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2016 marks the 30" and 5" anniversaries of the accidents at the Chernobyl and Fukushima nuclear power
plants respectively. Both incidents had a considerable environmental impact, and large population groups
were exposed to elevated doses of radiation.
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After the Chernobyl disaster in Ukraine,
the mass media made dismal predictions
of elevated risks of cancer. Today, we can
start to draw conclusions regarding whether
these have been borne out, which may
help us make some prognoses for the after-
effects of the Fukushima accident in Japan.
Survivors of the nuclear bombings of
Hiroshima and Nagasaki in Japan are our
most important evidence base on the asso-
ciation between radiation exposure and
cancer. The Life Span Study has followed
120 000 survivors of the nuclear blasts,
as well a control group of 26 000 people
who lived in the cities in question, but were
absent when the bombs detonated, from
1950 until today (1). In those who were
exposed to radiation, increased prevalence
of a number of cancers has been established
when compared to the control group.

Leukaemia and solid tumours

Not many years after the nuclear explosions
a rapid increase in the incidence of leuka-
emia and other haematological malignan-
cies was established. The increase in new
cases of leukaemia was highest in the
youngest age groups. For the group as

a whole, it has been estimated that in the
period 1950—1955, the risk of leukaemia
among survivors of the nuclear bombings
after a radiation dose of 1Gy exceeded

that of the control group by a factor of 15
(excess relative risk, ERR = 15.2). The
ERR gradually declined, but for the period
1990-2001 it was still estimated that the
group that had been exposed to radiation
had twice the risk of haematological malig-
nancies (ERR =2.1) per Gy (2).

Some years after the first increase in
cases of acute leukaemia, an incipient
increase in the incidence of numerous types
of solid cancers was detected, especially
cancer of the breast, lungs and gastrointes-
tinal tract. The incidence of these types of
cancer has continued to increase at a steady
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rate. The risk of a solid tumour after radia-
tion is influenced by age, gender, the type
of neoplasm, radiation dose and the time
that has elapsed since the nuclear explo-
sions. It has been estimated that a person
who was 30 years old when the atom bombs
exploded will have a 35 % elevated risk of a
solid tumour per Gy of radiation exposure
40 years later, when all types of cancer are
seen as a whole (ERR = 0.35) (3). The Life
Span Study, as well as results from exami-
nations of patients who have been exposed
to radiation for diagnostic or treatment pur-
poses in a medical context (4, 5), show that
there is a direct association between radia-
tion and cancer. Data from these studies
have later been used to prepare mathema-
tical models for prognostication of the
number of potential new cases of cancer
after accidents involving radiation.

Chernobyl

Human error, combined with a construction
flaw in the reactor, caused the cooling sys-
tem of the Chernobyl reactor to malfunction
on the night of 25 April 1986. This caused
an explosion in the reactor core, whereby
radioactive material, including radioactive
iodine and caesium, was hurled into the air.
The explosion was followed by a fire that
lasted for ten days. Most of the radioactive
material fell over the adjacent areas in
northern Ukraine, Belarus and western
Russia, while some was sucked into higher
layers of the atmosphere and carried by

the wind to distant European countries such
as Germany, France, Norway and Sweden
(6). The Chernobyl accident is the largest
nuclear incident ever to happen in peace-
time.

Cancer of the thyroid gland

No more than a few years after the accident,
hospitals in Belarus reported a considerable
increase in the number of cases of thyroid
cancer in children (7). Gradually, similar
reports started to emerge from Ukraine and
Russia. It was determined that this increase
was directly linked to radioactive iodine
exposure, and it was greatest among very
young children. The incidence of new cases
of thyroid cancer gradually increased over

the next decade, after which it appears to
have remained stable at the same level until
today. Different reports state the ERR to
range from 19.0 to 4.5 per Gy, depending on
the children’s age. lodine deficiency in the
population, combined with intake of milk
contaminated by radioactive iodine, has con-
tributed to the increased incidence of thyroid
cancer (8). Fortunately, the vast majority

of the patients have responded well to treat-
ment. A UN report from 2006 notes that until
then, approximately 4000 new cases of thy-
roid cancer had been detected in children in
Belarus, Russia and Ukraine in the time after
the Chernobyl accident, but only 15 deaths
had been recorded among these cases (9).

Epidemiological studies
and prognostic models
Estimates of cancer incidence after nuclear
accidents can be grouped into two main
types: The first type is a prognostic estimate
based on previous experience of cancer
incidence in other groups who have been
exposed to radiation. The second type con-
sists of epidemiological studies of selected
population groups.

With the aid of a prognostic model spe-
cially adapted to exposure to low doses
of radiation over an extended period, it
has been estimated that in all the countries
involved approximately 40 000 cases of
cancer will occur over a period of 100 years
as a result of the Chernobyl accident. Half
of these will be thyroid cancers, and it has
been estimated that the number of new
cases in Ukraine, Belarus and Russia will
be equal to the number in all the other Euro-
pean countries combined. However, these
40 000 cases will account for no more than
0.01 % of the total number of cancer cases
anticipated during this period (10).

After Chernobyl

Epidemiological studies undertaken after
the Chernobyl accident have concentrated
on the workers who cleaned up the accident
site, the so-called «liquidators». Altogether
600 000 people were exposed to substantial
doses of radiation during this work. Two
major international case-control studies
have been published, both of which con-
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clude that this group has an elevated preva-
lence of haematological malignancies (11,
12). Although patient selection was a factor
in both studies, the conclusions carry
weight because the studies comply with
other quality standards, such as individual
documentation of radiation doses and
quality assurance of each patient’s diagno-
sis provided by an international panel of
experts. Moreover, two large-scale Russian
studies have been published, with the con-
clusion that an excess frequency of haema-
tological malignancies as well as solid
tumours among the clean-up workers was
evident when compared to the general
population (13, 14). However, methodolo-
gical issues render an assessment of these
studies uncertain. Underdiagnosis and
underregistration of cancers in the general
population in the countries concerned,
combined with the introduction of special
screening programmes for diagnosis and
registration of cancer among the clean-up
workers, may have been the reason for the
increased rate of cancer registered in this
group (screening effect).
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No measurable increase

in cancer incidence after

the Fukushima accident

The earthquake on 11 March 2011 caused
a tsunami that struck the Fukushima nuclear
power plant. The power plant is located
near the sea and was protected against
waves up to 13 metres in height, but on that
day the waves exceeded this level. At the
time of the accident, three of the reactors
were in operation. The flooding caused the
cooling system to malfunction, and the tem-
perature inside the reactors rose gradually.
Parts of the protective mantle around the
fuel rods melted, and hydrogen gas leaked
out. This caused a chemical explosion that
damaged the reactor buildings, but the reac-
tors themselves remained intact. To prevent
pressure from building up and causing an
explosion, the reactors were opened for
venting in several rounds, and radioactive
gases were thus released into the environ-
ment. The emissions of radioactive material
from the Fukushima power plant amounted
to approximately one-tenth of the emissions
caused by the Chernobyl accident. More-

over, 80 % of these emissions were carried
out to sea by the wind. The radioactive
fallout over land was thus on a considerably
smaller scale than that from Chernobyl and
primarily located in the region around the
power plant (15).

No increased incidence of thyroid cancer
in children has so far been registered since
the Fukushima accident. Probable contribu-
tory factors are that children in this area do
not suffer from iodine deficiency and that the
distribution of local dairy products was hal-
ted immediately (16). A prognosis of cancer
risk shows that radioactive pollution after the
Fukushima accident may cause 730—1700
new cancer cases, i.e. somewhat more than
one per cent of the Chernobyl accident (17).
Approximately 20 000 workers participated
in the clean-up after the accident, but only
39 of them were exposed to radiation doses
exceeding 0.1 Sv. It has been estimated that
of these, approximately 12 cases of cancer
will occur as a result of the radiation (18).

It will be impossible to verify this estimated
minimal increase in cancer after Fukushima
with the aid of epidemiological studies.
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A moderate cancer risk
after the Chernobyl accident
To date, an increase in thyroid cancer in

children after the Chernobyl accident is the

only association between cancer and radia-
tion exposure after a nuclear accident to be
established with certainty. In addition, a

likely increase in the incidence of haemato-

logical malignancies has been established
among the clean-up workers in Chernobyl.
Even though epidemiological studies of

cancer risk after accidents in nuclear power

plants are fraught with methodological
problems, available studies indicate that
the increase in cancer risk resulting from
the Chernobyl accident was moderate. In
other words, the most dismal predictions
propounded in this respect by the mass
media after the accident were unfounded.

Jon-Magnus Tangen (born 1945)
senior consultant at the National Medical and
Advisory Centre for CBRNE Medicine, Depart-

ment of Acute Medicine, Oslo University Hospi-

tal .
The author has completed the ICMJE form
and declares no conflicts of interest.

840

References

1. Douple EB, Mabuchi K, Cullings HM et al. Long-
term radiation-related health effects in a unique
human population: lessons learned from the
atomic bomb survivors of Hiroshima and Naga-
saki. Disaster Med Public Health Prep 2011; 5
[suppl 1): $122-33.

2. Hsu WL, Preston DL, Soda M et al. The incidence
of leukemia, lymphoma and multiple myeloma

among atomic bomb survivors: 1950-2001. Radiat

Res 2013; 179: 361-82.

3. Preston DL, Ron E, Tokuoka S et al. Solid cancer
incidence in atomic bomb survivors: 1958-1998.
Radiat Res 2007; 168: 1-64.

4. Ivanov VK, Kashcheev VV, Chekin SY et al. Esti-
mating the lifetime risk of cancer associated with

multiple CT scans. J Radiol Prot 2014; 34: 825-41.
5. Roychoudhuri R, Evans H, Robinson D et al. Radia-
tion-induced malignancies following radiotherapy

for breast cancer. Br J Cancer 2004; 91: 868-72.

6. SaenkoV, Ivanov V, Tsyb A et al. The Chernobyl
accident and its consequences. Clin Oncol (R Coll
Radiol) 2011; 23: 234-43.

7. Kazakov VS, Demidchik EP, Astakhova LN. Thyroid

cancer after Chernobyl. Nature 1992; 359: 21.
8. Ron E. Thyroid cancer incidence among people

living in areas contaminated by radiation from the
Chernobyl accident. Health Phys 2007; 93: 502-11.

9. Bennett B, Repacholi M, Carr Z. Health effects of

the Chernobyl accident and special health care pro-
grammes. Report of the UN Chernobyl forum expert
group «health». Geneva: World Health Organization,

2006. www.who.int/ionizing_radiation/chernobyl/
who_chernobyl_report_2006.pdf (18.3. 2016).

10. Cardis E, Krewski D, Boniol M et al. Estimates
of the cancer burden in Europe from radioactive
fallout from the Chernobyl accident. Int J Cancer
2006; 119: 1224-35.

11. Kesminiene A, Evrard AS, Ivanov VK et al. Risk

13.

of hematological malignancies among Chernobyl
liquidators. Radiat Res 2008; 170: 721-35.

. Romanenko AY, Finch SC, Hatch M et al. The

Ukrainian-American study of leukemia and related
disorders among Chornobyl cleanup workers from
Ukraine: Ill. Radiation risks. Radiat Res 2008; 170:
711-20.

Ivanov VK, Tsyb AF, Khait SE et al. Leukemia inci-
dence in the Russian cohort of Chernobyl emer-
gency workers. Radiat Environ Biophys 2012; 51:
143-9.

. Kaschcheev VV, Chekin SY, Maksioutov MA et al.

Incidence and mortality of solid cancer among
emergency workers of the Chernobyl accident:
assessment of radiation risk for the follow-up
period of 1992-2009. Radiat Environ Biophys 2015;
54:13-23.

. Tangen JM, Jaworska A, Mattsson H. Fukushima-

ulykken - helsemessige konsekvenser. Tidsskr
Nor Legeforen 2011; 131: 2342-3.

. Steinhauser G, Brandl A, Johnson TE. Comparison

of the Chernobyl and Fukushima nuclear acci-
dents: a review of the environmental impacts. Sci
Total Environ 2014; 470-471: 800-17.

. Evangeliou N, Balkanski Y, Cozic A et al. Global

and local cancer risks after the Fukushima
Nuclear Power Plant accident as seen from Cher-
nobyl: a modeling study for radiocaesium ((134)Cs
&(137)Cs). Environ Int 2014; 64: 17-27.

. Ten Hoeve JE, Jacobson MZ. Worldwide health

effects of the Fukushima Daiichi nuclear accident.
Energy Environ Sci 2012; 5: 8743-57.

Received 17 September 2015, first revision sub-
mitted 3 February 2016, accepted 18 March 2016.
Editor: Martine Rostadmo.

Tidsskr Nor Legeforen nr. 9, 2016; 136




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


