epidemiologica studies, where
accurate individual dose estimates are needed, or in risk
assessment studies, where collective doses over limited
areas are necessary, and they were an improvement in the
general state of knowledge in the fiddd of dose
reconstruction. These methods are based on as many
measurements as possible, either in the area under
consideration or for theindividual of interest.

114. The experience thus far acquired and the data
accumul ated are allowing more realistic dose assessment
procedures to be formulated. For example, the external
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dose estimates may be related to the contributions from
each radionuclide present at the time of deposition, the
reduction with time due to radioactive decay and
penetration of radionuclides into soil, and shielding and
occupancy for various types of buildings and population
groups (urban, rural, agricultural workers, school children,
etc.) [G1]. Datafrom whole-body counting of **%¥Cs have
alowed a better etimation of *¥'Cs retention times in
relation to sex for adults and in relation to age, body mass
and height for children [L1]. A careful analysis of the
thyroid activity measurements, along with the
consideration of **Cs deposition densities and of relevant
environmental parameters, hasimproved the reiability of
estimated thyroid doses, although much work remainsto be
done [G7].

115. When the above methods of dose estimation are used,
they may vyield several estimates of dose, not necessarily
comparable, for examplemaximal projected doses, average
projected doses and actual doses. In local areasthere could
also be wide deviations from the average settlement dose
owing to particular control measures or individual
behaviour. Estimates of effective doses per unit deposition
density from external and internal exposure have been
derived for various districts and times following the
accident. These effective dose estimates, as well as the
thyroid doses from intake of radioiodines, are discussed
bel ow.

1. Doses from external exposure

116. Effective doses have been estimated in Belarus, the
Russian Federation and Ukraine on the basis of (a) the
large number of measurements of exposure rates and of
radionuclide concentrations in soil carried out in the
contaminated areas and (b) population surveys on indoor
and outdoor occupancy as a function of age, season,
occupation and type of dwelling. The methodology that
wasapplied [B14] has some similaritiesto that used by the
Committee in the UNSCEAR 1988 Report [U4]. The
effective dose for a representative person of age k is
calculated as

E = Daszi: Li,k Bi,k

where D, isthe absorbed dosein air over thetime period of
interest at areferencelocation at aheight of 1 m aboveflat,
undisturbed ground; F, is the conversion factor from
absorbed dosein air to effective dosefor a person of agek;
L;. isthelocation factor, which istheratio of the absorbed
dosesin air at location i and at the referencelocation for a
person of agek; and B, isthe occupancy factor, that is, the
fraction of time spent at location i. The location i can be
indoors (place of work, place of residence, etc.) or outdoors
(street, forest, backyard, etc.).

117. Theabsorbed doseinair at thereferencelocation, D,,
was usualy inferred from the measured or assumed
radionuclide distribution in deposition. The conversion

factor from absorbed dose in air to effective dose, F,, was
determined using anthropomorphic phantoms simulating
individualsfrom oneyear of ageto adult, containing TLDs
in many organs, exposed to radiocaesium outdoors and
indoors [E7, G1, G19]. The values of F, were found to be
0.7-0.8 Sv Gy *for adults, 0.8-0.9 Sv Gy * for 7- 17-year-
old schoolchildren, and about 0.9-1.0 Sv Gy* for 0-7-
year-old pre-schoolchildren [G1].

118. ThetermXL,;, B;,, called theoccupancy/ shielding or
reduction factor, was derived from population surveys.
Values obtained for thereduction factor for rural and urban
populationsin the Russian Federation [B14] are presented
in Table 27, along with the values used by the Committee
in the UNSCEAR 1988 Report [U4]. There is good
agreement between the two sets of values used for
representativegroups. Detailed information on thelocation
and occupancy factors derived from surveys among the
populations of Belarus, the Russian Federation and
Ukraineisavailable[E7]; for example, valuesof occupancy
factorsin thesummertimefor rural populationsof thethree
countries are presented in Table 28.

119. It is clear from Tables 27 and 28 that there are
substantial differencesinthereduction factor dependingon
the type of dwelling and occupation. The values used for
the representative group are meant to reflect the age and
socioprofessional composition of the population living in
atypical dwelling. Estimates of external effective dosesfor
specific groups can be obtained by multiplying the dose for
the representative group by a modifying factor, asgivenin
Table 29 [B14]. The values of the modifying factor were
validated with data from individual dosimetry (TLD
measurements) [E8].

120. Valuesof the overall coefficient used to calculate the
average external effective doses, D,, on the basis of the
absorbed dose in air, D,, are shown in Table 30. These
overall coefficients have different values for urban and
rural populations, but for both populations, the values are
averaged over age, occupation, and type of dwelling.

(a) Doses from external irradiation received
during the first year after the accident

121. For timesof lessthan one year after the accident, the
reference absorbed doseratein air wascal culated assuming
that the radi oactive deposit was a plane source bel ow a soil
slab with a mass per unit area of 0.5 g cm™2[E7]. During
the first few months after the accident, the doseratein air
varied according to the radionuclide composition of the
activity deposited, which, as shown in Table 6, varied
according to direction and distancefrom thereactor. Asan
example, Figure XIII illustrates the variations in the
contributions to the absorbed dose rate in air of various
radionuclides from a contaminated area of the Russian
Federation [G1]. In that case, the radiocaesiums became
the greatest contributors to the dose rate in air only one
month after the accident, because the short-lived radio-
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Figure XIlll. Contributions of radionuclides to the
absorbed doseratein air in a contaminated area of the
Russian Federation during the first several months
after the Chernobyl accident [G1].

nuclides and the refractory elements were less important
than in areas closer to the reactor. As shown in Figure
X1V, the short-lived radioisotopes of refractory elements,
such as *Zr, ®Ru, and *'Ce, played an important rolein
thedosesfrom external irradiation received during thefirst
year after the accident in areas close to the reactor site
[M3]. Following decay of the short-lived emitters, the
annual doses per unit *¥Cs deposition were similar in all
areas, athough a dight decrease was observed with
increasing distancefrom thereactor [J1]. Table 31 presents
published estimates of normalized effective doses from
external irradiation for various periods after the accident
and for rural and urban areas in the three countries that
were most affected by the accident. The effective doses
fromexternal irradiation areestimated tobehigherinrural
areas than in urban areas by a factor of about 1.5. During
the first year after the accident, average values of the
normalized effective dose are estimated to have ranged
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Figure XIV. Contributions of radionuclides to the

absorbed dose rate in air in areas close to the
Chernobyl reactor site [M3].

from 11 pSv per kBq m2 of *¥'Cs for urban areas of the
Russian Federation to 24 uSv per kBqm~2of *'Csfor rural
areas of Ukraine.

122. In summary, during thefirst year after the accident,
the average values of the normalized effective dose are
estimated to have been 15- 24 puSv per kBgm2 of *"Csfor
rural areas and 11-17 uSv per kBq m2 of *'Cs for urban
areas, the values for Belarus and Ukraine being higher
than those for the Russian Federation because of their
closer proximity to the reactor. These values are in
agreement with the value of 10 pSv per kBq m= of *¥Cs
used by the Committeein the UNSCEAR 1988 Report [ U4]
for the normalized effective dose equival ent, because most
of the data used to derive the 1988 value came from
countries further away from the reactor than Belarus, the
Russian Federation and Ukraine.

(b) Doses from external irradiation received
after the first year following the accident

123. At times greater than one year after the accident, the
absorbed dose rate in air came essentialy from the gamma
radiation from **Cs and **'Cs. The models used in the three
countries (Bdarus, the Russian Federation and Ukraine) to
derivethevariation with timeof thenormalized absorbed dose
ratein air at aheight of 1 m above undisurbed ground in the
settlementsof the contaminated areas are somewnhat different.
In Belarus, a Monte Carlo method was used; the vertical
profile of **Cs and *'Cs in soil was smulated by a st of
infiniteisotropic thin sources placed at different depths of soil
and an exponentia decrease with depth, with an initid
relaxation length of 0.5 g cm™2 and a linear increase of that
value with time after the accident [K38]. In the Russan
Federation, the vertical migration of ***Csto desper layers of
soil wastaken into account using atime-varying function r(t),
which represents the ratio of the absorbed doseratesin air at
aheight of 1 m above ground at timest after deposition and
at the time of deposition (t = 0), the latter being calculated
over flat, undisturbed ground. The variation with time of r(t)
may be described as

-In2t/T, -In2t/T,

rw = ae +a,e

withT,=154a T,=20a, and & and &, equal to 0.4 and
0.42, respectively [B26, M17].

124. In Ukraine, the variation of the normalized absorbed
doseratein air was determined both on the basisof routine
measurements of exposure rate at eight reference sitesand
modelling of the vertical migration of **Cs. The second
approach used thetime-varying function givenin theabove
equation but with different parameter values: T,=0.54, T,
=10aand a and a, equal to 0.18 and 0.65, respectively
[M16]. Thedifferencein the estimates obtained for r(t) in
the Russian Federation [M17] and in Ukraine [M16] is
difficult to explain; it may be partly duetothefact that the
measurementsweremadein different conditionsaccording
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to the type of fallout (wet or dry), the distance from the
reactor and the type of soil. The values obtained in the
three countriesfor the normalized absorbed doseratein air
are given in Table 32 for each year between 1987 and
1995. Thevariation with timeisfairly similar in thethree
countries.

125. Average external normalized effective doses for the
populationsliving in contaminated areas are derived from
the reference values of normalized absorbed dose ratesin
air presented in Table 32 and the overall coefficients from
dosein air to effective dose presented in Table 30. Results
for several time periods are shown in Table 31. Valuesfor
rural areas of Belarus for the 1996- 2056 time period are
estimated in this Annex to be the same as those for the
Russian Federation and Ukraineinrural areas; on thebasis
of datain Table 30, values for urban areas of Belarus are
taken to bethe same asin rural areas of that country. The
selected valuesof theaveragenormalized external effective
doses for urban and rural populations are shown in
Table 33. On average, the external doses received during
the first 10 years after the accident represent 60% of the
lifetime doses (Table 33). The normalized lifetime doses
are estimated to range from 42 to 88 pSv per kBg m2 of
B¥Cs. These values are somewhat lower than the value of
86 uSv per kBg m2 of ¥Cs used by the Committeein the
UNSCEAR 1988 Report for the normalized effective dose
equivalent. This may be due to the fact that in the
UNSCEAR 1988 Report, the Committee used the conser-
vative assumption that the vertical profile of *’Cs in sail
would be permanently fixed one year after the time of
deposition.

126. Average effective doses from externd irradiation
received during the first 10 years after the accident are
estimated to range from 5 mSv in the urban aress of the
Russian Federation to 11 mSv in the rura areas of Ukraine.
Thedistributionsof thecallective effectivedosesfrom externa
irradiation according to region of the country, dose interval,
and *"Csdeposition dendity arepresented in Tables 34- 36 for
Bdarus, the Russan Federation and Ukraine. These
digributions have been etimated from the databases of
radionuclide depositionsthat areavailablefor each settlement
of the contaminated areas of Belarus, the Russian Federation
and of Ukraine [B37, L44, M17, $46].

127. The variahility of individual external doses can be
estimated from the analysis of TLD measurements.
Figure XV illustrates the relative distribution of external
doses in 1991 and 1992 for 906 inhabitants of 20
Bearusian villages in which the *'Cs deposition density
ranged from 175t0 945kBqg m=2[G9, G10]. Theindividual
doses were normalized to the median dose in each
settlement. It wasfound that alog-normal distribution with
a geometric standard deviation of 1.54 provides a good
approximation of the normalized individual doses from
external irradiation. Thecal culated dosesthat arerecorded
in the dose catal ogues at that time werein good agreement
with the measured median doses, the maximum
discrepancy being £30%.
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Figure XV. Distribution of ratios of measured external
individual doses to median settlement dose for 906
inhabitants of 20 rural settlements of Gomel region in
1991-1992 (geometric standard deviation: 1.54).

128. Figure XVI illustrates the distribution of external
doses obtained in 1987 in a smaller survey involving the
inhabitants of the village of Stary Vyshkov in the Russian
Federation [S25]. In that particular case, it wasfound that
a normal distribution with a coefficient of variation of
about 1.4 could be used. Individualswho received dosesin
the upper or lower tenthsof thedi stributi on were examined
further. Thetwo characteristicsfound to beimportant were
occupation and the congtruction of the building in which
the individuals spent a large proportion of time. None of
the individuals living or working in stone or brick buildings
received externa doses in the upper tenth percentile of the
dose distribution [S25]. In addition, the external dose
received as a function of age was also studied for the
inhabitants of that Russian village. The results, shown in
Figure XVII, indicate a great variability in external dose,
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Figure XVI. Distribution of external whole-body doses
among 124 residents of Stary Vyshkov, Russian
Federation, in 1987 [S25]. The fitted normal curve is
superimposed.
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with an overall trend that suggests an increasein externa
dose with increasing age [S25]. This may reflect
differences in occupational activity, since young people
would be expected to spend a large proportion of time
indoorsat school and, consequently, toreceivelow external
doses, while old people generally spend much time
outdoors or inside lightly shielded buildings [S25].
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Figure XVII. Variation with age of external whole-body
doses among residents of Stary Vyshkov, Russian
Federation, in 1987 [S25].

129. The effect of decontamination procedures on external
dose was a0 studied by the analys's of daily external doses
calculated from TLD measurements made before and after
decontamination of the Belarusan village of Kirov [S25].
Decontaminati on proceduresincluded replacing road surfaces,
replacing roofs on buildings, and soil removal. The results,
presented in Table 37, suggest that the decontamination
measures were mogt effective for schoolchildren and field
workers (with dose reductions of 35% and 25%, respectively)
but had a limited effect on other members of the population
[S25]. Similar estimates have been obtained with regard tothe
decontamination of Russian settlementsin 1989 [B38]. The
average external dose ratio measured after and before
decontamination was found to range from 0.70 to 0.85 for
different settlements [B38].

130. Theaverted collective doseattributableto decontamina:
tion procedures was estimated to be about 1,500 man Sv for
thefirst four years after the accident, taking into account the
fact that decontamination was only conducted in areaswith a
B'Cs depodtion dendity greater than 555 kBg m™2 and
assuming that the doses were reduced by about 20% as a
result of the decontamination procedures [A10, 130].

2. Doses from internal exposure

131. The doses from internal exposure came essentially
from the intake of *'I and other short-lived radioiodines
during thefirst days or weeks following the accident, and
subsequently, from the intake of **Cs and *"Cs. Other
long-lived radionuclides, notably ®Sr and 2%2°pu, have so
far contributed relatively little to the internal doses, but

they may play amoreimportant rolein thefuture. Follow-
ing the Chernobyl accident, about 350,000 measurements
of Y in thethyroids of people [G7, L10, S17] and about 1
million measurements of ***¥Cs whole-body contents
[B14, D3, L21] were conducted in the three republics by
means of gamma radiation detectors placed outside the
body. In addition, thousands of analyses of *Sr and
hundreds of analyses of 2°Pu were performed on autopsy
sampl es of tissues.

132. Theassessment of theinterna doses from radioiodines
and radiocaes umsisbased on theresults of the measurements
of external gammaradiation performed on theres dents of the
contaminated aress. Usudlly, individualswere measured only
once, S0 that only the dose rate at the time of measurement
can bereadily derived from themeasurement. To calculatethe
dose, the variation with time of the dose rate needs to be
asesad. Thisis done by calculation, taking into account the
rative rate of intake of the radionudides consdered, both
beforeand after the measurement, and themetabolism of these
radionudides in the body, which in the case of thyroid doses
from radioiodines may have been modified by the intake of
stable iodine for prophylactic purposes. The age-dependent
values recommended by the ICRP[136] for the thyroid mass
andthebiological haf-lifeof *!1 in thethyroid weregenerally
used in thyroid dose assessments based on measurements,
athough there is evidence of mild to moderate iodine
deficiency in some of the contaminated areas [A16].

(& Thyroid doses from radioiodines and
tellurium-132

133. Thesamemethodol ogy asdescribed in the preceding
paragraph was used in the three countries to reconstruct
thethyroid doses of the personswith thyroid measurements
[W7]. Therewere, however, practical differencesrelated to
the quantity and quality of the thyroid measurements and
the assumptions used to derive the temporal variation of
the radioiodine intake. For the individuals who were not
measured but who lived in areas where many persons had
been measured, thethyroid doses usually arereconstructed
on the basis of the statistical distribution of the thyroid
dosesestimated for the peopl ewith measurements, together
with the knowledge of the dietary habits of theindividuals
for whom the doses are reconstructed. Finally, the thyroid
doses for people who lived in areas with very few or no
direct thyroid measurements within a few weeks after the
accident are being reconstructed by means of relationships
using available data on **!| or *'Cs deposition, exposure
rates, *’Cswhol e-body burdens, or concentrationsof !l in
milk. Thelargest contribution tothethyroid dosewasfrom
the consumption of fresh cows' milk contaminated with
31, Short-lived radioiodines (**2 and **¥|) in general played
a minor role for the populations that were not evacuated
within afew days after the accident; the contribution of the
short-lived radioiodines and of **Te is estimated to have
been up to 20% of the **Y thyroid dose if the radionuclide
intake occurred only through inhal ation and of the order of
1% if the consumed foodstuffs (milk in particular) were
contaminated [K16]. Although many initial estimates of
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thyroid doses are available, they need to be refined using
all therelevant and scientifically reviewed information that
is available [L42, L43]. In order to obtain better
information on the pattern of deposition density of !,
measurements of the | concentrations in soil are
envisaged [P25, $45].

134. The influence of having taken gable iodine for
prophylactic purposes has usualy not been taken into account
in the determination of thyroid doses. Based on a survey
conducted in 1990 of 1,107 persons living in contaminated
aress, the number of personswho indicated that they actually
took potassium iodide (K1) for prophylactic purposesis about
onequarter of thepopulation [M5]. Forty-five percent of those
who took Kl indicated that they took it only once, 35% more
than once, and 19% could not remember details of ther K
prophylaxis [M5]. The exact day that adminigtration of Kl
was begun was poorly recalled by the subjects, making it
difficult to use these data for dose reconstruction purposes. In
another survey, conducted in the three most contaminated
digricts of the Gome region of Bdarus, it was found that
68% of the children who consumed fresh cow’ s milk took Kl

pills between 2 and 4 May 1986 [43]. However, in a survey
performed in 1992 on about 10,000 individuals from 17
Ukrainian digtricts of the Chernigov region, only about 1% of
the respondents reported that they took stable iodine between
1 May and 20 May 1986 [L25].

135. For several reasons, thyroid dose estimates were made
independently of *’Cs measurements and not only in areas
where the ¥'Cs deposition density exceeded 37 kBg m% (a)
thethyroid measurementswerecarried out within afew weeks
after theaccident, that is, in large part before an accurate and
detailed pattern of **"Cs deposition density was available; (b)
the ™| to ™" Csactivity ratio in fallout was markedly variadle,
especidly in Bdarus (Figure XVIII); (c) the milk that was
consumed within a few weeks after the accident was not
necessarily of local origin, at least in urban areas; and (d)
there is a large variability of the individua thyroid doses
according to age and dietary habits. The thyroid dose edti-
mates reported in the scientific literature are for populations
with thyroid measurements, for populationsthat resided at the
time of the accident in ill-defined “ contaminated aress’, and
for the entire populations of the three republics.
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Figure XVIII. Estimated pattern of iodine-131/caesium-137 activity ratio over the European territory of the
former USSR resulting from the Chernobyl accident [S30]. (Values decay corrected to 1 May 1986).

136. Theratio of **!| to *Cs deposited by dry processes
(i.e. intheabsence of precipitation) in Poland was assessed
from measurements of air concentrations [K39]. From 28
April to 1 May, the measured time-integrated concentra-
tions of ¥4 and *'Cs were 187 and 18.2 Bg d m,
respectively. Thisratio of about 10 for the time-integrated
concentrationsof **1 and *"Csisconsistent with that found
in a previous estimation [Z5]. The measured physico-
chemical forms of *! were 62% aerosol-bound, 34%

elemental, and 4% organic. Assuming that (a) al of the
B¥'Cs is aerosol-bound, (b) the deposition velocity of
elementa iodine is five times greater than that of the
aerosol-bound fraction, and (c) the deposition velocity of
organic iodine is negligible, the ratio of **! to *Cs
deposition can be estimated to be 23 [K39]. The
measurements of 3| and ¥'Cs in soil sampled in a few
locationsin central and southern Poland yield aratio of 20
(95% CI: 20-40). Thesevaluesarein agreement with both
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the ratio derived from air concentrations and the values
shown in Figure XVIII. Measurements of depostion are
lacking for the northeastern part of Poland, but the measured
concentrations in milk indicate that the ratio of **!| to **'Cs
deposition was greater there than in central and southern
Poland, again in agreement with Figure X VIII. Thereareaso
other reports on the composition of %Y speciesin the air in
different countries. Some of them were presented in the
UNSCEAR 1988 Report [U4]. The results indicate that the
digtribution of the phys co-chemical formschanged withtime,
digance, and wesather conditions. Because the transfer of
radioiodine from the air to vegetation is highly influenced by
itschemical forms, it isimportant to consider the distribution
of iodine speciesin the assessment.

137. Belarus. The main contaminated aress of Belarus are
located in the Gomd and Mogilev regions. Within a few
weeks dafter the accident, direct thyroid measurements (i.e.
measurements of gamma radiation emitted by the thyroid
using detectors placed outside the body) were made on
approximately 130,000 persons, incuding 39,500 children,
living in the most contaminated areas of Gomel and Mogilev
regions, aswdl asin the city of Minsk [G6]. The content, at
the time of measurement, of **! in the thyroid of these
130,000 personswas derived from thedirect thyroid measure-
ments. The thyroid dose estimation was then performed for
the measured individuals, supplementing the results of the
direct thyroid measurements with standard radio-ecologica
and metabolic modds, for % intakewith inhalation and with
ingestion of fresh milk following a singledeposition of fallout
on pasturegrass[G6, 44]. Unfortunately, most of thethyroid
measurements are of poor quality, as they were made by
inexperienced peoplewith uncollimated detectors. The uncer-
taintiesin the thyroid dose estimates obtained in this manner
in Bdarus are reported to be characterized by a geometric
standard deviation of upto 1.7 [G7]. A detailed breakdown of
the thyroid dose distribution for approximately 32,000 child-
ren with thyroid measurements is presented in Table 38. In
each age category, the thyroid dose estimates are found to lie
in avery widerange (from <0.02 Gy to >2 Gy). Asshown in
Figure X1X, dosesto adultsalso show alargevariahility, even
if the samples are taken from a single village or town [G6].

138. Limited information is available on in utero thyroid
doses. In astudy of 250 children born during the period from
May 1986 to February 1987 from mothers who lived at the
time of the accident in areas with **'Cs deposition densities
greater than 600 kBqm™in Gome region (222 mothers), in
Mogilev region (14 mothers) and in Pripyat town (14 mothers
who wereevacuated to Belarus), thyroid doseswere estimated
to range up to 4.3 Gy, with 135 children exposed to lessthan
0.3 Gy, 95 children between 0.3 and 1.0 Gy, and 20 children
with doses greater than 1.0 Gy [137]. Uncertainties in the
estimated doses were characterized by a geometric standard
deviation of 1.7 to 1.8.

139. Averageand collectivethyroid dosesfor therural and
urban popul ations of the contaminated areas of the Gomel
and Mogilev regionswerederived from an analysis of dose
estimatesobtained from direct thyroid measurements[128].

The results, presented in Table 39 for children 0-7 years
old and for the total population, show that the thyroid
doses are about two times greater in rural areas than in
urban areas and also two times greater in Gomel region
than in Mogilev region.
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Figure XIX. Cumulative distribution of individual
thyroid doses for adults of selected towns and villages
of Belarus [G6].

140. Because very few or no thyroid measurements were
available for many villages and towns, wheress ¥Cs
deposition densitiesweremeasured in practically al inhabited
aress of Bearus, a modd was devdoped to establish a
relaionship between the **'Cs deposition densties, F(*'Cs),
and the mean thyroid doses to adults, D, in areas where
abundant thyroid measurements had been performed. This
modd enabled the estimation of thyroid dose to be made for
the populations of any area in Bdarus. In Figure XX, the
values of D, are plotted againg those of F(**'Cs) for 53
villages of the Khoyniki digtrict. A proportional relationship
between the *¥'Cs deposition density and the mean thyroid
dose to adults seems to be inadequate; however, there is a
weak tendency shown by thesolid line, although characterized
by largeuncertainties. Similar relationshi pswere observed for
all areas of Belarus where abundant thyroid measurements
had been peformed. That there is no proportiona
relationship between D, and F(*’Cs) in Bearusislikely tobe
partly due to the fact that the fraction of 3 intercepted by
pasture grass differs according to whether deposition occurs
with or without rainfall and veries dso as a function of
rainfal intendty. The fraction of **Y intercepted by pasture
grassis grester when the deposition occursin the absence of
rainfall (usually associated with low levels of deposition) than
when deposition occurs with rainfall (generaly associated
with high levels of deposition). Because of this, the thyroid
dose per unit *¥Cs deposition density isfound to decrease as
the™'Csdeposition dendity increases. A confounding factor is
that the ratio of Y to *Cs in deposition aso varied
according to whether deposition occurred in the presence or
absence of rainfal. However, smilar rdationships are
obsarved when thethyroid doseis plotted againg either %4 or
¥7Cs deposition density, suggesting that the variation in the
interception coefficient is the dominant factor.
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Figure XX. Thyroid dose to adults in relation to
caesium-137 deposition density in the district of
Khoyniki (Gomel region, Belarus) [G17].

141. Using these relationships for areas with no or few
direct thyroid measurements, estimatesof coll ectivethyroid
dose have been cal culated for the entire popul ation of each
region of Belarus and for the entire population of the
country [G7]. The collective thyroid dose to the entire
population of Belarus is roughly estimated to be about
500,000 man Gy (Table 40).

142. Russian Federation. The main areas of contamina-
tion in the Russian Federation are located 150- 250 km to
the northeast of Chernobyl in the Bryansk region and at a
500 km distance in the Kaluga-Tula-Orel regions. The
ratio of Y to ¥'Cs varied little in this area, which
indicated that the contamination originated from asingle
plume. The plume arrived 1-2 days after release from the

reactor. During this time period, most of the short-lived
iodineisotopes had decayed. Rainfall in the area decreased
the concentrationsin air and reduced theinhal ation intake.
Therefore, the dose to thyroid was due primarily to
intake with milk and leafy vegetables, and the pattern of
doses was similar throughout the region.

143. About 45,000 direct thyroid measurements were made
in May-Jduly 1986 in the Bryansk, Kaluga, Tula and Ord
regions B39, Z1]. These measurements showed a maximum
on 16 and 17 May of up to 300 kBq in the thyroid of some
individuals in the villages of Barsuki and Nikolayevka in the
Krasnogorsk digtrict of the Bryansk region. The “™'Cs
depodition at these locations was 2.6-3 MBqg m2 [Z1]. In
other areas, the content of **Yf in the thyroid was considerably
less, owing to lower contamination and also to earlier imple-
mentation of protective measures, including the ban on
consumption of local milk and leafy vegetables and the
administration of sableiodine. Activitiesof **| in thethyroid
were calculated from the results of direct thyroid measure-
ments and were corrected for the contribution of the gamma
radiation dueto radiocaes um incorporated in the entire body.

144. In the absence of protective measures, the tempora
variation of the **| intake, taking into account inhalation and
the ingestion of contaminated milk, is caculated from
standard radio-ecological models shown in Figure XXI (left
pand). However, for the purposes of dose recongtruction, a
simplified representation has been adopted (Figure XXI, right
pand) [B14]. The thyroid mass was determined from
autopsiesin the Novozybkov digtrict hospital in the Bryansk
region. The average value for adults was 26.7 g, suggesting a
mildly endemic goiter area. The Tulaand Oré regionsare not
in endemic aress, and as direct measurements were
unavailable, the sandard thyroid mass for adults of 20 g was
used in dose calculations [Z1].
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Figure XXI. Models of iodine-131 intake to inhabitants of contaminated areas in Russia [B14].

145. Thyroid doseswere estimated in thismanner for Sx age
groups: <1, 1-2, 3-5, 7-11, 12-17 and >18 years. Within
each age group the distribution of dose was asymmetrical,
approximately log-normal. The maximum individual doses
often exceeded the mean dose by a factor of 3-5. The
variations between age groups were different for towns and
villages, reflecting not only the age-rel ated i odine metabolism
but also differences in socia and nutritional habits. As

presented in Table 41, the average thyroid doses for children
less than one year old were grester than those for adults by
factors of 13 in townsand 5 in villages [B14, Z1].

146. Where measurements were insufficient or lacking,
corrdlations were used to estimate the thyroid doses. The
uniformity of contamination allowed correlation analysestobe
used to relate the thyroid doses to the deposition of *’Cs, the
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air kermarate on 10- 12 May 1986, the concentrations of 3
in milk, and the body content of *’Cs in adults measured
within a few months after the accident. The analysis of the
results of the direct thyroid measurements for inhabitants of
the Kaluga region showed that the thyroid doses of people
who did not consumelocal milk was about 15% of thethyroid
doses received by the people who consumed local milk. The
type and number of data available in the Russan Federation
are presented in Table 42.

147. Theanaysds of thedirect thyroid measurements and of
data from persona interviews for 600 inhabitants of the
Bryansk region showed a significant correlation with milk
consumption. From 80% to 90% of **!I intake appeared to be
derived from this source and only 10% to 20% from
vegetables and inhaation. Thus, estimates of doses to
individuals could be derived by normalizing 80% of the
average dose for the settlement by the actual volumes of milk
consumed (litres per day times days) relative to the average
consumed volume.

148. Egtimates of thyroid dosesin contaminated areas of the
Russian Federation are presented in Table 43. In areas where
there were no limitations on **!| intake (e.g. Plavsk district of
Tula region), the thyroid dose for children lessthan 3 years
old reached 0.35t0 0.7 Gy, on average, with individual doses
upto4 Gy. In the most contaminated areas of the Orel region,
the thyroid doses were approximately 0.3 Gy, on average, for
young children. The highest doses were receved by
inhabitants of the most contaminated areas of the Bryansk
region even though local milk consumption was banned in
thoseareasin early May 1986. In somevillages average doses
in children exceeded 1 Gy and individual doses exceeded
10 Gy. Averagethyroid doses of rural inhabitantswerehigher
than thosereceived by urban populationsin areaswith smilar
radicactive contamination. The age didribution of the
collective dose for the population of the Bryansk region is
presented in Table 44. About 40% of the collective thyroid
dosein rura areas and 60% of the callective thyroid dose in
urban areas were received by children under 15 years of age.

149. Ukraine. Over 150,000 direct thyroid measurementsof
the radioiodine content of the thyroid gland were made in
May-June 1986 in the areas of Ukraine closest to Chernobyl.
Most of thethyroid measurementsweremadein eight districts
surrounding Chernobyl and the town of Pripyat: Polesskoe,
Ivanov, Chernobyl and Pripyat in the Kiev region; Kozdetsk,
Repkine and Chernigov in the Chernigov region; and
Narodichi and Ovruch in the Zhitomir region [L12]. Between
30% and 90% of the children and 1% and 10% of the adults
from these areas were measured [L2, L11, L12, R4]. When
the quality of these measurements was reviewed, over 80%
were found to be of acceptably high quality [L13, L14].

150. Prdiminary estimates of the thyroid doses received by
the persons with direct thyroid measurements were made
using standard methods[A3, 113]. Except for thecity of Kiev,
where the **1| concentrations in air, water and milk were
monitored extensively [L15], very few measurementsof *! in
the environment are available from Ukraine. Two modds
have been used to describethevariation of thetemporal intake

of 11, According to the most consarvative modd, a single
intake of **!1 was assumed to have occurred on the first day of
the accident, and a single exponential is used to describe the
iodineretentionin thethyroid gland. Themoreresalisticmodd
for calculating thyroid doses assumesthat ** intake occurred
during the entire period of stay in the contaminated areas
[L12]. Theintakefunction was determined assuming asingle
initial contamination event by **!| in an area. A two-exponen-
tial function is used to represent the dynamics of intake by
milk consumption. The effective decay condants from grass
and milk are 0.15 and 0.63 d %, respectively [A3]. The period
of intakewastaken to be the period until relocation or, if there
was no relocation or the information is lacking, the whole
period until %Y decay.

151. Results of the thyroid dose evaluations for children
and adultsof the Ukraineindi catethat the highest absorbed
doses (1.5-2.7 Gy) were received by children of the
Narodichi and Ovruch districts of Zhitomir region and of
Pripyat and the Polesskoe digtricts of Kiev region. Dosesto
children 7-15 years old were, in general, 2.5 times lower
than dosesto the 0- 7-year-old group. Theadult doseswere
lower by afactor of 2-8[L2, L12, R4]. According to the
conservative, single-exponential model, therewere 38,000
children (>40%) with doses lower than 0.3 Gy and 79,500
(nearly 90% of children) with doseslower than 2 Gy. Use
of themorerealistic model generally shiftsthedistribution
to lower doses. In this case, 63% of children had doses
below 0.3 Gy [L12]. Thedistribution of thyroid dosesin a
settlement usually was found to be log-normal.

152. Theegtimation of dosesto individuasliving in the city
of Kiev was performed using direct thyroid measurementsfor
approximately 5,000 residents and measured 1 concentra
tions in ar, water and milk during May-June 1986 [L16,
L17]. Theindividual thyroid doses were found to vary by an
enormoudy wide range of up to four orders of magnitude
[L15]. The average thyroid doses to individuds of five age
groups were as follows. 0.10 Gy (birth years 1983-1986),
0.06 Gy (1979-1982), 0.2 Gy (1975- 1978 and 1971-1974),
and 0.04 Gy (those born before 1974) [L15].

153. To egimate the thyroid doses received by the persons
without direct thyroid measurementslivingin areasother than
the city of Kiev, two procedures were used, depending on the
abundance of the thyroid messurements in the area
consdered. In the three regions where most of the thyroid
measurements were paformed (Chernigov, Kiev and
Zhitomir), the following empirical relationship between the
measured thyroid doses, D, and the *¥Cs deposition density,
aswell asthe location reative to the Chernobyl reactor, was
determined to be D(n) =K & [L10, L25], wheret=¢e™, D is
the thyroid dose (Gy), n isthe age of the individua (years),
and K is a scaing parameer (Gy). The parameers a
(dimensionless) and b (a*) describethe age dependence of the
thyroid dose in the locality consdered.

154. The parameter values for K, a, and b were established
for thetowns and villages of each digtrict of thethreeregions.
Asexamples, Table 45 presents the val ues obtained for three
digricts of the Chernigov region aswdl as the mean thyroid
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doses for infants and adults [L25], while the measured
individual doses are compared in Figure XXII with the
calculated mean thyroid doses for various age groups in
Rudka village of the Chernigov digtrict [L25]. Asisthe case
in Belarusand the Russian Federation, the mean thyroid doses
in villages are about twice those in urban areas (Table 45).
However, the variahility of the individua doses, within a
given village and a given age group, is very great
(Figure XXI).
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Figure XXIl. Comparison of individual doses estimated
from thyroid measurements and of calculated mean
doses (histogram) for the Ukrainian village of Rudka
[L25].

155. Another method of thyroi d dose assessment was used
for theregions of Cherkasy and Vinnytsia, where very few
thyroid measurements were carried out. Those regions
were subdivided into sectors and segments with relatively
uniform Y intake functions [L10]. The relationships
established for areaswith thyroid measurementswerethen
extrapolated to other areas.

156. Theage-dependent thyroid dosedistribution obtained
for the population of the five regions (Cherkasy, Cherni-
gov, Kiev, Vinnytsia and Zhitomir) is given in Table 46.
Most of the thyroid doses are estimated to be less than
0.3 Gy. Doses exceeding 2 Gy are found only among
children less than 4 years old [L10]. An estimate of the
collectivethyroid doseto residents of Ukraineis presented
in Table 47.

(b) Effective doses from caesium-134
and caesium-137

157. Interna effective doses from ***Cs and **¥Cs have been
estimated by two methods: (a) estimation of dietary intake
from measured concentrations in foods and standard
consumption assumptions and (b) whole-body counting. The
foodstuffs that contribute the most to the effective dose are
milk, meat, potatoes and mushrooms [F4]. From 1986 to
1990, the internal doses were calculated from the measured
5¥7Cs concentrations in milk and potatoes, assuming that the

intake of radiocaesum by ingestion is adequately represented
by consumption rates of 0.8 | d'* of milk and 0.9 kg d* of
potatoes. The concentrations used to cal cul ate the doses were
those corresponding to the 90th percentilesof thedistributions
[A12]. The reationship between the 90th percentiles to the
average™’Csconcentrationsin milk and potatoeswas 1.7+0.1
[B9]. Beginning in 1991, the average *¥'Cs concentrationsin
milk and potatoes, rather than the 90th percentiles, were used
to estimate the effective doses from internal irradiation.

158. Cadculatedinterna dosesassuming consumption only of
locally produced foods (no imported, uncontaminated foods)
have been recognized to overestimate actual doses. The dose
estimates cal culated in thismanner are used only for decision-
making purposes. The ratios of calculated doses using the
90th percentiles of thedistributionsto thedosesdetermined by
whole-body counting range from 25 to 25 for most
settlements in the zone of grict contral (where the ¥'Cs
depodition dendty is grester than 555 kBg m™), with a
median value of 7 [B9]. In areas with lower *¥Cs deposition
density, where most of the consumed foodstuffs are of local
origin, thisratio is estimated to be in therange 1.5- 15, with
a median of 4. For this reason, the internal effective dose
estimates provided currently in the official dose cataloguesin
Bdarus and the Russian Federation are based on whole-body
measurements. However, the dose estimates presented in the
Ukrainian dose catalogues are il based on the assessment of
the dietary intakes.

159. Thetransfer of radiocaesium from soil to milk depends
substantialy on the type of soil. For example, in Ukrainian
territory, asaresult of radio-ecol ogical monitoring carried out
in 1991, four zones with typical values of soil-milk transfer
coefficient for radiocaesum ranging from less than 1 to
greater than 10 Bq I™* per kBg m2 were delinested [K23].
The corresponding normalized effective doses from internal
irradiation are shown in Table 48 for the first 10 years after
the accident; the estimated normalized effective doses for the
zone with highest values of the transfer coefficient are about
20 times greater than those obtained in the zone with the
lowest values of the transfer coefficient. The territories with
peat-svampy soil that are characterized with the highest
values of soil-milk transfer coefficient are mainly located in
the northern part of the Rovno and Zhitomir regions
(Ukraine) and in the eastern part of the Brest region and the
southwestern part of the Gome region (Bdarus).

160. In the Russan Federation, normalized doses were
estimated for the sodic-podzol sand soil found in some areas
of the Bryansk and Kal uga regions and for the chernozem soil
foundinthe Tulaand Ord regions[B25, R9]. Hereagain, the
values of the transfer coefficients and of the normalized
effective doses vary by factors of 10-20 (Table 49).

161. Estimatedinternal effectivedoses, normalizedtounit
deposition density of ¥Cs (1 kBg m™, are given in
Table 50 for various periods after the accident and for
areas with different degrees of contamination in the
Russian Federation. More detailed information for the
population of Belarus is presented in Table 51. It is
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recognized that theinternal effective dosesnormalized per
unit deposition density of *"Cs have to be treated with
caution, because of the large differencesin the transfer of
B¥Cs from soil to milk and because of the influence of
protective measures. Estimates of projected doses from
internal exposures are highly uncertain, asthey depend on
local soil conditions for the transfer to foodstuffs, on the
composition of the diet, and on the extent to which local
foods are supplemented by imported foods [Z4]. In
particular, it is to be noted that the importance of forest
products (mushrooms, berries, wild game) increases with
time, since the Cs concentration in these products
generally have longer ecological half-times than food
productsfrom agricultural systems(milk, vegetables, meat
from domestic animals) [K7, S16]. Average interna
effective doses received during the first 10 years after the
accident are estimated to range from 4 mSv in the rural
areas of Tularegion in the Russian Federation to 13 mSv
in the rural areas of Bryansk region in the Russian
Federation. On average, theinternal dosesreceived during
the first 10 years after the accident represent 90% of the
lifetime doses (Table 50). The digtributions of the
collective effective doses from interna irradiation
according to the region of the country, dose interval, and
B¥'Cs deposition density are presented in Tables 34- 36 for
Belarus, the Russian Federation and Ukraine.

162. Several messures were taken to reduce the interna
exposure to the residents of the contaminated aress. During
thefirst year after the accident, the most important measures
weretaken in theterritories of srict contral (territorieswith a
1¥7Cs deposition density exceeding 555 kBq m™2). In Bdarus,
the resulting factor of decrease in the internal dose was
estimated to be 3.2-3.4 [S24], whilein the Bryansk region it
was about 3.6. In the following years, the corresponding
factorsof decreasewere maintained at approximately thesame
levds 4.1 [130] and 3.7 [122], repectively. Therefore, the
averted collective dosefor thegtrict control zone (inhabited by
273,000 residents) can be assessed to be 6,000 man Sv. For
theterritorieswith a**'Cs deposition density from 185to 555
kBg m™2 (inhabited by about 1,300,000 people), the factor of
decrease in the interna dose was estimated to be approx-
imately 2[S24], resulting in an averted dose of 7,000 man Sv.
Thus, the averted collective dose for about 1,500,000
resdents of the areas contaminated with a *'Cs leve
exceeding 185 kBq m2 was assessed at nearly 13,000
man Sv. It should be noted that sdf-imposed measures also
led to adecreasein theinternal doses[L21].

163. Within the framework of the Chernobyl Sasakawa
Health and Medical Cooperation Project, about 120,000
children, aged 0- 10 years at the time of the accident, were
examined in two Belarusian centres, two Ukrainian centres
and one Russian centre [N2, S2, S7]. The examinations
were essentially of a medical nature but included a
measurement of the whole-body concentration of *Cs.
Average values were similar from centre to centre and
from year to year, with an overal average of about
50 Bq kg of ¥'Cs; the corresponding internal effective
dose rate from *¥Csis about 0.1 mSv a*.

164. The Ministry of the Environment, Protection of
Nature, and Reactor Safety of Germany also organized a
campaign of whole-body counting in Belarus, the Russian
Federation and Ukraine. About 300,000 persons were
monitored from 1991 to 1993 for their *’Cs whole-body
content [H1, H4, H5]. For 90% of the persons monitored,
theinternal effective doseratesfrom *’Cswerefound to be
lessthan 0.3 mSv a*. Theanalysisof theresultsfor Kirov,
in Belarus, shows that the population monitored could be
classified in one of five groups, according to the nature of
their diet and the origin of the consumed milk, with
increasing *¥Cs content from one group to the next; the
dietary characteristicsof those groups are defined as (a) no
milk, noforest products; (b) local milk, no forest products;
(c) non-local milk, forest products; (d) local milk, forest
products but no wild game; and (€) local milk and forest
products including wild game [S25].

(c) Internal doses from strontium-90

165. Because of the relatively small release of *Sr and
because a large fraction of the ®°Sr activity released was
deposited within the 30-km zone, internal doses from ®Sr
are relatively small. It is etimated that the ®Sr
contribution to the effective dose from internal exposure
doesnot exceed 5%- 10%, according tointake cal cul ations
based on measurementsof ¥Sr concentrationsin foodstuffs,
aswell as measurements of Sr in human bones[B15].

(d) Lung doses from transuranics

166. The fuel particles that deposited on the ground
contained al pha-emitting transuranics, such as**Pu, Py,
20py and **Am, aswel| asbeta-emitting transuranics, such
as #'Pu. Lung doses from transuranics may be caused by
inhalation of radioactive particlesduring the passage of the
cloud and foll owing resuspension of deposited materials. A
pathway of concern is the potentia hazard from the
resuspension from soil to air of radioactive aerosols
containing Z°Pu. In an assessment of the equivalent doses
to lungs for agricultural workers, it was concluded that
even at sites inside the 30-km zone, lifetime committed
equivalent doses to the lungs per year of work will not
exceed 0.2 mSv for most individuals[J1]. In thefuture, the
relative importance of *!Am among the a pha-emitting
transuranicsisgoing to increase as aresult of the decay of
its shorter-lived parent, #'Pu.

D. INHABITANTS OF DISTANT COUNTRIES

167. Information on dosesreceived by popul ationsother than
those of Bdarus, the Russian Federation and Ukraineisnot as
complete. In the UNSCEAR 1988 Report [U4], the
Committee etimated fird-year thyroid and effective dosesfor
mogt of the countries of the northern hemisphere and lifetime
effective doses for three latitude bands (northern, temperate
and southern) of the northern hemisphere. These data have
been used in thisAnnex to estimate crude average thyroid and
bone-marrow doses received by the populations considered in
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epidemiological sudies of thyroid cancer and of leukaemia.
Thee populations usually resded in arees where the
depodition densties of *Cs resulting from the Chernobyl
accident were the highest (except for contaminated aress of
Bdarus, the Russan Federation and Ukraine).

1. Thyroid doses

168. Populations of Croatia, Greece, Hungary, Poland and
Turkey have been consdered in epidemiologica studies of
thyroid cancer [S12]. The average thyroid doses received by
those populations have been estimated, using the approx-
imation that the population-weighted average thyroid doseis
three times that to adults. Results are presented in Table 52.
The estimates of average thyroid dose range from 1.5 to
15 mGy.

2. Bone-marrow doses

169. Populations of Bulgaria, Finland, Germany, Greece,
Hungary, Romania, Sweden and Turkey have been
considered in epidemiological studies of leukaemia[S12].
The average bone-marrow doses received by those
populations have been estimated from data in the
UNSCEAR 1988 Report [U4], using the approximation
that the bone-marrow doseisnumerically equivalent tothe
effectivedoseequivalent fromall radi onuclidesfor external
irradiation and from radiocaesium for internal irradiation.
The values of effective dose equivalents per unit *'Cs
deposition density that are calculated in the UNSCEAR
1988 Report for the populations of three latitude bands
have been assigned in this Annex to the popul ations of the
countries considered, as appropriate. In each country, the
B¥'Cs deposition density corresponding to the region of
highest fallout has been selected, when that information is
provided in the UNSCEAR 1988 Report. The resulting
estimates of averagebone-marrow dosefor the popul ations
considered range from about 1 to 4 mGy (Table 52).

E. COLLECTIVE DOSES

170. In this Section, the collective doses received by the
populations of the contaminated areas of Belarus, the
Russian Federation and Ukraine are summarized.

1. Collective doses from external exposure

171. Thecollective effective dosesfrom external exposure
received by the inhabitants of the contaminated areas
during the first 10 years after the accident have been
estimated using the average *'Cs deposition densities in
each district and estimated average annual effective doses
from external exposurein each district. Detailed estimates
of the collective effective doses and of their distributions
are presented in Tables 34-36 for Belarus, the Russian
Federation and Ukraine. The totals for each country are
presented in Table 53, while the distribution of the
collective effective doses for the three republics is
summarized in Table54. Thetotal collective effective dose

received during the first 10 years after the accident by the
approximately 5.2 million people living in the
contaminated areas of Belarus, the Russian Federation and
Ukraineis estimated to be 24,200 man Sv. Assuming that
this collective dose represents 60% of the lifetime
collective dose, on the basis of the data presented in
Table 33, the lifetime collective dose from externa
irradiation received by theinhabitants of the contaminated
areas of the three republics would be 40,300 man Sv.

2. Collective doses from internal exposure

172. Collective effective doses. The cdllective effective
dosesfrom internal exposurereceived by theinhabitantsof the
contaminated areas during thefirst 10 years after theaccident
have also been estimated using the average *'Cs deposition
densties in each didrict and estimated average annud
effective doses from internal exposure in each didtrict. They
are found to be about 5,500 man Sv for Belarus [D3], 5,000
man Sv for the Russan Federation and 7,900 man Sv for
Ukraine [L7]. Detailed estimates of the collective effective
doses and of their digtributions are presented in Tables 34-36
for Belarus, the Russian Federation and Ukraine. Whether
thoseestimateswereobtai ned us ng similar methodologieshas
not been thoroughly darified. From the data presented in
Table50, thedosesfrominternal exposurereceived duringthe
firgt 10 years after the accident represent about 90% of the
lifetime doses. The collective effective doses from interna
exposurereceived by the popul ation of thecontaminated areas
can thus be estimated to be about 18,400 man Sv for thefirgt
10 years after the accident and about 20,400 man Sv over
lifetime; this correspondsto an averagelifetime effective dose
of 3.9 mSv.

173. Collectivethyroiddoses. Estimated collectivethyroid
doses, as reported for populations of Belarus, the Russian
Federation and Ukraine, are presented in Table 40.
Callectivethyroid doses are estimated to be about 550,000,
250,000 and 740,000 man Gy for the entire populations of
Belarus, the Russian Federation and Ukraine, respectively.

3. Total collective doses

174. Estimated collective effective doses received during
the 1986-1995 time period by the inhabitants of the
contaminated areas of Belarus, the Russian Federation and
Ukraine are presented in Table 53. The collective effective
dosesthat were delivered during thefirst 10 yearsafter the
accident are estimated to be about 24,200 man Sv from
external exposure and 18,400 man Sv from interna
exposure, for a total of 42,600 man Sv and an average
effective dose of 8.2 mSv. Assuming that the doses
delivered during the first 10 years represent 60% of the
lifetimedose for external exposureand 90% of thelifetime
dose for internal exposure, the estimated lifetime effective
doses for the populations of the three countries living in
contaminated areasare about 40,300 man Sv from external
exposure and 20,400 man Sv from internal exposure, for a
total of about 60,700 man Sv. Thistotal correspondsto an
average lifetime effective dose of 12 mSv.
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175. These figures do not include the collective thyroid
doses, which were delivered in their totality during 1986,
and which are estimated to be 1,500,000 man Gy in total
for the three countries. Taking the population size of the
threerepublicsto be 215 million, the average thyroid dose
isfoundtobe 7 mGy. Much larger thyroid doses, however,
were received by a small fraction of the population. For
example, the distribution of the thyroid doses received in
Ukraineis such that very low thyroid doses were received
in alarge part of the country, while average thyroid doses
greater than 500 mGy were received in twelve districts.

F. SUMMARY

176. Doses have been estimated for: (a) the workers
involved in themitigation of theaccident, either during the
accident itself (emergency workers) or after the accident
(recovery operation workers) and (b) members of the
general publicwhoeither wereevacuatedto avert excessive
radiation exposures or who till reside in contaminated
areas, which are found mainly in Bdarus, in the Russian
Federation and in Ukraine. A large number of radiation
measurements (film badges, TLDs, whole-body counts,
thyroid counts, etc.) were made to evaluate the radiation
exposures of the population groups that are considered.

177. The highest doses were received by the approximately
600 emergency workers who were on the ste of the
Chernobyl power plant during the night of the accident. The
most important exposureswere dueto external irradiation, as
the intake of radionudides through inhalation was rdatively
small in most cases. Acute radiation sickness was confirmed
for 134 of those emergency workers. Forty-one of these
patients received whole-body doses from externa irradiation
of less than 2.1 Gy. Ninety-three patients received higher
doses and had more severe acute radiation sickness: 50
persons with doses between 2.2 and 4.1 Gy, 22 between 4.2
and 6.4 Gy, and 21 between 6.5 and 16 Gy. The skin doses
from beta exposures evaluated for eight patients with acute
radiation s cknessranged from 10 to 30 timesthewhol e-body
doses from externa irradiation.

178. About 600,000 persons (civilian and military) have
recaved specia certificates confirming their datus as
liquidators (recovery operation workers), according to laws
promulgated in Bearus, the Russian Federation and Ukraine.
Of those, about 240,000 were military servicemen. The
principal tasks carried out by the recovery operation workers
included decontamination of the reactor block, reactor Ste,
and roads, as well as congruction of the sarcophagus, of a
town for reactor personne, and of waste repositories. These
tasks were completed by 1990.

179. A registry of recovery operation workers was
established in 1986. This regigtry includes estimates of doses
from externa irradiation, which was the predominant
pathway of exposure for the recovery operation workers. The
registry data show that the average recorded doses decreased
from year to year, being about 0.17 Sv in 1986, 0.13 Sv in

1987, 0.03 Sv in 1988, and 0.015 Sv in 1989. It is, however,
difficult to assess the validity of the results that have been
reported for a variety of reasons, induding (a) the fact that
different dosimeters were used by different organizations
without any intercalibration; (b) the high number of recorded
doses very closeto the dose limit; and (c) the high number of
rounded values such as 0.1, 0.2, or 0.5 Sv. Nevertheless, it
seems reasonable to assume that the average effective dose
from external gamma irradiation to recovery operation
workersin the years 1986- 1987 was about 0.1 Sv.

180. The doses received by the members of the general
public resulted from the radionuclide releases from the
damaged reactor, which led to the ground contamination
of large areas. The radionuclide releases occurred mainly
over a 10-day period, with varying rel ease rates. From the
radiological point of view, the releases of !l and *Cs,
estimated to have been 1,760 and 85 PBq, respectively, are
the most important to consider. lodine-131 was the main
contributor to the thyroid doses, received mainly via
internal irradiation within a few weeks after the accident,
while ¥'Cs was, and is, the main contributor to the doses
to organs and tissues other than the thyroid, from either
internal or external irradiation, which will continue to be
received, at low dose rates, during several decades.

181. Thethreemain areasof contamination, defined asthose
with *¥"Cs depodtion dendty greater than 37 kBg m™
(1 Ci km™), are in Bdarus, the Russan Federation and
Ukraine they have been designated the Central, Gomel-
Mogilev-Bryansk and Kaduga-Tula-Ore areas. The Centrd
areaiswithin about 100 km of the reactor, predominantly to
the west and northwest. The Gome-Mogilev-Bryansk
contamination area is centred 200 km to the north-northeast
of the reactor a the boundary of the Gomd and Mogilev
regions of Belarus and of the Bryansk region of the Russan
Federation. The KadugaTula-Ore area is located in the
Russian Federation, about 500 km to the northeast of the
reactor. All together, territories from the former Soviet Union
with an area of about 150,000 km? were contaminated. About
five million people residein those territories.

182. Within afew weeksafter theaccident, approximately
116,000 persons were evacuated from the most con-
taminated areas of Ukraine and of Belarus. The thyroid
doses received by the evacuees varied according to their
age, place of residence and date of evacuation. For
example, for the residents of Pripyat, who were evacuated
essentially within 48 hours after the accident, the
popul ation-wei ghted average thyroid dose is estimated to
be 0.17 Gy, and to range from 0.07 Gy for adultsto 2 Gy
for infants. For the entire population of evacuees, the
popul ation-wei ghted average thyroid dose is estimated to
be 0.47 Gy. Doses to organs and tissues other than the
thyroid were, on average, much smaller.

183. Thyroid doses have also been estimated for residents
of the contaminated areaswho were not evacuated. |n each
of the three republics, thyroid doses exceeding 1 Gy were
estimated for the most exposed infants. For residents of a
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given locality, thyroid doses to adults were smaller than
those to infants by a factor of about 10. The average
thyroid dose received by the population of the three
republicsis estimated to be 7 mGy.

184. Following the first few weeks after the accident when
3 wasthe main contributor to the radiation exposures, doses
wereddivered at much lower doserates by radionuclideswith
much longer half-lives. Since 1987, the doses received by the
popul ationsof thecontaminated areashaveresulted essentially
from external exposure from ***Cs and **'Cs deposited on the
ground and internal exposure due to contamination of
foodstuffs by ***Cs and *'Cs. Other, usually minor, contribu-

tions to the long-term radiation exposures include the
consumption of foodstuffs contaminated with ©Sr and the
inhalation of aerosols containing isotopes of plutonium. Both
externa irradiation and internal irradiation due to **Cs and
BCs reault in rdatively uniform doses in dl organs and
tissues of the body. The average effective doses from ***Csand
BCs that were received during the first 10 years after the
accident by the residents of contaminated aress are estimated
to be about 10 mSv. The median effective dose was about
4 mSv and only about 10,000 people are estimated to have
received effective doses greater than 100 mSv. The lifetime
effective doses are expected to be about 40% grester than the
dosesreceved during thefirgt 10 yearsfollowing theaccident.

lll. EARLY HEALTH EFFECTS IN REACTOR AND EMERGENCY WORKERS

185. The firg information on the early manifestations and
outcomes of acute radiation Sckness in persons who were
exposedtoionizing radiation intheearly phase of the Cherno-
byl accident was provided to the international community in
Viennain August 1986 [12]. A detailed and comprehensive
review of these effects wasincluded in the UNSCEAR 1988
Report (Appendix to Annex G, “Early effectsin man of high
doses of radiation™) [U4]. This Chapter describes the health
effects obsarved in this group in the years since the accident.
Dose estimations for those working at the Chernobyl nuclear
power plant on 26 April, 1986, are given in Section I1.A.1.

186. Among the staff membersof the reactor and emergency
workers a the dte at the time of the accident, a total of 237
were initially examined for signs and symptoms of acute
radiation sickness, defined here as having at least minimal
bone-marrow suppression as indicated by depletion of blood
lymphocytes. This diagnosis was later confirmed in 134
patients, the others being designated as unconfirmed. A
computerized questionnaire for patients with acute radiation
sickness was developed in 1990 [F11] and later extended,
incorporating other nuclear accidents [F3]. The fate of the
whole group of 237 patients has been monitored up to the
present, dthough not alwayssystematically, with accuratedata
available for mogt patientsfor theacute phaseand incomplete
information availablefor the follow-up period of 1986-1996.

187. The definition of acute radiation sickness is well
established and based on clinical observations and the
degree of pancytopenia [B22, K26]. A reiable assessment
of the severity of acuteradiation sicknessfrommild (Grade
I) to severe (Grade V) is possible at three days following
exposure. To predict the likelihood of bone marrow
recovery, damageto the stem cell pool must be determined
[F12]. Seven to ten days after exposure, patientsin whom
prolonged myel osuppression was diagnosed were sel ected
for bone marrow transplantation.

188. Among 37 patients considered for transplantation
treatment, all had severeradiation damageto theskin and,

in 15 cases, gastrointestinal tract symptoms. Cutaneous
lesions and/or oropharyngeal mucositis were the primary
causes of death in the majority of these patients who later
died as an immediate consequence of the accident. As
might be expected, there was a clear relationship between
the extent of local skin radiation injury, the grade of acute
radiation sickness and mortality. Patients not selected for
bone marrow transplantation received supportive therapy
such astransfusions and antibiotics.

189. A total of 13 patients with estimated whole-body
doses of 5.6 to 13 Gy received bone marrow transplants at
the Ingtitute of Biophysics of the Ministry of Health and
Clinical Hospital, Moscow [B40]. Two transplant
recipients, who received estimated radiation doses of 5.6
and 8.7 Gy, were alive more than three years after the
accident. The others died of various causes, including
burns(n=5), interstitial pneumonitis(n = 3), graft-vs-host
disease (n = 2), and acute renal failure and respiratory
distress syndrome (n = 1).

190. Stable chromosome aberrations in circulating stem
cels, indicating residual damage in the stem and
progenitor cells, were used for retrospective dosimetry
[K45]. Unstable chromosome aberrations seemed to be a
less reliable proxy for average whole-body dose unless
evaluated shortly after exposure [T15].

191. The distribution of patients with acute radiation
sickness by severity of disease and range of absorbed dose
from whole-body gamma radiation is given in Table 11.
Among the 134 cases, 28 died within thefirst four months
of the accident. The causes of death are listed in the
UNSCEAR 1988 Report, Appendix to Annex G, “Early
effectsin man of high dosesof radiation” [U4]. Intheearly
period (14- 23 daysafter exposure), 15 patientsdied of skin
or intestinal complications and 2 patients died of
pneumonitis. In the period 24- 48 days after exposure, six
deaths from skin or lung injury and two from secondary
infections following bone-marrow transplantation



ANNEX J: EXPOSURES AND EFFECTS OF THE CHERNOBYL ACCIDENT 489

occurred. Between 86 and 96 days following the accident,
two patientsdied from secondary i nfectionsand one patient
from rena failure [U4]. Underlying bone marrow failure
was the main contributor to all of these deaths.

192. There have been eeven deaths between 1987 and
1998 among confirmed acute radiation sickness survivors
who received doses of 1.3-5.2 Gy. The causes of death are
presented in Table 55. There were three cases of coronary
heart disease, two cases of myel odysplastic syndrome, two
cases of liver cirrhosis, and one death each of lung
gangrene, lung tubercul osisand fat embolism. One patient
who had been classified with Grade Il acute radiation
sickness died in 1998 from acute myeloid leukaemia.

193. At exposuresbel ow 6 Gy, the bone-marrow depletion
was not the direct cause of death when prompt and
adequatetreatment of the complicationscould be provided.
The therapy decreased the incidence and severity of
infecti ouscomplicationsand haemorrhagic manifestations
[G21, S33, W2].

194. Inflammation of the oropharynx (mucositis) was
apparent even at relativdy low doses (1-2 Gy) of gamma
radiation 4-6 days following exposure. An unknown
influence of beta radiation could explain these findings. The
incidence of mucostis increased and reached 100% in
patients receiving gamma doses of 6-13 Gy. The patho-
genesis of the oropharyngeal syndrome is complex, asit is
determined by the initia radiation damage to the skin and
mucosa and further complicated by infections of vird,
bacterial and fungal species. Recovery of the mucosal epi-
thelium was observed even in severe acute radiation Sckness
survivors, whichistypical of betaradiation effects[G22, P10].
Acutegastrointestina symptomswereobservedin 15Cherno-
byl accident victimsand werethemost severe symptomsin 11
patients who received doses higher than 10 Gy.

195. Radiation skin burns were observed in 56 patients,
including 2 patients with combined radiation-thermal
burns. Alopecia, onycholysis, mucositis, conjunctivitisand
acute radiation ulcers were seen. There was a clear
correlation between extent of skin injury and severity of
acute radiation sickness. Skin damage varied from patient
to patient in terms of occurrence, severity, course and
extent. Theclinical course of skin damagewas shown tobe
dependent on the skin exposure conditions, the beta/
gammaratio, and the radionuclide contamination on skin
and clothing and in the environment [B29]. Absorbed
doses in skin exceeded bone marrow doses by a factor of
10-30 in some victims, corresponding to doses up to
400-500 Gy. From detailed analysis of clinical morphology

data, it can be stated that severe skin injury by beta
radiation of moderate energy (1-3 MeV) could be amajor
cause of death if the damaged area exceeds 50% of the
body surface. Relatively smaller areasof injury (10%- 15%
of body surface) from high-energy beta exposure (*Cs,
BCs, 1%Ru, ©Y, ®Sr) with early development of necrosis-
ulceration require surgery and can cause long-term
disability[B29, G21, N3]. Surgical treatment was provided
to fifteen acute radiation sickness survivorswith extensive
cutaneous radiation injuries, including ulcerations and
fibrosis, at University of Ulm between 1990 and 1996.
Follow-up of these survivorshas not shown asingle case of
skin cancer.

196. Cataracts, scarring and ulceration are the most
important causes of persigent disability in acute radiation
sicknesssurvivors. The consequence of severeskin ulceration
iscutaneousfibrosis, which hasbeen successfully trested with
low-dose interferon [P26]. The recovery of physicd ahility is
reated to the severity of the initial symptoms of acute
radiation sickness. To limit occupational radiation exposures
of the acute radiation sickness survivors, legal measures
adopted in the Russian Federation and other countries of the
former Soviet Union have restricted their activities or caused
them to change their occupations.

197. Sexual function and fertility among acute radiation
sickness survivors was investigated up to 1996 [G2]. In the
majority of cases, functional sexual disturbances predomin-
ated, while fourteen norma children were born to acute
radiation sickness survivor familieswithin thefirst five years
after the accident (in one family, the first newborn died from
sepss, but a second, healthy child was born subsequently).

198. Patientswith acuteradiation ScknessGrades|il and IV
were severdy immunosuppressed. Whereas haemopoietic
recovery occurswithin amatter of weeks or, at most, months,
full recongtitution of functional immunity may take at least
half a year, and normalization may not occur for years after
exposure. This does not necessarily mean that after the acute
phasg, i.e. thefirg three months, recovering patients display
major immunodeficiency, and it isnot surprising that studies
of immune gatus did reved pattern of changes in the blood
cdl concentrations without dinical manifestations of
immunodeficiency [N3]. Nineteen parameters of theimmune
system were investigated five and six years after the accident
in acute radiation sickness survivors (1-9 Gy) and in persons
without acute radiation sickness (0.1-0.5 Gy) as well. For
higher doses of radiation, T-cell immunity may show
protracted abnormalities; however, theseabnormaditiesarenct
necessarily associated with clinicaly manifest immuno-
deficiency.
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IV. REGISTRATION AND HEALTH MONITORING PROGRAMMES

199. In order to mitigate the consequences of the Chernobyl
accident, regigtration followed by continuous monitoring of
the exposed populations was one of the priorities set by the
Minigtry of Health of theformer Soviet Union. In the summer
of 1986, Chernobyl regigtries were established for continuous
monitoring of the health status of the expased populations
[M7,T12,W1]. Specialized popul ation-based di seaseregisters
were created to monitor haematological tumours [110, W1].
These activities have continued in Bdarus, the Russian
Federation and Ukraine since the dissolution of the USSR in
1991, with financial and technical support from many
countries of theworld.

200. Following thefirst reports of an increased incidence
of thyroid cancer in children exposed to the radioactive
falout during the early 1990s [B18, K11, P8], thyroid
cancer registries were developed in Belarus, the Russian
Federation and Ukraine [D2, R2, T4]. More recently,
specialized childhood cancer registries began to be
developed in these countries[V7].

201. Considering the potential long-term health conse-
guences of the Chernobyl accident, the existing general
population cancer surveillance systems in Belarus, the
Russian Federation and Ukraine have attracted particular
attention. International researchers started to assess the
functioning of these systems as well as their quality and
completeness in comparison with the cancer registriesin
many Western countries and to evaluate their potentia for
research purposes [S6, W10]. To provide a bass for
interpreting the health effects reported from epidemio-
logical studies, this Chapter reviews the available
information on registers and their follow-up.

A. REGISTRATION AND MONITORING
OF EXPOSED POPULATIONS

1. The Chernobyl registries

202. In May 1986, the Ministry of Health of the USSR
convened a conference of Soviet experts on the treatment
and follow-up of radiation-exposed individuals[M7]. This
conference recommended the establishment of a special
registry to assist in the delivery of primary health care,
treatment, and follow-up and to provide a basis for the
long-term monitoring of the Chernobyl-exposed popula-
tions. Governmental orders issued by the Ministry of
Health in 1987 provided the basis for creating the All-
Union Digtributed Clinico-Dosimetric Registry and for
appointing the Medical Radiological Research Centre at
Obninsk astheinstitution responsible for the devel opment
and maintenance of this registry [T12]. Compulsory
registration and continuousmonitoring of the health status
was introduced for four population groups (primary
registration groups): group 1, persons engaged in the

recovery operations following the accident (liquidators);
group 2, persons evacuated from the most contaminated
areas (*"Csdeposition >1,480 kBqm2); group 3, residents
of highly contaminated areas (*’Cs deposition >555 kBq
m~?); and group 4, children born after the accident tothose
registered in groups 1- 3.

203. For the purpose of data collection, registries were
established at the national, regional and district levels, aswell
as in certain minidries that provide health care for ther
employees independent of the generd hedlth care network.
Four specia datacallection formswereintroduced [M7, W1]:
regigtration, clinical examination, dosmetry and correction
form.

204. Persons were registered in the All-Union Registry
upon presentation of their official documents of work or
residence in the Chernobyl zone, mainly during the com-
pulsory annual medical examination in the outpatient
department of the district hospital responsible for their
place of residence (see Section 1V.A.2). In return, each
person obtained a special registration document enabling
him/her to obtain special Chernobyl-related social benefits.
At the time of the dissolution of the USSR, the All-Union
Registry had accumul ated data on 659,292 persons, 43% of
whom were recovery operation workers (group 1), 11% of
whom were personsevacuated from the most contaminated
areas (group 2), and 45% of whom were personsliving in
contaminated areas (group 3); the remaining 1% were
children of groups 1- 3 (group 4) [W7].

205. Since 1992, the national Chernobyl regidtries have
continued to operate, but independently, with only basic data
itemsin common. Although the regigtries continue to employ
the general regidtration techniques and categories devel oped
during the Soviet era, they have evolved separatdly in termsof
the population groupsand/or dataitemsthat are covered, data
quaity, dose-recongtruction methodology and follow-up
mechanisms [W12]. This must be kept in mind when
interpreting and comparing results from the three countries
most heavily exposed as a consequence of the accident.

206. Successivepublicationsusing Chernobyl registry data
sources show ever-increasing numbers of persons
registered. Whereas at the beginning, the Chernobyl
registry of Belarus contained information on 193,000
persons, 21,100 of whom were reported to have worked as
recovery operation workers[W7], at the beginning of 1995
this number had risen to 63,000 [O2]. Similarly, the
number of persons registered in the Russian National
Medical and Dosimetric Registry asbelonging to oneof the
four primary registration groupshasincreased steadily over
the years (Figure XXIII). The legal statute regulating
medical criteria for disability and invalidity has changed
over the years, and as a result the number of individuals
included in the registries has increased [O4, W7].
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Figure XXIlIl. Number of persons registered in the
Russian National Medical and Dosimetric Registry as
exposed to ionizing radiation as a consequence of the
Chernobyl accident [114].

207. All persons included in the Chernobyl registries
continue to receive active follow-up. This follow-up was
centralized for a number of years in the former Soviet
Union. Subsequently it has been performed in the three
successor countries. Originally, the Chernobyl registration
process was grafted onto an existing infrastructure, but the
follow-up of the exposed populations is more specific and
concerns all age ranges, including retired persons, who
would not normally haverece ved medical follow-up, since
thisis confined to the working population.

208. Compulsory annual medical examinations are con-
ducted by a general practitioner in the outpatient depart-
ment of thedigtrict hospital at the official place of residence.
The information ascertained during these examinations is
systematically reported to the Chernobyl registry by means
of the specially devised clinical examination form [T12,
W1]. In case a more severe health condition is suspected,
thepatient isreferredto specialized health-careinstitutions
for diagnosis and treatment.

2. Specialized registries

209. In addition to the Chernobyl registries, the Russian
Federation keeps specialized registries of Chernobyl-
exposed popul ations. Whereasthe primary information on
persons included in these registries is systematically
reported to the Russian National Medical and Dosimetric
Registry, the specialized registries generally contain more
detailed information on exposure and follow-up.

210. Thefollow-up mechanismsfor the specialized registries
folow the same principles as those for the Chernobyl
registries. However, medical services and annual medical
examinations are provided at special medical facilities of the
respective Minigry. The provison and qudlity of services at
these specid facilities are generally considered to be better
than those offered by the generd health-care network [W10].
Follow-up in the special medical facilities ceases with

termination of employment (other than retirement), after
which the person returns to the general health-care regime.

211. The Registry of Professonal Radiation Workers is
maintained by the Ingitute of Biophysics in Moscow. It
contains information on 22,150 professonal radiation
workers who participated in recovery work. Approximatey
18,600 of them currently live in the Russian Federation, and
13,340 worked in the Chernobyl area in 1986-1987. The
radiation doses for these workers were monitored with
personal dosmeters. TheRegistry currently contains dosesfor
approximately 50% of the workers, doses for the remainder
are being collected and entered into the database.

212. Medical examinations of persons included in the
Regigtry of Professional Radiation Workersare carried out in
about 70 medical facilities of the Ministry of Health. The
oncology service of the Inditute of Biophysics verifies the
diagnosisof al cases of cancer and extracts information from
case higtories. Before 1993, no information was collected on
thedate of diagnosisor cause of death. Of the 22,150 workers
regigered at the beginning, only 18,430 are currently being
followed [T13].

213. The Registry of Military Liquidators, operated by the
Military Academy at . Petershurg, contains information on
persons from all over the former USSR who were drafted by
the Minigtry of Defenceto hdp in the recovery work after the
accident. Ther doses were mainly determined through time
and motion studies. Information on places and dates of work
in the Chernobyl area has been recorded in theregisters. The
medical follow-up of the approximately 15,000 servicemen
included in the regigry is carried out at loca palydinics and
specialized dispensaries of the Ministry of Defence. Ancther
group of approximately 40,000 personswho were sent towork
inthe Chernoby! area by the Ministry of Defencearefollowed
in the genera civilian network of hedlth care

214, Among the recovery operation workers, there are
about 1,250 helicopter pilotsand crew. All individual swith
doses of more than 250 mGy were hospitalized for careful
medical examination as soon as their work was finished.
No sign of radiation sickness was found. A list of persons
is maintained by the Russian Aviation Medicine Ingtitute
[U15]. TheAviation Medicinelnstitute carriesout periodic
examinations of helicopter pilots, results have been
published on groups of 80 to 200 of them, including
military pilots and crew memberswho flew over Unit 4 of
the Chernobyl reactor in April and May 1986 [U15].

B. REGISTRATION OF MORTALITY AND
DISEASE IN THE GENERAL POPULATION

1. Mortality

215. Mortality statigtics are one of the main measures of
health outcome used in epidemiological dudies. In the
countries of the former USSR, and throughout the world,
registration of deeth is the responghility of vital datistics
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departments. For each desth, a medical desth certificate
(medical document) is completed by the attending physician
or by amedically trained person. The desth isthen registered
at the digtrict vital regigtration department by completing a
desth regidration act (lega document), which provides
authorization for burial. The medical degth certificate in use
in thecountriesof theformer USSR hasfoll owed international
recommendations since the 1980s [W10]. The qudity of the
death certificates depends on the competency of the person
completing them, and the validity of the desth certificateshas
probably changed over time.

216. A copy of the death regigtration act is forwarded to the
regiona vital registration department, which isin charge of
the coding and the preparation of annual regional mortality
datistics. The cause of death is coded using a dightly
modified verson of the Ninth Revision of the International
Classification of Diseases B-Ligt [S6]. Regiona mortality
datistics are submitted to the national satistical authority for
the compilation of annual national mortality statistics.

217. As part of a general policy of censorship of demo-
graphic and health statistics, the use of mortality statistics
for research purposes was severdy restricted during the
Soviet era [R1]. The main use of the mortality statistics
was health planning. Since the dissolution of the Soviet
Unionintoindependent countries, however, such datahave
been readily available.

2. Cancer incidence

218. Cancer diagnosis and trestment were the respongbility
of oncological digpensaries throughout the Soviet Union.
Cancer patients were followed by the digrict hospitd at the
official placeof residence. Certain malignant neoplasms, such
as haematol ogical neoplasms, childhood cancers, and certain
rare tumours, e.g. brain and eye, are diagnosed and treated
outside the network of oncological dispensaries [W10].

219. Basad on theexisting oncological infrastructure, cancer
registration was made compulsory in 1953 throughout the
USSR [N6]. The cancer regidration process, which ill
appliestoday in the successor countries, involves the passive
reporting of newly diagnosed cancer casesand information on
their follow-up to regional cancer regidries at the regiona
oncological dispensaries in the patient’s place of resdence
[W10].

220. The patient cards maintained at the regional cancer
registries are continuously updated with the information
received from the cancer registration documents. After a
cancer patient dies, the card is removed from the active
cancer registry for storage in archives. Information on
cancer deathsisgathered at regul ar intervalsfrom thevital
registration departments, and trace-back procedures are
initiated for persons not registered during their lifetimes.

221. Annual cancer datigtics are compiled at both the
regiona and national levels. Two basic reports are compiled
manually each year. The cancer incidencereport providesthe

number of cases according to sex, age group and cancer Site,
and the cancer patient report provides basic information on
prevalence aswell ason thediagnoss, treetment and survival
of the patient. Death certificates and autopsy reports as
information sources have been used since 1961, but the
registration of leukaemia became compulsory only in 1965
[R1]. Thus, cancer satisticsthat meet the Western definition
of cancer regidries have exiged only since 1966 in the
countries of the former Soviet Union [W10].

3. Specialized cancer registries

222. Haematological cancer registrieswereset upin Bearus,
the Russian Federation and Ukraine shortly after the accident,
but thyroid cancer regigtries only started to appear during the
early 1990s, dfter firgt reports of an increasein thyroid cancer
falowing the Chernobyl accident. Specialized childhood
cancer registries were set up only recently becausethe quality
of the general registration was questionable [V 7].

223. These speciaized cancer regidries are for cancers that
are mainly diagnosed outsde the network of regional
oncological dispensaries. The registration of these cancersin
the national cancer regidtriesislikdy to belesscompletethan
for cancers directly diagnosed and regisered in the
oncological dispensaries. Animportant differencebetween the
national cancer registries and the specialized cancer registries
isthat case ascertainment is passive in the former and active
in the latter. Active reporting systems generaly achieve a
higher degree of completeness, as cancer registry personnel
directly and systematically abstract the information from the
source. Furthermore, specialized cancer registries generally
record moredetailed information on thedinical featuresof the
tumour than do general cancer regidiries.

(&) Haematological cancer registries

224. In Bdarus, the National Register of Blood Diseasesis
operated by the Inditute of Haematology and Blood
Transfuson in Minsk. Although activities only started in
1987, datasince 1979 have been collected retrospectively. The
registry covers the entire population of Bearus and receives
details of cases of leukaemia, lymphoma and related blood
diseases from haematological departments and oncological
dispensaries and from autopsies. Information in this registry
has, however, only recently been computerized.

225. The Registry of Leukaemia and Lymphomas in the
Bryansk region (Russian Federation) records all relevant
cases in all agesin this region, including a retrospective
assessment since 1979. Before 1986, however, theregistry
isreported to be incomplete [W1].

226. Little is known about the Ukrainian Registry of
Haemoblastosis (term used in the Russian language) that
covers leukaemia, lymphomas and related non-malignant
diseases, such aspolycythaemiavera, aplastic anaemiaand
sideroblastic anaemia. The registry is operated by the
Ukrainian Centre for Radiation Medicine and is designed
to record all cases of haemoblastosis in the Ukrainian
resident population [W1].
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(b) Thyroid cancer registries

227. In Béarus, the Thyroid Surgery Registry is operated by
the Scientific and Practical Centrefor Thyroid Tumors a the
Ingtitute of Medical Radiology and Endocrinology, Minsk
[D2, P2]. This regigtry includes only patients with thyroid
disorders treated at the Centre. A comparison between the
registry data and data obtained from pathologists indicated
that it is incomplete for thyroid cancers diagnosed during
adolescenceand adulthood, asthese are mostly diagnosed and
treated at the regiona leve [C6]. The number of thyroid
cancer cases reported from Bdarus in different scientific
publications varies according to the age range considered and
depends on whether case series were abstracted from the
Thyroid SQurgery Registry only [P2], whether they were
complemented by incidence data[B11], or whether only cases
known to the national cancer registry were used [K40].

228. Inthe Russian Federation, the Thyroid Cancer Registry
has been created for the Bryansk and Tularegions; it includes
data on all cases of thyroid cancer since 1981 [R2]. In
Ukraine, aclinical morphological register of thyroid cancers
has been created at the Inditute of Endocrinology and
Metabolism in Kiev [T4]. This registry includes data on al
thyroid cancer casesin which the patients were under the age
of 18 years at the time of the Chernobyl accident, aswell as
retrogpective data snce 1986. Information is gathered from
two sources. (@) data on al cases treated at the surgery
department of the Ingtitute of Endocrinology and (b) data on
thyroid cancer cases from the national cancer regidry,
diagnosed throughout Ukraine. In 1986- 1994, onethird of the
total of 531 cases recorded was identified from surgica
records. Dataquality and theamount of detail availableinthis
registry islikey to vary, depending on the data sources. Also,
thyroid cancer casesoccurring inthe Chernobyl-contaminated
areas are more likely to undergo surgery in Kiev than cases
occurring in other areas.

(c) Childhood cancer registries

229. Publicationson childhood thyroid cancer or haemato-
logical malignancies generally are based on data from the
corresponding specialized cancer registries [D2, 110, 131,
T4] or, in the case of childhood thyroid cancers, from
population screening programmes [126, T5]. A new
specialized registry, the Belarusian Childhood Cancer
Registry, was created at the Ingtitute of Oncology and
Medical Radiology in 1996. Dataarereported from centres
diagnosing and treating children. Similarly, childhood
cancer registriesareal so being created for the Bryansk and
Tularegions of the Russian Federation [R2].

(d) Registers of hereditary disorders and
congenital malformation

230. A national monitoring system for hereditary diseases
exists in Belarus at the Ingtitute for Hereditary and Con-
genital Diseases[L8]. Reporting iscompulsory since 1979
for anencephaly, spina hifida, cleft lip and palate, poly-
dactyly, limb reduction defects, oesophageal and anorectal

atresia and Down’s syndrome. In addition, reporting of
multiple congenital malformations became compulsory in
1983. Morphogenesis defects in embryos and early fetuses
have been recorded since 1980.

231. Thecomparahility of registriesof congenital malforma-
tionswith Smilar registries from countries outside the former
Soviet Union is generally considered to be poor owing to the
great variation in definitions of the included parameters.
Differencesarefoundin defining thegeographical location
(e.g. place of residence of the mother or place of birth of
the child), in the definition and coding of the diagnosis,
and in coverage (live births, stillbirths, induced abortions,
fetal deaths, spontaneous abortions) [L8, L20]. There has
been no independent assessment of the quality and
completeness of this registry, in particular for the period
before the Chernobyl accident.

C. QUALITY AND COMPLETENESS OF
REGISTRATION

1. Registers of exposed populations

232. Theever-increasing number of personsregisteredin
the Chernobyl registries raises the crucial question of
whether and when the registration of the exposed popul a-
tion groups can ever be reasonably complete. The legal
gatute regulating medical criteriafor disability and invalidity
in cditizens of the Russian Federation was promulgated in
1991. According to this law, the causal association between
the Chernobyl accident and disease, death, or invalidity can
be established independently of the absorbed dosereceived
or the health status of the person beforethe accident. Asa
result of thislaw, the number of individualsincluded inthe
register hasincreased over the past years [O4, W7]. Some
registration increases occur as the people exposed as a
result of the accident grow older, become ill, and seek
regigtration to obtain social benefits. Any difference between
the health status of exposed persons registered in recent
years in the Chernobyl registries and that of exposed
personsregistered in earlier yearscouldintroduce biasinto
epidemiological studies using these data. However,
preliminary analysisin Belarusand the Russian Federation
appearstoindicatethat the health status distribution of the
newly registered workersis similar to that of the workers
registered previoudy [P18].

233. Toobtain amorereliable and complete enumeration
of a cohort of Chernobyl recovery workers for epidemio-
logical purposes, Estonian researchers used four indepen-
dent data sources:

(a) records of military personne, both regular personnel
and reservists, who were sent to the Chernobyl areg;

(b) The Estonian Chernobyl Radiation Registry;

(©) members of the Estonian Chernobyl Committee, a
non-governmental organization that aimsto obtain
compensation and hedlth-care benefits for the recovery
workers;
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(d) filesfromthe Ministry of Social Welfare of Estonia,
which had conducted an independent registration of
recovery operation workers for social benefits.

By using multiple data sources, the information on 83% of
the 4,833 Estonian men whoworked in the Chernobyl area
could be ascertained from two or more sources [T6].

234. Itremainsunclear towhat extent averified diagnosis
in the more specialized ingtitutions is actually reported to
the Chernobyl registries. One study indicated that almost
half of the leukaemia diagnosesin the Russian Federation
Chernobyl registry were not confirmed [O1]. By contrast,
in Belarus, where a nationa registry of haematological
malignancies was created following the Chernobyl
accident, thisinformation hasbeen periodically reported to
the Chernobyl registry in recent years.

235. Caution should be observed when comparing the
mortality experience in the Chernobyl registry populations
with national background mortality rates. The Chernobyl
regisries obtain mortdity information from next-of-kin
whenever the person under observation does not present
himsdf/hersdf for the annual medical examination and/or
from officia death certificates, which are screened for
information. The Chernobyl registry does not use the coding
rulesimplemented by the official demographic authorities but
often uses the existing medical information to code the
appropriate cause of desth in the Chernobyl regigry. As a
result, the mortality information available in the Chernobyl
registries is often more specific and has a higher degree of
completeness than official demographic sources.

236. Understanding theregistration processes, coding and
quality changes over time is essential for researchers to
appropriatdy conduct andinterpret epidemiol ogical studies
using Chernobyl related data. More research is needed to
document the methods of data collection and the quality of
datacollected in theframework of the Chernobyl registries.

2. Registers of the general population

237. Mortality. Very little information exigts on the quality
of mortality statistics from countries of the former Soviet
Union. During the late 1970s, a study was conducted to
compare the quality of cause-of-desth coding in seven
countries, incuding the USSR [P22]. The results showed that
for a standard st of 1,246 causes of desth related to cancer
therewere no differencesin thequality of codingin the USSR
and in the other participating countries. However, for this
particular study, an expert pathologist performed the coding
in the USSR, whereas in the rest of the countries a vital
gatistics official did the coding. A study is currently under
way comparing the coding for the same 1,246 cause-of-desth
series as performed by the actual coders of a number of
regional vital registration departmentsin Bearus, theRussan
Federation and Ukraine.

238. Mortdlity rates in the three countries dedined in
1984- 1987, increased in 1987-1994 [L38], and were more

gable in recent years [L37]. International comparisons of
mortality datistics show higher rates for deaths from
cardiovascular diseaseand violencein theRuss an Federation.
[M8]. Although differencesin dataquality cannot beexcluded
entirdy, recent evidence suggests that increased acohadl
consumption may account for a substantial portion of the
difference in mortality patterns between the countries of the
former Soviet Union and Western countries[L37, L38, W11].

239. Mortality dataare used in epidemiological studiesas
endpoints for individual follow-up of exposed populations
or in aggregated form as mortality ratesin geographically
defined populations. Although changes in mortality
patternsin the countries of the former Soviet Union are not
related to radiation exposure, they must be taken into
account when interpreting epidemiological studies using
these data. In these countries, individual mortality dataare
availableonly on paper at thedigtrict level. The absence of
centralized, computerized mortality registries poses
considerabledifficulty, particularly in tracing subjectswho
have moved from one area to another [O1].

240. Cancer incidence. A survey of cancer regigtration
techniquesin the countries of the former Soviet Union [W10]
showed a number of important differences compared to
Western countries. Fird, cancer regidries in Wegern
countries were created for research purposes, whereas in the
Soviet Union they were created for health-planning purposes.
The system in operation in the countries of the former Soviet
Union functions as a public health surveillance system with
fast reporting of datistics (three months after the end of a
reporting year). Theimpact of thefast reporting on the quality
of the information is unknown. Second, many dataitemsare
coded independently of theinternationally recommended and
accepted dassfication schemes. Thisis particularly rdevant
for one of the most important data items in cancer
registration: tumour pathology. This may have important
implications for the quality of the data recorded. Third,
standard concepts for verifying the quality and completeness
of regigries, widdy used for Western cancer regidries, are
virtually unknown in thecountriesof theformer Soviet Union.
Finally, personal identification isbased on names. Differences
in spling, the increasing use of national languages rather
than the Russian language, and theincreasing mohility of the
popul ation rai sequestionsabout the correctnessof theidentifi-
cations. Wheress probabiligtic record-linkage procedures are
used for this purpose in Western cancer regidries, these
procedures remain unknown in the countries of the former
Soviet Union.

241. Of the countries most contaminated by the Chernobyl
accident, only Bdarus had a centralized cancer registry in
operation before the accident. In the 1990s, the Russian
Federation and Ukraine began developing computerized
cancer registration software and regional registration
networks, and Belarus worked to modernize the sysem in
operation there. Thiswork of gradually adjusting the cancer
registration techniques in these countries to satisfy
international standardsisbeing conductedwithinaframework
of international collaboration toensureadequatetraining[S6].
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242. A computerized central cancer registry was established
in Bdarus as early as 1973, and computerized cancer
incidence data have been availablesince 1978 [O4]. However,
owing to the lack of resources, the data were computerized
anonymoudy during the early years of operation. In 1985
personal -computer-based cancer registration was deve oped,
including appropriate information on the individuals. Since
1991 a computerized network has provided the basis for
cancer registration in Belarus.

243. Effortstocomputerize cancer registrationin Ukraine
started at the beginning of the 1990s [W10]. By the end of
1997, computerized cancer registration had been
implemented in many regions. Approximately 82% of the
population of Ukraine was covered at that time, and
nati onwidecoverageisexpected by theyear 2000. Inrecent
years, the Russian Federation has also started to develop a
computerized cancer registration system [W10]. Full
coverage of the population of the Russian Federation with
computerized cancer registration technology hasto be seen
asalong-term goal. In any case, priority will be given to
computerizing the Chernobyl-contaminated regionsand a
number of control regions.

244, Probably the main source of international cancer
incidence statistics is the series Cancer Incidencein Five
Continents, published by the International Agency for
Research on Cancer (IARC) at five-year intervalssincethe
late 1960s. Although cancer registries all over the world
areinvited to contribute data, only data sets satisfying the
defined quality standards are accepted for publication. No
data from the USSR were included in any of the early
volumes, although a supplement to Volume I11, “Cancer
incidence in the USSR”, was published jointly by IARC
and the USSR Ministry of Health in 1983 [N6]. The two
most recent volumes, presenting data for 1983-1987 and
1988- 1992, includedatafrom Belarus, Estoniaand Latvia,
and data from St. Petersburg and Kyrgyzstan were
published in the earlier of the two volumes. However, the
editors warned that all data from the countries of the
former Soviet Union (except data from Estonia) may
under-ascertain the number of cases, may lack validity, or
may be inaccurate with respect to the denominators of the
rates [P17, P23].

D. INTERNATIONAL COLLABORATIVE
SCREENING PROJECTS

245, For morethan threeyears after the Chernobyl accident,
efforts to mitigate its consequences were considered by the
Soviet Union to be excusvdy an interna matter.
International collaborations started to develop in 1990 and
have since played a subgtantia role in the assessment of the
health consequences of the Chernobyl accident.

246. Soviet health authoritiesinitiated screening activities
in June 1986 throughout the areas most affected by the
accident. Initially, these activities were locally organized;

large-scal e screening was not started until theearly 1990s.
A description of theorganization, compl eteness, and resultsof
these efforts has not yet been published.

1. The International Chernobyl Project

247. In 1990-1991, IAEA organized the Internationa
Chernobyl Project [11] at the request of the Government of
the USSR. International experts were asked to assess the
concept the USSR had devel oped that would enable the
population to live safely in areas affected by radioactive
contamination following the Chernobyl accident; theywere
also asked to evaluate the effectiveness of the steps taken
in these areas to safeguard the health of the population.
The International Chernobyl Project investigated the
general health of the population of seven rural settlements
in Belarus, the Russian Federation and Ukraine and of six
control settlements using an age-matched study design
[M10]. Psychological health, cardiovascular, thyroid and
haematological disorders, cancer, radiation-induced
cataracts and fetal anomalies were also investigated, and
cytogenetic studies were carried out.

2. The IPHECA project

248. In 1992-1995, WHO conducted an International
Programme on the Health Effects of the Chernobyl
Accident (IPHECA). A number of pilot projects surveying
registration activities, radiation- dose reconstruction,
haematol ogical disorders, thyroid disorders, brain damage,
and oral health were carried out. The IPHECA Dosimetry
Project reconstructed radiation doses from measurement
surveys of the populations of contaminated and evacuated
areas [W1, W13].

3. The Chernobyl Sasakawa Health and
Medical Cooperation Project

249. Between 1991 and 1996, the Sasskawa Memorid
Hedth Foundation sponsored the largest international
programme of screening of children following the Chernobyi
accident. The project aimed at assessng the anxiety and
health effectsin the people affected by the Chernobyl accident
through large-scale population screening. Children were
sdected as the target population for the screening. Regional
diagnogtic centres were s&t up in Gomd and Mogilev in
Bdarus, inKlincy (Bryansk region) in the Russian Federation,
and in Kiev and Korogten (Zhitomir region) in Ukraine to
screen children by means of mobile examination units [S38].

250. Standard examination protocols and questionnaires
focussing on thyroid disorders, haematol ogical disturbances
and radiation dose were used. The examination included
collection of disease history and anthropometric data,
dosimetric measurements using whole-body counters,
ultrasonography of the thyroid, general blood count,
determination of thyroid hormones in the serum,
determination of iodine and creatinine in the urine, and
examination by a paediatrician. When abnormalitieswere
found, the child was referred to the regiona diagnostic



496 ANNEX J: EXPOSURES AND EFFECTS OF THE CHERNOBYL ACCIDENT

centre for comprehensive examination and appropriate
treatment. During the course of the project (May 1991-
April  1996), approximately 120,000 children were
examined. The results are given in Chapter V [H2, 1186,
121, 126, S7, Y1].

251. International collaborativeeffortsarecontinuing, and
several studies of the effects of the accident are underway.
An exampleisaproject to establish atissuebank of thyroid
carcinomas from all of the three most affected countries,
which has as participating organizations the European
Union, National Cancer Ingtitute of the United States, the
Sasakawa Memoria Health Foundation, the World Health
Organization, and the health ministries of Belarus, the
Russian Federation and Ukraine..

E. SUMMARY

252. Following the Chernobyl accident, compulsory
registration and continuous health monitoring of recovery
operation workers and residents of the most contaminated
aress, induding their offspring, wereinitiated throughout the
Soviet Union. Until the end of 1991, the All-Union
Digtributed Clinico-Dosimetric Registry recorded information
on 659,292 persons. After the dissolution of the Soviet Union
into independent dtates, national Chernobyl registries have
continued to operate, but independently. Changesin national
regigtration criteria, compensation laws, dose-reconstruction
methods, and follow-up mechanisms increasingly limit the
comparability of data from the different national sources.
More detailed registries of exposaed populations exist in the
Russan Federation (Registry of Professona Radiation
Workers, Regigtry of Military Workers and the cohort of
Helicopter Pilotsand Crew). The qudity and compl eteness of
these regigtries remain largdy unknown, however.

253. The number of people registered in the national
Chernobyl registries continues to increase, even in recent
years, which raises questions about the compl eteness and
accuracy of registration. Information on mortality and
cancer incidenceis collected from many different sources
and is coded independently of international guidelines.
Evidence from recent cohort studies suggests that the
Chernobyl health outcome data cannot be successfully
compared with health data obtained from official statistical
SOUrCes.

254, Systematic linkage of the Chernobyl registry
population data with existing mortality and/or cancer
incidence registries and the subsequent comparison of the
health outcome experience in the cohort with the
corresponding national reference statistics could be a
valuable tool for epidemiological research. Interna
comparisons, e.g. using alow-dose comparison group, are
likely to provide information on risks associated with
ionizing radiation in the future. However, complete
information on, eg. previous exposure to ionizing
radiation in an occupational setting, will most probably
only be available for small sub-cohorts.

255. Health outcome registries are an important source of
information for assessing the consequences of the
Chernobyl accident. Their primary advantage is that the
information was collected in a systematic way before and
after the accident and that the criteria for data collection
arethe samein all countries of the former Soviet Union.
However, most of these registries, whether related to
mortality, cancer incidence, or special diseases, continueto
be largely operated manually, which seriously limits their
use for epidemiological research purposes. The Chernobyl
accident led to major international efforts to computerize
cancer incidence and specia disease registries and to
improve their registration methods so as to comply with
international standards. However, mortality registration
systemshavereceived littleattention sofar. Information on
the quality and completeness of these systems remains
scarce.

256. Compulsory cancer registration was introduced
throughout the former Soviet Union in 1953. The system
relies on passive reporting of information on all newly
diagnosed cancer cases to the regional cancer registry for
the patient’s place of residence. Since the early 1990s,
there have been effortsto computerize the existing systems
and to gradually improve their quality to satisfy
international standards. Belarus has been covered with a
network of computerized cancer registries since 1991.
Computerization is well advanced in Ukraine, and full
population coverage is expected soon. In the Russian
Federation, efforts to develop computerized cancer
registration started only recently and will be concentrated
in contaminated areas and control areas.

257. Specialized popul ation-based registriesfor haemato-
logical malignancies and thyroid cancer were set up in the
wake of the Chernobyl accident and in response to the
unknown quality and lack of detail for these sitesin the
general registries. Childhood cancer registries were
recently developed for the same reasons. Quality assess-
mentsof these registries are underway. Other registriesfor
hereditary disorders and malformations exist, but their
quality and completeness have not so far been indepen-
dently assessed.

258. Shortly after the Chernobyl accident, efforts were
devoted mainly to devel oping adequateregistration systems
for future follow-up of those population groups most
affected by the radionuclide deposition. More recently,
international collaborations have helped to modernize the
existing disease registration infrastructure. However,
information on the quality and completeness of all these
registries is still very scarce. The usefulness of the vast
amount of data collected will becomeclearer in thecoming
decades as thelong-term consequences of the accident are
studied. In particular, matching the health outcomes with
thedosimetric data described in Chapter 11, will be of great
importance.
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V. LATE HEALTH EFFECTS OF THE CHERNOBYL ACCIDENT

259. The dudies of late hedth consequences of the
Chernoby! accident have focussed on, but not been restricted
to, thyroid cancer in children and leukaemiaand other cancer
in recovery operation workers and residents of contaminated
aress. Many studies have been descriptive in nature, but until
individual dos metryiscompleted, proper controlsestablished,
and methodological requirements satisfied, the resultswill be
difficult to interpret. Quantitative estimates and projections
will certainly be very unrdiable without individua and
reiable dose estimates.

260. The late health effects of the Chernobyl accident are
described in this Chapter. Theseeffectsindudemalignancies,
epecially thyroid cancer and leukemia, non-malignant
somatic disorders, pregnancy outcome and psychological
effects. The focus will be on health effects in the most
contaminated areas, but possible effects in other parts of the
world will also be consdered.

A. CANCER
1. Thyroid cancer
(2) Epidemiological aspects

261. Thyroid carcinomas are heterogeneous in terms of
histology, clinical presentation, treatment response and
prognosis. Although rare, they are nevertheless one of the
most common cancersin children and adol escents. Thyroid
cancer isknown to be more aggressivein children than in
adults, but paradoxically, the prognosis is supposed to be
better in children [V8]. Several risk factors have been
suggested for thyroid cancer, but only ionizing radiation
has been found to have a causative effect, although a
history of benign nodules, miscarriages, iodine deficiency
or excess, and an elevated level of thyroid-stimulating
hormones have been discussed as causative factors [F9,
R18]. Risk factors for thyroid cancer are discussed in
Annex |, “Epidemiological evaluation of radiation-
induced cancer”.

262. The childhood thyroid gland is, besides red bone
marrow, premenopausal femal ebreast, and lung, oneof the
most radiosensitive organs in the body [U2]. Age at
exposureisthe strongest modifier of risk; adecreasing risk
with increasing age has been found in several studies[R?7,
T20]. Among survivors of the atomic bombings, the most
pronounced risk of thyroid cancer was found among those
exposed before the age of 10 years, and the highest risk
was seen 15-29 years after exposure and was dill
increased 40 years after exposure [ T20]. The carcinogenic
effect of !l is less understood, and the effects of
radioiodine in children have never been studied to any
extent, since medical examinations or treatments rarely
include children [H6]. Similar to the studies of atomic

bomb survivors, there is little evidence of an increasing
risk for exposures occurring after age 20 years [H6, T20].

263. As seen in Tables 56-58 an increasing number of
thyroid cancers among children and adolescentsliving in
areas most contaminated by the accident have been
diagnosed in the last 12 years. Among those less than 18
years of age at exposure, 1,791 thyroid cancers were
diagnosed during 1990- 1998 (completeinformation isnot
available for the Russian Federation). Theincreasein al
threecountriesfor 1990- 1998 wasapproximatey fourfold,
with the highest increase seen in the Russian Federation.
The increase in absolute numbers seems to have leveled
off, particularly for the older age-at-exposure cohorts. It
should beemphasi zed that the source population in Belarus
is approximately 1.3 million, in the Russian Federation
300,000 (only one region) and in Ukraine 9 million
children.

264. As previoudy discussed in this Annex, there are
considerable uncertainties in the estimates of individua
thyroid doses to the population in the contaminated arees.
More than 80% of the dose from interna exposure was
estimated to be from %Y [Z1]; external exposure contributed
only a small proportion of the thyroid dose [M4] (see
Section 11.C.2.9).

265. Two recent studies[F13, R17] found an elevated risk
of thyroid cancer mortality following adult Y treatment
for hyperthyroidism, which is in contrast to previous
studiesof hyperthyroid patients[H14] or patientsexamined
with %Y [H6]. The reason for referral, i.e. the underlying
thyroid disorder, could have influenced the risk, since the
highest risk was seen less than five years after exposure.
The thyroid dose (60-100 Gy) received by most
hyperthyroid patients had previously been considered as
having a cell-killing rather than a carcinogenic effect.

266. In a recent paper by Gilbert et a. [G23], thyroid
cancer ratesin the United States were related to **! doses
from the Nevada atmospheric nuclear weapons tests. The
analysisinvolved 4,602 thyroid cancer deaths and 12,657
incident cases of thyroid cancer. An elevated risk was
found for thoseexposed before the age of oneyear and born
during the 1950s, but no association with radiation
exposure was seen in older childrenintheagerange 1- 15
years. It could be that migration complicated the dose
assessment and caseidentification. The authors concluded
that the increase was most likely due to the **!| exposure,
but the geographical correlation approach, i.e. lack of
individual doses and information on residency, precluded
them from making quantitative estimates of risk related to
exposure. Further, *!1 exposuresfrom nucl ear weapon tests
in other countries were not taken into account, nor were
other releases such asthosethat occurred from theHanford
site [R22].
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267. Between 1944 and 1957, the Hanford sitein the United
States released large quantities of **!1 into the atmosphere
during fud processng. Inthe Hanford Thyroid Disease Study,
thyroid doses were estimated for 3,193 individuals, and the
mean thyroid dose was 186 mGy [R22]. Initial results of the
study indicated that a diagnosis of thyroid cancer could be
made for 19 participants, but no dose-response relationship
was apparent. The final report is yet to be published.

268. Prisyazhiuk [P8] described in 1991 three cases of
childhood thyroid cancer in Ukraine that were diagnosed in
1990, in contrast to no diagnosed cases during the preceding
eght years. A screening effect was discussed, and it was
postulated that “these thyroid cancers might represent the
beginning of an epidemic”. In thefallowing year, Kazakov et
al. [K11] reported 131 cases of childhood thyroid cancer in
Bdarus. The geographical didtribution suggested a
rdationship with the ionizing radiation caused by
radionudides released from the Chernobyl accident, but
unexplained differences existed. Most cases had been
confirmed by a pand of international pathologists [B18].
Increased risks of childhood thyroid cancer were later
reported in Ukraine [L6, T2] and, more recently, in the part
of the Russan Federation most contaminated by the
Chernoby! accident [S19, T1].

269. Thelarge number of cases appearing within five years
of the accident was surprising, snceit had been believed that
thyroid cancer needed an induction and latency period of at
least 10 years after exposure to ionizing radiation [U2]. The
findings were challenged, the major concerns being the
influence of an increased awareness and of thyroid cancer
screening [B23, R8, S5

270. The numbers of thyroid cancersin children born before
26 April 1986 and who were lessthan 15 years of age at that
time by country/region and year of diagnosis are given in
Table 56 and illustrated in Figure XXI1V. The corresponding
incidence rates are given in Table 57 and Figure XXV
Childhood thyroid cancers in heavily contaminated areas
show 5-10-fold increases in incidence in 1991-1994
compared to the preceding five-year period. The number of
childhood thyroid cancers occurring from 1990 to 1998 in a
wider age range of children (0-17 years dld at time of the
accident) is presented in Table 58. It should be noted that
many of the cases were diagnosed in adolescents and young
adults and that only few of them have undergone
histopathological review. Thenumbersgivenin Tables56-58
are not entirdy consgent, snce various sources of
information have been used (see Section 1V.B.3.b).

271. Kofler et al. [K41] recently described thyroid cancer
in children 0-14 years old at the time of the accident in
Belarus. Through the Belarus cancer registry, 805 thyroid
cancers were found by the end of 1997. The distribution
with time and by age at exposure is presented in Figure
XXVI. It can be seen that children 0-4 years old at the
time of the accident still have an increase in absolute
numbers of thyroid cancers, while the number of thyroid
cancers diagnosed among those who were5-9 yearsold
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Figure XXIV. Number of thyroid cancers in children
exposed before the age of 14 years as a result of the
Chernobyl accident [I123, K41, T2, T16].
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Figure XXV. Thyroid cancer incidence rate in children
exposed before the age of 14 years as a result of the
Chernobyl accident [I123, K41, T2, T16].

seems to decrease after 1995. In those 10-14 years of age
at exposure, the number of thyroid cancers seems to be
stable for the period 1991-1997.

272. In a recent report on the childhood thyroid cancer
cases in the Russian Federation, lvanov et a. [127]
described findingssimilar to thoserevealed above. Intotal,
3,082 thyroid cancer casesin personslessthan 60 years of
age at diagnosis were recorded between 1982 and 1996 in
thefour most heavily contaminated regions of the Russian
Federation (Bryansk, Kaluga, Ord and Tula). Among
those 0-17 years of age at the time of the accident, 178
cases were found. A significantly lower incidence of
thyroid cancer in women in these four areas compared to
women in the Russian Federation as awholewasfound for
the period 1982-1986 (Figure XXVII). In the next five
years, described asan induction period, therisk was, on
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Figure XXVI. Number of diagnosed thyroid cancer
cases in Belarus as aresult of the Chernobyl accident
[K41].

average, 1.6 times the Russian Federation basdline risk,
probably reflecting increased surveillance and screening.
Separate figures for those less than 14 years of age were
not given, but the elevated risk seen for the period
1992- 1996 wassaid toreflect the high ratesfound in those
less than 14 years old at the time of the Chernobyl
accident. A nearly 14-fold increased risk wasfound among
girls0-4 years of age at exposure compared to adult rates.

273. Jacob e a. [X2] reported a corrdation between
collective dose and incidence of thyroid cancer in 5,821
settlementsin Bearus, the Russian Federation and Ukrainein
1991-1995. Using the southern haf of Ukraine as a
reference, the excess thyroid cancer risk was found to be
linear in the dose interval 0.07-1.2 Gy. The sudy was
extended in an atempt to take thyroid surveillance, back-
ground incidence, age, gender and appropriate methods into
consideration [J5]. Thyroid doses in two cities and 2,122
settlementsin Bdarusand one city and 607 settlementsin the
Russian Federation were recongructed. Thyroid cancers
diagnosed during 1991- 1995 in individual s between the age
of 0-18 years at thetime of the accident wereincluded in the
study. Information on residency at the time of the accident
was collected for al cases, and 243 thyroid cancers were
found, giving an excessabsoluterisk of 2.1 (95% Cl: 1.0-4.5)
per 10* person-year Gy (Table 59).

274. In apooled analysis of children exposed to external
photon radiation [R7], the excess absolute risk of thyroid
cancer was 4.4 cases per 10* person-year Gy (95% ClI:
1.9-10.1). The excess relative risk found by Jacob et al.
[J5] was 23 Gy*' (95% CI: 8.6-82), which is non-
significantly higher thantheexcessrelativerisk of 7.7 Gy *
(95% CI: 2.1-28.7) found by Ron et a. [R7]. It could be
that indolent thyroid cancers detected only at screening
were included. The possible shortening of the latency
period by screening, which served to “harvest” thyroid
cancers, could partly explain the differences. Another
explanation for the differences could be the dosimetry,

since collective thyroid doses were used, and individua dose
measurementsin Bdaruswereavailablefor only aminority of
the study population. Dose calculations were based on
environmental measurements and radio-ecological modds.

275. A recent case-control study by Astakhovaet al. [A6]
included theinitial 131 Belarus thyroid cancers presented
by Kazakov et al. in 1992 [K11] but excluded 24 casesfor
different reasons. Eleven cases did not have pathological
confirmation, 8 cases were not in Belarus at time of the
accident, 2 cases had no information on pathol ogy, 2 cases
were diagnosed before 1987 and 1 patient was deceased.
For the remaining 107 thyroid cancers included in the
study, the male:female ratio was 1:1.1, and 105 cancers
(98%) were of papillary origin. Two sets of controls were
chosen, both matched on age, sex, rural/urban residency,
taking reason for diagnosis and area of residency into
consideration. A strong relationship between estimated
thyroid dose and thyroid cancer was found, even when
reason for diagnosis, gender, age, year of diagnosis, and
B |evel in soil were taken into consideration [A6]. The
mean doseswere different for the casesand for the controls
selected to represent the general population of children
exposed to fallout from the accident (Table 60), and the
oddsratiowas 3.1 (95% CI: 1.7-5.8) when comparing the
lowest and the two highest dose groups. The highest odds
ratio, based on 19 cases and controls, was seen for those
diagnosed incidentally (Table 60) when using the other set
of controls, i.e. those having the same opportunity for
diagnosis as the cases. The odds ratio for those thyroid
cancers found at routine screening (OR = 2.1, 95% ClI:
1.0-4.3) indicated that screening was conducted in high
fallout areas, since no large difference in dose was noted.
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Figure XXVII. Standardized incidence ratios (SIR) of
thyroid cancers among women less than 60 years of
age at diagnosis in the four most contaminated areas
(Bryansk, Kaluga, Orel, Tula) of Russia to Russia as a
whole [127].

276. The Astakhova case-control study [A6] isone of the
more reliable published to date. Individual thyroid doses
received by the children were inferred from established
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relationships between adult thyroid doses and *'Cs
deposition on avillage basis and then modified according
to age-adjusted intakeratesand dose coefficients. Location
of the children before and after the accident was
established on the basis of interviews. Although the
guestionnairewasdesigned to acquireindividual informa-
tion on milk-consumption rates and the administration of
thyroid-blocking agents, such information wasincomplete
in many cases and could not be used. Age-dependent
default values of milk-consumption rates were therefore
used for all children in order not to introduce biasinto the
study; the use of blocking agentswas assumed either not to
have occurred at al or to have occurred too late to have
been effective. Uncertainty in the individual estimates of
thyroid dose is difficult to quantify, but is estimated to be
at least afactor of three.

277. In astudy of Ukrainian thyroid cancer patients less
than 15 yearsold at diagnosis, registered at the I nstitute of
Endocrinology and Metabolism, Kiev, the thyroid cancer
rate for 1986- 1997 exceeded the pre-accident level by a
factor of ten [T18]. A total of 343 thyroid cancersoccurred
in patients born between 1971 and 1986, and the thyroid
cancer rate for this age cohort was 0.45 per 100,000
compared with 0.04-0.06 per 100,000 before the accident.
For the dlightly older group of patients 15- 18 yearsold at
diagnosisin 1986- 1997, 219 casesof thyroid cancerswere
found, and the average incidence was three times higher
than that in the group diagnosed before the accident.

278. Descriptions of the dosimetric methods or dose-
response modelsareunavailable, but it was stated that 22%
of the patients aged 0- 14 years at the time of the accident
received a thyroid dose of >0.3 Gy [T18]. Thyroid cancer
rateswere analysed for different areas, and arate of 27 per
100,000 was found in children evacuated from thevillages
closest to the accident (including Pripyat and Chernobyl).
The authors concluded that the highest risk was found in
those less than 5 years of age at the time of the accident,
but it is questionable whether the methods used allow such
a statement. Only cases below the age of 19 years at
diagnosisareregistered, thus excluding those older than 7
years of agein 1986 to beregistered in 1997.

279. Inarecent paper, Shirahigeet al. [S34] compared 26
children diagnosed with thyroid cancer in Belarus within
the framework of the Sasakawa project with 37 children
diagnosed with thyroid cancer in Japan between 1962 and
1993. A peculiar finding was the peak incidence at 10
years of age at time of diagnosis and a drop thereafter
among the Belarus cancer cases compared with a steady
increase between the ages of 8 and 14 among the Japanese
cases. This could reflect a difference in age distribution,
since those exposed very early in life seemed to have an
increased risk many years after exposure[G23, K41]. The
differences could aso indicate a different growth pattern
caused by an aternative process of carcinogeness,
differencesin screening routines, or the manner in which
the children were sdlected for screening, since some
registries only follow children until the age of 15.

280. In a study of male recovery operation workers from
Bdarus, the Russan Federation and Ukraine who worked
within the 30-km zone, an increased incidence of thyroid
cancer was noted, basad on a total number of 28 cases [C2].
Significant thyroid doses may have been received from short-
lived iodines during the first days after the accident, but
information on the period workers spent within the 30-km
zone was nat taken into consideration. Histopathology and
mode of confirmation were not available for the 28 thyroid
cancers. These results must therefore be interpreted with
caution, especialy since the follow-up of recovery operation
workers is much more active than that of the genera
population in the three countries (see Section IV.A.1 and
IV.C.2). Inastudy of approximately 34,000 patientsreceving
331 for diagnostic purposes, 94% being older than 20 years at
exposure, no increased risk of thyroid cancer reated to
radioiodine exposure could be found [H6E]. As previoudy
discussad, theintensity of screening may grestly influencethe
observed incidence of thyroid cancer in adults[4].

281. lvanov ¢ dl. [18, 114, 133] extensvely sudied the late
effects in Russan recovery operation workers. The Russan
National Medical and Dosmetric Registry (the former
Chernobyl registry) was used, and a significantly increased
risk of thyroid cancer was found when the number of
observed cases was compared to the number expected from
national incidence figures. With the exception of the recent
papers by Ron [R17] and Franklyn [F13], thisisthefirst time
an increased risk of thyroid cancer has been reported in adults
after exposure to ionizing radiation. The study has been
criticized for not using individua doses and internal com-
parisons[B30, B31]. Theincreased medical surveillance and
active follow-up of the emergency workers mogt likely
influenced theresults, particularly when observed numbersare
contragted to national background rates.

282. In adescriptive study of cancer incidence in the six
most contaminated regionsof the Russian Federation [R2],
the thyroid cancer incidenceincreased over timein adults,
and theincreasewaslarger than that observedin thewhole
of the Russian Federation. The highest values were found
intheBryansk region in 1994; thethyroid cancer incidence
for women there was 11 per 100,000 compared with 4.0
per 100,000 for the Russian Federation as a whole. The
corresponding figures for males were 1.7 and 1.1 per
100,000, respectively. It was concluded that no correlation
was found between adult thyroid cancer and the level s of
radioactive contamination [R2]. A pronounced difference
was observed in children based on 14 cases; the incidence
was 2.5 in the Bryansk region compared with 0.2 per
100,000 for the whole of the Russian Federation. Before
the accident, theincidence of thyroid cancer in childrenin
Bryansk and in the Russian Federation was the same. The
registration and follow-up of the Russian population as a
whole are probably not comparable to that in the highly
contaminated regions surrounding Chernobyl (see Section
IV.A.1and IV.C.2), and this influences the results.

283. Thyroid examinations, including ultrasound and fine
needle aspiration, were conducted in 1,984 Estonian recovery
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operation workers nine years after the accident [119]. The
average age on arrival at Chernobyl was 32 years and at
thyroid examination, 40 years. The mean documented dose
from externa irradiation of the thyroid was 108 mGy, but a
poor corrdation was found with biological indicators of
exposures such as loss of expresson of the glycophorin A
genein erythrocytes. Dosesfromincorporatediodinewere not
taken into consideration. Two cases of papillary carcinoma
were identified and referred for treatment. Both men with
thyroid cancer had worked at Chernobyl in May 1986, when
the potential of exposure to radioactive iodine was highest.

284. In a study of 3,208 Lithuanian recovery operation
workersin 1991- 1995, threethyroid cancers(twopapillary
carcinomas and one mixed papillary-follicular carcinoma)
were detected [K9]. There was no significant difference
compared with the Lithuanian male population and no
association with level of radiation dose or duration of stay
in the area of Chernobyl.

285. Three years after the Chernobyl accident, Jewish
resdents of the former USSR began to emigrate in large
numbers to Israd. Between 1989 and 1996, about 140,000
persons from contaminated regions of Belarus, the Russian
Federation and Ukrainemoved tolsradl. Thethyroid satus of
300 immigrant children brought to the dlinic voluntarily by
parentswaseval uated [Q1], and enlarged thyroid glandswere
found in about 40% of subjects. One 12-year-old girl from
Gomel was found to have amalignant papillary carcinomaof
the thyroid.

286. Severa dudies on the late hedlth effects of the
Chernoby! accident were carried out in Europe and have been
critically reviewed and summarized [S12]. No incresse in
thyroid cancer among children was observed, although no
study focussed specifically on childhood thyroid cancer, since
the disease is so rare and a small increase could have gone
undetected in these sudies.

287. Screening programmes have increased the ascertain-
ment of occult thyroid tumours through the use of ultrasound
examination [B23, S5], a possibility discussed in one of the
origind reports [B18]. Thyroid screening was localy
organized in the most contaminated aress after the accident,
but largescae screening with ultrasound examination,
supported by the Sasskawaand IPHECA programmes, did not
dart until 1991 and 1992. Soviet hedlth authoritiesinitiated a
national screening programme shortly after the accident, and
each country later continued the thyroid screening [S19]. Itis
anticipated that 40%- 70% of thediagnosed childhood thyroid
cancer cases have been found through these programmes. In
the case-contral study of 107 childhood thyroid cancers[A6],
63 cases were found through endocrinological screening
(Table 60). In a survey of 50 thyroid childhood cancers in
Bdarus [A5, C1], 12 cases were detected by targeted
screening and another 23 cases were found incidentally in
other examinations (Table 61). A study by Ron & al. [R8]
supports these findings of a screening effect. Increased
screening of a cohort given external photon radiation for
benign head and neck diseasesin the United Statesresulted in
aroughly sevenfald increase in thyroid cancers.

288. Although rardly fatal, the aggressiveness of the thyroid
cancers found in the Chernobyl area, which is frequently
present with periglandular growth and distant metastases[EL,
K11, W8], argues against the findings being entirely a result
of screening. Although thyroid tumoursin adults are usualy
tumours of relatively low malignancy, they tend to be more
aggressve in children [S3], so it could be argued that the
growth pattern would have led to the diagnosis of a thyroid
cancer sooner or later.

289. Although ultrasound screening is not sufficiently
widespread to explain the majority of the thyroid cancer
cases observed until now, it is clear that increased
awareness and medical attention to thyroid disorders
during routine medical examinations in the contaminated
territories influence the findings. Enhanced examinations
in schools may have advanced the time at which some
tumours were recognized [A5]. However, the continuing
increase in the number of cases [C4, 127, K41] and the
observation that the increase appears to be confined to
children who were born before the accident support the
conclusion that ascertainment bias could not fully explain
theincreased rates. Rates among those conceived after the
accident appear to be similar to pre-accident rates in the
affected countries.

290. Factors other than screening and lack of individual
dosimetry may modify therisk of radiation-induced thyroid
cancer, one of them being iodine saturation. The iodine
deficiency in some of the affected areaswill affect not only
the level of dose received by the thyroid gland at the
moment of exposurebut also, if continued, thyroid function
intheyearsafter exposure[Y 1]. Therisk of thyroid cancer
may be enhanced when the excretion of radioactiveiodine
islimited owing to reduced thyroid hormone synthesisand
blocked thyroid hormone secretion [R6]. lodide dietary
supplementation had been terminated in the former USSR
approximately 10 years before the accident. The relation-
ship between iodine deficiency and goiter is discussed in
paragraph 345.

291. Another risk-modifying influence might beagenetic
predisposition toradiati on-induced thyroid cancer, perhaps
related to ethnicity. A recent survey indicated that cases
occurred in siblings in at least three families in Belarus
[A5, C1], afinding unlikely to be explained by chance
alone. In astudy of children exposed in the Michael Reese
hospital in the United States, therisk of radiation-induced
thyroid cancer appeared to vary by ethnic origin of the
children [$4]. The genetic susceptibility to thyroid cancer
anditsfamilial aggregation werestudiedinrelativesof 177
patients with thyroid cancer [V8]. No significantly
increased rate of thyroid cancer was seen compared with
contrals. In arecent study, 7 of 119 patientswith papillary
thyroid microcarcinoma had a family history of thyroid
carcinoma, and they experienced less favourable tumour
behaviour than patientswithout a family history of thyroid
carcinoma [L39]. The possible existence of a genetic
predisposition toradiation-induced thyroid cancer might be
important.
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(b) Clinical and biological aspects

292. A large proportion of the childhood thyroid cancersin
Bdarus and Ukraine were reported to be locally aggressive;
extrathyroidal growth was seen in 48%-61% of the cases,
lymph node metastases in 59%- 74% and distant metastases
(mainly lung) in 7%-24% [F5, P2, P6, T4, T18].
Comparisons with characterigtics of tumours from other
countries (France, Italy, Japan, the United Kingdom and the
United States) indicate a higher percentage of extrathyroidal
extenson for tumours from Bdarus and the Russan
Federation but smilar percentages of cases with metastases
[N5, P2, Ps, V8, Z3].

293. In a recent pooled anayss of 540 thyroid cancers
diagnosed before the age of 20 years (mean age at diagnosis,
14 years) that incdluded nine Western centres, the average
malefemale ratio was 1:3.2 and the mean follow-up was 20
years [F7]. Eighty-sx percent were papillary thyroid
carcinomas, 79% showed evidence of lymph node metastases,
20%-60% had extracapsular inveson and 23% were
diagnosed with distant metastases. In nearly al cases the
presenting Sgn wasaneck mass. Thirteen of thepatientsdied
as a consequence of the disease.

294. Two of the above-mentioned centres participated in
a study in which 369 Italian and French thyroid cancers
were compared to 472 Bearusian cancers [P2]. The
Belarusian cases were diagnosed between May 1986 and
end of 1995 and included approximately 98% of the cases
in the country diagnosed in that period. The Belarusian
patientswereyounger at diagnosis, and 95% of thecancers
were of papillary origin compared to 85% in Italy/France.
Extrathyroidal extension and lymph node metastaseswere
more frequent in Belarus, 49% and 65%, compared to
Italy/France, where the corresponding figures were 25%
and 54%, respectively. Thyroid lymphocytic infiltration
and circul ating antithyroi dperoxidase were more frequent
in the Belarusian patients, possibly indicating ahigher rate
of autoimmune thyroid disorders. The male:female ratio
was 1:2.5 in Italy/France, in contrast to 1:1.6 in Belarus.
The low male:female ratio could be a screening effect,
sincenodifferencein sex ratio of occult thyroid cancer was
found at autopsy in young individuals [F10]. The age
distribution could probably also explain some of the
differencein stage, the histopathological distribution and
gender ratio.

295. A number of thyroid cancer cases in Belarus were
treated with radioiodine at the university clinics of Essen
and Wirzburg [R23]. All 145 patients had undergone
operations at the Centre for Thyroid Tumors in Minsk;
lymph node metastases were found in 140 patients and
distant metastases in 74 of them. The mean age at
diagnosiswas 12 years. Among 125 children subsequently
followed, 90 were classified asin complete remission and
the others had partial remissions.

296. In a study of 577 Ukrainian thyroid cancer cases
diagnosed in patients less than 19 years of age [T18],

histopathology was evaluated in 296 cases (123 were
analysed by non-Ukrainian pathologists, who confirmed
theinitial diagnosisinall cases). Ninety-three percent were
papillary carcinomas, and 65% were found to be of the
more aggressive solid/follicular type. In 55% of cases,
lymph node metastases were found, and in 17% lung
metastases were found either at initial diagnosisor in later
follow-up. Difference in TNM classification [H17] over
time did not show a significant trend towards more
advanced stages (Table 62), as could have been anticipated
if radiation-associated cancersareindeed moreaggressive.
Cancers diagnosed in 1996 and 1997 were more likely to
belocally aggressive, stage T4, but they reveal ed the same
pattern of lymph node metastases and distant spread. The
male:femal e ratio was found to be influenced by age at the
time of diagnosis (Table 63): the ratiowas 1.1:1 for those
less than 5 years of age at time of diagnosis and 1:2.7 for
those 15- 18 years. However, age at time of the accident
did not seem toinfluencethe male:femaleratio (Table 63).
A possiblesex differencein the susceptibility of thethyroid
tissue to ionizing radiation did not seem to influence the
gender ratio, since ageat diagnosisand not ageat exposure
influenced the distribution.

297. In a study in the United States of 4,296 patients
previously irradiated for benign disorders, 41 childhood
(mean age at diagnosis, 16 years) and 77 adult (mean age
at diagnosis, 27 years) thyroid cancers were found [$4].
The childhood cancers more often presented themselves
with lymph node metastases and vessdl invasion but were
significantly smaller in adultsand found incidentally when
benign nodules were operated. Of the childhood cancers,
95% were papillary carcinomas compared with 84% of the
adult cancers. Thirty-ninepercent of thechildhood cancers
relapsed compared with 16% of the adult cancers. After a
mean follow-up of 19 years, there was only one death due
to thyroid cancer, and thiswas in the adult group.

298. The histopathology of over 400 post-Chernobyl thyroid
cancers diagnosed in children under the age of 15 years was
reviewed by pathologists from the United Kingdom and from
the countries where the children were diagnosed [E2].
Virtually all cases were papillary carcinomas, in contrast to
thyroid cancers in British children of smilar age who were
not exposad to ionizing radiation, where 68% of the
carcinomaswereof papillary origin [H3]. The solid variant of
papillary carcinoma, indicating alow leve of differentiation,
was particularly prevalent in those cases bdieved to have
resulted from radiation exposure following the Chernobyl
accident [E2]. Thisfinding is not in agreement with a study
of 19 cases in the Gomed area carried out by the Chernobyl
Sasakawa Health and Medical Cooperation Project, whereno
specific morphological evidence of radiation-induced thyroid
cancer was observed [126].

299. Shirahigeet al. [S34] examined 26 Belarusian and 37
Japanese children diagnosed with thyroid cancer and found
the mean tumour diameter to be smaller in Bearus
(2.4 cm) than in Japan (4.1 cm). The solid growth pattern
was seen in 62% of the Belarusian papillary carcinomas
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compared to 18% of the Japanese carcinomas. All cancers
from Belarus showed apapillary growth pattern, compared
to 92% of the cancers found in Japan.

300. Recent advances in the field of molecular biology
have improved the understanding of the mechanisms
underlying thethyroid carcinomas. Cellular signalling has
become a major research area, and signalling via protein
tyrosine kinases has been identified as one of the most
important events in cellular regulation. Protein tyrosine
kinases are thus important in the devel opment of cancer,
and the RET proto-oncogeneis one of the genes coding for
areceptor tyrosine kinase. Rearrangements of thetyrosine
kinase domain of the RET proto-oncogene have been found
in some thyroid cancers and at a higher rate among those
supposed to be associated with ionizing radiation [F2, 121,
K14]. Other mutations are those seen in the RAS gene,
which probably represent an early event in the carcino-
genic process;, the mutations of the RAS gene therefore
possess an early gate-keeper function, as reflected by the
fact that they are found in similar frequencies in both
thyroid carcinomas and adenomas. Point mutationsin the
TP53 genearerarein differentiated thyroid carcinomasbut
are found in anaplastic thyroid cancer [F8].

301. A number of studies have been carried out to determine
whether any gpecific molecular biological alterations
characterizethe childhood papillary cancersin the Chernobyi
area. A high frequency of RET/PTC3-type rearrangement in
post-Chernobyl papillary carcinoma was suggested in two
early studies [F2, K14]. However, a study including more
cases showed that a RET/PTC1 rearrangement was more
frequent than PTC3 [E2] and that there was no sgnificant
increase in the proportion of papillary carcinomas showing
RET rearrangement, when compared with a non-irradiated
population of asmilar age [W3]. In a French study, a higher
frequency of RET/PTC rearrangements (84%) was found
among 19 thyroid cancer patients who had received previous
external radiotherapy for a benign or malignant condition
than among 20 “sporadic’ thyroid cancers (15%) [B12]. The
most frequently observed chimeric genewas RET/PTC1, and
for the first time RET/PTC rearrangements were found in
follicular adenomas.

302. Recent findings indicate a strong dependence of age
at exposure and latency period in the distribution of
RET/PTC rearrangements [S35]. When comparing 51
Belarusian childhood papillary thyroid carcinomas (mean
age at exposure: three years) with 16 Belarusian and 16
German adult thyroid cancers patients, only RET/PTC1
mutations were found in adults (Table 64), while similar
frequencies of RET/PTC1 and RET/PTC3 were found in
children. The authors suggested that thyroid cancers
expressing RET/PTC3 may be afeature of cancersdetected
soon after exposure, while RET/PTC1 may be a marker of
later-occurring, radiation-associated papillary thyroid
carcinoma in both children and adults. It also seems like
RET/PTC3 rearrangements are more common in younger
individuals. These findings are supported by a study
comparing RET/PTC rearrangements in Belarusan

radiation-associated thyroid cancers diagnosed in
1991-1992 and in 1996 [P27]. A switch occurred from
RET/PTC3 rearrangements in patients diagnosed in the
early 1990sto RET/PTCL1 aterationsin patientsdiagnosed
later on.

303. The morphologica subtype may aso influence the
pattern of RET rearrangements in papillary thyroid
carcinomas, as shown by Thomas et d. [T19]. Among 116
Chernobyl-rdated childhood papillary thyroid cancers,
RET/PTC1 and RET/PTC3 mutations were found in 9% and
19%, respectivdy, of the solid fdlicular subtype. The
corresponding figures for the non-solid follicular subtype
(dassic papillary carcinoma and diffuse sderosing
carcinoma) were 46% and 0%, respectively. It could be that
thesolid, lessdifferentiated, follicular subtype associated with
RET/PTC3 rearrangements have a shorter induction period.

304. Despitethelargeamount of information accumul ated
on RET activationsin radiati on-associ ated thyroid cancers,
little is known about the clinical significance of the
deletions. No significant differences were found, e.g. in
tumour size, multicentricity, extrathyroidal growth,
vascular invasion, lymphocytic invasion, or lymph node
invasion, when eight RET positive thyroid cancers were
comparedwith 25 carcinomasnot displaying theactivation
[S39]. A lower proliferation rate was, however, seen in the
RET-activated tumours.

305. Karyotype abnormalities were studied in 56
childhood thyroid tumours from Belarus, and clonal
structural aberrations were seen in 13 cases [Z2]. In
particular, aberrationsin 1q, 7q, 9q and 10g werefound. It
is interesting to note that the 10q chromosomal band
harbours the RET proto-oncogene.

306. Two new rearrangements have been described in three
post-Chernobyl thyroid carcinomas. One is the RET/PTCA4,
which involves a different breakpoint in the RET gene [F6]
and PTC5, which involves fuson of RET with ancther
ubiquitoudy expressed gene, rgf [K31]. However, PTC4 and
PTC5 appear to be present in only a small number of post-
Chernobyl papillary cancers. Just recently, two novd types
RET rearrangements have been described, RET/PTC6 and
PTC7 in childhood papillary thyroid carcinomas [K27].

307. No association has previoudy been shown between
mutations of other types of genes, e.g. RAS bcl-2, and
TP53, and thyroid carcinogenesis [E2, S9]. However, in a
study of 22 papillary thyroid cancers associated with
ionizing radiation, four mutations of TP53 were found
compared to nonein the 18 thyroid cancers not known to
have been exposed to ionizing radiation [F8]. In three of
the four mutation carriers, invasion beyond the thyroid
capsule was found compared with 2 out of 17 intherest of
the radiation-associated thyroid cancer patients. In astudy
of thyroid adenomas and of well and poorly differentiated
thyroid cancers, theratesof TP53 mutationswere 0%, 11%
and 63%, respectively [P1]. However, no correlation with
age, sex, stage, or survival was seen.
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(¢) Summary

308. There can be no doubt about the relationship between
the radioactive materials rdeased from the Chernobyl
accident and the unusually high number of thyroid cancers
observed in the contaminated areas during the past 14 years.
While several uncertainties must be taken into consideration,
themain onesbeing thebasdineratesused in thecal culations,
the influence of screening, and the short follow-up, the
number of cases is ill higher than anticipated based on
previous data. This is probably partly a result of age at
exposure, iodine deficiency, genetic predisposition, and
uncertainty that surroundstherole of **Y| compared with that
of short-lived radioiodines. The exposure to short-lived
radioiodines is entirely dependent on the distance from the
release and the mode of exposure, i.e. inhaation or ingestion.
It was only in the Gomel region, the area closest to the
Chernobyl reactor, that Agstakhova e da. [A6] found a
significantly increased risk of thyroid cancer. It has been
suggested that the geographical distribution of thyroid cancer
cases correates better to the distribution of shorter-lived
radioisotopes (e.g. ¥, % and**®) than to that of ! [A7].

309. The identification of a genomic fingerprint that
showstheinteraction of aspecifictarget cell with adefined
carcinogen is a highly desirable tool in molecular
epidemiology. However, a specific molecular lesion is
almost always missing, probably because of the large
number of factors acting on tumour induction and pro-
gression. Signalling via protein tyrosine kinases has been
identified as one of the most important eventsin cdlular
regulation, and rearrangements of the tyrosine kinase
domain of the RET proto-oncogene have been found in
thyroid cancers thought to be associated with ionizing
radiation [F2, 121, K14]. However, the biological and
clinical significance of RET activation remains contro-
versial, and further studies of the molecular biology of
radiation-induced thyroid cancers are needed before the
carcinogenic pathway can be fully understood.

2. Leukaemia

310. Asdiscussed in Annex |, “Epidemiological evaluation
of radiation-induced cancer”, therisk of leukaemia has been
foundtobed evated after irradiation for benign and malignant
conditions, after occupational exposure (radiologists), aswell
as among the survivors of the atomic bombings. Leukaemia,
although a rare disease, is the mogt frequently reported
malignancy following radiation exposure. However, not al
subtypes of leukaemia are known to be associated with
ionizing radiation, e.g. chroniclymphaticleukaemiaand adult
T-cdl leukaemia. The naturally occurring subtypes of
leukaemia have an age dependency, with acute lymphatic
leukaemia most common in childhood and acute myeloid
leukaemia predominating in adulthood.

311. The incidence of leukaemia was increasing in
countries of the former USSR even before the accident.
Prisyazhiuk et al. [P7] found an increase starting aready
in 1981, which was most pronounced in the elderly. The

increase may simply be the result of improved registration
and diagnosis, but this cannot yet be exactly quantified.
Theunderlying trend must, however, betaken into account
when interpreting the results of studies focussing on the
period after the accident. Most existing studies have not
addressed this problem and suffer from a number of other
limitations and methodological weaknesses, making it
premature to attempt a quantitative risk assessment based
on the results.

312. A number of publications have presented details of
the medical and dosimetric follow-up of the large number
of workerswho took part in recovery operations following
the Chernobyl accident [K6, O2, T3, T7, T8, T9, T10].
Cardis et al. [C2] analysed cancer incidence in 1993 and
1994 among mal e recovery operation workerswho worked
within the 30-km zone of the reactor during 1986 and
1987. Theobserved numbersof cancerswereobtained from
the national cancer registry in Belarus and from the
Chernobyl registries in the Russan Federation and
Ukraine. In total, 46 leukaemia cases were reported in the
three countriesin the two-year period (Table65), and non-
significant increases were observed in Belarus and in the
Russian Federation. In Ukraine, asignificant increase was
reported (28 cases observed, 8 cases expected) [C2]. It is
most likely that the increase reflects the effect of increased
surveillance of the recovery operation workers and under-
registration of cases in the general population, since no
systematic centralized cancer registration existed in the
three countries at the time of the accident (see Section
IV.A.1land1V.C.2). It could alsobethat different registries
definehaematol ogical malignanciesdifferently, including,
for example, myel odyspl astic syndrome, which could result
in aleukaemia.

313. Ivanov et al. [18, 19, 114] studied the late effects in
142,000 Russian recovery operation workers. The Russian
National Medical and Dosimetric Registry (formerly the
Chernobyl registry) wasused, and asignificantly increased
risk of leukaemiawas found when the observed caseswere
compared with those expected from nationa incidence
rates. The studies have been criticized for not using indivi-
dual doses and internal comparisons and for including
chronic lymphatic leukaemia, a malignancy not linked to
radiation exposure [B30, B31]. The increased medical
surveillance and active follow-up of the emergency
workers, coupled with under-reporting in the general
population, most likely influenced the results.

314. In contrast to their findingsfor the above-mentioned
cohort of recovery operation workers, the same
investigators [129] did not find an increased risk of
leukaemia related to ionizing radiation in a case-control
setting. From 1986 to 1993, 48 cases of leukaemia were
identified through the Russian National Registry and 34 of
these patients (10 cases were diagnosed as chronic
lymphatic leukaemia) were selected for the case-control
study. The sameregistry was used when four controlswere
chosen for each case, matched on age and region of
residence at diagnosis. For cases occurring among those
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who wereworking in 1986 and 1987, controls had to have
worked during the same period, which is a questionable
approach, since dose is highly dependent on the period of
work in the Chernobyl area. The mean dose for the cases
was 115 mGy compared with 142 mGy for controls. No
association was found between leukaemia risk and
radiation.

315. These studies[18, 19, 114, 129] suggest that, at |east
in the case of the Russian Federation, cancer incidence
ascertainment in the exposed popul ations differs from that
in the general population. Future epidemiological
investigations might be moreinformativeif they are based
on appropriate Chernobyl registry-internal comparison
populations, although care must be taken if recent
additionstotheregister have been made because of disease
diagnosis and compensation (see Section 1V.C.1).

316. Indiscussingthediscrepancy between thefindingsof
the case-control and cohort studies, Boiceand Holm [B31]
claimed that theincreased incidencein the cohort analyses
reflected a difference in case ascertainment between
recovery operation workersand thegeneral population and
not an effect of radiation exposure. Boice [B30] further
argued that the results of the case-control study and of a
study of Estonian recovery operation workers [R13]
indicate that leukaemia risk among recovery operation
workers is not consistent with predictions from atomic
bomb survivors. He postulated that this may be due to an
overestimation of official doses received by recovery
operation workers and/or to the effect of protracted
exposure. In response, Ivanov [I18] questioned the
interpretation of the case-control analyses because of the
considerable uncertainty surrounding the accuracy and
quality of theofficial estimatesof radiation dosesavailable
intheChernobyl registry of the Russian Federation. Cardis
et a. [C2] estimated that 150 cases of leukaemia should
occur within 10 years of the accident among 100,000
recovery operation workers exposed to an average dose of
100 mSv. Such numbers have not been apparent in any
studies or reports.

317. Shantyr et al.[S31] examined 8,745 Russian recovery
operation workers involved in operations from 1986 to
1990. Dosimetry records were available for 75% of the
workers, and the doses generally fell in the range
0-250 mSv. Although cancer incidence increased,
particularly 4- 10 years after the accident, no evidence of
a systematic dose-response relationship was found, and it
was suggested that the aging of the cohort influenced the
findings. Tukov and Dzagoeva [T11] observed no
increased risk of haematological diseases, including acute
forms of leukaemia, in acareful study of Russian recovery
operation workers and workers from the nuclear industry.

318. Osxhinsky et a. [06] sudied the sandardized
incidence rates of leukaemia and lymphoma in the general
popul ation of the Bryansk region of the Russan Federation
for the period 1979- 1993 on the basis of an ad hoc registry of
haematological diseases established after the Chernobyl

accident. The results were not adjusted for age, and therates
in the six most contaminated districts (morethan 37 kBqm™
of *¥"Csdeposition density) did not exceed theratesin therest
of theregion or in Bryansk city, wherethe highest rateswere
observed. Comparisons of crude incidence rates before and
after the accident (1979-1985 and 1986-1993) showed a
significant increasein theincidenceof all leukaemiaand non-
Hodgkin' slymphoma, but thiswas mainly dueto increasesin
the older age groups in rural aress. The incidence of
childhood leukaemia and non-Hodgkin’ s lymphoma was not
significantly different in thesix most contaminated areasfrom
theincidencein therest of theregion.

319. The health status of 174,812 Ukrainian recovery
operation workers (96% mal es) was examined by Buzunov
et al. [B21]. Information on diagnosis was obtained from
the State register of Ukraine and on leukaemiafrom an ad
hoc registry for haematological disorders. The majority
(77%) of the recovery operation workers were exposed in
1986- 1987, and information on radiation exposure was
available for approximately 50% of the workers. A total of
86 cases of leukaemia were reported in the period
1987-1992, and the highest number of cases was found
among those employed in April-June 1986. The average
rate of |leukaemia among mal e recovery operation workers
was 13.4 per 100,000 among those employed in 1986 and
7.0 per 100,000 among those employed in 1987. No
apparent trend over time was seen among those employed
in 1986. Eighteen cases of acute leukaemia among
recovery operation workers exposed to 120- 680 mGy were
recorded as occurring 2.5-3 years after exposure in
1986- 1987. Nodifferencein histopathol ogy or responseto
treatment was found compared with cases that occurred
before the accident [B20].

320. Leukaemia and lymphoma incidence among adults
and childrenin theregionsof Kiev and Zhitomir, Ukraine,
during 1980- 1996 was examined by Bebeshkoet al.[B32].
Total incidence in adults increased from 5.1 per 100,000
during 1980-1985 to 11 per 100,000 during 1992- 1996,
but therewere no excess casesin contaminated areas of the
regions. Likewise, no excess cases among children who
resided in contaminated districts were found.

321. Theincidenceof leukaemiaand lymphomain thethree
most contaminated regions of Ukraineincreased from 1980to
1994 [P12]. Thisresult should beviewed cautioudy, Sncethe
findingswere based on only afew cases, and lymphomashave
not previoudy been known to be induced by radiation.
Increased awareness and better hedlth-care fadilities and
diagnosis most likdly influenced the findings.

322. Childhood leukaemiain Bearus during 1982-1994
was investigated with regard to area of residency [120].
Approximately 75% of the leukaemia cases were of the
acute lymphatic subtype. No evidence of an increasing
number of childhood |eukaemia cases over timewas noted.
When thetwomost heavily contaminated areas, Gomel and
Mogilev, were compared with the rest of the country, no
difference was seen.
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323. The incidence of leukaemia and lymphoma in the
general population of Belarus was studied for 1979- 1985
and 1986-1992 [111]. Among children, no difference was
observed either over time or in relation to *Cs ground
contamination. In adults, significant increases were noted
in the post-accident period for most subtypes of leukaemia
and for lymphoma, but no relationship with the level of
radioactive contamination was found.

324. An analysis of the mortality and cancer incidence
experience of Estonian Chernobyl recovery operation
workers took a different approach. First, a cohort con-
sisting of 4,833 recovery operation workers was
constructed using multipledatasources not based solely on
Chernobyl registry data[R13, T6]. Second, mortality data
were ascertained from vital registration sources, and death
certificates in the cohort were coded following the same
coding rules used by the Statistical Office of Estonia and
compared to the official national mortality statistics[T6].
Furthermore, cancer incidence data in the cohort, along
with the corresponding national cancer incidence rates,
were obtained from the Estonian cancer registry. During
1986- 1993, 144 deathswereidentified compared with 148
expected [R13, T6]. A non-significant excess of non-
Hodgkin’s lymphoma was observed, based on three cases,
while no case of leukaemia was found.

325. Fujimuraet al. [F1] reported the results of haemato-
logical screening organized in the framework of the
Sasakawa project. By theend of 1994, 86,798 children who
were less than 10 years of age at the time of the accident
were examined, and four cases of haematological
malignancies were found. No correlation was observed
between the preval ence of any haematol ogical disorder and
either the level of environmental contamination or *"Cs
measured by whole-body counting.

326. The European Childhood Leukaemia—Lymphoma
Incidence Study (ECLIS), coordinated by IARC, was set up
to monitor trendsin childhood leukaemia and lymphoma
[P5, P11]. Incidencerates from European cancer registries
were related to the calculated radiation dose in the large
geographical regions for which environmental dose
estimates were provided in the UNSCEAR 1988 Report
[U4]. Thirty-six cancer registries in 23 countries are
collaborating in ECLIS by supplying an annual listing of
cases in children less than 15 years of age. Data for
1980- 1991 indicated a dight increase in the incidence of
childhood leukaemia in Europe. This increase was,
however, not related to the estimated radiation dose from
the accident [P11, P21]. No indication of an increased
incidence among those exposed in utero was noticed.

327. A study of infant leukaemiaincidencein Greece after
in utero exposureto radiation from the Chernobyl accident
was based on ad hoc registration of childhood leukaemia
cases diagnosed throughout Greece since 1980 by a
national network of pediatric oncologists[P3]. Based on 12
cases, a statigtically significant 2.6-fold increase in the
incidence of infant leukaemia (from 0 to 11 months after

birth) was observed among the 163,337 live births exposed in
utero (i.e. born between 1 January 1986 and 31 December
1987) compared with 31 cases among non-exposed children.
Those born to mothers residing in areas of high radioactive
falout were at sgnificantly higher risk of developing
leukaemia. The reported association, which is not condstent
with risk estimates from other studies of prenatal exposures,
is based on the sdlective grouping of data. It is unclear how
the authors chose the group <1 year to represent “infant
leukaemia’, as there is little a priori agtiologic reason for
limiting to this age group. No significant difference in the
incidence of leukaemia among children aged 12-47 months
born to presumably exposed mothers was found.

328. Michaedliset al. [M6] conducted a study of childhood
leukaemia using the population-based cancer registry in
Germany. Cohorts were defined as exposed and non-
exposed, based on dates of birth using the same criteria as
Petridou et a. [P3] in the Greek study. The cohorts were
subdivided into three categories based on level of ¥"Cs
ground deposition (<6, 6-10 and >10 kBq m™). These
categories corresponded to the estimated in utero doses of
0.55 mSv for the lowest exposure category and 0.75 mSv
for the highest exposure category. Overall, asignificantly
elevated risk was seen (1.48, 95% Cl: 1.02-2.15) for the
“exposed cohort” compared with the “non-exposed” , based
on 35 cases observed in a cohort of 900,000 births.
However, theincidence was higher for those born in April
to December 1987 than for those born between July 1986
and March 1987, although in utero exposure levelsin the
latter group would have been much higher than in the
former group. The authors concluded that the observed
increase was not related to radiation exposure from the
Chernobyl accident.

329. A cluster effect described several decades ago could
explain the Greek findings. A total of 13,351 cases of
childhood |eukaemia diagnosed between 1980-1989in 17
countries was included in a study aimed at relating
childhood leukaemia to epidemic patterns of common
infectiousagents[AZ2]. A general el evation of theincidence
was found in densely (but not the most densely) popul ated
areas, and weak, but significant, evidenceof clustering was
found. When seasonal variation in the onset of childhood
leukaemia was studied in the Manchester tumour registry
catchment area, the onset of acute lymphatic leukaemia (n
= 1,070) demonstrated a significant seasonal variation,
with the highest peak found in November and December
[W6]. Both studies provide supportive evidence for an
infectious aetiology for childhood leukaemia.

330. In a Swedish study of cancer incidence among
children [T21] in areas supposed to have been con-
taminated asa consequence of the Chernobyl accident, 151
cases of acute lymphatic leukaemia were found during
1978-1992 in those 0-19 years at diagnosis. The areas
weredivided into three exposure categories, and the lowest
risk was found in the supposedly highest exposure group.
A non-significant decreasing trend with calendar year was
also noted. A Finnish study covering nearly the same
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period analysed leukaemia risks among those 0- 14 years
of age for the whole country [A13]. The estimated
popul ati on-wei ghted mean effective dosewas 0.4 mSv. No
increased incidence of childhood leukaemia could be seen
for 1976- 1992, and no risk could be related to exposure to
ionizing radiation. These results are consistent with the
magnitude of effects expected.

331. Summary. Although leukaemiahasbeen foundtobe
one of the early carcinogenic effects of ionizing radiation
with alatency period of not more than 2- 3 years[U4], no
increased risk of leukaemia related to ionizing radiation
has been found among recovery operation workers or in
residents of contaminated areas. Numerous reports have
compared incidence and mortality data from the registers
described in Chapter IV with national rates not taking the
differencesin reporting into consideration. A case-control
study would diminish this bias, and a recent paper by
Ivanov et al. [129] failed to show an increased risk of
leukaemia related to ionizing radiation in 48 cases of
leukaemiain recovery operation workersidentified through
the Russian National Registry.

3. Other solid tumours

332. Given the doses received by the recovery workers,
describedin Chapter |1, and the previousdata on radiation-
associated cancer in exposed populations, reviewed in
Annex |, “Epidemiological evaluation of radiation-
induced cancer”, an increased number of solid tumours
could be anticipated in the years to come. The induction
and latency period of 10 years [U4] and the protracted
nature of the exposure probably explain why no radiation-
associated cancers have been noticed so far.

333. The numbers of observed and expected cases of
cancer in 1993-1994 among residents of the territories
with ¥ Cs contamination in excess of 185 kBg m™
included in the Chernobyl registries of Bdarus, the
Russian Federation and Ukraine are presented in Table 65
[C2]. The observed numbers of cancer caseswere obtained
from the national cancer registry in Belarus and from the
Chernobyl registries in the Russan Federation and
Ukraine. Age- and sex-standardized expected numbers
were based on rates for the general national population.
Fewer solid tumoursthan anticipated were seen in workers
in Belarus, while the workers in the Russian Federation
and Ukrainerevealed higher risks. The different registries
used in the three countries could probably explain these
differences. No increased risk was seen among those
residing in contaminated areas [C2].

334. The crude incidence of malignant diseases per 100,000
personsamong Russi an recovery operationworkers, excluding
leukaemia, was estimated by Tukov and Shafransky [T13]. It
rose from 152 in 1989, 193in 1991 and 177 in 1993, to 390
in 1995. Thisincrease was interpreted as an effect of age, but
no attempt was madeto adjust for age. The cause of death has
changed over time. Accidents and trauma were the main
cause of death in 1989-1990, while cardiovascular diseases

were responsible for 43% of all deasthsin 1996, followed by
cancers (20%) and accident and trauma (15%) [T14]. The
increase found in the report is smilar to and consgtent with
that reported for the population of the Russan Federation as
awhole[L26].

335. In arecent paper covering 114,504 of the approxi-
mately 250,000 Russian recovery operation workers, 983
cases of solid tumours were found during the years
1986- 1996 [132]. The observed number of cases wascom-
pared with the Russian national rates, and the overall
standardized incidence ratio was 1.23 (95% ClI:
1.15-1.31), with asignificant excessrelativerisk per gray
of 1.13. The only individually elevated site was the
digestive tract (n = 301), and the corresponding figures
were 1.11 (95% Cl: 1.01- 1.24) and 2.41, respectively. No
increased risk of respiratory tract tumours was noticed.
Increased ascertainment could influence the data but
probably not explain the dose-response relationship. The
excessrelative risk is higher than what has been reported
for survivors of the atomic bombings [T20], which might
indicate uncertainty in the individual dose estimates.

336. When the same investigators presented data on
individuals living in contaminated areas, somewhat
contradictory resultswere seen [112]. Cancer risksinthree
of the most contaminated districts of the Kaluga region
were compared with theregion asawhole. The population
of the three regions contained approximately 40,000
individuals, and incidence rates before and after the
accident were compared. The increase over time was
similar for aimost all sitesregardl essof exposure status. No
increased risk of gastrointestinal cancer was seen for men,
but an increased risk for respiratory tract cancers was
suggested for women, based on 31 cases. However, the
overall cancer risk among women in the contaminated
areas was only onethird of theincidencefor theregion in
1981- 1985, a sign of previous under-reporting.

337. A descriptivestudy of cancer incidencein 1981- 1994
was performed for the six most contaminated regionsof the
Russian Federation (Bryansk, Kaluga, Ord, Tula, Ryazan
and Kursk) [R2]. Information on cancer incidence was
gathered from the local oncological dispensaries and
compared with Russian national statistics. It is unclear
whether the analyses were adjusted for age, and the
absolute number of cases was not reported. An increased
incidenceof all cancerswasobserved over thestudy period,
both in the contaminated regions and for the Russian
Federation as a whole. However, from 1987 onwards, the
increase was more pronounced in the six study regions
than in the rest of the country. The incidence rate of solid
cancer among men in 1994 in Bryansk and Ryazan was
305 per 100,000 compared with 272 per 100,000 for the
Russian Federation asawhole. The corresponding figures
for women were 180 per 100,000 and 169 per 100,000,
respectively.

338. Anincreasein dysplasia and urinary bladder cancer
was seen in 45 Ukrainian males living in contaminated
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areas and compared to 10 males living in uncontaminated
areas of the country [R16]. Forty-two of the exposed
individualshad signsof irradiation cy4titis. It wasreported
that the incidence of bladder cancer in the Ukrainian
population gradually increased, from 26 to 36 per 100,000,
between 1986 and 1996. Among other histopathol ogical
features, increased levels of p53 were noted in the nucleus
of the urothelium in the exposed individuals, indicating
either an early transformation event or an enhancement of
repair activities. Further analyses of the exposed patients,
including urine sediments collected 4- 27 months after the
first biopsy, indicated a novel type of p53 mutation not
seen in the first analyses and showed that the mutation
carriers could be identified [Y2]. The authors concluded
that screening would be required.

339. The hedlth datus of the 45,674 recovery operation
workersfrom Belarusregisteredin the Chernobyl registry was
studied by Okeanov & a. [O2]. Eighty-five percent of them
were men, and 31,201 (90%) had worked in the 30-km zone.
For 1993 and 1994, the overall cancer incidence was lower
than anticipated for both male (standardized incidence ratio
(SIR) = 77; 95% Cl: 65-90) and femae (SIR = 90; 95% ClI:
59-131) workers compared with the general population.
Among men, a significant excess of urinary bladder cancer
was seen (SIR = 219; 95% Cl: 123-361), and non-significant
increases were seen for cancers of the stomach, colon, and
thyroid and for leukaemia. The numbers of cases on which
these comparisons are based were smdl, particularly for
thyroid cancer (n = 4). Recovery operation workers who
worked in the 30-km zone more than 30 days had a dightly
higher incidence of all cancersthan other recovery operation
workers.

340. Breast cancer incidence data in different time periods
for the Mogilev region of Bearus were recently presented
[O5]. A geadily increasing incidence was noted for thewhole
follow-up period, 1978-1996, and when the period
1989- 1992 was compared with 1993- 1996, a differencewas
found, but only for those 45- 49 years at diagnosis, i.e. 35-42
years a thetime of the accident. The findings could be dueto
increesed awareness, documentation, or accessihility to
screening, since the rates are lower in all age categories
compared with the ages found in Western data. It is peculiar
that younger age groups were not affected, and continued
follow-upiswarranted. However, asin al studiesof radiation-
asociated cancer, individual dosmelry is essentid, and
individual doses were not used in this study.

341. Several studies of the effects of the Chernobyl
accident outsidetheformer Soviet Union havebeen carried
out [E5, P5, P11]. The evaluations have mainly been done
onalocal or national level. Most studies have focussed on
various possible health consequences of the accident,
ranging from changesin birth ratesto adult cancer. Studies
related to cancer have been critically reviewed and
summarized [S12]. Overal, no increase in cancer
incidence or mortality that could be attributed to the
accident has been observed in countries of Europe outside
the former USSR.

342. Summary. The occurrence of solid tumours other
than thyroid cancers in workers or in residents of
contaminated areas have not so far been observed. The
weaknessesin thescientificstudies, theuncertaintiesin the
dose estimates, the latency period of around 10 years and
the protracted nature of the exposures probably explain
why no radiation-associated cancers have been noticed so
far. Some increase in incidence of solid tumours might
have been anticipated in the more highly exposed recovery
operation workers.

B. OTHER SOMATIC DISORDERS
1. Thyroid abnormalities

343. Thefirstreport of non-malignant thyroid disordersin
the Chernobyl area was published in 1992 [M10]. The
prevalence of thyroid nodules among individualsin seven
contaminated villages in Belarus, the Russian Federation
and Ukraine was compared with the prevalence in six
uncontaminated villages, and 1,060 individuals, in total,
were examined. Ultrasound examinations revealed an
overall rate of discrete nodules of 15% in adults and 0.5%
in children, with a higher prevalence in women. No
difference related to exposure status was found, but it was
suggested that it might be hel pful to screen sel ected groups
such as recovery operation workers and individuals living
in contaminated areas.

344. The Chernobyl Sasakawa Health and Medical
Cooperation Project started in May 1991 as a five-year
programme, and through April 1996, approximately
160,000 children had been examined [S2, S7, Y1]. The
examined children were al born in Belarus, the Russian
Federation and Ukraine between 26 April 1976 and 26
April 1986. Thethyroid examinationsincluded ultrasound,
serum freethyroxine, thyroid-stimul ating hormone (TSH),
antithyroperoxidase, antithyroglobulin and urine iodine
concentration. A total of 45,905 thyroid abnormalitieswere
found in 119,178 examined children (Table 66) [Y1].
Ninety-one percent of the abnormalitieswerediagnosed as
goiter, and 62 thyroid cancers were found. The incidence
rates in Gomel, the area of Belarus with the highest
contamination, had the lowest incidence of goiter but the
highest incidence of abnormal echogenity, cystic lesions,
nodular lesions, and cancer, the latter two known to be
related to radiation (Table 67). No association between
thyroid antibodies, hypo- or hyperthyroidism, and *'Cs
activity in the body or soil contamination was seen in
114,870 children examined [ Y 1].

345. Thecontaminated areasaround Chernobyl havebeen
recognized as iodine-deficient areas, but the influence on
the goiter prevalence has not been clear. In an extended
study of the 119,178 children included in the Chernobyl
Sasakawa Health and Medical Cooperation Project [A8],
urinary iodine excretion levels were measured in 5,710
selected cases. The study did not reveal any correlation
between goiter and whole-body *¥Cs content or *Cs
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contamination level at the place of residence either at the
time of examination or the time of the accident. However,
a significant negative correlation was indicated between
prevalence of goiter and urinary iodine excretion levels.
Thehighest prevalenceof goiter (54%) wasfoundin Kiev,
where the incidence of childhood cancer was relatively
low. However, the Kiev area was aso identified as an
endemic iodine-deficient zone. The oppositewasfound in
Gomdl, i.e. no profound iodine deficiency and alower rate
of thyroid nodules (18%) in an area with a higher rate of
childhood thyroid cancer.

346. For inhabitants of the Bryansk region in the Russan
Federation who were born before the accident and examined
with ultrasound, the overall prevalence of thyroid abnorm-
aitiesdid not differ when contaminated and uncontaminated
areaswere compared [K10]. A difference was revealed when
age was taken into condderation. For those 0-9 years of age
a the time of the accident, the prevadence of thyroid
abnormalitieswas 8.1% in the exposed cohort compared with
1.6% in the non-exposed. The corresponding figures for
individuals 10-27 years in 1986 were 18.8% and 17.7%,
respectively. Approximately haf of the pathological findings
identified through ultrasound were also noticed at pal pation.

347. The prevalence of thyroid antibodies (antithyroglobulin
and antithyroperoxidase) in children and adolescents in
Bdarus was measured in 287 individuals resding in con-
taminated aress (average **'Cs contamination, 200 kBg m )
and compared to the findings in 208 individuas living in
uncontaminated aress (average *'Cs contamination, <3.7
kBg m3) [P20]. All individuals were younger than 12 years
at time of the accident. Significantly elevated concentrations
of thyroid antibodies were found among the exposed
individuals with most pronounced concentrationsin girls of
puberty age. No indication of thyroid dysfunction was found,
but the future development of clinically relevant thyroid
disorders was thought to be a possibility.

348. Blood samples from 12,803 children living in the
Kaluga region were studied for antibodies to thyroid antigen
with a modifying reaction of passve haemoagglutination
[S15]. Inthesixth year after the accident, thereaction showed
postive results in only a small percentage of samples
(1.2%-4.8%). However, in children from contaminated aress,
the percentage of positive resultswas consstently higher than
in children from uncontaminated arees.

349. Similar results were found in a Russian study in
which 89 exposed and 116 non-exposed children were
examined [K28]. There was no apparent alteration in
thyroid function, but a higher rate of thyroid antibodies
was found in the exposed group. This group also had a
lower percentage of individuals with iodine deficiency, as
defined by urinary iodine excretion (76%), than groups
living in uncontaminated areas (92%), but at thesametime
a fivefold greater rate of thyroid enlargement was
identified by ultrasound. No sex difference was seen for
goitersin the exposed group compared with a1:2 maleto
female ratio in the non-exposed group.

350. Fifty-three Ukrainian children (O-7 years of age at
thetime of the accident) living in contaminated areaswere
compared with 45 children living in supposedly
uncontaminated regions [V1]. The level of antithyro-
globulin, thyroid-stimulating hormone and abnormal
findings at ultrasound were higher in the exposed
individuals, and it was concluded that there was a dose-
responsereationship. In contrast, no differencein thyroid
function was noticed when 888 Belarusian school children
living in contaminated areas were compared with 521 age-
matched, non-exposed controls[S10]. Both groupslivedin
iodine- deficient areas, and the prevalence of diffuse goiter
was significantly higher in the exposed group. Thyroid
antibodies were not measured.

351. When 143 children 5to 15 years old at examination
living in a contaminated area were compared with 40 age-
and sex-matched controlsliving in clean areas of the Tula
region of the Russian Federation, a higher prevalence of
thyroid autoimmunity was found in the exposed group
[V1Q]. The difference was only noticed in those less than
5 years of age at thetime of the accident, and no difference
in thyroid function was noticed.

352. A total of 700,000 persons from the former Soviet
Union have immigrated to Israel, approximately 140,000
of whom come from territories affected by the Chernobyl
accident [Q1, Q2]. The thyroid status of 300 immigrant
children voluntarily brought for thyroid examination by
their parentswas eval uated. Enlarged thyroid glands were
found in about 40% of subjects, irrespective of whether
they camefrom thecontaminated or uncontaminated areas,
i.e. ®¥'Cs greater or less than 37 kBg m2 [Q1, Q2].
Thyroid-stimulating hormone levels, athough within
normal limits, weresignificantly higher (p <0.02) for girls
from the more contaminated regions.

353. Thyroid screening was performed in 1,984 Estonian
recovery operation workers through pal pation of the neck
by athyroid specialist and high-resol ution ultrasonography
by aradiologist [119]. Fine- needle biopsy was carried out
for palpable nodules and for nodules larger than 1 cm
found by ultrasound; enlarged nodules were observed in
201 individuals. The prevalence of nodulesincreased with
age at examination but was not related to recorded dose,
date of first duty at Chernobyl, duration of service at
Chernobyl, or the activities carried out by the recovery
operation workers. Two cases of papillary carcinoma and
three benign follicular neoplasms were identified and
referred for treatment [119].

354. Thyroid examinations by ultrasound were performed
on 3,208 Lithuanian recovery operation workers in
1991- 1995, and thyroid nodularity (nodules > 5 mm) was
detected in 117 individuals [K9]. There was, however, no
significant difference in the prevalence of thyroid
nodularity compared with the Lithuanian male population
as awhole and no association with level of radiation dose
or duration of stay in the Chernobyl area.
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355. Thedevelopment of hypothyroidism following high-
level external or internal exposurestoionizing radiation is
well known. A change in hypothyroid rates in newborns
has been shown in someareas of the United States and was
supposed to be related to fallout from the Chernobyl
accident [M9]. These findings were challenged [W4] on
the grounds that the received doses were far too low to
inducehypothyroidism. Dosesreceivedinthenorthwestern
part of the United States were approximately 1/10,000 of
that received in the Chernobyl area, and extensive
examinations of children in Bedarus, the Russian
Federation and Ukraine have not shown a relationship
between dose and either hyper- or hypothyroidism [Y1].

356. Summary. Other than the occurrence of thyroid
nodules in workers and in children, which is unrelated to
radiation exposure, there has been no evidence of thyroid
abnormalities in affected populations following the
Chernobyl accident. Even the large screening programme
conducted by the Chernobyl Sasakawa Health and Medical
Cooperation Project in 1991-1996, involving 160,000
children, lessthan 10 years of age at time of the accident,
there was no increased risk of hypothyroidism, hyper-
thyroidism or goiter that could be related to ionizing
radiation. Neither was an increase in thyroid antibodies
noticed, which isin contradiction with some other minor
studies.

2. Somatic disorders other than thyroid

357. Thefirst study of health effectsother than cancer and
thyroid disorders on arepresentative sampl e of the popul a-
tions from contaminated and control districts was carried
out in the framework of the International Chernobyl
Project [11]. The conclusion of this project was that,
although there were significant health disorders in the
popul ations of both contaminated and control settlements,
no health disorder could be attributed to radiation
exposure.

358. As discussed previoudy, between 1991 and 1996, the
Sasakawa Memorial Health Foundation of Japan funded the
largest international screening programmeof childrenin five
medical centres in Bdarus, the Russan Federation and
Ukraine [Y1]. In dl, haematological investigations were
carried out for 118,773 children. Whiteblood cells, red blood
cdls, haemoglobin concentration, haematocrit, mean corpus-
cular volumeand concentration, and platel eisweremeasured.
The prevalence of anaemia was higher in girls than in boys
and ranged from 0.2% to 0.5 %. An extended examination of
322 children suggested that iron deficiency was the cause of
one third of these cases. The prevalence of |eukopenia was
somewhat lower in girls than boys (overal range, 0.2%-
1.1%), while no sex difference was seen for leukocytoss
(range, 2.8%-4.9%). No differences between sexesor centres
were seen for trombocytopenia (range, 0.06%-0.12%),
trombocytosis (range, 1.0%-1.3%), or eosinophilia (range,
12.2%-18.9%). The prevalence of eosinophilia changed
dramatically during the five years of follow-up, from 25% in

1991 to 11% in 1996. There are probably several reasonsfor
this decline, among them better socioeconomic conditions, a
greater awarenessof health, and improved medical conditions.
The frequency of haematologica disorders showed no
difference by level of *Cs contamination at the place of
resdency at the time of the accident, current residency, or
5¥7Cs concentration in the body [Y 1].

359. A number of studies have addressed the genera
morbidity of populationsliving in contaminated areas|I8,
02, W1]. Whenindividual sin the contaminated areaswere
compared with the general population in these countries,
increased morbidity due to diseases of the endocrine,
haematopoietic, circulatory and digestive systems was
found. A higher rate of mental disordersand disability has
also been noted. It is difficult to interpret these results,
since the observations may be at least partly explained by
the active follow-up of the exposed populations and by the
fact that age and sex are not taken into account in these
studies. On the other hand, they may reflect areal increase
in morbidity following the Chernobyl accident, which
would mainly be an effect of psycho-social trauma, since
existing epidemiological studies of radiation-exposed
populations are not consistent with these findings. Stress
and economic difficulties following the accident are most
likely influencing the results.

360. The demographic situation in Belarus has changed
since the accident. People have moved to the cities to a
larger extent, and the population is, on average, older asa
result of the low birth rate. Mortality due to accidents and
cardiovascular diseases hasincreased, particularly among
evacuated populations and people living in zones
recommended for relocation [W1]. Mortality rates in the
Russian Federation regions of Kaluga and Bryansk are
close to those in the rest of the country and are relatively
stable over time; however, infant mortality is steadily
decreasing. Except for an increasein accidental deathsin
the contaminated areas, no significant differencein cause
of death was found [W1]. Population growth in Ukraine, as
in other parts of the former Soviet Union, has become
negative. General mortality in contaminated areasishigher
(14- 18 per 1,000) than in thewhole of Ukraine (11-12 per
1,000). The pattern in causes of death in Ukraineisstable,
with some decrease in cardiovascular mortality [W1].

361. Since 1990, 4,506 children (3,121 from Ukraine,
1,018 from the Russian Federation and 367 from Belarus)
from the Chernoby! area have received medical careat the
Centre of Hygiene and Radiation Protection, in Cuba
[G18]. Measured body burdens of **’Cs werein the range
1.5-565 Bq kg * (90% of children had levels below 20
Bgkg™). Dosesfrom external irradiation wereestimated to
range from 0.04 to 30 mSv (90% < 2 mSv), 2 to 5.4 mSv
from internal irradiation and thyroid dosesfrom 0to 2 Gy
(44% < 40 mGy). Assessment of overall health condition,
including haematol ogical and endocrinol ogical indicators,
did not differ when the children were divided into five
groups on the basis of **’Cs contamination (<37, 37- 185,
>185 kBg m?, evacuated, unknown).
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362. Theincidenceof non-malignant disordersin children
was eval uated using the Belarus Chernobyl registry [L19].
The children were divided into three groups. evacuated
from the 30-km zone, residing (or previoudy residing) in
areas with contamination >555 kBgq m™, and born to
exposed parents. Increased rates of gastritis, anaemiaand
chronic tonsllitis were found among al exposure
categories compared to Belarusasawhol e, and the highest
rates were for children in the Gomel region. The authors
concluded that the increases were most probably due to
psycho-social factors, lifestyle, diet and increased medical
surveillance and suggested that further analyses would be
needed to establish aetiological factors.

363. When hormona levels, biologically active
metabolitesand immunoglobulinsin 132 Russian recovery
operation workers were stratified by absorbed doses, no
differences related to ionizing radiation were seen except
for so-called biomarkers of oxidativestress, e.g. conjugated
dienes [S8]. These hiomarkers are, however, not specific
for radiation damage and can be seen in severa
pathological conditions.

364. In an Estonian cohort of 4,833 recovery operation
workers, 144 deaths were identified in the period
1986- 1993, compared with 148 expected [R13, T6]. A
relatively high number of deaths were due to accidents,
violence and poisoning. In nearly 20%, the cause of death
was suicide, and the relative risk of 1.52 (n = 28) was
statistically significant [R13, T6].

365. A Lithuanian cohort of 5,446 recovery operation
workers was followed regularly at the Chernobyl Medical
Centre during the years 1987- 1995, and 251 deaths were
observed [K3]. Themagjor causesof death wereinjuriesand
accidents, and the overall mortality rate of the recovery
operation workers was not higher than that of the total
population.

3. Immunological effects

366. Acute aswell asfractionated exposures to low doses
of ionizing radiation have been reported to alter several
immunological parametersin experimental animals. It is,
however, not clear what effectsarefound in humans. Many
papers have been published in the last decade on the
immunological effects of exposure to radiation from the
Chernobyl accident. Since it is unclear, however, if
possible confounding factors have been taken into account,
including, in particular, infectionsand diet, it isdifficult to
interpret the results.

367. The immunological status of 1,593 recovery
operation workers was studied by Kosianov and Morozov
[K24]. A moderate decrease in the number of leukocytes
was observed, aswell as a decrease in T-lymphocytes and
periodic decreasesin the number of B-lymphocytesandin
immunoglobulin level. These disturbances lasted for 4-6
months in individuals with a dose <2.5 mGy and about a
year in those with doses from 2.5 to 7 mGy.

368. Theimmune status of 85 recovery operation workers
who were professional radiation workers from the Mayak
plant was studied carefully between 9 and 156 days after
they finished work in the Chernobyl area [T17]. The
radiation doses were between 1 and 330 mGy. Only some
decreases in T-lymphocytes and increases in null-
lymphocytes showed causal relationstothe radiation dose.

369. A three-year study of 90 recovery operation workers
living in the town of Cheyabinsk [Al] showed that the
average numbers of leukocytes, neutrophyls and lymphocytes
in the whole period were the same as in the control group,
conssting of the general population of Chdyabinsk with the
same age and sex digtribution. During the first and second
years, a moderate increase of IgM leve in blood was found,
while adight decrease was seen in thefirst month; complete
recovery was seen in the third year [Al].

370. A five-year study of the immunological status of 62
helicopter pilots exposed to radiation doses from 180 to
260 mGy did not reveal significant quantitative changesin
functional characteristics of T- and B-lymphocytes[U15].
Among persons with the highest doses and with some
chronic diseases, however, an increase in the functional
activity of B-lymphocytes and other non-specific changes
in immune status were observed.

371. A careful immunological study of 500 healthy
children evacuated from Pripyat with doses from 0.05 to
0.12 Gy did not show significant differencesin comparison
with Kiev-resident children of the same age [B8]. This
study considered the T-lymphocyte subpopulation, natural
killer activity, levels of immune complexes, and of
interleukin-1 and -2. Some changesin immunoglobulin-A
with hypoglobulineaemia and other functional changes
were found in children who suffered from respiratory
alergy and chronic infections.

372. No differences in absolute and relative levels of
T-lymphocytes were found in more than 1,000 examined
children living in contaminated areas of the Gomel and
Mogilev regions [G20]. A dlight increase in serum Ig-G
level and B-lymphocytes was observed in children 3-7
years old at the time of examination. The study was
conducted in the second year after the accident.

373. Immune gatus was sudied in 84 children 7-14 years
old (at the time of the accident) and living in contaminated
aress of Belarus and in a control group of 60 children (with
the same age and sex digtribution) living in uncontaminated
aress [K25]. The study was conducted four and half years
after the accident. A direct association was observed between
the T-lymphocyte levelsin children from contaminated areas
and the average reconstructed dose from radioiodine to the
thyroid in the sattlements where the children resided.

374. While evaluating the significance of these various
findings, it must be borne in mind that the doses received by
the subjects were unlikdy to directly affect condtituents of the
immune system. The long period over which disturbances of
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immune function were observed are not consgtent with the
understanding of recovery of immune functions following
acute exposure of experimental animals. It is quite likely,
therefore, that psychological dress mediated by neuro-
endocrine factors, cytokines, respiratory alergies, chronic
infections, and autoimmunity related imbalances could have
caused thefluctuationsin someimmunological parametersin
different groups of subjects.

375. Summary. With the exception of theincreased risk
of thyroid cancer in those exposed at young ages, no
somatic disorder or immunological defect could be
associated with ionizing radiation caused by the Chernobyl
accident.

C. PREGNANCY OUTCOME

376. In a group of Belarusian children born to exposed
motherswith in utero dosesranging from 8 to 21 mSv, no
relationship between birth defects and residency in
contaminated areas was seen [L5]. The observations that
the defectswerelargely of multifactorial origin and varied
according totheresidency of themother appeared to reflect
the influence of complex and multiple non-radiation
factors. No consistent relationship was seen between the
detected rate of chromosome and chromatid aberrationsin
children andthelevd of radioactiveground contamination.

377. Later dudies of birth defects and malformations in
Bdarus yidded conflicting results [L8]. The studies con-
ducted on dl lega medical abortions from 1982 to 1994
revealed increased rates of polydactyly, limb reduction, and
multiple malformations in highly contaminated areas (>555
kBg m2) when pre- and post-accidental rateswere compared
[L8]. Intheless contaminated areas (<37 kBg m?), increased
rates of anenchephaly, spina hifida, cleft lip/palate, poly-
dactyly, limb reduction and multiple maformations were
noted. The city of Minsk was used as a control, and soina
bifida, polydactyly, multiple maformations, and Down’s
syndrome were found to have increased. No changesin hirth
defects over time could be related to exposure to ionizing
radiation.

378. Oneexplanation to thefindingsof Lazjuk [L8] could
be that classification of birth disorders has not been
consistent over time, probably reflecting thelack of clarity
of diagnostic criteria and the significant improvement in
diagnostic procedures. Only afew reiable clinical studies
have been undertaken in representative groupsand regions
[K5], and these studies suggest that the observed shiftsin
the health status of children are unlikely to have been
caused by radiation exposure only.

379. Somewhat conflicting resultshaveal so been reported
when reproductive outcomes in contaminated areas of the
Russian Federation were examined [B19, L27, L28, L29].

The outcomes before and after the acci dent were compared
in regionsof different contamination levels. Theresultsare
summarized in Table 68. Birth rates decreased in al three
regions and were related to severity of contamination,
while spontaneous abortions increased in two of the three
regions. Congenital malformations, stillbirths, premature
births and perinatal mortality were studied, but no
consistency or apparent relationship to ionizing radiation
was noticed.

380. The frequency of unfavourable pregnancy outcomes
for 1986-1992 was studied through interviews of 2,233
randomly selected women from 226 contaminated
settlements of Belarus and the Russian Federation [G11].
In the contaminated areas of Gomel and Mogilev (Belarus)
and of Bryansk (the Russian Federation), adecreasein the
birth ratein both urban and rural populationswasreported.
This corresponds to an increase in the number of medical
abortions in both populations.

381. Studies of chromosomal aberrations in distant
populations have been criticaly reviewed [L32, V5].
Increased numbers of cases of Down’'s syndrome were
reported in West Berlin in January 1987 [S23], in the
region of Lothian, in Scotland [R14] and in the most
contaminated areas of Sweden [E4]. All studieswerebased
on a small number of cases and were later challenged
[B13]. The dosesin Berlin and Scotland reached 10% of
the natural background irradiation, and itisnot likely that
this contribution was enough to cause the non-digunction
in oocytes during meiosis that is needed for the specific
aneuploidy of Down’s syndrome. The findings have not
been confirmed in larger and more representative seriesin
Europe [D9, L32]. In particular, no peak in Down's
syndrome among children exposed at time of conception
was observed in equally contaminated zones of Europe
(e.g. Finland) or even in Belarus [B34, V5]. In a careful
study of birth defects in Belarus, no increased rate of
Down’s syndrome was found when pre- and post-acci dent
figures were compared in contaminated areas[L8].

382. According toarecent paper [K4], perinatal mortality
in Germany showed a statistically significant increase in
1987, and it was concluded that this was an effect of the
Chernobyl accident fallout. The findings were later
questioned, since whole-body doses from incorporated
caesium were found to be 0.05 mSv [R19]. No effect of the
Chernobyl accident could befound when temporal patterns
of perinatal mortality in Bavaria were correlated to
different fallout levels and subsequent exposures [G24].

383. Summary. Several sudies on adverse pregnancy
outcomes related to the Chernobyl accident have been
performed in the areas closest to the accident and in more
distant regions. Sofar, noincreasein birth defects, congenital
malformations, stillbirths, or prematurebirths could belinked
to radiation exposures caused by the accident.
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D. PSYCHOLOGICAL AND OTHER
ACCIDENT-RELATED EFFECTS

384. Many aspects of the Chernobyl accident have been
suggested to cause psychological disorders, stress and
anxiety in the population. The accident caused long-term
changes in the lives of people living in the contaminated
districts, since measures intended to limit radiation doses
included resettlement, changes in food supplies and
restrictions on the activities of individuals and families.
These changes were accompani ed by important economic,
social and political changes in the affected countries,
brought about by the disintegration of the former Soviet
Union. These psychological reactions are not caused by
ionizing radiation but are probably whally related to the
social factors surrounding the accident.

385. The decisions of individuals and familiesto rel ocate
were often highly complex and difficult. The people felt
insecure, and their lack of trust in the scientific, medical
and palitical authorities made them think they had lost
control [H9]. Experts who tried to explain the risks and
mollify people were perceived as denying the risk, thus
reinforcing mistrust and anxiety.

386. Theenvironmental contamination created widespread
anxiety that should be referred to not as radiophobia, asit
initially was, but as a real, invisible threat, difficult to
measure and localize. The key to how people perceive risk
is the degree of control they exert over it. Once measures
aretaken toimprovethe quality of lifefor those still living
in contaminated areas, the climate of social trust improves,
probably because of the better cooperation between
inhabitants and local authorities [H9].

387. Psychological effects related to the Chernobyl
accident have been studied extensively [I1, L3, L4].
Symptomssuch asheadache, depression, leep disturbance,
inability to concentrate, and emotional imbalance have
been reported and seem to be related to the difficult
conditions and stressful events that followed the accident.

388. The psychological devdopment of 138 Bedarusan
children who were exposed to radiation from the Chernobyi
accident in utero was compared with that of 122 age-matched
children from uncontaminated areas[K46]. Thechildren were
followed for 6-12 years and the study included neurological,
psychiatric and intellectud assessments of children and
parents. Theexposad group wasfound to haveadightly lower
intelectual capability and more emotiona disorders. A
correlation was found between anxiety among parents and
emotional  dress in children. It was concluded that
unfavourable psychosocia factors, such as broken social
contacts, adaptation difficulties, and rel ocation, explained the
differences between the exposed and non-exposed groups. No
differences could be related to ionizing radiation.

389. Many individuals affected by the Chernobyl accident
areconvinced that radiationisthe most likely cause of their
poor health [H7]. This bdief may cause or amplify psycho-

somatic digtress in these individuals. When studying the
impact of the accident in exposed areas of Belarus, Havenaar
et al. [H11, H12] found that depresson, genera anxiety and
adjustment disorders were more prevaent among those
evacuated and in motherswith children under 18 yearsof age.
It was concluded that the Chernobyl accident had had a
significant long-term impact on psychological wel-being,
hedlth-rdated quality of life, and illness in the exposed
populations [H10]. However, none of the findings could be
directly attributed to ionizing radiation.

390. Post-traumatic stress is an established psychiatric
diagnostic category involving severe nightmares and
obsessive reliving of the traumatic event. Although it is
widely perceived by victims of disasters, such stress is
supposed to occur only in those persons who were directly
and immediately involved. The uncertainty, threat and
socia disruption felt by the wider public has been termed
chronic environmental stress disorder by Lee [L3], who
compared theconsequences of the Chernobyl accident with
the consequences of other destructive eventsand accidents.

391. Among recovery operation workers, those without
occupational radiation experience suffered a higher rate of
neurotic disturbances than the general population [R5,
S13]. Clinically expressed disturbances with significant
psychosomatic symptomswere predominant in thisgroup,
but the increased medical attention, which leads to the
diagnosis of chronic somatic diseases and subclinical
changesthat persistently attract theattention of thepatient,
complicates the situation. The possibility of rehabilitation
decreased correspondingly, while unsatisfactory and
unclear legid ation exacerbated the conflicts and tended to
prolong the psychoneurotic reactions of the patients [G4,
S13]. The health status of recovery operation workerswho
were nuclear industry professionals did not seem to be
different from that of the rest of the cohort [N3].

392. Social and economic suffering among individuals
living in contaminated areas has exacerbated the reactions
to stressful factors. Although the incidence of psycho-
somatic symptoms in the population of highly con-
taminated areas is higher than that in populations of less
contaminated areas, no direct correlation with radiation
dose levels has been observed. The self-appraisal of this
group is low, as is their general physica health, as
observed in systematic screening programmes, including
the International Chernobyl Project [11]. This makes the
individual sfunctionally unableto solve complicated social
and economic problemsand aggravatestheir psychol ogical
maladaptation. The tendency to attribute all problems to
the accident leads to escapism, “learned helplessness’,
unwillingness to cooperate, overdependence, and a belief
that thewelfare system and government authorities should
solve all problems. It also contributes to alcohaol and drug
abuse. There is evidence of an increased incidence of
accidents (trauma, traffic incidents, suicides, alcohal
intoxication and sudden death with unidentified cause) in
this population, as well asin recovery operation workers,
compared with the populations of unaffected regions.
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393. A follow-up study of the psychological status of 708
emigrants to Israel from the former Soviet Union was
carried out over a two-year period [C3]. A total of 374
adults who had lived in contaminated areas and for whom
body-burden measurements had been carried out and 334
non-exposed emigrants matched by age, sex and year of
emigration were compared. The subjects from exposed
areaswere categorized into two exposure groups. high and
low (¥Cs greater or lessthan 37 kBg m) on the basis of
the map of ground caesium contamination [I1]. The
prevalence of post-traumatic stress disorders, depression,
anxiety and psychosomatic effects, such as high blood
pressure and chronic illness, were measured. Interviews
were carried out during the initial contact and
approximately one year later with 520 of the original
respondents. The results obtained in the first interview
showed that psychological symptoms were much more
prevalent in the exposed groups than in the non-exposed
group; in the second interview, adeclinein the prevalence
of disorders was noted. The proportion of those who
reported three or more chronic health problems was 48%
among the high-exposure group, 49% in the low-exposure
group, and 31% in the non-exposed group (p < 0.0003).
Based on these results, the authors concluded that the
Chernobyl accident had had a strong impact on both the
mental and physical health of the immigrants from
contaminated areas of the former Soviet Union.

394. Summary. TheChernobyl accident causedlong-term
changes in the lives of people living in the contaminated
areas, since measures intended to limit radiation dose
included resettlement, changes in food supplies, and
restrictions on the activities of individuals and families.
These changes were accompanied by i mportant economic,
social, and political changes in the affected countries,
brought about by the disintegration of the former Soviet
Union. The anxiety and emotional stress among parents
most likely influenced the children, and unfavourable
psychosocial factors probably explain the differences
between the exposed and non-exposed groups.

E. SUMMARY

395. A majority of the studies completed to date on the
health effects of the Chernobyl accident are of the
geographic correlation type that compare average popula-
tion exposure with the average rate of health effects or
cancer incidence in time periods before and after the
accident. Aslong asindividual dosimetry isnot performed
no reliable quantitative estimates can be made. The
reconstruction of valid individual doses will have to be a
key element in future research on health effectsrelated to
the Chernobyl accident.

396. Thenumber of thyroid cancersinindividual sexposed
in childhood, particularly in the severely contaminated
areasof thethreeaffected countries, isconsiderably greater
than expected based on previous knowledge. The high
incidence and the short induction period have not been

experiencedin other exposed populations, and factorsother
than ionizing radiation arealmost certainly influencingthe
risk. Some such factors include age at exposure, iodine
intake and metabolic status, endemic goitre, screening,
short-lived isotopes other than I, higher doses than
estimated, and, possibly, genetic predisposition. Approxi-
mately 1,800 thyroid cancer cases have been reported in
Belarus, the Russian Federation and Ukraine in children
and adol escentsfor the period 1990- 1998. Ageseemsto be
an important modifier of risk. The influence of screening
is difficult to estimate. Approximately 40%-70% of the
cases were found through screening programmes, anditis
unclear how many of these cancers would otherwise have
gone undetected. Taking theadvanced stage of thetumours
at timeof diagnosisinto consideration, it islikely that most
of the tumours would have been detected sooner or later.

397. The present resultsfrom several studiesindicatethat
the majority of the post-Chernobyl childhood thyroid
carcinomas show the intrachromosomal rearrangements
characterized as RET/PTCL and 3. There are, however,
several questions|eft unanswered, e.g. theinfluence of age
at exposure and time since exposure on the rate of
chromosome rearrangements.

398. Therisk of leukaemia has been shown in epidemio-
logical studies to be clearly increased by radiation ex-
posure. However, no increased risk of leukaemia linked to
ionizing radiation hassofar been confirmedin children, in
recovery operation workers, or in the general population of
the former Soviet Union or other areas with measurable
amounts of contamination from the Chernobyl accident.

399. Increases in a number of non-specific detrimental
health effects other than cancer in recovery operation
workers and in residents of contaminated areas have been
reported. It is difficult to interpret these findings without
referring to a known baseline or background incidence.
Because hedlth data obtained from official statistical
sources, such asmortality or cancer incidencestatistics, are
often passively recorded and are not always complete, it is
not appropriate to compare them with data for the exposed
popul ations, who undergo much moreintensiveand active
health follow-up than the general popul ation.

400. Someinvestigatorshaveinterpreted atemporary loss
of ahility to work among individualsliving in cotaminated
areas as an increase in general morbidity. High levels of
chronic diseases of the digestive, neurological, skeletal,
muscular and circulatory systems have been reported.
However, most investigators relate these observations to
changesin the age structure, the worsening quality of life,
and post-accident countermeasures such as relocation.

401. Many papers have been published in the last decade
on theimmunological effects of exposureto radiation from
the Chernobyl accident. Since it is unclear, however, if
possible confounding factors have been taken into account,
including, in particular, infectionsand diet, it isdifficult to
interpret these results.
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CONCLUSIONS

402. The accident of 26 April 1986 at the Chernobyl
nuclear power plant, located in Ukraine about 20 km south
of the border with Belarus, was the most serious ever to
have occurred in thenuclear industry. It caused the deaths,
within a few days or weeks, of 30 power plant employees
and firemen (including 28 with acute radiation syndrome)
and brought about the evacuation, in 1986, of about
116,000 peopl efrom areas surrounding thereactor and the
relocation, after 1986, of about 220,000 people from
Belarus, the Russian Federation and Ukraine. Vast
territories of thosethree countries (at that timerepublics of
the Soviet Union) were contaminated, and trace deposition
of released radionuclides was measurable in all countries
of the northern hemisphere. In this Annex, the radiation
exposures of the population groups most closely involved
in the accident have been reviewed in detail and the health
consequences that are or could be associated with these
radiation exposures have been considered.

403. The populations consdered in this Annex are (a) the
workers involved in the mitigation of the accident, either
during the accident itsdf (emergency workers) or after the
accident (recovery operation workers) and (b) membersof the
genera public who either were evacuated to avert excessive
radiation exposures or who ill resdein contaminated aress.
The contaminated areas, which are defined in this Annex as
being thosewhere the average ¥ Csground deposition density
exceeded 37 kBg m2 (1 Ci km™), are found mainly in
Bdarus, in the Russian Federation and in Ukraine. A large
number of radiation measurements (film badges, TLDs,
whole-body counts, thyroid counts, etc.) weremadetoeval uate
the exposures of the population groups that are considered.

404. Theapproximately 600 emergency workerswhowere
on the site of the Chernobyl power plant during the night
of the accident received the highest doses. The most
important exposures were due to external irradiation
(relatively uniformwhol e-body gammairradiation and beta
irradiation of extensive body surfaces), as the intake of
radionuclides through inhalation was relatively small
(except in two cases). Acute radiation sickness was
confirmed in 134 of those emergency workers. Forty-oneof
these patients received whole-body doses from external
irradiation of less than 2.1 Gy. Ninety-three patients
received higher doses and had more severe acuteradiation
sickness. 50 personswith dosesbetween 2.2 and 4.1 Gy, 22
between 4.2 and 6.4 Gy, and 21 between 6.5 and 16 Gy.
The skin doses from beta exposures, evaluated for eight
patientswith acute radiation sickness, werein therange of
400-500 Gy.

405. About 600,000 persons (civilian and military) have
received special certificates confirming their status as
liquidators(recovery operation workers), accordingtolaws
promulgated in Belarus, the Russian Federation and

Ukraine. Of those, about 240,000 were military
servicemen. Theprincipal tasks carried out by therecovery
operation workersincluded decontamination of the reactor
block, reactor site and roads, as well as construction of the
sarcophagus and of a town for reactor personnel. These
tasks were compl eted by 1990.

406. A registry of recovery operation workers was
established in 1986. This registry includes estimates of
effective doses from external irradiation, which was the
predominant pathway of exposure for the recovery
operation workers. Theregistry data show that the average
recorded doses decreased from year to year, being about
170 mSv in 1986, 130 mSv in 1987, 30 mSv in 1988, and
15 mSv in 1989. It is, however, difficult to assess the
validity of the results that have been reported because (a)
different dosimeters were used by different organizations
without any intercalibration; (b) a large number of
recorded doses were very close to the dose limit; and (c)
there were alarge number of rounded values such as 0.1,
0.2, or 0.5 Sv. Nevertheless, it seemsreasonableto assume
that the average effective dose from external gamma
irradiation to recovery operation workers in the years
1986-1987 was about 100 mSyv.

407. Doses received by the general public came from the
radionuclide rel eases from the damaged reactor, which led
to the ground contamination of large areas. The radio-
nuclide releases occurred mainly over a 10-day period,
with varying release rates. From the radiological point of
view, the releases of **!1 and *¥'Cs, estimated to have been
1,760 and 85 PBq, respectively, are the most important.
lodine-131 was the main contributor to the thyroid doses,
received mainly viainternal irradiation within afew weeks
after the accident, while *'Cs was, and is, the main
contributor tothedosesto organs and tissues other than the
thyroid, from either internal or external irradiation, which
will continue to be received, at low dose rates, during
several decades.

408. Thethree main contaminated areas, defined asthose
with ®*’Cs deposition density greater than 37 kBq m™
(1 Ci km™), are in Belarus, the Russian Federation and
Ukraine; they have been designated the Central, Gomel-
Mogilev-Bryansk and Kaluga-Tula-Orel areas. TheCentral
areaiswithin about 100 km of the reactor, predominantly
to the west and northwest. The Gomel-Mogilev-Bryansk
contaminated areaiscentred 200 km north-northeast of the
reactor at the boundary of the Gomel and Mogilev regions
of Belarus and of the Bryansk region of the Russian
Federation. The Kaluga-Tula-Orel areaisin the Russian
Federation, about 500 km to the northeast of the reactor.
All together, territoriesfrom the former Soviet Union with
an areaof about 150,000 km?were contaminated with *¥'Cs
deposition density greater than 37 kBq m™2. About five
million peoplereside in those territories.
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409. Within a few weeks after the accident, more than
100,000 personswere evacuated from the most contaminated
areasof Ukraineand of Bdarus. Thethyroid dosesreceived by
the evacuees varied according to their age, place of residence,
dietary habits and date of evacuation. For example, for the
residentsof Pripyat, whowere evacuated essentially within 48
hours after the accident, the population-weighted average
thyroid dose is estimated to be 0.17 Gy and to range from
0.07 Gy for adults to 2 Gy for infants. For the entire
population of evacuees, the population-weighted average
thyroid dose is estimated to be 0.47 Gy. Doses to organs and
tissues other than thethyroid were, on average, much smaller.

410. Thyroid dosesalsohave been estimated for theresidents
of the contaminated areaswho were not evacuated. In each of
the three republics, thyroid doses are ettimated to have
exceeded 1 Gy for the most exposed infants. For residents of
a given locality, thyroid doses to adults were smaller than
those to infants by a factor of about 10. The average thyroid
dose was approximately 0.2 Gy; the variahility of the thyroid
dose was two orders of magnitude, both above and below the
average.

411. Following the firgt few weeks after the accident, when
3| wasthe main contributor to the radiation exposures, doses
wereddivered at much lower doserates by radionuclideswith
much longer half-lives. Since 1987, the doses received by the
populations of the contaminated areas came essentially from
external exposure from *Cs and *'Cs deposited on the
ground and internal exposure due to the contamination of
foodstuffs by ***Cs and *'Cs. Other, usually minor, contribu-
tions to the long-term radiation exposures incude the
consumption of foodstuffs contaminated with *Sr and the
inhalation of aerosols containing plutonium isotopes. Both
externa irradiation and internal irradiation due to ***Cs and
BCs result in rdatively uniform dosss in al organs and
tissues of the body. The average effective dosesfrom **Csand
BCs that were received during the first 10 years after the
accident by theresidents of contaminated aress are estimated
to be about 10 mSv.

412. The papers available for review by the Committee to
date regarding the evaluation of hedlth effects of the
Chernobyl accident have in many instances suffered from
methodological weaknesses that make them difficult to
interpret. The weaknesses include inadequate diagnoses and
cassfication of diseases, selection of inadequate control or
referencegroups (in particular, control groupswith adifferent
level of disease ascertainment than the exposed groups),
inadequate estimation of radiation doses or lack of individual
data and failure to take screening and increased medica
aurveillance into consderation. The interpretation of the
studies is complicated, and particular attention must be paid
to the design and performance of epidemiologica studies.
These issues are discussed in more detail in Annex |,
“Epidemiological evaluation of radiation-induced cancer”.

413. Apart from the substantial increase in thyroid cancer
after childhood exposure observed in Bdarus, in the Russan
Federation and in Ukraine, there is no evidence of a major

public hedlth impact related to ionizing radiation 14 years
after the Chernobyl accident. No increasesin overall cancer
incidence or mortality that could be associated with radiation
exposure have been observed. For some cancers no increase
would have been anticipated as yet, given the latency period
of around 10 years for solid tumours. The risk of leukaemia,
one of the most sengtiveindicators of radiation exposure, has
not been found to be elevated even in the accident recovery
operation workers or in children. Thereis no scientific proof
of an increase in other non-malignant disorders related to
ionizing radiation.

414. The large number of thyroid cancers in individuals
exposed in  childhood, particularly in the severdy
contaminated areas of the three affected countries, and the
short induction period are considerably different from
previous experiencein other accidents or exposure Situations.
Other factors, e.g. iodine deficiency and screening, arealmost
certainly influencing the risk. Few studies have addressed
these problems, but those that have Hill find a significant
influenceof radiation after taking confounding influencesinto
consideration. The most recent findings indicate that the
thyroid cancer risk for those older than 10 yearsat thetime of
the accident is leveling off, the risk seems to decrease since
1995 for those 5-9 years old at the time of the accident, while
theincrease continuesfor those younger than 5 yearsin 1986.

415. Thereis atendency to attribute increases in cancer
rates (other than thyroid) over time to the Chernobyl
accident, but it should be noted that increases were aso
observed before the accident in the affected areas. More-
over, ageneral increase in mortality has been reported in
recent years in most areas of the former USSR, and this
must also be taken into account in interpreting the results
of the Chernobyl-related studies. Because of these and
other uncertainties, thereisaneed for well designed, sound
analytical studies, especially of recovery operation workers
from Belarus, the Russian Federation, Ukraine and the
Baltic countries, in which particular attention is given to
individual dose reconstruction and the effect of screening
and other possible confounding factors.

416. Increasesof anumber of non-specific detrimental health
effects other than cancer in accident recovery workers have
been reported, e.g. increased suicide rates and deaths due to
violent causes. It isdifficult tointerpret these findings without
reference to a known basdine or background incidence. The
exposed popul ations undergo much moreintensiveand active
hedlth follow-up than the genera population. As a result,
using the general population as a comparison group, as has
been done so far in mogt studies, isinadequate.

417. Adding iodine to the diet of populations living in
iodine-deficient areas and screening the high-risk groups
could limit the radiologica consequences. Most data
suggest that the youngest age group, i.e. those who were
less than five years old at the time of the accident,
continues to have an increased risk of developing thyroid
cancer and should be closely monitored. In spite of thefact
that many thyroid cancersin childhood are presented at a
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more advanced stage in terms of local aggressiveness and
distant metastases than in adulthood, they have a good
prognosis. Continued follow-up is necessary to allow
planning of public health actions, to gain a better
understanding of influencing factors, to predict the
outcomes of any future accidents, and to ensure adequate
radiation protection measures.

418. Present knowledge of the late effects of protracted
exposure to ionizing radiation is limited, since the dose-
response assessments rely heavily on high-dose exposure
studies and animal experiments. The Chernobyl accident
could, however, shed light on the late effects of protracted
exposure, but given the low doses received by the majority
of exposedindividuals, albeit with uncertaintiesin thedose
estimates, any increase in cancer incidence or mortality
will most certainly be difficult to detect in epidemiological
studies. The main goal isto differentiate the effects of the
ionizing radiation and effects that arise from many other
causes in exposed populations.

419. Apart from the radiation-associated thyroid cancers
among those exposad in childhood, the only group that
receved doses high enough to possibly incur gatigticaly
detectable increased risks is the recovery operation workers,
Studiesof these populations havethe potential to contributeto
the scientific knowledge of the late effects of ionizing
radiation. Many of these individuals receive annual medical
examinations, providing asound bas sfor futurestudies of the
cohort. It is, however, notable that no increased risk of
leukaemia, an entity known to appear within 2- 3 years after

exposure, has been identified more than 10 years after the
accident.

420. The future challenge is to provide reiable individual
dose edimates for the subjects enrolled in epidemidlogica
studies and to evaluate the effects of doses accumulated over
protracted time (days to weeks for thyroid exposures of
children, minutes to months for bone-marrow exposures of
emergency and recovery operation workers, and months to
years for wholebody exposures of those living in
contaminated areas). In doing this, many difficulties must be
taken into condderation, such as (a) the role played by
different radionuclides, especiallytheshort-lived radiciodines;
(b) the accuracy of direct thyroid measurements; () the
relationship between ground contamination and thyroid doses;
and (d) the rdiability of the recorded or reconstructed doses
for the emergency and recovery operation workers.

421. Finally, it should be emphasized that although those
exposed as children and the emergency and recovery
operation workers are at increased risk of radiation-
induced effects, the vast majority of the population need
not live in fear of serious health consequences from the
Chernobyl accident. For the most part, they were exposed
to radiation levels comparable to or a few times higher
than the natural background leves, and future exposures
arediminishing asthedeposited radionuclidesdecay. Lives
have been disrupted by the Chernobyl accident, but from
theradiological point of view and based on the assessments
of this Annex, generally positive prospects for the future
health of most individuals should prevail.
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Table 1

Radionuclide inventory in Unit 4 reactor core at time of the accident on 26 April 1986

D00 T

Activity (PBq)
Radionuclide Half-life
1986 estimates * Estimates by Estimates by Estimates by
[12] [B1,12] [s1] [B2,B3,B4] °
°*H 12.3a 144
¥c 5730a 0.1¢
®Kr 10.72a 33 33 28
895y 50.5d 2000 2330 3960
05y 29.12a 200 200 230 220
&Zr 64.0d 4400 4810 5850
*Nb 35d 5 660
“Mo 2.75d 4800 5550 6110
1%Ru 39.3d 4100 4810 3770
1%Ru 368d 2100 2070 860 850
HomAg 250d 13
) 277a 15
1297 Te 33.6d 1040
2Te 3.26d 320 2700 4480 4200
29 15700 000 a 0.000081 ¢
13 8.04d 1300 3180 3080 3200
3 23h 4480 4200°
5 20.8h 6 700 4800°
3 52.6 min 2050
3] 6.61 h 2900
33X e 5.25d 1700 6290 6510
Bics 2.06a 190 190 170 150
%Cs 131d 110°
BCs 300a 290 280 260 260
1%8Cs 32.2min 6 550
1“Ba 12.7d 2900 4810 6 070
“La 40.3h 6070
“Ce 325d 4400 5550 5550
WCe 284d 3200 3260 3920 3920
¥Nd 11.0d 2160
BEu 86a 14
=5y 704 000 000 a 0.000096¢
26y 23400000 a 0.0085¢
28y 4 470 000 000 a 0.0023¢
ZNp 2140000 a 0.00026
ZNp 2.36d 140 49 600° 58,100 58 100
26py 2.86a 0.0001
28py 87.74a 1 1.0 13 0.93
2opy 24065 a 0.8 0.85 0.95 0.96
20py 6537 a 1 12 15 15
21py 144a 170 170 180 190
22py 376 000 a 0.0025 0.0029 0.0021
2Am 432a 0.17 0.14
2Am 7380a 0.0097 0.0056
22Cm 163d 26 15¢ 43 31
24Cm 181a 0.43 0.18
Decay-corrected to 6 May 1986.

Values used in this Annex.

Corrected to account for burnup of individual fuel assemblies.

Reference [K1].
Corrected value.
Reference [K16].
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Table 2

Estimates of the principal radionuclides released in the accident

Activitiesreleased (PBq)
Radionuclide
1986 estimates @ 1996 estimates® 1996 estimates 1996 estimates ° ¢
[12] [B4, B27, D8] [K37] [D5, D8, N4]
Noble gases
&Kr 33 33 33
X e 1700 6 500 6 500 6 500
Volatile elements

12mTe 240

2Te 48 1000 ~1150

13 260 1200-1 700 1800 ~1760

133 2500

Bics 19 44-48 50 ~54

1%Cs 36

B¥Cs 38 74-85 86 ~85

Intermediate

895y 80 81 80 ~115

05y 8 8 8 ~10

1%3Ru 120 170 120 >168

1%Ru 63 30 25 >73

1“Ba 170 170 160 240

Refractory (including fuel particles)

&Zr 130 170 140 196

“Mo 96 210 >168

“Ce 88 200 120 196

WCe 96 140 20 ~116

ZNp 4.2 1700 945

28py 0.03 0.03 0.033 0.035

2opy 0.024 0.03 0.0334 0.03

20py 0.03 0.044 0.053 0.042

21py 5.1 5.9 6.3 ~6

22py 0.00007 0.00009

22Cm 0.78 0.93 11 ~0.9
Tota 1 000-2 000 8000 *- - 5300
(excluding noble gases)

OO0 TQE

Decay-corrected to 6 May 1986.
Estimate of release, decay-corrected to 26 April 1986.
Edtimate of total release during the course of the accident.

Values used in this Annex.

Decay correction to beginning of accident allows more short-lived radionuclides to be included, giving a higher estimate of total release, which,
however, isa probable overestimate since many of these radionuclides would have decayed insde the damaged core before any release to the

atmosphere could occur.
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Table 3

Estimated daily releases of iodine-131 during the accident

Day of release

Percentage
(based on [A4, 16])

Daily releases (PBq)

26 April 40.0 704
27 April 116 204
28 April 85 150
29 April 5.8 102
30 April 39 69
1 May 35 62
2 May 5.8 102
3 May 6.1 107
4 May 74 130
5 May 74 130
Total 100 1760
Table 4
Estimated amounts of radioiodines ® and tellurium-132
[K16]
) . . Amount in the reactor core at the - b
Radionuclide Half-life time of the accident (PBq) Activity released ° (PBq)
%2Te 78.2h 4200 1040
132 ¢ 23h 4200 1040
13 20.8h 4800 910
3 52.6 min 2050 25
3 6.61 h 2900 250
a Theactivity of iodine-131 in the reactor core at the time of the accident istaken to be 3,200 PBg. The release of iodine-131 is assumed to be 1,760 PBq.
b With decay correction.

¢ lodine-132 isassumed to bein radioactive equilibrium with tellurium-132.

Table 5
Contaminated areas in European countries following the accident
[124]
Area in deposition density ranges (kn?) 2
Country
37-185 kBg m? 185-555 kB m2 555-1 480 kBg m >1 480 kBg m
Russian Federation 49 800 5700 2100 300
Belarus 29900 10 200 4200 2200
Ukraine 37 200 3200 900 600
Sweden 12 000 - - -
Finland 11 500 - - -
Austria 8 600 - - -
Norway 5200 - - -
Bulgaria 4800 - - -
Switzerland 1300 - - -
Greece 1200 - - -
Slovenia 300 - - -
Italy 300 - - -
Republic of Moldova 60 - - -

a The®™Cslevelsincludeasmall contribution (2-4 kBg m) from fallout from the atmospheric weapons tests carried out mainly in 1961 and 1962.
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Table 6
Composition of radionuclide deposition in the near and far zones around the reactor
[B5, 16]
Ratio to Ratio to **Cs deposition @
Radionuclide BCs
release Near zone (<100 km) Far zone
[B4] North South West Northeast ® South © Southeast ¢
gy 10 0.7 12 4 0.14 0.3 1.0
05y 0.1 0.13 15 0.5 0.014 0.03 0.1
oy 27 8 5 0.06 0.17 0.6
&Zr 20 3 10 5 0.06 0.3 1.0
Mo 3 25 8 (0.12) (0.5) (1.5)
1%Ru 20 27 12 4 19 2.7 6
1%Ru 0.4 10 5 15 0.7 1.0 23
omp g 0.01 0.01 0.005 0.008 (0.01) (0.01)
155p 0.02 0.1 0.05 0.05 0.1 0.1
131 20 17 30 15 10 6] ?)
2Te 5 17 13 18 (13) () (3)
Bics 0.5 0.5 0.5 0.5 0.5 0.5 0.5
BCs 10 1.0 1.0 1.0 1.0 1.0 1.0
0B 2.0 3 20 7 0.7 (0.5) (1.5)
“Ce 23 4 10 5 0.11 0.5 18
WCe 16 23 6 3 0.07 0.3 12
Z9Np 20 7 140 25 (0.6) €) (10)
a Decay-corrected to 26 April 1986; valuesfrom indirect datain parentheses.
b  Areasof higher *Csdeposition in Belarus and Russian Federation.
¢ Digrict south of Kiev.
d  Northern Caucasus.
Table 7
Areal extent of ¥ 'Cs contamination from the accident in the European part of the former USSR
[G16, 13]
Area in deposition density ranges (k)
Country / Region
37-185kBgm™ 185-555 kBq m™ 555-1 480 kBg m™2 >1 480 kBg m? Total
Bdarus
Gomel 16 900 6700 2800 1625
Mogilev 5500 2900 1400 525
Brest 3800 500
Grodno 1700 12
Minsk 2000 48
Vitebsk 35
Total 29900 10 200 4200 2200 46 500
Russian Federation
Bryansk 6 750 2630 2130 310
Kaluga 3500 1420
Tula 10320 1270
Orel 8840 130
Other 20350
Total 49 760 5450 2130 310 57 650
Ukraine 37200 3200 900 600 41900
Other republics 60 60
Total area 116 920 18 850 7230 3110 146 110
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Table 8

Estimated *’Cs deposit from the accident

%7Cs deposition density (kBg m?) Area ¥7Cs deposit (PBq)
[13]
Range Mean @ (km?) Total Fromfallout ® From Chernobyl
accident
74-19 12 654 200 7.8 13-26 5.2-6.5
19-37 26 211 850 5.6 0.4-0.8 48-5.2
37-185 83 116 920 9.7 0.2-04 9.3-95
185-555 320 18850 6.0 0.05-0.1 5.9
555-1 480 910 7230 6.6 0.02-0.04 6.6
>1 480 2200 3110 6.8 0.008-0.02 6.8
Total 425 20-4.0 38.5-405

a Assumed to be geometric mean of range.

b  Theestimated residual rangein 1986 of *’Cs deposition density from atmospheric nuclear weaponsfallout is2-4 kBgm 2

Table 9
Measured transfer coefficients for **’Cs in natural meadows of the Polissya region in Ukraine, 1988-1989
[$40]
Type of soil Type of meadow Transfer coefficient
Black soil loam Floodplain humid 0.6
Loamy sand Dry valley normal 2-3
Floodplain humid 8-11
Soddic-podzolic loam Dry valley normal 1-4
Dry valley normal 5-9
Soddic-podzolic sand Dry valley, water-saturated 13-22
Floodplain humid 25-39
Peaty-gley Peaty drained 30-45
Peaty flooded 58-82
Peaty callows 135-190
a Bgkg? of dry grass per kBg m 2 deposited on the ground.
Table 10
Staff on site and emergency workers in initial hours of the accident
[K23]
Professional group Emergency workers

Accident withesses

(at 8 a.m. on 26 April 1986)

Staff of the power plant (Units1, 2, 3 and 4) 176 374°
Congruction workers at Units5 and 6 268 -
Firemen 14210° 69
Guards 23 113
Staff of thelocal medical facility - 10

a Arrived on the ste of the accident at 1.27 am.
b Arrived on the site of the accident at 1.35 a.m.

¢ Excluding the accident victims, the numbers of whom are givenin Table 11.
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Table 11
Emergency workers with acute radiation sickness following the accident
[15]

Degree of Range Number of patientstreated 2 Number Number
acute radiation of dose of of
sickness (Gy) Moscow Kiev deaths® survivors
Mild () 08-21 23 18 0 (0%) 41
Moderate an 2241 44 6 1(2%) 49
Severe (D) 42-64 21 1 7 (32%) 15
Very severe v) 6.5-16 20 1 20 (95%) 1
Total 0.8-16 108 26 28 106

a Acuteradiation sickness was not confirmed in a further 103 treated workers.
b Percentage of treated patientsin parentheses.

Table 12
Error range of estimated external doses evaluated by cytogenetic analysis to patients admitted to Hospital 6
in Moscow

[P14]
Doserange (Gy) Number of persons sampled Number of counted cells per sample Statistical error range (%)

10.1-13.7 7 19-100 11-18
6.1-9.5 12 19-101 11-16
4.0-58 16 65-630 8.6-36
21-38 33 30-300 22-56
1.0-1.9 19 30-300 33-100
0.5-09 17 65-900 -100; +100

0.1-04 25 50-350 -100; +300
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Table 13
Estimated internal and external doses to victims of the accident

Internal absorbed dose until time of death * (Gy) [K17, K18] External dose® (Gy)
Personal code [G25]
Thyroid Lungs
25 0.021 0.00026 8.2
18 0.024 0.0028 6.4
22 0.054 0.00047 43
5 0.062 0.00057 6.2
9 0.071 0.00077 5.6
21 0.077 0.00068 6.4
8 0.13 0.0015 38
2 0.13 0.0022 29
19 021 0.0035 45
23 0.31 0.0023 75
1 0.34 0.0087 111
15 0.32 0.0027 6.4
16 0.47 0.0041 42
3 0.54 0.0068 7.2
17 0.60 0.12 55
4 0.64 0.034 6.5
7 0.78 0.0047 10.2
10 0.89 0.0094 8.6
11 0.74 0.029 9.1
14 0.95 0.02 7.2
20 1.9 0.019 5.6
24 22 0.021 35
13 41 0.04 42
a Therdativeerrorsin the organ doses are estimated to be less than 30%.
b  Evaluated by chromosome analysis of peripheral blood lymphocytes.

Table 14

Estimates of internal doses received by surviving emergency workers #

[K17, K18]

Absorbed dose (Gy)
Tissue
Average”® Maximum

Bone surface 0.28 3.6

Lungs 0.25 24

Wall of lower large intestine 0.22 29

Thyroid gland 0.096 18

Wall of upper largeintestine 0.090 12

Liver 0.056 0.73

Red bone marrow 0.036 0.46

a Doses estimated from measurements with whole-body counters; the relative error does not exceed 45%.
b  Thedoseswere averaged over 375 individuals.
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Table 15

Distribution of thyroid doses in workers treated at Hospital 6 in Moscow during April and May 1986

[G12]

Thyroid dose range ®

Gy)

Number of workers

0-1.2
1.2-37
3.7-6.1
6.1-8.6
8.6-11

11-13

13-16

16-18

18-21

21-23

>23

173

NFPONONNAARME

a

Doses assessed by repeated in vivo thyroid counting, except for the two workers with estimated doses greater than 23 Gy; for those two workers, the
doses were assessed by repeated gamma spectrometry of bioassay samples (blood and urine). The relative error in the estimated individual thyroid

doses does not exceed 30%.

Table 16

Estimated effective doses from external irradiation received by recovery operation workers in the

30-km zone during 1986-1987

[125]
Number of workers Average dose (mSv) Collective dose (man Sv)
Group
1986 1987 1986 1987 1986 1987
Staff of nuclear power plant 2358 4498 87 15 210 70
Congtruction workers 21500 5376 82 25 1760 130
Trangport, security workers 31021 32518 6.5 27 200 870
Military servicemen 61 762 63 751 110 63 6 800 4000
Workers from other power plants 3458 9.3 30
Annual total or average 116 641 109 601 77 47 8970 5100
Total or average 226 242 62 14070
Table 17
Distribution of the external doses received by emergency and recovery operation workers
[K44]
Number Percentage in the dose interval (mSv)
Group of
persons 0-10 10-50 50-100 | 100-200 | 200-250 | 250-500 >500
Emergency workers and accident witnesses 820° - - 2 4 - 7 87
Staff of nuclear power plant 1986 2358 13 45 24 14 2 -
Staff of nuclear power plant 1987 4498 66 42 1 1 - - -
Construction workers 1986 21500 23 24 11 18 11 13 -
Construction workers 1987 5376 47 23 24 4 1 1 -
Military servicemen 1986 61762 13 22 16 23 19 19 -
Military servicemen 1987 63 751 15 15 49 15 6 6 -
Workers from other power plants 1987 3458 78 21 1 - - - -

a

Number of personsincluded in the registry of the Ingtitute of Biophysicsin Moscow.
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Table 18
Distribution of doses to recovery operation workers 2 as recorded in national registries
[C2, M13]
Number of Percentage Effective dose (mSv)
Area recovery for whom
and period operation dose
workers isknown Mean Median 75th . 95th .
percentile percentile
Bearus
1986-1987 31000 28 39 20 67 111
1986-1989 63 000 14 43 24 67 119
Russian Federation
1986 69 000 51 169 194 220 250
1987 53000 71 92 92 100 208
1988 20500 83 34 26 45 94
1989 6 000 73 32 30 48 52
1986-1989 148 000 63 107 92 180 240
Ukraine
1986 98 000 41 185 190 237 326
1987 43000 72 112 105 142 236
1988 18 000 79 47 33 50 134
1989 11 000 86 35 28 42 107
1986-1989 170 000 56 126 112 192 293
Total
1986 187 000 45 170
1987 107 000 65 130
1988 45500 80 30
1989 42 500 80 15
1986-1989 381 000 52 113

a Including those who worked outside the 30-km zone, but excluding those for whom the year of serviceis not recorded.

Table 19

[K44]

Stable iodine prophylaxis among a sample of workers involved in early phases of the accident

Time of iodine prophylaxis® (h)

Number of workers

Percentage of sample

Before arrival at the plant 19 11
Upon arrival at the plant 22 125
0-1 22 125
1-3 16 9
3-10 27 15
10-30 22 125
30-100 23 13
100-300 3 2
Did not accept prophylaxis 22 12.5
Total 176 100

a Counted from thetime of arrival of the worker at the plant.
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Table 20
Population groups evacuated in 1986 from contaminated areas
Country Area Date Number of evacuees
Belarus[M4, S24] 51 villages within the 30-km zone 2-7May 11 358
28 villages outside the 30-km zone 3-10 June 6017
29 villages outside the 30-km zone August/September 7 350
Total of 108 villages 24725
Russian Federation [S20] 4 villages of Krasnaya Gora district, Bryansk region August 186
Ukraine [U14] Pripyat town 27 April 49 360
Railway station Y anov 27 April 254
Burakovkavillage 30 April 226
15 villages within the 10-km zone 3 May 9864
Chernobyl town 5May 13591
43 villages within the 30-km zone 3-7May 14 542
8 villages outsde the 30-km zone 14-31 May 2424
4 villages outs de the 30-km zone 10 June- 16 August 434
Bober village September 711
Total of 75 settlements 91 406
Former USSR Total of 187 settlements 116 317
Table 21
Estimates of thyroid doses from intake of **!l received by the Ukrainian evacuees of towns and villages within the
30-km zone
[G8, R12]
Age at . a . a Total
time of Pripyat town [G8] Chernobyl town Evacuated villages collective
accident dose
(years) Number | Arithmetic | Collective | Number | Arithmetic | Collective | Number | Arithmetic | Collective
of mean dose dose of mean dose dose of mean dose dose (man Gy)
persons (Gy) (man Gy) persons (Gy) (man Gy) persons (Gy) (man Gy)
<1 340 218 741 219 15 329 369 39 1439 2509
1-3 2030 1.28 2698 653 1 653 1115 3.6 4014 7265
4-7 2710 054 1463 894 0.48 429 1428 17 2428 4320
8-11 2710 0.23 623 841 0.15 126 1360 0.62 843 1592
12-15 2710 0.12 325 846 011 93 1448 0.46 666 1084
16-18 2120 0.066 140 650 0.09 59 941 0.39 367 566
>18 36 740 0.066 2425 9488 0.16 1518 21794 0.40 8718 12 661
Total 49 360 8315 13591 3206 28 455 18475 29 996

a Assumes same age distribution of population as Pripyat.
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Table 22
Estimates of thyroid doses from intake of **!| received by the evacuees of Belarusian villages
[G15]
Ageat time Number of Arithmetic mean Median Estimated Collective
of accident ® measured thyroid dose thyroid dose number of thyroid dose
(years) persons (Gy) (Gy) residents® (man Gy)
<1 145 4.3 23 586 2519
1-3 290 3.7 17 966 3573
4-7 432 21 12 1199 2517
8-11 460 14 0.86 1105 1548
12-15 595 11 0.61 1392 1531
16-17 221 1.0 0.59 704 704
>17 7332 0.68 0.38 18773 12 766
Total 9475 24725 25158

a

Derived from information on year of birth; e.g. age <1 includes children born in 1986 and 1985.
b  Based on the age distribution available for 17,513 evacuees.

Table 23

Summary of estimated collective effective and thyroid doses to populations of areas evacuated in 1986

Number of persons

Collective dose (man Sv)

Country ted
evacual Thyroid # External effective dose Internal effective dose

Bearus 24725 25000 770 150

Russian Federation 186 <1000 <10 <10

Ukraine 91 406 30000 1500 1300

Total 116 317 55000 2300 1500

a Units man Gy.
Table 24

Distribution of the estimated first-year doses from external irradiation to inhabitants of Belarus evacuated
from the exclusion zone

[S24]
. Number of personsin the dose interval
Doseinterval
(mS) In the absence of evacuation (calculated) In the evacuated population (actual)
0-10 1956 7357
10-20 4710 7652
20-30 3726 3480
30-40 2552 1764
40-50 1795 1094
50-60 1226 761
60-70 961 556
70-80 726 416
80-90 565 314
90-100 453 239
100-150 1513 605
150-200 1015 195
200-250 814 109
250-300 646 67
300-350 494 42
350-400 371 26
>400 1204 28
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Table 25
Inhabitants in 1986 and 1987 of the areas of strict control
[13, 14]
Country Region Population Total population
Bearus Gomel 85 700
Mogilev 23300
109 000
Russian Federation Bryansk 111 800 111 800
Ukraine Kiev 20800
Zhitomir 31200 52 000
Total 272 800
Table 26
Distribution of the inhabitants in 1995 of areas contaminated by the Chernobyl accident
[K23, R11, V3]
¥Cs deposition Population ®
density
(kBg m?) Belarus Russian Federation Ukraine Total
37-185 1543514 1654 175 1188 800 4 386 389
185-555 239 505 233626 106 700 579 831
555-1 480 97 593 95474 300 193 367
Total 1880612 1983 275 1295 600 5159 487

a For social and economic reasons, some of the populations living in areas contaminated below 37 kBq m are al'so included.

Table 27
Values of occupancy/shielding factors used in evaluation of external exposure 0-1 year and >1 year after
the accident

[B14]
Occupancy/shielding factor
Population
group Rural areas Urban areas
0-1 year after accident >1 year after accident 0-1 year after accident >1 year after accident
Wooden houses
Indoor workers 0.32 0.26 0.23 0.29
Outdoor workers 041 0.36 0.29 0.25
Schoolchildren 0.39 0.34
Brick houses
Indoor workers 0.24 0.22 0.15 0.13
Outdoor workers 0.34 0.31 0.23 0.20
Schoolchildren 0.31 0.29
Both types of houses

Representative value 0.36 0.31 0.22 0.20
UNSCEAR assessment [U4] 0.36° 0.36 0.18% 0.18

a Edimated for time period from one month to one year after the accident.
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Table 28
Values of occupancy factor in the summer for rural populations of Belarus, Russian Federation, and
Ukraine
[E7]
Occupancy factor
Location
Indoors Outdoorsin same village Outdoors elsewhere
Belarus Russia Ukraine Belarus Russia Ukraine Belarus Russia Ukraine
Indoor workers 0.77 0.65 0.56 0.19 0.32 0.40 0.04 0.03 0.04
Outdoor workers 0.40 0.50 0.46 0.25 0.27 0.29 0.35 0.23 0.25
Retired people 0.44 0.56 0.54 0.42 0.40 041 0.14 0.04 0.05
Schoolchildren 0.44 0.57 0.75 0.45 0.39 0.21 0.11 0.04 0.04
Preschool children 0.64 0.81 0.36 0.19 0 0

Table 29

Ratio of external effective dose of specific population groups to that of the representative group

[B14]

Dose ratio to representative group

Population living in
Indoor workers Outdoor workers Herders, foresters Schoolchildren
Wooden dwellings 0.8 12 17 0.8
One- or two-gtorey brick houses 0.7 1.0 15 0.9
Multi-storey buildings 0.6 0.8 13 0.7

Table 30

Estimated values of the overall coefficient used to calculate external effective dose on the basis of the

absorbed dose in ai

r

Dose coefficient (mSv mGy ™)

Country Type of settlement
1986 2 1987-1995

Former USSR [M11] Rural 0.28 0.28
Small town 0.19 0.19

Largetown - 0.14

Belarus[K38] Rural 0.19 0.12
Urban 0.12 0.12

Russian Federation [R9] Rural 0.24 0.19
Small town 0.15 0.12

Largetown 0.13 0.10

Ukraine [M16] Rural 0.23 0.23
Small town 0.16 0.16

Largetown 0.10 0.10

a Coversthetime span from 26 April 1986 to 25 April 1987.
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Table 31
Estimates of external effective doses per unit deposition density of **'Cs for the residents of contaminated
areas
Normalized effective dose (USv per kBg m?)
Country Type of settlement
19862 1987-1995 1986-1995 1996 -2056 1986-2056
Former USSR ® Rural 13-28 34 47-62 48 95-108
[A12, G3, M11] Urban 7-15 23 30-38 33 63-71
Bdarus Rural 19 36 55
[K38] Urban 12 36 48
Russian Federation Rural 15 22 37 28 65
[M17] Urban 11 14 25 17 42
Ukraine [M16] Rural 24 36 60 28 88
Urban 17 25 42 19 61

a Coversthetime span from 26 April 1986 to 25 April 1987.
b The estimates were obtained mainly in the empirical manner by relating the results derived from monitoring the residents of settlementsin Belarus,
Russian Federation, and Ukraine by means of TLD devicesto the *’Cs deposition density in those settlements ( 37-2,200 kBg m?).

Table 32
Reference values of absorbed dose rate in air per unit deposition density of **Cs

Normalized absorbed doseratein air ® (nGy h* per kBg m)
Country

1987 1988 1989 1990 1991 1992 1993 1994 1995

Belarus[K38] P 45 31 2.3 1.9 16 14 13 12 1.0
Russian Federation [B26, M17] 34 24 19 15 13 11 1.0 0.93 0.85
Ukraine[L36] 21 18 18 1.7 1.7 16 1.6 15 15
[M16] 45 3.0 23 1.9 16 14 13 12 11
Former USSR [A12, G3] © 3.0 24 1.9 16 13 11 1.0 0.89 0.79

a Edimated for May of the corresponding year.
b Inpublications[A12, G3, K38], the normalized absorbed dose ratein air is expressed in uR h* per Ci km2. The conversion from exposure to absorbed
dosein air was made using the relationship 8.7 nGy per UR.

Table 33
Selected values of external effective dose normalized to the deposition density of »*’Cs for the residents of
contaminated areas

Normalized effective dose (USv per kBg m?)
Country Type of settlement
1986 1987-1995 1986-1995 1996-2056 1986-2056
Bdarus Rural 19 22 41 28 69
Urban 12 14 26 17 43
Russian Federation Rural 15 22 37 28 65
Urban 11 14 25 17 42
Ukraine Rural 24 36 60 28 88
Urban 17 25 42 19 61
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Table 34
Estimated collective effective doses to the populations of contaminated areas 1986-1995, (excluding thyroid
dose)
¥Cs deposition Collective effective dose (man Sv)
Region density Population
(kBgm?) External Internal Total
Belarus [S46]
Brest 37-185 151 312 404 311 715
185-555 16 183 159 118 277
Tota 167 495 563 429 992
Gomel 37-185 1246 613 2792 1676 4468
185-555 140 732 1556 1237 2793
> 555 77571 2315 822 3137
Tota 1464916 6663 3735 10398
Grodno 37-185 28 060 71 57 128
185-555 282 26 22 48
Total 28342 74 59 133
Minsk 37-185 23809 68 61 129
185-555 880 7 6 13
Total 24 689 75 67 142
Mogilev 37-185 93 658 347 302 649
185-555 81428 796 584 1380
> 555 20022 1118 328 1446
Tota 195108 2261 1214 3475
Vitebsk 37-185 62 0.12 0.11 0.23
Total > 37 1880612 9636 5504 15 140
Russian Federation [B37, M17]
Belgorod 37-185 73 350 114 48 162
Bryansk 37-185 205 625 472 1414 1886
185-555 150 002 1440 1023 2463
> 555 95 462 2611 799 3410
Tota 451 089 4523 3236 7759
Kaluga 37-185 91 801 201 74 275
185-555 12 654 108 45 153
Tota 104 455 309 119 428
Kursk 37-185 133720 278 118 396
Leningrad 37-185 8434 18 43 61
Lipetsk 37-185 50732 58 a7 105
Mordovia 37-185 10909 20 20 40
Orel 37-185 151 008 328 183 511
185-555 14 435 64 34 98
Tota 165 443 392 217 609
Penza 37-185 9910 16 16 32
Pyazan 37-185 199 687 275 313 588
Tambov 37-185 16 832 23 23 46
Tula 37-185 667 168 1916 649 2565
185-555 56 535 453 115 568
> 555 12 0.25 0.03 0.28
Tota 723715 2369 764 3133
Ulyanovsk 37-185 2805 4 4 8
Voronezh 37-185 32194 55 23 78
Tota > 37 1983275 8454 4991 13 445
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Table 34 (continued)
- Collective effective dose (man Sv)
137,
Csddep_osm on Number of population
Region enst}/z External Internal Total
(kBq m™)
Rural Urban Rural Urban Rural Urban Rural Urban
Ukraine
Vinnyts ka 37-185 66 000 17 100 261 345 73.6 36.0 335 70.5
Volynska 37-185 15 400 49.7 214.3 264
Zhytomyrs ka 37-185 207 200 18 300 1012 81.2 1785 38.7 2797 120
185-555 21300 66 300 332 769 264 140 596 909
>555 300 10.8 13.7 246
Ivano-Frankivs ka 37-185 8500 451 154 60.5
Kyivs ka 37-185 243500 142 400 941 483 570 288 1510 771
185-555 11500 176 56.4 233
Rivnens ka 37-185 221700 49 600 903 121 3710 188 4613 309
185-555 1400 18.1 30.8 489
Sums ka 37-185 4500 22.7 21.2 440
Ternopils ka 37-185 7400 29.6 11.7 41.2
Khme’ nyts ka 37-185 2000 10.0 3.0 13.0
185-555 100 0.6 0.2 0.8
Cherkas ka 37-185 61700 69 600 252 255 70.7 147 323 401
185-555 2900 432 10.7 539
Chernivets ka 37-185 18 500 87.2 31.3 119
185-555 3000 355 10.2 456
Chernihivs ka 37-185 25400 9900 101 249 105 20.8 206 457
185-555 300 4.7 33 7.9
Total 922 600 373200 4336 1768 7000 858 11 340 2626
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Table 35
Distribution of estimated total effective doses received by the populations of contaminated areas,
1986-1995 (excluding thyroid dose)
Doseinterval Number of persons Percentage of persons Cumulative percentage
(mSv) in dose interval in dose interval of personsin dose interval
Belarus [S46]
<1 133053 7.07 7.07
1-2 444709 23.65 30.72
2-3 362 510 19.28 50
3-4 221068 11.75 61.75
4-5 135 203 7.19 68.94
5-10 276 605 14.71 83.65
10-20 163 015 8.67 92.32
20-30 63 997 3.40 95.72
30-40 32271 1.71 97.43
40-50 17521 0.93 98.36
50-100 25 065 1.33 99.69
100-200 5105 0.27 99.96
>200 790 0.04 100
Total 1880912 100
Russian Federation [B37, M17, S46]
<1 155 301 7.83 7.83
1-2 445 326 22.45 30.28
2-3 383334 19.32 49.60
3-4 258 933 13.06 62.66
4-5 165 537 8.35 71.01
5-10 317 251 16 87.01
10-20 156 925 791 94.92
20-30 50 010 252 97.44
30-40 21818 1.10 98.54
40-50 11048 0.55 99.09
50-100 14580 0.74 99.83
100-200 2979 0.15 99.98
>200 333 0.02 100
Total 1983375 100
Ukraine [L44]
Number of persons Percentage of persons
Doseinterval in dose interval in dose interval Cumulative percentage
(mSv) of personsin dose interval
Rural Urban Rural Urban
1-2 0
2-3 26 100 20 20
3-4 57 100 38 800 44 30 9.4
4-5 97 200 111700 75 8.6 25.6
5-10 294700 145700 227 11.2 59.5
10-20 290 500 77 000 224 6.0 87.9
20-30 99 100 7.7 95.6
30-40 31400 24 98.0
40-50 18 200 14 994
50-100 7700 0.59 99.97
100-200 400 0.03 100
Total 922 400 373200 71.2 28.8 100
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Table 36

Summary of estimated collective effective doses to the populations of contaminated areas, 1986-1995

(excluding thyroid dose)

¥Cs deposition Collective effective dose (man Sv)
density Population
(kBgm) External Internal Total
Belarus [S46]
37-185 1543514 3682 2 409 6091
185-555 239 505 2521 1945 4 466
>555 97 593 3433 1150 4583
Total 1880612 9636 5504 15140
Russian Federation [B37, M17, S46]
37-185 1654 175 3778 3009 6787
185-555 233626 2065 1183 3248
>555 95474 2611 799 3410
Total 1983275 8454 4991 13 445
Ukraine [L44]
Collective effective dose (man Sv)
¥Cs deposition Population
density External Internal Total
(kBgm?)
Rural Urban Rural Urban Rural Urban Rural Urban
37-185 881 800 306 800 3715 999 6610 717 10330 1717
185-555 40 400 66 300 610 769 375 140 986 909
>555 300 11.0 13.8 24.8
Tota 922 500 373100 4336 1768 7 000 857 11 340 2626
Table 37
Distribution of external dose rates before and after decontamination measures in Kirov, Belarus, in 1989
[S25]
Measured mean dose rate (UGy d?) External
Population group doseratio
Before decontamination After decontamination after/before
Cattle breeders 12.3 11.9 0.97
Field workers 175 13.2 0.75
Officeworkers 12.1 11.8 0.98
Housewives and retired persons 129 12.8 0.99
Schoolchildren 15.0 9.7 0.65
Tractor drivers 12.8 12.7 0.99
Average 13.7 121 0.89
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Table 38
Distribution of estimated individual doses in the thyroid of children in contaminated districts of Belarus
[G13]
Absorbed dose Number of children in age range®
in thyroid
(Gy) <1year 1-3years 4-7 years 8-11years 12-15years 16-18 years All children
Gomel district
<0.05 134 (6.7) 198 (6.1) 452 (7.4) 518 (8.4) 540 (8.8) 596 (16) 2438(8.9)
0.05-0.1 58 (2.9) 107 (3.3) 362 (5.9) 399 (6.5) 485 (7.9) 354 (9.4) 1765 (6.4)
0.1-0.3 224 (11) 449 (14) 1089 (18) 1385 (22) 1613(26) 1086 (29) 5846 (21)
0.3-1 587 (30) 963 (29) 2023 (33) 2 365 (38) 2364 (38) 1119 (30) 9421 (34)
1-2 318 (16) 590 (18) 1075 (18) 868 (14) 695 (11) 383 (10) 3929 (14)
>2 3667 (34) 965 (29) 1095 (18) 643 (10) 464 (7.5) 230 (6.1) 4064 (15)
Total 1988 (100) 3272 (100) 6 096 (100) 6 178 (100) 6 161 (100) 3768 (100) 27 463 (100)
Mogilev district
<0.05 33(13) 43(9.1) 210 (19) 273 (28) 326 (29) 227 (37) 1112 (24)
0.05-0.1 31(12) 93 (20) 215 (19) 157 (16) 207 (19) 103 (17) 806 (18)
0.1-03 65 (26) 170 (36) 351 (31) 324 (33) 372 (33) 169 (28) 1451 (32)
0.3-1 74 (29) 127 (27) 275 (25) 190 (20) 195 (17) 99 (16) 960 (21)
1-2 36 (14) 28 (5.9) 55 (4.9) 24 (2.5) 15 (1.3) 14 (2.3) 172 (3.8)
>2 14 (5.5) 14 (3.0) 16 (1.4) 1(0.2) 1(0.09) 1(0.2) 47 (1.0)
Total 253 (100) 475 (100) 1122 (100) 969 (100) 1116 (100) 613 (100) 4548 (100)

a Percent of total in parentheses.

Table 39
Thyroid doses to 0-7-year-old children and to the total population in contaminated areas of Belarus
[128]
Number of persons Average absorbed dose (Gy) Collective dose (man Gy)
Region
Children Total Children Total Children Total
Gomel
Rural 23900 238 600 11 0.4 25000 98 000
Urban 8 600 85600 0.4 0.2 3800 15000
Mogilev
Rural 9300 93 700 0.4 0.2 4100 17 000
Urban 4900 48 700 0.2 0.08 1100 4000
Tota 46 700 466 600 0.7 0.3 34 000 134 000
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Table 40

Estimates of collective thyroid doses to populations of Belarus, the Russian Federation, and Ukraine

Country/region Population Collective thyroid dose (man Gy)

Bdarus[D1, G7]

Brest 1400 000 101 000

Gomel 1700 000 301 000

Grodno 1200 000 49 000

Minsk 3200000 68 000

Mogilev 1300 000 32000

Vitebsk 1400 000 2000

Entire country 10 000 000 553 000
Russian Federation [Z1]

Bryansk 1500 000 55 000

Orel 900 000 15 000

Tula 1900 000 50 000

Bryansk, Kaluga, Kursk, Leningrad,

Orel, Ryaza, and Tula® [S21] 3700 000 234000

Entire country [B14] 150 000 000 200 000-300 000
Ukraine

Kiev [L15] 3 110 000

Eight districts® plus Pripyat [L12] 0.5 190 000

Entire country [L6] 55 740000 °

a  Only theterritorieswith **Cs deposition densities greater than 37 kBg m2 were considered.
b  Situated around the Chernobyl nuclear power plant.
¢ Derived from an estimated collective thyroid dose of 400,000 man Gy for children aged 018 yearsin the entire Ukraine.

Table 41

Ratios of the average thyroid doses in children and teenagers to those in adults for the populations of
contaminated areas in the Russian Federation

[z6, Z7]
Age group (years) Urban population Rural population

<1 1545 7+2

1-2 10+3 62

3-7 5+2 31

8-12 2.0+05 1.0+0.5

13-17 1.5+0.5 2.0+05

>17 1 1
Table 42
Input data for internal thyroid dose reconstruction in the Russian Federation
[B39]

Number of measurements
. Personal
Region interviews
181 in therId 1B in milk 187Cs in soil 187Csin food B¥Csin human
products body

Bryansk 12 700 2100 2081 217 000 300 000 17 000
Tula 644 2157 2308 2000 17 000 1800
Orel 3600 872 1577 17 000 10 000 -
Kaluga 28 000 256 578 18 000 28 000 6 000
Total 45000 5385 6 544 250 000 360 000 25000
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Table 43
Collective and average thyroid doses in population of the Russian Federation
[R3, Z1]
Population (millions) Collective thyroid dose (man Gy) Average thyroid dose (mGy)
Region
Urban Rural Total Urban Rural Total Urban Rural Total
Bryansk 10 0.5 15 33000 27 000 60 000 33 54 40
Kaluga 0.8 0.3 11 4000 3000 7 000 5 10 6
Orel 0.6 0.3 0.9 8 000 5000 13 000 13 17 15
Tula 15 0.4 19 14 000 6 000 20 000 9 15 11
Other regions® - - 16 - - 110 000 - - 7
+30 000
Total - - 21 - - 110 000 - - 10
+30 000

a Other eleven contaminated regions. Belgorod, VVoronezh, Kursk, Leningrad (without city of St. Petersburg), Lipetsk, Mordovia, Penza, Ryazanj,
Smolensk, Tambov, Uljanov.

Table 44
Age distribution of the collective thyroid doses to inhabitants of the Bryansk region in the Russian Federation
[Z6]
Population Collective thyroid dose (man Gy)
Age (years)
Urban Rural Urban Rural
0-2 47 000 21000 9000 4000
3-5 47 000 19 000 5000 3000
6-9 59 000 23000 3000 2000
10-15 85 000 36 000 2000 2000
16-19 59 000 17 000 1000 1000
20 694 000 368 000 13 000 15 000
Total 992 000 483 000 33000 27 000
Table 45
Calculated mean thyroid doses for infants and adults in three districts of the Chernigov region, Ukraine
[L25]
- Type of Parameter values Mean thyroid doses (Gy)
ek K (Gy) a b (@) Infants (1 a) Adults (20 a)
Repkine Towns 0.031 7.4 0.049 0.21 0.065
Villages 0.082 5.0 0.094 0.35 0.11
Chernigov City 0.030 10 0.064 0.26 0.057
Villages 0.17 3.0 0.079 0.47 0.22
Kozelets Towns 0.012 18 0.15 0.14 0.014
Villages 0.047 74 0.062 0.30 0.085
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Table 46

Estimated age-dependent thyroid dose distribution in the population of the Ukrainian regions of Cherkassy,

Chernigov, Kiev, Vinnitsa, and Zhitomir #

[L10]
Age at the Percentage of age groups within dose intervals
time of the
accident (years) 0-0.049 Gy 0.05-0.099 Gy 0.1-0.29 Gy 0.3-0.99 Gy 1-1.99 Gy >2 Gy
<1 28 10.4 55.5 233 74 05
1-3 32 10.3 58.6 24.9 21 0.9
4-7 10.8 27.2 477 134 0.9 0.0
8-11 19.3 39.6 34.0 6.1 0.9 0.0
12-15 353 35.2 244 43 0.7 0.0
16-18 457 26.8 235 41 0.0 0.0
>18 54.6 21.0 216 28 0.0 0.0

a Excludesthe 30-km zone and city of Kiev.

Table 47
Distribution of absorbed dose in the thyroid of the population of Ukraine from the Chernobyl accident
[L12]
Absorbed dose (Gy) Number of persons Collective thyroid dose (man Gy)
<0.01 7 325000 36625
0.01-0.05 3400 000 102 000
0.05-0.1 1312 000 98 400
0.1-03 228 000 45 600
0.3-05 131000 52 400
05-1.0 26 000 19500
1.0-15 28 000 35000
Total 12 450 000 390000 @
a Edimateislessby afactor of 2 for morerealigtic intake model.
Table 48

Normalized effective doses from radiocaesium via internal exposure to rural inhabitants of Ukraine in

different soil zones
[K23]

Transfer coefficient

Normalized doses (uSv per kBq m?)

Soil zone from soil to milk in 1991
(Bq I per kBgq m?) 1986 1987-1995 1986-1995
| <1 9 26 35
Il 1-5 42 144 186
11 5-10 95 320 415
v >10 176 591 767
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Table 49
Values of the transfer coefficient and of the normalized effective dose from internal exposure for sodic-
podzol sand and chernozem soils in the Russian Federation
[B25, R9]
F -1 2
Transfer coefficient (Bq kg™ per kBq m) Normalized effective dose
-2
Type of soil Milk Potatoes (Sv per kBg m)
1987 1993 1987 1993 1986 1987-1994 1995 -2056

Sodic-podzol sand 5 0.2 0.16 0.04 90 78 16
Chernozem 0.07 0.01 0.03 0.004 28 2 1
Table 50

Rounded estimates of internal effective doses per unit of **’Cs deposition density for inhabitants of
contaminated areas of the Russian Federation

Normalized effective dose (USv per kBg m?)

Region 1986 1987-1995 1996 -2056 1986-2056
Bryansk ® 36 (10) 48 (13) 9(9) 93 (32)
Tula 15 6 18 23
Ord 15 8 24 25

a Thevalueswithin parentheses correspond to areas with a **'Cs deposition density greater than 555 kBq m2,

Table 51

Average effective doses from internal exposure per unit deposition density of **’Cs for population
subgroups in Belarus

[D3, K22]
Normalized effective dose (USv per kBg m?)
Location Age group
1986 1987-1990 1991-1995 1986 -1995
Rural areas 0-6 years 3-17 6-32 3-7 12-56
7-17 years 5-19 8-45 2-6 15-70
>18 years 5-24 12-62 3-10 20-96
Towns 0-6 years 2 5 2 9
7-17 years 2 4 2 8
>18 years 3 7 4 14
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Table 52
Populations in Europe examined in epidemiological studies
[S12]
Country Study region Age group Average absorbed dose (mGy) 2
Thyroid studies
Croatia Whole country All ages 15°
Greece Whole country 20-60 years 5
Hungary Whole country All ages 3k
Poland Krakow, Nowy Sacz All ages 4°
Turkey Five most affected areas on Black Sea coast All ages 15°
and Edirne province
Leukaemia studies

Bulgaria Whole country Adults 2

Children 0-14 years 2
Finland Whole country Children 0-14 years 2
Germany Bavaria Children 0-14 years 4
Greece Whole country Children 0-14 years 1
Hungary Six counties All ages 0.7
Romania Whole country Children 0-14 years*© 3
Sweden Whole country Children 0-14 years 4
Turkey Five most affected areas on Black Sea coast All ages 0.7

and Edirne province

To thyroid in thyroid studies and to bone marrow in leukaemia studies; assumes bone marrow dose is numerically equal to effective dose and dosein
children isthe same asin adults.

Assumes popul ation-weighted thyroid dose is three times that to adults.

Age at death.

Table 53
Summary of estimated collective effective doses to populations of areas contaminated by the Chernobyl

accident (1986-1995)

Collective effective dose (man Sv) Average effective dose (MmSv)
Country Population
External Internal External Internal
Total Total
exposure exposure exposure exposure
Belarus 1880 000 9 600 5500 15100 51 29 8.0
Russian Federation 1980 000 8500 5000 13500 43 25 6.8
Ukraine 1300 000 6100 7900 14 000 4.7 6.1 10.8
Total 5160 000 24200 18 400 42 600 4.7 35 82
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Table 54

Distribution of the estimated total individual effective doses received by the populations of contaminated

areas, 1986-1995 (excluding thyroid dose)

Number of personsin doseinterval in

Doseinterval
(mS) Belarus Russian Federation Ukraine Total
<1 133053 155301 0 288 804
1-2 444 709 445 326 0 890 035
2-3 362510 383334 26 100 771944
3-4 221 068 258 933 95900 575901
4-5 135203 165 537 208 900 509 640
5-10 276 605 317251 440 400 1034 056
10-20 163 015 156 925 367 500 687 440
20-30 63 997 50010 99 100 213107
30-40 32271 21818 31400 85489
40-50 17521 11048 18 200 46 769
50-100 25065 14 580 7 700 47 345
100-200 5105 2979 400 8484
>200 790 333 0 1123
Total 1880912 1983375 1295 600 5159 887
Table 55
Deaths of survivors of acute radiation sickness during 1986-1998
[W5]
Year of death Grade of acute radiation sickness Disease recorded and/or cause of death
1987 1 Lung gangrene
1990 I} Coronary heart disease
1992 1 Coronary heart disease
1993 | Coronary heart disease
1 Myel odysplastic syndrome
1995 | Lung tuberculosis
I Liver cirrhosis
| Fat embolism
11 Myel odysplastic syndrome
1998 I Liver cirrhosis

Acute myeloid leukaemia
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Table 56

Thyroid cancer cases in children under 15 years old at diagnosis

Region

Number of cases

1986

1987

1988

1989

1990 | 1991 | 1992

1993

1994

1995

1996

1997

1998

Belarus [P9]

Brest
Vitebsk
Gomel
Grodno
Minsk city
Minsk
Mogilev
Total
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Table 57
Thyroid cancer incidence rates in children under 15 years old at diagnosis

. Number of cases per 100 000 children
Region
1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
Belarus [P9]
Brest - - 0.4 - 33 29 3.7 11.6 8.1 8.8 7.3 8.2 8.0
Vitebsk - - - - 05 14 14 - 1.0 - - 12 -
Gomel 04 0.7 0.7 0.7 5.6 15.0 11.2 13.9 15.9 17.9 16.9 16.0 7.1
Grodno 11 0.6 05 11 0.6 22 32 2.7 2.2 2.8 24 31 33
MinsK city - - 04 - 15 19 2.7 35 12 3.9 05 2.0 3.7
Minsk - 04 04 04 - 17 32 2.0 3.0 0.9 2.8 3.9 16
Mogilev - - - - 1.0 05 05 32 22 29 18 2.6 2.0
Total 0.2 0.3 04 0.3 1.9 3.9 3.9 55 51 5.6 4.8 5.6 3.9
Russian Federation [123]
Bryansk region
Novozybkovsky - - - - - - - - 26.6 - - -
Klintsovsky - - - - - 43 43 43 - 21.7 8.6 12.9
Klimovsky - - - - - - 121 - - 121 - -
Sturodubsky - - - - - - 9.9 - - - - -
Unechsky - - - - - - - - - - - -
Komarichsky - - - - - - - - - - - -
Dyatkovsky - 9.1 - - - - - - 9.1 - - 18.2
Surazhsky - - - - - - - - - - - -
Vygonechsky - - - - - - - - 20.2 - - -
Suzemsky - - - - 232 - - - - 232 - -
Krasnogorsky - - - - - - - - - 18.8 - -
Navlinsky - - - - - - - - - - - 14.3
Karachevsky - - - - - - - - 10.5 - - 10.5
Bryansk city - - - - - - - - 10.0 - - -
Total - 0.3 - - 0.3 0.3 0.9 0.3 2.8 25 0.6 22
Ukraine [T2, T16]
Zhitomir - - - - 0.6 0.3 09 1.0 16 23 20 17 25
Kiev 05 - - 05 1.0 1.0 25 25 0.8 24 49 22 20
Kiev City 0.2 - 0.2 0.2 04 0.6 17 1.0 1.0 18 0.8 09 14
Rovno - - - - - 0.3 17 0.7 - - 11 0.7 0.7
Cherkassy - - 0.3 - - 0.7 13 13 0.7 0.7 0.7 0.7 0.4
Chernigov - - - 04 11 0.8 12 16 44 17 17 2.6 14
Other regions 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.2
Total 0.2 0.1 0.1 01 0.2 0.2 05 0.4 04 05 0.6 0.4 05
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Table 58
Thyroid cancer cases diagnosed among children 0-17 years old at the time of the Chernobyl accident
Number of casesin year of diagnosis
Region Sex
1990 1991 1992 1993 1994 1995 1996 1997 1998 Total
Belarus [P9]
Brest M 3 6 5 11 11 9 10 8 14 7
F 4 5 5 26 18 27 23 18 20 146
Gomel M 9 13 19 15 16 25 16 24 19 156
F 7 35 15 31 41 37 41 42 34 283
Grodno M 1 3 6 - 5 4 3 3 1 26
F - 4 6 8 5 4 7 5 8 47
Minsk city M 1 5 5 3 2 4 5 5 9 39
F 4 5 5 14 14 15 10 11 22 100
Minsk M 1 2 4 2 5 3 5 9 2 33
F - 3 8 11 5 5 6 5 8 51
Mogilev M 3 1 2 2 1 3 1 1 3 17
F - - - 5 8 7 4 8 12 44
Vitebsk M - 2 5 - 1 - 1 2 2 13
F 2 2 5 2 5 4 4 5 6 35
Total 35 86 90 130 137 147 136 146 160 1067
Russian Federation [123]
Bryansk M - 1 2 4 5 6 3 6 27
F - 2 4 5 17 11 7 15 61
Kaluga M - - 1 - 2 1 2 1 7
F 1 1 - - 2 - 1 2 7
Ord M - 1 - - 3 1 1 - 6
F 2 - 3 6 10 9 14 2 46
Tula M - 3 2 1 - 5 1 - 12
F 2 2 - 3 8 8 7 9 39
Total 5 10 12 19 47 41 36 35 205
Ukraine [T16]
Zhitomir M 1 2 - 1 4 4 3 4 5 24
F 1 1 4 2 7 9 5 5 9 43
Kiev M 2 3 5 6 2 10 13 5 2 48
F 7 6 11 7 9 14 26 17 10 107
Kiev city M 3 1 5 3 4 3 3 5 7 34
F 4 5 12 13 10 25 14 16 15 114
Rovno M - 1 3 2 3 3 4 4 1 22
F - 1 2 1 1 1 2 2 5 16
Cherkassy M - - 2 1 1 1 1 - 2 8
F 1 3 3 6 5 1 4 5 2 30
Chernigov M 2 1 2 2 7 1 1 3 3 22
F 1 3 4 5 6 7 6 7 12 51
Total 22 27 55 49 59 79 82 73 73 519
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Table 59

Thyroid cancers and risk for children 0-18 years old at the time of the Chernobyl accident for the years
1991-1995 in three cities and 2,729 settlements in Belarus and the Russian Federation

[J5]

Thyroid dose Person years at risk Observed Expected Excess absolute risk

number of cases number of cases? (10*PYGy)

0-0.1(0.05) 1756 000 38 16 2.6 (0.5-6.7)

0.1-0.5(0.21) 1398 000 65 13 1.9(0.8-4.1)

0.5-1.0(0.68) 386 000 52 36 2.0(0.9-4.2)

1.0-2.0(14) 158 000 50 15 23(1.1-4.9)

>2.0(3.0) 56 000 38 05 24(11-51)

a Calculated by multiplying the age-specific incidence observed in Belarusin 1983- 1987 by three.
b 95% confidence intervalsin parentheses.

Table 60

Odds ratio for thyroid cancer cases in Belarusian children compared with age-, location-, and exposure-

matched controls
[A6]

Number of cases or controls at estimated thyroid dose from 3|
Pathway to diagnosis
<0.30 Gy 0.30-0.99 Gy >0.99 Gy Total Oddsratio ®

Routine endocrinological screening

Cases 32 16 15 63 21

Control 43 16 4 63 (1.0-4.3)
Incidental findings

Cases 13 4 2 19 83

Control 18 1 0 19 (1.1-58)
Enlarged or nodular thyroid

Cases 19 6 0 25 36

Control 23 2 0 25 (0.7-18)
Cases 64 26 17 107 31
Controls 84 19 4 107 (1.7-5.8)

Total 152 41 21 214

a Comparing lowest and two highest groups. 95% confidence interval in parentheses.
Table 61
Circumstances of diagnosis of thyroid problems
[AS]
Probable circumstance Ultrasound diagnosis
of diagnosis Unknown No Yes Total

Formal screening programme 2 (29%) 7 (20%) 3 (38%) 12
Incidental to other examination 2 (29%) 18 (51%) 3 (38%) 23
Consulted since unwell 1 (14%) 8 (23%) 1(13%) 10
Consulted even though well 2 (29%) 2 (6%) 1(13%) 5
Total 7 35 8 50
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Table 62
Pathological types of thyroid cancers in Ukrainian children less than 15 years old at diagnosis
[T18]
) ) ' b
Pathological Number of cancersin relation to year of diagnosis
classification @
1986-1990 1991-1995 1996-1997 Total
T1 - 4(2 1(1) 5(1)
T2 9 (18) 49 (20) 18 (16) 76 (19)
T3 6(12) 27 (12) 6 (5) 39 (10)
T4 14 (29) 69 (28) 38(35) 121 (30)
N1 9 (18) 45 (18) 22 (20) 76 (19)
N2 9(18) 45 (18) 22 (20) 76 (19)
M1 2(4) 6(2) 3(3) 11 (3)
Total 49 (100) 245 (100) 110 (100) 404 (100)

a Staging system of the World Health Organization [H17].
b Percentage of total in parentheses.

Table 63

Age and sex distribution of Ukrainian children and adolescents who underwent surgery for thyroid
carcinoma during 1986-1997

[T18]

Age at time of surgery Number Ratio
(years) Females Males female: male

0-4 5 5 10:1

5-9 46 42 11:1

10-14 176 84 21:1

15-18 159 61 27:1

0-14 227 131 17:1

Age at time of exposure Number Ratio
(years) Females Males female: male

0-4 146 88 17:1

5-9 149 58 26:1

10-14 69 30 23:1

15-18 15 7 21:1

0-14 364 176 21:1

Table 64
Frequency of RET rearrangements in thyroid papillary carcinomas in relation to age and radiation history
[S35]
. Mean age Mean age Number of cases
Patient group Number of cases
at exposure at surgery ] ]
(years) (years) with RET/PTC1 with RET/PTC3

mutations mutations
Children (Belarus) 51 2 12 12 (23.5%) 13 (25.5%)
Adults (Bearus) 16 22 31 11 (69%) -
Adults (Germany) ® 16 - 48 3 (19%) -

a

Negligible radiation exposure from Chernobyl accident.
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Table 65

Incidence of leukaemia and all cancer during 1993-1994 among recovery operation workers and residents
of contaminated areas

[C2]
Leukaemia cases® All cancer cases® Standardized incidenceratio (SR)
Country
Observed Expected Observed Expected Leukaemia All cancer
Recovery operation workers °
Bearus 9 45 102 136 200 75
Russian Federation 9 84 449 405 108 111
Ukraine 28 8 399 329 339 121
Residents of contaminated areas °

Bearus 281 302 9682 9387 93 103
Russian Federation 340 328 17 260 16 800 104 103
Ukraine 592 562 22063 22245 105 99

a |CD9 codes: 204-208 (leukaemia) and 140-208 (all cancer); expected cases are for age- and sex-matched members of the general population.
b Maleswho worked in the 30-km zone during 1986 and 1987.
¢ Areaswith ™*'Csdeposition density > 185 kBg m2.

Table 66

Thyroid abnormalities diagnosed by ultrasonography in children 0-10 years old at the time of the accident
screened by the Chernobyl Sasakawa project during 1991-1996

[Y1]
Number of Number of children with diagnosis
Region children
screened Goitre Abnor m_al Q/_stl c Nod_ul ar Cancer Anomaly
echogenity lesion lesion

Mogilev 23531

Boys 2231 91 19 5 1 16

Girls 2391 188 25 19 1 19
Gomel 19273

Boys 1355 332 59 130 12 67

Girls 2053 604 63 212 25 73
Bryansk 19918

Boys 3666 172 56 46 3 7

Girls 4480 251 51 53 5 8
Kiev 27498

Boys 6634 246 18 13 2 4

Girls 8194 588 40 33 4 7
Zhitomir 28 958

Boys 4473 38 34 23 4 17

Girls 6453 87 137 43 5 19
Total 119178 41930 2597 502 577 62 237
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Table 67
Incidence of thyroid abnormalities diagnosed by ultrasonography in children screened by the Sasakawa
project during 1991-1996

[Y1]
Incidence rate per 1000 children examined
Region
Goitre Abnor m_al Q/_stlc Nod_ular Cancer Anomaly
echogenity lesion lesion

Mogilev 219 119 19 1.0 0.08 15
Gomel 177 486 6.3 17.7 19 7.3
Bryansk 409 21.2 54 5.0 0.4 0.8
Kiev 539 30.3 21 17 0.2 0.4
Zhitomir 377 43 5.9 23 0.3 12
Total 352 21.8 42 48 05 2.0
Table 68

Comparison of reproductive effects in population groups in the Russian Federation during 1980-1993
[B19, L27, L28, L29]

Ratio of effect before and after accident #

Parameter / effect Bryansk region Tularegion Ryazan region

<37 37-185 185-555 <37 37-185 185-555 <37 37-185

kBq m? kBq m? kBq m? kBq m? kBq m? kBq m? kBq m? kBq m?
Birth rate 0.81 0.83 0.75 0.87 0.73 0.69 1.0 0.90
Spontaneous abortions 127 134 134 0.90 1.03 118 122 0.91
Congenital anomalies 0.66 141 167 1.32 1.28 0.91 1.43 091
Stillbirths 0.66 1.39 1.29 1.50 0.93 141 0.90 0.97
Perinatal mortality 118 113 0.91 0.77 157 121 113 1.00
Premature births 1.07 0.95 1.39 0.88 0.86 0.71 0.83 1.23
Overall diseasesin newborns 1.02 1.03 142 1.06 1.32 129 1.00 1.38

Overall unfavourable pregnancy

outcome 1.07 116 135 0.95 0.97 0.92 1.07 1.00

a

Number of women examined before and after accident: Byransk region: 3,500-4,100 in each area; Tularegion, 2,400 (<37 kBqm?), 2,100 (37-185
kBg m?) and 810- 860 (185- 555 kBg m?); Ryazan region, 1,600- 1,00 (<37 kBqg m) and 1,200- 1,400 (37- 185 kBg m).
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