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ABSTRACT

Because of theeconomic, health and ecol ogical consequences, the Chernobyl
accident isthe most severein the entire history of the nuclear energy indus-
try. Here, we present areview of the accident and its aftermath.
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THEACCIDENT

Theformer Chernobyl nud ear power plantislocated
in Northern Ukraine. The siteisonly 18 km south of
theborder with B arus. Thetown of Chernobyl (12,500
inhabitantsat thetime of theaccident) is16 kmtothe
northwest. Thetown of Pripyat (49,000 inhabitants at
thetimeof theacci dent) washuilt lessthan fivekilometres
away, a sotothe northwest of the power plant, to house
personne working at thefacility andtheir families. The
accident that occurred at the power plant during the
night of 25to 26 April 1986 at around one 0’clock in
themorningis, intermsof itssca eand theenvironmentd,
economic and health consequences, the most severe
accident to dateinthe history of thecivil nudlear industry.
At thetimeof the accident, the plant had four RBMK
reactors each capable of producing 1000 M egawatts
of electric power. Two more reactors were under
congtruction but werenever to becommissoned. These
reactors, built to adesign developed inthe 1960s, are
cooled usngasystem of ordinary water flowing through
vertica pressuretubesinwhichisinserted zirconium
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dloy dadding containingthefud: low-enriched uranium
dioxidecontaining 2% uranium-235. Thenuclear fisson
reaction that takesplaceinthe coregeneratesamassve
output of heat. During the reaction, fission products,
actinidesand activation products are generated. The
reactor coolant iswater and four pumps are used to
circulateit through the system (one of which iskept
awaysasbackup). Theneutron moderator wasgraphite
intheform of 211 moveable control rodsthat can be
inserted between the pressuretubes containing the fuel
cladding and coolant. Themorerodsthat areinserted,
themoreneutronsare absorbed, thusreducing thefisson
rate. Three main causes combined to produce the
disaster: the Soviet authorities had failed to take
adequate account of safety issuesin thedesign of the
reactor; when the reactor was at reduced power, the
test of a new emergency core cooling system was
ineffectively managed; and, third, theoperators’ actions
were inappropriate, thus aggravating the meltdown
Process.

The plant operators were performing a safety
procedure test during a scheduled shutdown of the
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reactor in conditionsthat were not part of theplan. The
purpose of thistest wasto see whether reactor core
coolingwould continuein theevent of alossof ectric
power. The accident occurred as a result of
noncompliancewith ssfety ingtructionsand theintentiona
disabling of certain safety systems. (In violation of
procedure) the operatorshad drastically dowed down
the pumpsused to circul ate the coolant and the reactor
coreoverheated. This caused the nuclear reaction to
suddenly accelerate, leading, in the space of afew
seconds, to apower surge of 100 times the nominal
capacity for thisreactor. In afinal attempt to prevent
disaster, the operatorstried to lower all the graphite
control rodsat the sametime (the safety instructions
datethat, during norma operating, at least 30 rodsmust
belowered to maintain reactor stability, at thetime of
the test, there were only 6 to 8 rods inserted) but in
vain: thisoperation, which takesaround thirty seconds,
cannot take place beforethe reaction runaway and the
graphiterodsbecameblockedintheir insertion columns
that were deformed by the heat before they could be
lowered into aposition that would effectively moderate
thereactor. During the ensuing power excursion, fuel
elementsfractured asdid theboilingwater outlet nozzles,
withwater turning to sleam and leadingto thedestruction
of thereactor core. The concretedab (weighing 2,000
tons) that covered thereactor core wasthen lifted up.
Thistypeof nuclear power plant, unlikeequivaent series
designedinWestern Europe and the United States, did
not have contai nment surrounding each reactor, which
would probably have contained most of the steam and
radioactive products gjected as a result of leaks or
breachesin the pressure tubes. During the accident at
ThreeMileldand (Pennsylvania, USA) in 1979, the
prestressed concrete and steel containment did serve
to limit theimpact on health and the environment. At
Chernobyl, theindustrid building that housed thereactor,
completely conventiond whendl issaidand done, failed
tofulfil thisrole*2

Part of themolten nuclear fudl, radioactivefission
products, activation productsand actinides exploded
outintothear intheform of aplumeof gasand particles.
Atthetimeof theinitid explosion, these productsshot
up to a height of over 1,200 metres. Once the
emergency rescue teams had managed to control the
fire, during the day of 26 April, the drop in air

temperature and the reduction in the upward pressure
brought the height of theradioactivere easesdownto
less than 400 metres. Over the next five days, the
rel eases diminished, mainly thanksto the sand, boron,
clay andlead (around 5,000 tonsof different materials)
dropped by afleet of helicoptersthat flew morethan
1,800 times over what remained of the coreto cover
theburning graphiteused asthe neutron moderator indde
thereactor. Nonethel ess, the temperature of thefuel
spiked again, reaching up to 2,000°C, due to the fact
that it was insulated and smouldering beneath this
covering, and large amounts of substanceswereagain
released between 2 and 5 May, before rapidly
diminishingonceagain &ter thisdate Neverthedess small
amounts of substances continued to be released
throughout the month of May 1986. Indl, theactivity
level of radionuclidesrd eased asaresult of thisaccident
inthe spaceof 10 daysisestimated to range between
12 and 14 billion billion becquerels (Bq, unit of
radi oactivity equal to one disintegration per second),
I.e. 30,000timeshigher thandl theradioactivity released
intotheair every year by nuclear facilitiesworldwide®.
Afterwards, fallout containing radionuclidesrel eased
during the accident was observed acrossavast area,
including Western Europe. In France, radioactive
depositswere mainly found along astrip in the East
stretching from LaM oselledown to Corsica(mostly
between the 30April and 6 May 1986, withair pollution
peakingon 1 May 1986). Activity levelswere much
lower than those observed inthe Ukraine, Belarusand
Russia, but were still highly variable depending on
rainfalll, In Eastern Europe, radioactive deposits at
morethan 37,000 Bq per m? were observed in three
major regions (afigurethat would later be used asthe
minimum leve defining contaminated zonesinthethree
republics): acircular areaof 100 kmradiusaround the
nuclear power plant, theregion of Gomel, Moguilev
and Brest in Belarus, around 200 km north by northeast
and, last, theregion of Kauga, Tulaand Orel, 500 km
to the northeast, in Russia. To compare, before the
accident (from 1977 to 1984), caesium-137 deposits
inthesoil near to the power plant varied between 100
to 1,000 Bq per m? and strontium-90 deposits from 40
to 400 Bq per m?. Prior to the accident, environmental
radioactivity levels were measured here due to
radioactivefalout from atmaospheric nuclear weapons
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tests during the arms race between the maor world
powersfollowing the Second World War, aswell as
from releasessincethe power plant cameinto operation.

Withinafew months, to confineradioactivematerias
inside and around theruinsof the reactor, and also to
protect personnd working a theother plant production
units that remained in operation at the time, a
“sarcophagus” was built, enclosing the damaged reactor
and initially designed to last for 30 years. Over 190
tons of fuel (95% of al the fuel) are still inside the
sarcophagus. However, the degraded foundations, the
unsealed roof and structures prematurely aged by
radiation are not safe. Building works on a new
sarcophagusover 100 metreshighto cover theold one
have begun. Thisnew structureisdesignedtolast for a
hundred years and should, in theory, soonbein place.

ENVIRONMENTAL CONSEQUENCES

What happened to the radionuclides in the air
depended on their state when rel eased.

Inert gases account for half the total released
radioactivity and have not led to any depositsin the
s0il. They havegradudly beendilutedwithin air masses.
The majority of low-volatile elements (especially
strontium-90) were transported no more than afew
kilometresfromthesiteof theaccident. After therelease
of aerosols, high- and intermediate-vol atile el ements
(especialy iodine-131 and caesium-134 and -137)
formed fine particleswhich werecarried by air currents
and rain severa hundred and even several thousand
kilometresaway from the site of theaccident and have
gradually been depositedin the soil 591,

Thedigpersonof different dementshasmainly been
dependent on the strength and direction of winds
affecting the plume of smoke and debris. Dueto air
turbulence, the concentration of radionuclides was
increasingly diluted astime passed and, therefore, as
they werecarried further away from Chernobyl. Belarus
(thewindinitialy blew in anorth-westerly direction),
the Ukraineand Russiawerethe countriesmogst affected
right from thestart of the accident. Theextent towhich
radioactive elements were dispersed is related to
variationsinwind direction during themain period of
release, between 26 April and 5 May. Throughout this
phase of theaccident, aproportion of theradionuclides
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was deposited on the ground. Two processes are
involvedinamosphericfalout - dry and wet deposition.
Dry depositionisrelated to theinteraction between the
air loaded with radioactive substances and horizontal

or vertica surfaces: soil, water, vegetation and buildings.
Among other things, this process dependson thetype
of surface; inaforest, for instance, depositionisthree
tofivetimeshigher that on grassands, where, inturn,
thereistwicetheamount of deposition ason baresoil.
Wet depositionisrelated to atmaospheric precipitations:

rain trangportsradioactive particlesand soluble gases
(especidly iodine) down into the soil, caus ng washout
of the contaminated air from theheight from whichthe
rain dropletsfall. Thistype of depositionisdirectly
related totheintengity of therainfal. Wet deposition (if it
occurs) isawaysmoreintensethan dry deposition, so,
inthecaseof rainfall occurring during 10% of thetime
taken for the plumeto pass over the areain question,
wet deposition will account for up to 75% of total

deposition. In mountainous regionswhererainfall is
heaviest, thereisagreater leve of depositionthaninthe
plain areas. In addition, runoff water on the slopes
concentrates radioactivity on the valley floor. The
coexistence of these two forms of deposition can be
explained by theextremey non-homogeneousnature of
thefalout and theformation of “spots” of radioactivity
on theground depending onrainfal or dry conditions.
One of the most important health and economic
conseguenceswasthedirect contamination (of vegetables
and ceredls) or indirect contamination (vialivestock feed
of animalsreared for meat or milk, for example) of the
food chain, entailing banson consumptionand sales, most
of which havenow been lifted.

In 1986, vegetation was directly contaminated by
deposition onfoliage, given that the accident occurred
inspringtime, with grass, leafy vegetabl es(lettuce, leeks
and spinach) being the most badly affected. Livestock
wasd o affected through feed. Thisdirect contamination
peaked soon after deposition and considerably
diminished in the course of the next few months. After
threemonths, it was 100 times|esssignificant that the
initid pesk.

Radioactive hdf-lifeistheamount of timeit takes
for half the atoms of a radioactive isotope to decay
naturally. Thedecay of this proportion of atomsisthe
subject of adownward exponential function and varies
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from one radionuclide to another. The shorter the

radioactive haf-life, the sooner the radionuclide

disappears.

At thetimeof the accident:

- 84% of the radioactivity released came from
radionuclideswith aradioactivehdf-lifeof lessthan
1 month,

- 16% of the radioactivity released came from
radionuclideswith aradioactive haf-life of more
than 1 month,

- 1% of the radioactivity released came from
radionuclideswith aradioactive haf-life of more
than 30 month,

- 0.001% of the radioactivity rel eased came from
radionuclideswith aradioactive hdf-livesof more
than 50 years (plutonium-238, -239 and -240 have
half-lives of 86, 24,400 and 6,580 years
respectively).
lodine-131 and caesium-134 can no longer be

detected dueto thefact that they have short radioactive
half-lives (8 days and approx. 2 yearsrespectively),
however, surface radioactivity which can mainly be
attributed to caesium-137 (which hasaradioactive haf-
lifeof approx. 30 years) can still be detected in many
places. A durable stock of long-lived radionuclideshas
infact formed in the subsoil.

The long-term behaviour of radionuclides in
ecosystemsmai nly depends on how they aredistributed
inthevarioussoil layers, how they migrateand their
uptake by plants through the roots. Radionuclides
migrateindifferentwaysat deegplevel sbelow theground.
Thisaffectsthetimetaken for surfaceradioactivity to
diminish. Caesum-137 with along clearancetime (the
amount of timerequired for half the radioactivity to
disappear from contaminated soils, depending on their
nature: 10 to 25 years) has more stable surface
radioactivity over timethan other radionuclides. To
compare, haf-timefor dimination variesbetween 7to
12 yearsinthe case of strontium-90, which, withahalf-
lifeof 28.78 yearsisquite similar to that of caesium-
137. Root transfer, whichisfortunately not asefficient
as direct transfer via foliage, leads to chronic
contamination of plantsand therest of thefood chain.
In the Gomel Region in Belarus, high levels of
contaminationwerefoundinfarm producein 1986 and
thefollowing yearsup to the early 1990s. Most of the

vegetables (potatoes) and cereal s produced are now
bel ow the specific activity limit of 200 Bq per kilogram
used to define contaminated products. There are,
however, dill someareaswheretheactivity levelsfound
innaturd grassand foragearesignificant.

Intheforegts thegtuationisdifferent: viatreefoliage
and branches, theforestsinitially intercepted alarger
proportion of radioactiveaerosolsthanfarmlands. Faling
|eaves contaminated the soil and treesover an areaof
around 40,000 km? close to the border between Ukraine
and Bdarus. Over twenty yearsafter theaccident, unlike
infarmlands, contamination by caesum-137 perssted,
with highactivity levelsin plant litter and theearth, via
root transfer inforest plants—especially to young shoots,
berriesand mushroomsand, moregeneraly, in natura
products (including, viathefood chain, game—wild boars
and elks—and in wood, sales of which, in some highly-
contaminated areas, have been subject to aban) from
themost highly-contaminated aress.

In 1986 and in subsequent years, the Dniepr and
Pripyat Riversthat serveasawater reservefor themgor
citiesinthe Ukrainewere contaminated by radioactive
fdlout and rainwater runoff. Dykeswerebuilt and water
supplies from uncontaminated areas have been
organised. There is washout of a proportion of the
depositsinthesoil thankstorainfal, melting snow and
high water. Except in theareasurrounding the nuclear
power plant, wheredebriswasburied at thetime of the
disaster and during Sitedeanup operations, groundwater
washardly affected at all"9.

MEDICALAND HEALTH CONSEQUENCES

During the accident or as aresult of operations
performed at thetime, 31 rescueworkersdied within
thefirst few weeksfoll owing theaccident (from burns,
traumaor non-stochastic effects of irradiation) out of
the 600 emergency workersthat wereinvolved at this
initial stage (firemen, helicopter pilots, etc.)®. From
1987 to 2004, afurther 17 emergency workersdied of
various causes.

In 1986 and 1987, three hundred and fifty thousand
liquidators, forming ardatively homogeneouspopulation
group of adults(mainly soldiers, fire-fighters, policeand
nuclear industry personnel), were exposed while
decontaminating and cleaning up thesitewithina30
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km radius of the reactor. Of these, two hundred and
forty thousand took part in major repair works,
particularly inbuilding the*“Cascade” wall on the North
side of the reactor (50 m high and 20 m wide at the
base, thiswadl wasto enclosenearly 20 tonsof fue that
had been g ected from thereactor during the accident),
thereinforced concrete dab (intended to cool the core
and prevent contamination of underground water) placed
underneath the damaged reactor by digging atunnel
leading from the basemat of the adjacent Reactor Unit
3, and the sarcophagus capping theremans of Reactor
4. Duringthisstage, theworkers’ exposure to ionising
radiation was meant to be brief, to remain below the
dose limits authorised for workers, but in practice,
dosimetric datafor theliquidatorsisrarely available
(partly because of the political collapse of the Soviet
Union and the end to its federal and centralising
structure) and cross-referencing the pathologies
observed isamatter of pure chance. If welook at the
yearsthat followed, atotal of six hundred and forty-
fivethousand liquidatorsworked at thesiteand were
mainly exposedtorelatively low dosesof radiation, as
the conditions were less severe and | ess urgent than
during theinitial period. Nonethel ess, agreat deal of
uncertainty surroundsthereceived doses, which have
often been overestimated in view of the social benefits
and compensation rdatedtoliquidator stetus. Excessive
ratesof leukaemiaweredeclared for Russianliquidators
in 1997, but, between 1986 and 1996, mortality among
liquidatorswas no higher than among acomparable
control group, both in terms of frequency and the
breakdown according to cause of deaths. Theresults
of oncological epidemiology studiesand of studieson
other non-tumour pathol ogies, the onset incidence of
which is supposedly higher among the liquidators
compared with control groups, need to be
confirmed1%44,

Atthetimeof theaccident, around 6 million people
lived inthe areas most badly affected by radioactive
falout. Around 800,000 lived in zoneswhere caesium-
137 contamination exceeded 185,000 Bq per m?. The
peoplethat livedintheregionsin question at thetime
were first exposed to the plume which was heavily
loaded with fine radioactive dust. They were then
exposed to radiation emitted from radioactive deposits
in the sail. Lastly, the inhabitants were exposed by
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consuming foodstuffs contaminated as a result of
deposition onfoliage (akey factor during the months
that followed theaccident) or by root transfer of resdua
soil contamination. Although the last two sources of
exposure have cons derably decreased over theyears,
they persist tothisday inthemost highly contaminated
areasin Russia, Belarus and the Ukraine due to the
long radioactive hdf-lifeof someradionuclides, mainly
caesum-137. Thedosesrece ved by the peopl e subject
to these different exposure pathways depend ontheir
repectivescdeand onindividud lifestyles. Regulations
set out with regard to soil contamination are more or
lessthe sameinthethreecountries. They arebased on
measuring activity level sat the soil surfaceinthecase
of strontium-90 (which has a half-life of 28 years),
caes um-137, and plutonium, but in practice, this mainly
refersto surface activity level sof caesium-137 which
arerelaively consstent.

InBelarus, aministry was specialy set upin 1991
to ded with the consequencesof theaccident. Thefirst
Act adopted in February 1991 defined the status of the
peopleinvolved: liquidators, workers and residents of
the contaminated areas. Another Act, passed in
November 1991, defined the status of contaminated
zones, living conditionsand the economicand scientific
activitiesthat could be carried out thereinlight of the
zoningcriteria

In“compulsory resettlement’ zones, surface activity
levelsfor caesium-137 are above 555,000 Bq per n?.
Any housing or industrial and agricultural production
development isprohibited and entering and leaving the
zoneissubject to authorisation. Approximately 4,000
peopleliveinthese zones. Zoneswheresurfaceactivity
of caesium-137 is between 555,000 and 1,480,000
Bq per m? must be evacuated but this is not compulsory.
Above 1,480,000 Bq per m? and evacuation is
compulsory. The“exclusion zone” in Belarus, known
as Polesia— where 400 people still lived in 2006 -
covers2,100 km? (out of a total of approximately 4,000
km? across all three countries) is basically an area that
was evacuated as soon asthe accident occurred or in
thefollowing monthsin 1986. In“voluntary resettlement
zones”, with 185,000 to 555,000 Bq per m?, setting up
and developing any industria or agricultura businessis
regulated (subject mainly to production conditionsthat
comply with consumer standards). The popul ation —
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around 192,000 peopleindl —can apply to be rehoused
in uncontaminated zones, but thisisnot compul sory.
Last, in the case of “controlled radiological” zones,
between 37,000 and 185,000 Bq per m?, restrictions
aresmilar tothosegpplicabletovoluntary resettlement
zonesbut only gpply to certain polluting firms. Intheory,
hedlthcareingtitutions cannot be set up there. Over one
million onehundred and thirty six thousand peoplelive
inthesezones. Sixteen yearsfter theevent, theselaws,
which have changed very littlein that time, are till
applicableand cover 20% of Belarus (around 40,000
km?, while the rest is deemed uncontaminated). The
contaminated zones are scattered far apart and
contamination levelsvary agreat ded. Nearly 93% of
the contaminated areasand their popul aions(97%) are
in the oblasts (administrative districts) of Gomel,
Moguilev and Brest. The Grodno and Minsk oblasts
werelessseverely affected, whilethe Vitebsk oblast
now seemsto belittleaffected. Indl, around onemillion
three hundred and thirty-two thousand peoplelivein
zones contaminated tolevelsof over 37,000 Bq per n?
(15% of the population of Belarus). Since 1991, in
gpplication of thetwoActscited, onehundred and thirty-
fivethousand people, who were ultimately resettled,
were displaced. After the accident in 1986, the
significantly contaminated zones were estimated to
cover atotal area of 200,000 kn?. In 1995, due to
radionuclide decay, thetota wasdownto 145,000 km?
for thethree Republics, it isnow around 125,000 km?.
Around 5 million peoplenow liveinthesearess.

Forecast cal cul ationstaking the radioactive half-
lifeof caesum-137 into account suggest (dependingon
climate scenarios and plausible long-term
meteorological forecasts) that, for 2016 and 2046
respectively, 15% of Belarusterritory 30 years after
the accident and 10% 60 years after the accident will
still be contaminated at levels above 37,000 Bq per
N, the legal minimum surface activity level as defined
for contaminated zones.

The incidence of cancer and other pathologies
among thecivilian populaions (whichareheterogeneous
intermsof agegroups) who wereexposed to radioactive
fallout from the accident and who lived in the
contaminated areas and were subject to the stochastic
effectsof radiation, haveincreased.

Insofar asregards stochastic effects, theriseinthe

number of cases of thyroid cancer in Russia, Belarus
and theUkraineisdueto exposureto and contamination
by radioactive elements, especially iodine-131. In
particular, adistinct increasein theincidence of thyroid
cancer in children who wereunder 18 at thetimeof the
accident has been observed compared to control
groups. Therateof rare cancersin childrenhasrisen by
afactor of 10 to 100 has also been observed. The
increase observed in adultsaged over 50 and affecting
more women more men, doesnot seemto differ from
that seen in countriesless exposed to severefalout.
Thenumber of casesof thyroid cancer diagnosedinthe
regions affected by theaccident isaround 5,000 cases.
Therisk of thyroid cancer in peoplewho were exposed
during childhood or adolescence continues to be
manifest more than twenty years after Chernobyl.
Monitoring theseformsof cancer must continue. The
majority of casesdiagnosed was observed in Belarus
(approx. 4,000 cases). However, amilar resultsinterms
of frequency have been found in adolescentsand young
adultsin Ukraineandin somehighly-contaminated arees
in Russid?>4,

SinceYear 2000, therate of onset of thyroid cancer
inchildren under 5isdropping back totherate observed
prior to the accident, suggesting that residual
radioactivity observedin someareas of Belarusisnot
causing excessiveratesof thyroid cancer. No sgnificant
Satistical increase has been observed for tumoursother
than thyroid tumoursin exposed or non-exposed aress.
The same seemsto apply to leukaemia, in Bearus, the
tendency torisewiththepassageof timeissmilarinthe
control oblasts and the contaminated oblasts.
Nonetheless, long-term monitoring of all forms of
tumoursremainsakey subject of concerninthepublic
health sector, giventheamount of timeit cantakebefore
cancerous pathol ogies become detectabl e, among other
things. At the present time, itisnot possibleto predict
how the incidence rates of certain types of tumour
(particularly leukaemiaand breast cancer in women
before menopause, regarding which it has been
suggested that ratesarerising) will evolve, duetothe
fact that the studiesaretoo incomplete. Over time, an
increasein congenital malformationshasbeen observed
inBdarus, nonethel ess, thisincrease gppearsto bequite
similar in regions that were badly and not so badly
contaminated, suggesting that there may be several
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causesfor such anincrease. Therehasbeennorisein
infant mortality since 1986 in Belarus in either
contaminated or uncontaminated regions. Anincrease
inthefrequency of cataractsand cardiovascul ar disease
has been demonstrated, but heretoo, the results must
be confirmed by larger-scale studies. Nutritional
problemsrelated to popul ation movementsfollowing
the accident, and to restrictions concerning the
consumption of certainlocaly-produced foodstuffshave
resulted in deficienciesthat may be conduciveto the
devel opment of specific pathologies.

Thelack of certainty regarding received dosesand
incompl ete epidemiol ogical monitoring of therescue
workers, liquidators and the popul ation exposed to
fallout meansthat it isimpossibleto form an overal
view of the health consequences of the accident at
Chernobyl, even moreso since public hedlth datafrom
before the disaster are also extremely incomplete.
Another factor that makes it difficult to define the
radiological consequencesof theaccident accurately is
thefact that the Soviet Union collapsed at moreor less
the sametimeasthe post-Chernobyl accident period.
The crude death rate in Russia rose from 488 per
100,000 peoplein 1990 to 741 per 100,000 in 1993
(ariseof 52%). Mdelife expectancy dropped by six
years between 1987 and 1993. Similar results can be
found in other former Eastern Bloc countries,
independently of fallout from theaccident. Thishealth
cdamity (comparableinitsintensity tothat seeninwar-
torn countries) isrelated to the social and economic
changesthat havetaken place, and cannot dl bedirectly
attributed to the disaster at Chernobyl***Sl, The
accident’s potential impact on health does create a great
dedl of concern among the populationsin question.

CONCLUSION

Thedisaster at Chernobyl hasradically altered our
perception of therisksand of how to manage severe
accidents. Since 1986, considerable progresshasbeen
made insofar as regards the resources that can be
deployed in theevent of an emergency.

In economic terms, thereal cost of the disaster at
Chernobyl isdifficult to ascertain initsentirety. Any
economic analysis needsto take account not only of
the damage caused but a so the cost of cleanup, repair
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work and rel ativesiterehabilitation (emergency rescue
operations, evacuating victims, building the two
sarcophagi, waste management, building thehydraulic
dam and, between 1986 and 2000, 130,000 housesand
gpatments, 111,000 schoal places, 11,000 hospitd beds,
etc. — together with the cost of resettlement and
development works — for example, a 9,000km gas
pipeline—to bring resources from uncontaminated regions
—as well as long-term radiological monitoring, etc.). The
indirect consequences- compensaion for theliquidetors,
Securing contaminated zones, Stesurvelllanceand security,
treating victims, the cost of research studiesand, also
lossesinfarmandindustria production - al needtobe
takeninto account. Thetotal cost of thedisaster for the
threemost severdly affected republicsisover 500 hillion
dollars. The cost over a period of thirty yearsis an
estimated 235 billion dollarsfor Belarusand around 175
to 200billiondollarsfor theUkraine. In spiteof thefact
that they have barely been reviewed over the passing
years, compensation paymentsto thevictimsaccount for
theheaviest expensefor thethreecountries. Sevenmillion
peoplearecurrently in recei pt of benefitsrelated to the
accident at Chernobyl.

A great deal moreresearch ontheaccident and its
consequencesisneeded if wearetolearn al wecan
from thisdisaster*®. On 15 December 2000, thelast
reactor still operating at the plant wasfinaly shut down.
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