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GRECHOWLAH REPLIC

CONFRONTING THE NUCLEAR LEGacYy —Part |

Ten Years

of the Chornobyl Era

The environmental and health effects
of nuclear power’s greatest calamity

hese words were written to me

in 1986 by the head of the shift

operating the reactor chatr ex-
ploded ar the Chornobyl nuclear power
plant in northern Ukreaine, The explo-
sion and a resulting fire showered radio-
active debris over much of castern Eu-
rope. The author of the words above,
along with several others, was later jailed
tor his role in che disaster, although he
never admitted guilt,

Subsequent official investigations have
shown, however, that responsibility for
this extraordinary rragedy reaches far
bevond just those on duty at the plant on
the night of April 25 and carly morning
of April 26, 1986, The conscequences,
likewise, have spread far beyond the nu-
clear energy industey and rase funda-
mental gp!:.':;l:ii s for a it,'i.:|1r1lI|11HiC:l|
civilization. Before the explosion, Chor-
nobyl was a small city hardly known
to the ourside world. Since then, the
name—often known by its Russian spell-
il'ls,:, L:I'II.'l'l“'lI'lFl—I'“.l.H I,,'['Itl.'l'l;'l.l II'I.I." l'\:.lllll:]"-
icle of the 20th century as the waorst
technogenic environmental disaster in
history. It is an internaconally known
metaphor for catastrophe as porent as
“Stalingrad™ or “Bhopal.” Indeed, itis
[AER AN I...'Il.'-llI E|1i|: [I:'IE.' |‘.-n|.!'! 'il...'i'll I'{']"ll.'lll.'l.]h.‘\i.l.:l['l'}
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will last for generations

by Yuri M. Shcherbak

“It seenred as if the world was coming to an end. ... ] conld
not belicve my eves; | sawe the reactor rined by the explo-
ston. [ weas the first man in the world to see this. As a nu-
clear engineer | realized all the comseqrences of what bad

Bappened, It was a noclear bell, was gripped by fear”

from Chornobyl accelerared the col-
lapse of the Sovier empire,

Because of the importance of this ca-
lamity for all of humanicy, icis vical thar
the world understands both the reasons
it happened and the consequences. The
events that led up o the explosion are
well known., Reacror number four, a
LO00-megaware RBME-1000 desigzn,
produced steam that drove generarors to
make elecrricity. On the night of the ac-
cident, operators were conducting a rest
to see how long the generators would
run withour power. For this purpose,
they greatly reduced the power being
produced m the reactor and blocked the
Flovw of steam to the generators,

|._.||1t'r|nr['|,||]-.|,1u_']:r1 the REAME-1000 has
a design flaw thar makes its operation at
low power unstable. In this mode of op-
erarion, any spurious imcrease in the pro-
duction of steam can boost the rate of
energy production in the reactor, 1 thar
extra energy generates sill more sream,
the resulr can be a runaway power surge.
[n addition, the operarors had disabled
safery svsrems thar could have averted
the reactor’s destruction, because the sys-
tems might have interfered with the re-
sults of che test,

Ar 1:23 and 40 seconds on the morn-

ing of April 26, realizing belatedly that
the situation had become hazardous, an
operator pressed a button o activate the
autormatic profection system. The action
was intended ro shur the reactor down,
bur by this tme it was too late, What
actually happened can be likened to a
driver who presses the brake pedal o
slow down a car but finds instead chac ic
accelerates remendously.

Within three seconds, power produc-
tion in the reactor’s core surged o 100
rimes the normal maximum level, and
there was a drastic increase in tempera-
ture. The result was two explosions that
blew off the 2,000-metric-ton meral
plare chat sealed the top of the reactor,
destroying the building housing it. The
nuclear genie had been liberaced.

Despite heroic atempts to quell the
ensuing fire, hundreds of tons of graph-
ite that had served as a moderator in the
reactor hurned for 10 days, Rising hor
gases carried mto the environment aero-
salized fuel as well as Assion products,
isotopes thar are created when uranium
atoms split apart. The fuel consisted
principally of uranium; mixed in with it
was some plutonium created as a by-
product of normal operation. Plutoni-
um is the most toxic element known,
and some of the Assion products were
far more radioactive than uranium or
plutonium. Among the most dangerous
were iodine 131, strontium 90 and ce-
sium 137,

A plume containing these radioiso-
topes moved with prevailing winds
the north and west, raming radwacnve
particles on areas thousands of miles
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FORBIDDEN ZOMNE: militaman controls access to a town in - and fire at the nearby {:hur:mh_!.l pi;ml causcd a shower of dan-
the district of Narodichi, a region evacuated after the explosion

away. Regions affected included not only
Ukraine irself bur also Belarus, Russia,
Gieorgia, Paland, Sweden, Germany, Tur-
key and others. Even such distant lands
as the UL, and Japan received measur-
able amounts of radiadon. In Paland,
Germany, Austria and Hungary as well
as Ukraine, crops and milk were so con-
taminated they had to be destroved. In
Finland, Sweden and Norway, carcasses
of reindeer thar had grazed on contam-
inated vegeration had to be dumped.

Widespread Effects

he total amount of |:':1Lli-:'l.1-;_'ti'n"it:f re-

X leased will never be known, but the
official Soviet Agure of 90 million curies
represents a minimui. Ocher estimares
suggest thar the total mughe have been
several oimes higher, It is fair to say that
I [Erims ('III ‘II'I‘I AITOUnt ‘Jf I'i].';.“lili.l.LTi\-'L‘
I.|||c:1|l—|:]h:-1|.:.1|‘1 not, of course, the heat
anel blase effecrs—the accident was com-
parable to a medium-size nuclear strike.
In the immediate aftermath of the ex-
plosion and fire, 187 people fell ill from
Acue r.!-.ii.'”iill] "-i\'.!{ﬂl'\"';: ;1 ”‘r‘ '|'.|'|.|.""'|.I inL"L!.
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Most of these early casualties were fire-
fighters who combated the blaze,

The destroved reactor liberated hun-
dreds of dmes more radiarion than was
produced by the atomic bombings of Hi-
roshima and Nagasaki. The intensity of
s radiation on the siee of the pow
er plant reached more than 100 roent-
gens an hour. This level produces in an
hour doses hundreds of times the maxi-
mum dose the Internatnonal Commis
sion on Radiological Protection recom-
mends for members of the public a year
On the roof of the destroyed reacror
building, radiaton levels reached a
frightening 100,000 roentgens an hour,

The human dimensions of the tragedy
are vast and heartbreaking, Ar che nme
of the acadent, [ was working as a med-
i\_';,'l_l resea rl._'l'li_'l' At IIIII.' III.‘ﬂi[ILTL' li'r. ]':r'i'-.l'-."'
miology and Infecrious Diseases in Kiev,
some 60 miles from the Chormnoby] plant.
Sometime on April 26 a friend told me
that people had been arriving ar hospi-
rals for treatment of burns sustained in
an accident ar the plant, but we had no
idea of irs seriousness. There was liccle
official news during the next few days,

gerously radioactive fallour across castern Europe.

and what there was Hu;z;;:':ph'd the LL'II'I_L‘.'LT
was not great. The auchorities jammed
most foreign broadcases, although we
could listen as Swedish radio reporred
the detecrion of high levels of radioac-
tivity in that country and elsewhere. 1
-.|.|‘|L1 SOOI Ilri'll..,"l' I'll'l:\h.l!_"ia'll'l:l- L|L'CiL1L'ii Lo
drive toward the accident site to investi-
gare and help as we could.

We ser off cheerfully enough, but as
we got closer we starred o see signs of
mass panic, People with connections o
officialdom had vsed cheir influence o
send children away by air and rail. Oth-
ers without special connections were
waiting in long lines for rickets or ocea-
sionally storming trains to try to escape.
Families had become splic up, The only
comparable social upheaval [ had seen
was during a cholera epidemic. Already
many workers from the |1|.'||!|I had been
hospitalized.

The distribution of the fallour was ex
tremely patchy, One corner of a field
might be highly dangerous, while just a
few yards away levels seemed low, MNes
ertheless, huge areas were affected. Al-
thoueh iodine 131 has a half-life of only
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cight days, it caused large radiation ex-
posures during the wecks immediately
following the accident, Strontium 0
and cesium 137, on the other hand, are
maore persistent, Scientists believe it is
the cesium that will account for the larg-
est radiation doses in the long run.

All told, well over 260,000 sguare
kilometers of territory in Ukraine, Rus-
sia and Belarus still have more than one
curie per square kilometer of contami-
nation wirth cesiom 137, Ar this level,
annual health checks for radiation ef-
fects are advised for residents. In my
own country of Ukraineg, the total arca
with this level of contamination exceeds
35,000 square kilometers—more than
5 percent of the nation's total area, hMost
of this, 26,000 square kilometers, is ara-
ble land. In the worst affected areas there
are restrictions on the use of crops, but
less contaminated districes are still un-
der cultivarion.

The heavily contaminated pars of
Ukrame constitute 13 administrative re-
gions [oblasts), In these oblasts are 1,300
towns and villages with a total popula-
tion of 2.6 million, including 700,000
children. Within about 10 days of the
accident, 135,000 people living in the
worst-affected areas had left their homes;
by now the toral has reached 167,000,

46 ScienTiFic Asmerican April 1994

AWAITING A THYROID EXAMINATION, a

Yet it is clear that the authorities” at-
tempts to keep the scale of the disaster
quiet actually made things worse than
they need have been. If more inhabi-
tants in the region had been evacuared
promptly during those crucial frst few
di1}'.‘|. I'i'l.".lii'lli“['l [I.(:IHL".H :I-I::IT ]I'Ii,'l_]]':'.' PL"“PIL‘
might have heen lower,

The region within 30 kilomerers of
the Chornobyl plant is now largely un-
inhahited: 60 sertlements outside this
zone have also been moved, Formerly
busy communities are ghost towns, The
government has responded to this un-
precedented disruption by enacting laws
giving special legal status to contam-
inated areas and granting protections to
those who suffered the most, Yer the re-
percussions will last for generarions,

Multiple Mnesses

he medical CONSEqUENCes are, af

course, the most serious. Some
30,000 people have fallen ill among the
400,000 workers who toiled as “ligui-
dators,” burving the most dangerous
wastes and constructing a special build-
ing around the ruined reacror that is uni-
versally referred to as “the sarcopha-
gus.” Of these sick people, about 5,000
are now too ill to work.

young patient and her mother sit anxiously at the
Kiev Institute of Endocrinology. In the days and weeks following the 1986 accident at Chornobyl,
an estimated 13,000 children inhaled acrosols containing high levels of jodine 131, which eollects
in the thyroid. Among Ukrainian children, thyroid cancer rates have increased roughly 10-fold,

It is hard to know, even
approximately, how many
people have already died as
a result of the accident. Pop-
ulations have been Ereat
disrupred, and children b
been sent away from som
arcas. By comparing moral-
ity rates before and after the
accident, the environmen-
tal organization Greenpeace
Ukraine has estimated a to-
tal of 32,000 deaths. There
are other estimates that are
higher, and some thar are
lower, but | believe a igure in
this range is defensible, Some
perhaps many, of these death:
may be the result of the im-
mense psychological stress
experienced by those living
in the contaminated region,

One medical survey of a
large group of liquidators,
carricd out by researchers in
Kiev led by Sergei Komissa-
renko, has found that most
of the sample were suffering
from a constellation of symp-
toms that together seem o
define a new medical syn-
drome, The symptoms include fatigue,
apathy and a decreased number of
“natural killer” cells in the blood.

Martural killer cells, a type of white
blood cell, can kill the cells of tumors
and virus-infecred cells. A reduction in
their number, therefore, suppresses the
immune system, Some have dubbed
this syndrome “Chornobyl AIDS." Be-
sides having increased ratgg of leukemia
and malignant tumors, people with this
syndrome are susceptible to more se-
vere forms of cardiac conditions as well
as common infections such as bronchi-
tis, tonsillitis and pneumoenia.

As a consequence of inhaling aerosols
containing iodine 131 immediately afrer
the accident, 13,000 children mn the re-
gion experienced radiation doses to the
thyroid of more than 200 roentgen
equivalents, (This means they received
at least rwice the maximum recommend-
ed dose for nuclear industry workers
for an entire vear. ) Up to 4,000 of these
children had doses as high as 2,000
roentgen equivalents. Because iodine col-
lects in the thyroid gland, these children
have developed chronic inflammartion
of the thyroid. Although the inflamma-
tion itself produces no symptoms, it has
started to give rise to a wave of cases of
thyroid cancer.

YLADIMIR SYOMIN
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The numbers speak for themselves,
Dara garhered by the Kiev researcher
Mykola D. Tronko and his colleagues
indicate that beoween 1981 and 1985—
before the accident—the number of thy-
roid cancer cases in Ukraine was about
five a year. Within five years of the dis-
aster the number had grown to 22 cases
a vear, and from 1992 to 19935 i reached
an average of 43 cases a year. From 1986
to the end of 1993, 389 cases of thyroid
cancer were recorded in children and
adolescents. (In Belarus the number is
even higher) Ukraine’s overall rate of
thyroid cancer among children has in-
creased about 10-fold from preaccident
levels and is now more than four cases
per million. Cancer of the thyroid me-
tastasizes readily, although if caughe ear-
lv enough it can be treared by removing
the thyroid gland. Pacients must then
receive lifelong treatment with supple-
mental thveoid hormones.

Other research by Ukrainian and Is-
raeli scientists has found that one in ev-
ery three liquidators—primarily men in

THYROID OPERATION will remove

Ten Years of the Chornobyl Era

! the cancerous gland
from a patient in an atcempt to prevent the spread of the disease.
I'he operation, carried out ac the Kiev Institute of Endocrin-

their chirtics—has been plagued by sex-
ual or reproducrive disorders. The prob-
lems include impotence and sperm ab-
normalitics. Reductions in the fertilizing
capacity of the sperm have also been
noted. The number of pregnancies wich
complications has been growing among
women living in the affected areas, and
many youngsters fall prey to a debiliac-
ing fear of radiation.

The optimists who predicted no long-
term medical consequences from the ex-
plosion have thus been proved egregious-
ly wrong. These authorities were princi-
pally medical officials of the former
Savier Union who were following a
scripr written by the political bureau of
the Communist Party's Central Com-
mittee. They also include some Western
nuclear energy specialists and military
experts.

[tis alsp true char the forecasts of “cat-
astrophists”—some of whom predicred
well over 100,000 cancer cases—have
not come to pass, Still, previous experi-
ence with the long-term cffects of radia-

tion—much of it derived from studies
at Hiroshima and Nagasaki—suggests
that the toll will continue to rise. Can-
cers caused by radiation can take many
vears before they become detectable, so
the prospects for the long-term health
of children in the hi;;h-r;al.li'.l.tir}r1 rd_',r_;iuns
are, sadly, poor.

The hushing up of the danger from
radiation in Sovier propaganda has pro-
duced quite the opposite effects from
those intended. People live under con-
stant stress, fearful abour their healch
and, especially, thar of their children.
This menral trauma has given rise to a
psychological syndrome comparable to
thar suffered by veterans of wars in Vier-
nam and Afghanistan, Among children
evacuared from the reacror zone, there
has heen a 10- to 15-fold increase in the
incidence of neuropsychiatric disorders,

The catasrrophe and the resulting re-
settlement of large populations have
also caused irreparable harm o the rich
ethnic diversity of the contaminated ar-
eas, particularly to the so-called drevly-

ology's eancer clinic, is the only treatment for cancer of the thy-
roid. The patient will then have to take thyroid hormones for
the rest of his life o replace those no longer produced in his body,
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BURNED-OUT REACTOR was photographed from the air not
long alter the disaster (left ). A coneretc-and-steel sarcophagus
was hastily built (right] to contain dangerous radioisotopes; it s

any, woodland people, and pofisheluds,
inhabitants of the Polissya  region,
Uhnigue architectural features and other
artifacts of their '\|‘Jiri||,|al and matrerial

culture have been effectively lost as
abandoned towns and villages have fall-
en mto disrepair. Much of the beautiful
landscape is now unsafe for humans,
The Ukrainian government, which is
N @ Severe cconomic crisis, is today
obliged to spend more than 5 percent of
its budger dealing with the aftermath of
Chornobyl, The money provides bene-
fits such as free housing o abour three
million people who have been officially
recognized as having suffered from the
|_‘."|I::1:-i|:1'|::|‘1['||,:, im:hulinn 356,000 |i:,'||,1i;|'.|-
tors and 870,000 children. Ukraine has
introduced a special income tax corre-
sponding to 12 percent of earnings o
raise the necessary revenue, but it is un-
clear how long the government can
maintain benefits ar current levels.
Today the Chornobyl zone 15 one of
the most dangerously radioactive places
i the world, In the delris of the rumed
reactor are tens of thousands of metric
tons of nuclear fuel wich a wotal radio-
activity level of some 20 million curies,
The radiation level in the reacror irself,
ar several thousand roentgens per hour,
15 lethal for any form of life., But the dan-
ger is spread far and wide, In the 30-
kilometer zone surrounding the reacror
are abour 800 hastly created burial
sites where highly radioactive waste, in-
x,‘]l,:diﬂ;’_ trees thar absorbed radiciso-
topes from the atmosphere, has been
simply dumped into clay-lined pits.
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These dumps may account for the sub-
stantial contamination of the sediments
of the Dnicper River and its tributary
the Pripyat, which supply water for 30
million people. Sediments of the Pripyat
'.!Lﬁ.".li:c'm 18] [‘.]'HJI'IIH"I:I.'I contain an esti-
mated 10,000 curies of strongium 94,
12,000 ¢uries of cesium 137 and 2,000
curies of plutonium. In order to prevent
soluble compounds from further con-
maminating water sources, the wastes
must be removed to properly designed
and equipped storage facilities—facili-
ties that do not vet exist.

Cost of Cleanup

he two reactors that are still in op-

eration at the Chorn r|'r:r| ]ﬂmﬂ: also
pose a major problem (a fire put a third
out of action in 1992}, These generate
up to 5 percent of Ukraine’s power; the
nuclear energy sector altogether produc-
es 40 percent of the country’s electricity.
Ewven so, Ukraine and the Group of Seven
industrial nations last December signed
a formal agreement on a cooperative
plan 1o shut down the whole Chorno-
byl plant by the year 2000, The agree-
ment establishes thar the European
Union and the U.5. will help Ukraine
devise plans to mitigate the effects of
the shutdown on local populations. It
also sets up mechanisms to allow donor
countries to expedite safery improve-
ments at one of the reactors still in use.
In addition, the agreement provides for
international cooperation on decom-
Ini'ﬁimliny, the 13!;3:1[‘. as well as on the

now decaying at an alarming rate. An international consortium
proposes to surround it with a stronger structure, but construc-
tion would cost about $300 million and take fve years,

biggest problem of all: an ecologically
sound, long-term replacement for the
sarcophagus that was built around the
ruin of reactor number four.

The 10-story sarcophagus, which i
built largely of conerete and large slabs
of metal and has walls over six meters
thick, was designed for a lifetime of 30
vears. Bur it was constructed in a great
hurry under conditions of high radiation,
As a result, the quality of the work was
poor, and today the structure is in need
of immediate repair. Metal used in the
edifice has rusted, and more than 1,000
square meters of concrere have become
seriously cracked. Rain and snow can
get inside, 1f the sarcophagus were 1o
collapse—which could happen if there
were an earthquake—the rubble would
very |ikt.‘il'_n' release l:\l‘gl' amounts of ra-
dioacrive dust.

In 1993 an international comperition
was held to find the best long-term so-
lution. Six prospective projects were
chosen for further evaluation (out of 94
proposals ), and the next year a winner
was selected—Alhance, a consortium led
by Campenon Bernard of France. The
consortium’s proposal, which entails the
construction of a “supersarcophagus”
around the existing one, unites firms
from France, Germany, Britain, Russia
and Ukraine. The group has already
conducred feasibility studies. If the proj-
cct zoes forward, design work will cost
520 million to 530 million, and construc-
tion—which would take five years—
upwards of 5300 million, Final disposal
of the waste from the acaident will take
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30 vears, One possibilicy being explored
is that the waste mighr be encased in a
special glass,

Chornobyl was not simply another
disascer of the sort that humankind has
experienced throughout history, like a
fire or an earthquake or a flood, Itis a
global environmental event of a new
kind. It is characrerized by the presence
of thousands of environmental refugees;
long-term contamination of land, water
and air; and possibly irreparable dam-
age to ecosystems, Chornobyl demon-
strates the ever growing threar of tech-
nology run amolk.

The designers of the plant, which did
not conform to international safety re-
quirements, are surely culpable at least
as miuch as the operarors. The REME-
LOOO is an adapration of a military reac-
tor originally designed o produce ma-
rerial for nuclear weapons, There was
no reinforced containment structure
around the reactor to limir the effects of
an accident. Thar RBME reacrors are
still in operacion in Ukraine, Lichuania
and Fussia should be cause for alarm.

The disaster illustrates the grear re-
sponsibility thart falls on the shoulders
of scientific and other experts who give
advice to politicians on technical mat-
ters, Moreover, | would argue thar the
former Sovier Union's communise lead-
ership must share che blame. Despite
then President Mikhail 5. Gorbachev's
professed support for glasnost, or open-
ness, the regime hypocritcally closed
ranks in the aftermath of the tragedy in
a futile and ultimately harmful attempt
ro gloss over the enormiry of whart had
occurred.

The event offers a vivid demonstratdon
of the failures of the monopolistic Soviet
political and scientific system. The em-
phasis under that regime was on secre-
cy and on simplifying safery fearures in

srder to make construction as cheap as
possible, International experience with
reactor safety was simply disregarded.
The calamity underscores, further, the

GHOST TOWN: Pripyat, a once vibrant city of 45,000, was home to many of the work-

ers from the Chornobyl plant. Tt was evacuated after the acadent and remains deserted.

danger that nuclear power plants could
pose in regions where wars are being
foughe. Of course, all such plants are po-
rentally valnerable to rerrorist atack,
Chornobyl has taught the nations of
the world a dreadful lesson abour the

necessity for preparedness if we are o
rely on nuclear technology. Humankind
lost a sort of innocence on April 26,
1986, We have embarked on a new,
post-Chornabyl era, and we have yer to
comprehend all the consequences. &
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