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Chernobyl: April 26th, 1986 is a place and date we shall always remember. The massive explosions 
and graphite inferno which lasted for 10 days resulted in very large amounts of radioactive matter 
being spread across almost all of Europe, and in thousands of square kilometres becoming unin-
habitable … for centuries …
 
The highest contamination levels were in countries near the nuclear plant, that is Ukraine, Belarus 
and Russia, but most of Chernobyl’s radioactivity actually landed in European countries further away 
including Austria. In fact, apart from Ukraine, Belarus and Russia, Austria was one of the most affected 
countries, especially the high radioiodine levels in the Vienna region.
 
Even now, 30 years later, of�cial warnings against eating wild foods contaminated by Chernobyl’s 
fallout still exist in some countries. But the worst consequences of this tragedy are the thousands of 
thyroid cancers and leukemias in Ukraine, Belarus and Russia, and the tens of thousands more pre-
dicted cancers of all types over the next 50 or 60 years across the whole of Europe. These, together 
with the vast areas of radioactively contaminated and uninhabitable land, and the humanitarian crises 
which af�icted Ukraine, Belarus and Russia show that a worst-case nuclear disaster really can happen. 
And the triple meltdown nuclear accident at Fukushima Daiichi in Japan on March 11th 2011 shows 
that another worst-case accident can happen at any time again.
 
As early as 1978, the Austrian people had spoken out against nuclear power in the referendum on 
the construction of Zwentendorf NPP. They still are strongly opposed and Zwentendorf’s shell still lies 
unused and empty. 
 
As an ecologist and a politician, I have campaigned since my early days – with many allies in other 
countries – against the dangers of nuclear power, against its undemocratic nature, its secrecy, its 
unsustainability, its huge costs, its massive state subsidies, and against the unfairness of passing on 
dangerous nuclear wastes to future generations. In 2011, I founded the Network of Cities for a 
Nuclear-Free Europe (CNFE), which has grown to a coalition of 30 European cities today. The new 
TORCH report is another important milestone in our ongoing campaign against the manifest dangers 
of nuclear power.

 Foreword by Ulli Sima 

Vice Mayor for Environment, Public Infrastructure and Services
City Government of Vienna, Austria 
https://www.wien.gv.at/english/politics/citygovernment/sima.html
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“We did not yet possess a system of imagination, analogies, words or experiences 
for the catastrophe of Chernobyl.“

Svetlana Alexiyevich, writer from Belarus, 2015 Nobel prize laureate

Even 30 years after the nuclear meltdown at Chernobyl, Svetlana Alexiyevich’s words still apply. As in 
a war, thousands of people in Ukraine and Belarus lost everything they held dear in life. The hostile 
and destructive force, however, did not come from without. The danger lurked within a technology 
that had been described and hailed as a peaceful one. Until 26th April 1986, we had not been able to 
imagine a large-scale nuclear incident and its rami�cations for us humans and for the world we live in. 
What was previously inconceivable and unfathomable, caught up with millions of people in Ukraine, in 
Belarus and Russia. And it affected all of Europe. The cleanup efforts in Chernobyl have now lasted far 
longer than a quarter of a century. Slowly, we have come to realise that the consequences for human 
life and the environment will be felt forever. In 1986, Ukraine and Belarus were still Soviet republics. 
The collapse of the Soviet Union burdened the two new states with most of the inde�nite legacy costs 
of the Chernobyl disaster. It is painful to see that the very part of the European continent which was 
hit harder than others by all the devastation and suffering of the last century now also had to endure 
the worst nuclear accident. And it is disconcerting to see that Ukraine, of all places, today has to face 
renewed destabilisation from the outside. 

TORCH, "The Other Report on Chernobyl", which I had commissioned in 2006 on the occasion of 
the twentieth anniversary of the catastrophe, is now available in an updated edition. Ten years after 
its initial publication, the report is an attempt to keep the unimaginable in the public mind. Moreover, 
TORCH 2016 is again highly critical of the IAEA and the WHO for grossly understating the impact of 
the disaster. Cancer and mortality rates, as well as data on other illnesses, remain in stark contrast to 
the �gures published by the IAEA and the WHO. The updated TORCH 2016 is again based entirely 
on peer-reviewed sources, and reveals the extent to which both organisations have attempted to this 
day to downplay and sanitise facts. To me, one of the most important objectives in connection with 
TORCH is to �nally achieve a breakthrough to allow for independent research to be carried out on the 
effects of Chernobyl that is unencumbered by the in�uence of the nuclear lobby in the IAEA, and thus, 
in the WHO. Our experience of the past �ve years since Fukushima has taught us another lesson about 
how ill-equipped we are when disaster strikes. 

I am grateful to the City of Vienna and Ulli Sima, Councilwoman for Environmental Affairs, as well as 
GLOBAL 2000, for funding TORCH 2016. I thank Dr. Ian Fairlie for again drawing up this depressing, 
but important, balance. 

 Foreword by Rebecca Harms MEP 

Co-Chair, Greens / European Free Alliance in the European Parliament
Member, Delegation to the EU-Ukraine Parliamentary Cooperation Committee
http://www.europarl.europa.eu/meps/en/28233/REBECCA_HARMS_home.html



Executive Summary

•	 5 million people in Belarus, Ukraine and Russia still live in highly contaminated areas
•	 400 million people in less contaminated areas
• 	37 % of Chernobyl’s fallout deposited on western Europe; 42  % of western Europe contaminated
•	 40,000 fatal cancers predicted
•	 6,000 thyroid cancer cases to date, 16,000 more expected
•	 increased radiogenic thyroid cancers now seen in Austria
•	 increased radiogenic leukemia, cardiovascular disease, breast cancers con�rmed
•	 new evidence of radiogenic birth defects, mental health effects and diabetes
•	 new evidence that children in contaminated areas suffer radiogenic illnesses

Belarus, Ukraine and Russia were the most highly contaminated countries. About 5 million people 
still live in areas with very high levels of radioactive contamination (Cs-137 >40 kBq/m 2) in Belarus 
(18,000 km 2), Ukraine (12,000 km 2) and Russia (16,000 km2). 400 million people live in areas con-
taminated with lower levels of radioactivity (4  – 40 kBq/m 2). 42 % of Europe’s land area was conta-
minated. 

Western Europe (de�ned as all European countries excluding Belarus, Ukraine and Russia) received 
37 % of Chernobyl’s fallout accounting for about 40  % of Chernobyl’s collective dose to the nort-
hern hemisphere. 

It is estimated that 40,000 fatal cancers will arise over the next 50 years, similar in magnitude to 
the toll from the Japanese bombs in 1945. 6,000 thyroid cancer cases have arisen so far and 16,000 
more cases are estimated to arise over the next 50 years.

New evidence indicates increased thyroid cancer cases in Austria, similar to indicative studies in 
other countries. Increased surveillance, diagnoses and medical exposures to radio-iodines are partial 
causes but up to 40 % of increased TC cases after 1990 in Austria may be due to Chernobyl.

New evidence, including quantitative risk estimates, buttress previous indicative studies of increased 
leukemias, solid cancers, cardiovascular effects, mental health effects, birth defects and other radio- 
genic effects in the most affected countries.

Persuasive evidence demonstrates continuing ill health among children in highly contaminated 
areas due to the ingestion of contaminated food. Visits abroad are of considerable bene�t to 
Chernobyl-affected children. 

Recommendations are made for the European Commission and national Governments to adopt 
humanitarian policies to alleviate the continuing plight of children affected by Chernobyl. They 
should also support existing non-government organisations and medical charities which help these 
children with visits abroad. 30 years after the accident, humanitarian help is still needed for the 
children of Chernobyl.

Recommendations are made for the European Commission and national Governments to fund 
proposed research programmes to assess Chernobyl’s long term effects, including the establish-
ment of registries to monitor increasing cancer incidences in Europe. 
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 Introduction 

Thirty years ago, on April 26 1986, the world’s worst nuclear accident occurred at the Chernobyl1 nuclear power 
plant (NPP) in Ukraine. The explosions and resulting graphite �re at Reactor 4 over the following ten days ejected 
30 % to 60 % of the reactor core’s contents (60h – 120 tonnes) into the troposphere initially over the USSR and 
most of Europe2. As most also reached the stratosphere, most of the northern hemisphere was eventually affected 
by radioactive fallout3. Approximately 50 people died in the immediate aftermath of the accident, however many 
thousands of cancer fatalities and other probabilistic effects are estimated to arise over many decades. For example, 
Imaizumi et al (2006) found that a signi�cant dose-response relationship still existed among the Japanese bomb 
survivors nearly 60 years after they were exposed.

Initially, about 116,000 people were evacuated from the town of Pripyat and areas surrounding the reactor and 
relocated. After 1986, an additional 230,000 people from contaminated areas in Belarus, the Russian Federation 
and Ukraine were resettled (UNSCEAR, 2008). About 4,000,000 km2 of Europe was contaminated by Chernobyl’s 
fallout – 42 % of Europe’s land area. The most contaminated countries were the former USSR republics of Belarus, 
Russia and Ukraine. In addition, Finland, Sweden, Norway, Austria and the Balkan and Slavic countries were also 
affected by high levels4 of radioactive contamination.

The �rst TORCH Report (www.chernobylreport.org) was published in 2006 to mark the 20 th anniversary of the 
Chernobyl disaster. The Report concentrated on estimating the released amounts of radioactivity, the radiation 
doses and likely numbers of resulting cancer deaths which would arise in future years.

Many major reports on Chernobyl’s effects were published in late 2005 and 2006 on the 20th anniversary of the 
disaster: these are listed in Annex D. Thousands more scienti�c articles have been published between 2006 and 
2016. PubMed alone cites over 400 scienti�c articles on 'Chernobyl cancer' published during the past 10 years, 
plus 270 more on 'Chernobyl thyroid cancer', and 20 on 'Chernobyl cardiovascular'. Hundreds more articles are 
cited in Medline, Science Direct, British Library and Science Citation search engines. 

This report, TORCH-2016, updates the 2006 TORCH report with the new health evidence which has emerged in 
the past ten years. It is important to note that the accident had many adverse consequences, including economic, 
ecological, social and political effects as well as health effects. This report focuses on health effects. 

Before we commence, some preliminary matters need to be discussed.

(a) Radiation and Radioactivity

Radiation and radioactivity (including their risks, doses, biology and epidemiology) are complicated matters which 
are not easy to grasp at �rst glance. This report only discusses radiation brie�y but we do provide a list of radiation 
acronyms and abbreviations (Annex A), a glossary of radiation terms (Annex B), and a note on radiation dose units 
(Annex C). In Chapter 4, we shall discuss uncertainty and some dif�culties with epidemiology studies. 

1	 spelled "Chornobyl" in the Ukrainian language
2	 A graphic animation of Chernobyl’s radioactive plume created by the French IRSN can be seen at 
	 https://www.youtube.com/watch?v=lwxNfy79gl4 (15 MB: 3 minutes playing time).
3 	 Reactor 4 contained about 190 tonnes of nuclear fuel, 1,700 tonnes of graphite moderator, and a large volume of cooling water. 
	 The explosions ejected about a third of the fuel, mostly to nearby areas; the continuing graphite �re resulted in wider releases of �ssion and 
	 activation products. The �re stopped when all graphite had been incinerated.
4 	 >40 kBq/m2 Cs-137.
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Perhaps the most accessible introduction to radiation and radioactivity in English is the report of the UK Govern-
ment’s Committee Examining the Radiation Risks of Internal Emitters (CERRIE, 2004) www.cerrie.org. The CERRIE 
Committee contained independent scientists and representatives of environmental organisations as well as scien-
tists from of�cial agencies: its report is written in layman’s terms.

(b) Radiation’s effects

It is necessary to explain that radiation has two main types of effect: (a) cell-killing from high doses within a few 
hours or days and (b) probabilistic effects from lower doses over years or decades. 

Cell-killing (or deterministic) effects are nausea, vomiting, diarrhoea, hair loss, organ failures, and comas. Above 
exposures to ~6 Gy deaths may occur within 30 days or so – usually from opportunistic infections. Here, an in-
creased dose results in a larger effect. 

Radiation’s second effect occurs much later and is a probabilistic (or stochastic) effect. Examples are cancers and 
genetic mutations. Here, an increased dose results in an increased probability of effect. Put simply, one doesn’t 
get a worse cancer but a cancer becomes more likely. Radiation exposures are therefore like cigarette smoking: 
not everyone who smokes will contract cancer, but the more one smokes the greater one’s chance of cancer. In 
layman’s words, receiving a radiation exposure is akin to receiving a negative lottery ticket5. 

It is necessary to explain these twin radiation effects because, in recent years, some writers have found it dif�cult 
to grasp (or appear unwilling to accept) the latter effect. However it is the more important one. 

Cell-killing effects
During and immediately after the Chernobyl accident, acute radiation sickness and diarrhoea were diagnosed in 
237 emergency workers, of whom 134 were treated clinically. 28 died (from organ failure and resulting opportun-
istic infections) in 1986; 19 more between 1987 and 2004; and a few more since then. Most of the deaths were 
among the �re�ghters. 
 
Probabilistic effects, including cancers
These are more signi�cant in terms of their numbers but they are dif�cult to pin down because cancers and other 
stochastic effects can arise long afterwards. Their latency periods (the time between exposure and �rst appearance 
of cancer) can be years or several decades. For example, thyroid cancers are still arising among the survivors of the 
Hiroshima and Nagasaki bombings in 1945, more than 60 years later (Imaizumi et al, 2006). 

It is therefore expected that Chernobyl’s adverse health effects will also continue to emerge over many decades 
into the future. This means it will be a long time before the full effects of Chernobyl are known. 

Indeed, they may never be fully known, because cancer is a common disease and it is presently not possible to clin-
ically distinguish radiogenic cancers from naturally-occurring ones. However despite these caveats we can make 
realistic estimates of the numbers of fatal cancers likely to occur and, as we shall see in chapter 14, these exceed 
tens of thousands of people.

5	 Credit to Jan Beyea in Princeton, US for this metaphor
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(c) Polarised Views on Radiation Risks

Widely different views exist on radiation risks among scientists and between scientists and members of the public. 
In addition, many unof�cial websites reveal a lack of knowledge about radiation and its effects among some mem-
bers of the public, often coupled with an apparent fear of radiation. It’s apparent that many people and groups 
are suspicious of governments and of�cial agencies with pro-nuclear policies, seeing them as having an interest 
in minimising the effects of radiation and controlling public perceptions about its risks. They are therefore often 
hostile towards of�cial publications on Chernobyl’s radiation risks whose �ndings, in their view, do not match their 
own experiences.

Unof�cial accounts have criticised of�cial reports on the health effects from Chernobyl, particularly for their reluc-
tance to acknowledge the existence of increased effects and their practice of denying links between such increases 
and radiation from the accident. But it is not just lay people: during the IAEA/WHO Conference on Chernobyl in 
Vienna in September 2005, of�cials from health ministries and academic institutions in Belarus, Russia and Ukraine 
spoke out against the refusals by their Governments and international health agencies to recognise what was, in 
their view, the true scale of Chernobyl’s effects.

It is necessary to tread warily in this battleground of views and values. It is worth pointing out that, while some 
of�cial reports may contain equivocations, omissions, misleading language and understatements, others are more 
forthright and transparent. In our experience, some scientists working in of�cial international and national agen-
cies do not necessarily agree with the downplaying of radiation effects. In other words, it would be unwise to 
reject all of�cial reports, as they can contain valuable information and insights. What are needed are critical and 
discriminating examinations of of�cial reports. We have attempted to do this here, while avoiding both the under-
statements in some of�cial reports and the discussions of effects not due to radiation in some unof�cial reports.

(d) Western Europe

For the purposes of this report only, "Western Europe" is arbitrarily de�ned as all European countries excluding 
Belarus, Ukraine and Russia. This somewhat unsatisfactory de�nition is chosen partly to delineate the two main 
categories of nuclide deposition and effects, partly to maintain consistency with the TORCH 2006 report, and 
partly because other de�nitions are also unsatisfactory.
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 Source Terms 

6	 a radionuclide is an atom whose nucleus is unstable. When it disintegrates it gives off radiation.
7	 nuclide is a shortened form of the word radionuclide. The two words are not the same, but for the purposes of this report, 
	 we can treat them as such.
8 	 Zr-95, Mo-99, Ce-141, Ce-144 and Np-239
9	 Kirchner et al (2012) deduced that the fuel in storage pool of Unit 4 also contributed to Fukushima’s emissions.

"Source term" is a jargon term meaning the total amount of radioactivity released by the explosions and �re at 
Chernobyl for each radionuclide6. These are important because they can verify nuclide7 depositions throughout 
Europe and the northern hemisphere. Collective doses and predicted excess deaths may be estimated from source 
terms. The most important nuclides are caesium-137 (Cs-137) and iodine-131 (I-131). In 2006, TORCH’s estimate 
for Cs-137 was about 30 % larger than the of�cial IAEA/WHO estimate, and for I-131 about 15 % larger.

Since TORCH 2006, relatively few studies on Chernobyl’s source terms have been published apart from two major 
reviews. First, the UNSCEAR 2008 Report (published in 2011) contained Annex D on health effects due to radiation 
from the Chernobyl accident. And second, Steinhauser et al (2014) reviewed recent literature on nuclide releases in 
its comparison of the Chernobyl and Fukushima nuclear accidents. These surveys did not change the main �ndings 
in 2006.

The main changes from 2006 are the estimated releases of various refractory elements8 in fuel debris: these were 
reduced by 50 % to 76 %. And the estimated release of iodine-133 was reduced by 60 %. No explanations were 
given in UNSCEAR (2008) or Steinhauser et al (2014) for these changes. However their health impacts are not 
thought to be great as these nuclides are mostly not volatile, relatively short-lived and fell relatively close to the 
reactor: they were not discussed in the 2006 TORCH report. Of greater interest is a comparison of the nuclide 
releases at Chernobyl with those at the Fukushima nuclear disaster in Japan in March 2011 as shown in table 2.2.

The table shows that, as regards the more important volatile and partly volatile nuclides, including Cs-134, 
Cs-137 and I-131, the Chernobyl accident released about 10 times more than Fukushima. 

As regards noble gases, the Fukushima accident was estimated to have released about twice the quantity released 
at Chernobyl. This is partly because at Fukushima, Units 1, 2 and 3 exploded releasing their gaseous inventories. 
The spent fuels stored in Fukushima Unit 4’s spent fuel pond were also estimated9 to have released some of their 
gaseous inventory. At Chernobyl, one reactor exploded.

The question of whether radioactive noble gases should be treated separately from other released nuclides is con-
sidered in Box A. The answer is a guarded 'yes' though some attempt should be made to estimate external skin 
doses from the beta emissions by noble gases.

Table 2.1: Release Estimates for main nuclides at Chernobyl. PBq = 10 15  Bq

UNSCEAR, 2000 
IAEA/WHO, 2005

UNSCEAR, 2008 
(published in 2011)

Steinhauser et al, 2014

Cs-137 85 85 85

Cs-134 47 47 47

Sr-90 10 10 10

I-131 1,760 1,760 1,760
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 Chernobyl’s Fallout: 

 Dispersion, Deposition and Contamination 

| CHAPTER 3. CHERNOBYL’S FALLOUT: DISPERSION, DEPOSITION AND CONTAMINATION

(a) Dispersion

Between April 26 and May 6 1986, Chernobyl’s fallout was very widely dispersed over Europe and the northern 
hemisphere (Fairlie, 2007). According to UNSCEAR (1990), 47 % of the fallout was deposited on Belarus, Ukraine 
and Russia and the rest deposited around the world, mainly in Western Europe. 

A graphic animation of Chernobyl’s radioactive plumes was created by the French Government’s IRSN and can be 
seen at https://www.youtube.com/watch?v=lwxNfy79gl4 (15 MB download: 3 minutes’ playing time) Timed maps 
of the dispersion are set out in �gure 3.1 below.

Figure 3.1: Chernobyl plumes on successive 2-day period

original source: ARAC, Lawrence Livermore Research Laboratory, California, US
reproduced from OECD (2002)

on April 26, 1986 on April 28, 1986 on April 30, 1986

on May 2, 1986 on May 4, 1986 on May 6, 1986
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(b) Total amounts deposited in each country

Table 3.1 sets out the amounts of Cs-137 deposited in each country from of�cial estimates ranked by amount.

Table 3.1:	Cs-137 deposition PBq = 10 15  Bq
	 Ranked by amount 

Country PBq Country PBq Country PBq

Russia 29 Greece 0.95 Hungary 0.35

Belarus 15 Italy 0.93 Ireland 0.35

Ukraine 13 France 0.93 Slovakia 0.32

former Yugoslavia* 5.4 United Kingdom 0.88 Latvia 0.25

Finland 3.8 Czech Rep 0.6 Estonia 0.18

Sweden 3.5 Lithuania 0.44 Turkey (Euro part) 0.16

Bulgaria* 2.7 Albania* 0.4 Denmark 0.087

Norway 2.5 Moldova 0.4 Netherlands 0.062

Romania 2.1 Slovenia 0.39 Belgium 0.053

Germany 1.9 Spain 0.38 Luxembourg 0.008

Austria 1.8 Croatia 0.37
Total 90.75

Poland 1.2 Switzerland 0.36

data from table III.1 in EC (1998) 
*data from US DoE (1987) [Yugoslavia reduced by 0.76 PBq to avoid double-counting Slovenia and Croatia]

It can be seen from this table that that Russia, Belarus and Ukraine were the most contaminated countries in terms 
of Bq amounts. Together these three countries amounted to 57 PBq out of the European total of 91 PBq, i.e. 63 %.

However as some countries are much larger than others, we need to examine Cs-137 contaminations using other 
yardsticks, including area, percent of country contaminated and average concentrations (Bq per m 2).

(c) Total land areas contaminated 

Between 1995 and 1998, the European Commission and Member States measured Cs-137 levels throughout  
Europe, Belarus, Ukraine and the western areas of Russian using extensive gamma measurements from low altitude 
(50 – 150 m) �ights (EC, 1998). Hundreds of thousands of measurements were carried out, and about 10,000 soil 
samples were taken in Central and Western European countries. Norway, Finland, UK, Greece, Germany, the Neth-
erlands, Austria, and Switzerland were investigated most thoroughly. 

The EC’s comprehensive contamination data for Cs-137 concentrations above 4 kBq/m2 are reproduced in table 3.2 
below together with totals added by this report (greyed column).
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(d) Percentage of country contaminated 

Because some countries are very large in comparison with others, it is also necessary to examine the percentage 
of their land areas which were affected. Accordingly, of�cial EC estimates of high residual amounts of radio- 
activity from Chernobyl until 2056 are set out in table 3.3 below. Countries are ranked by the percentage of their 
land area which was highly contaminated. Countries which had a signi�cant (>5 %) percentage of their land highly 
contaminated are highlighted in yellow. 

CHERNOBYL’S FALLOUT: DISPERSION, DEPOSITION AND CONTAMINATION CHAPTER 3. |

Table 3.3:	Land areas of countries which will remain highly affected 
	 by Cs-137 >40 kBq/m 2 by area 

Country
Land area highly 

contaminated 1,000 km2
Land area 
1,000 km2

Percentage highly 
contaminated

Belarus 46 210 22 %

Austria 11 84 13 %

Ukraine 38 600 6.3 %

Finland 19 340 5.6 %

Sweden 23 450 5.2 %

Italy 8.4 280 3 %

Slovenia 0.61 20 3 %

Norway 7.2 320 2.3 %

Switzerland 0.73 41 1.8 %

Russia (European part) 60 3,800 1.6 %

Greece 1.3 130 1 %

Romania 1.2 240 0.5 %

Czech Republic 0.22 80 0.28 %

Poland 0.52 310 0.16 %

Germany 0.32 350 0.09 %

United Kingdom 0.16 240 0.06 %

Totals 218.95 9,700* Europe = 2.3  %

source EC (1998) *includes areas of unlisted countries for which data is not available
 yellow = countries with more than 5  % of land area which will remain highly contaminated 

The countries signi�cantly affected (in terms of percentage of their land areas) by high levels of Cs -137 are Belarus, 
Austria, Ukraine, Finland and Sweden. 

A comparison with the effects of the Fukushima nuclear accident in Japan is instructive. 
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10	http://thinkprogress.org/climate/2011/11/28/377120/radiation-japan-fukushima-stunting-childrens-growth/

According to Japan’s Science Ministry10, an area of 30,000 km2 in Japan was contaminated to a level above 10 kBq 
per km2 of Cs-137. It can be calculated from table 3.2 above that 1,437,000 km2 of Europe and the former USSR 
was contaminated above this level – about a factor of 50 larger. The Japanese Science Ministry8 also stated that 
8 % of Japan’s land area was contaminated to this level. In comparison, it can be calculated from table 3.2 that 
37 % of Europe was affected to the same level.

(e) Average Levels of Cs-137 Contamination

The �nal yardstick is average deposition density (kBq/m2) at the time of deposition. Most studies on the health 
effects after Chernobyl dwell on Belarus, Russia and Ukraine. This is justi�ed by the very serious nuclide concentra-
tions in these countries, as indicated in the countries/areas highlighted in yellow in table 3.4.

This table shows just how seriously various areas of Belarus, Ukraine and Russia were affected. 

At the same time, this table indicates that the relative neglect of all other European countries is not merited.  
It shows that, outside the three countries next to Chernobyl, other countries were seriously affected as well,  
including Austria, Slovakia, Slovenia, and Moldova.

| CHAPTER 3. CHERNOBYL’S FALLOUT: DISPERSION, DEPOSITION AND CONTAMINATION
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Table 3.4:	Average Cs-137 and I-131 Deposition Densities in seriously affected 
	 countries – kBq per m 2 (at time of main deposition) 

Country or Oblast (Region) Cs-137 deposition density I-131 deposition density

Belarus, Gomel Oblast 154 1,280 – 3,230

Belarus Moglev Oblast 61 500 – 1280

Belarus, Brest Oblast 18.2 380

Belarus, Grodno Oblast 8.0 184

Belarus, Minsk City 6.2 140

Belarus Minsk Oblast 5.8 130

Belarus, Vitebsk Oblast 1.1 26

Russia, Bryansk Oblast 110 840 – 1,200

Russia, Tula Oblast 67 530

Russia, Orel Oblast 41 330

Russia, Kaluga Oblast 14 110

Ukraine, Zhytomer Oblast ~50 ~650

Ukraine, Rivne Oblast ~40 ~500

Ukraine, Kiev Oblast ~30 ~400

Ukraine, remainder ~20 ~250

Ukraine, Kiev City ~15 ~200

Ukraine, Chernihiv Oblast ~15 ~200

Austria 18.7 94

Slovakia 16.3 40

Slovenia 16.3 96

Moldova 10.1 52

source: Drozdovitch et al (2007)
 yellow = very seriously affected 

(f) Increased Bioavailability

Indeed there are reasons for suspecting that the further away from Chernobyl the greater the bioavailability and 
possible health impact of its fallout. An important characteristic of fallout is its solubility in water as this determines 
the initial mobility and bioavailability of deposited radionuclides in soils and surface waters after deposition. The 
smaller the particles the greater their solubility. But small particles also travelled the farthest from Chernobyl.
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11	 other countries maintain more stringent limits. For example, guidance from the US Environmental Protection Agency (US EPA, 1997) 
	 on minimum clean-up levels for radioactively contaminated land stipulates a stricter limit of 0.15 mSv per year
12	 a relatively "low" dose of radiation, about the same as the radiation dose from a chest X-ray. However this has a countervailing bene�t 
	 for the individual who is X-rayed, whereas no bene�t accrues to those exposed by Chernobyl releases

In fallout sampled at Chernobyl, water-soluble and exchangeable forms of Cs-137 varied from 5 % to >30 % 
(Bobovnikova et al, 1991). Water-soluble and exchangeable forms of Sr-90 deposited on 26 April accounted for 
only about 1 %, but increased to 5 %–10 % in subsequent days due to the smaller size of particles emitted by the 
graphite �re. At further distances, the fraction of soluble condensed particles increased considerably because of 
their smaller particle sizes: for example almost all Cs-137 deposited in 1986 in the United Kingdom was water- 
soluble and exchangeable (Hilton et al, 1992).

(g) Dose Impacts

It is necessary to explain what these contamination levels mean in terms of their likely doses to people living in 
these areas. Using a conversion factor of 2.18 nSv/hr per kBq/m2 (Beck, 1980) for Cs-137, we can calculate an 
annual dose of 20 µSv per kBq/m2. 

Although uncertainty is inevitably associated with any dose conversion factor, we can estimate a dose of ~0.8 mSv 
per year from external exposures to 40 kBq/m2 of Cs-137 for rural workers in Belarus, Ukraine and Russia. This is 
about the same level as the annual public limit of 1 mSv used for the regulation of radiological practices: doses 
above this limit are not authorised11.

Similarly, a lower contamination level of 4 kBq/m2 means that an area of one square meter would, on average, 
emit the external radiation from 4,000 Cs-137 decays each second. Use of the above dose coef�cient results in 
an external dose of about 0.08 mSv per year12. Assuming a linear no-threshold dose-response relationship, some 
additional cancers would result at these levels, but they would be dif�cult to ascertain in epidemiology studies. To 
assess the health effects of low radiation doses, we need to estimate collective doses – see Chapter 14.

(h) Mapping

The Cs-137 contamination levels were mapped by the European Commission’s researchers. Their report clearly 
indicates the widespread deposition of Cs-137.

More detailed maps are available of Cs-137 depositions in Belarus, Ukraine and the Russian Federation in EC pub-
lications (De Cort et al, 1998). These were reproduced in TORCH (2006). 

The EU and its staff are to be congratulated for their painstaking, lengthy work in determining these nuclide con-
tamination levels and in making these Chernobyl deposition maps. It represents a huge amount of work. 

It is regretted that these data and deposition maps have neither been referred to nor reproduced in any subsequent 
publications by Member States, UNSCEAR, WHO, and the IAEA.
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Figure 3.2: Reproduces plate 1 from De Cort et al (1998)

reproduced with permission from De Cort et al (1998)

(i) Continuing High Levels of Contamination in Wild Foods 

Immediately after the Chernobyl accident, countermeasures and restrictions on contaminated foodstuffs were 
implemented by many European countries. Many have now been lifted but they remain in some areas on wild 
reindeer, boar, deer, wild mushrooms, berries and carnivore �sh. For example, areas of Germany, Austria, Italy, 
Sweden, Finland, Lithuania and Poland still have raised Cs-137 contamination levels in natural or wild foodstuffs. 

Over the next hundred years or so, Cs-137 land concentrations will gradually decline. This will be partly due to 
environmental causes (i.e. Cs-137 entering deeper levels of some soils), but will be mostly due to radioactive decay 
governed by the 30 year half-life of caesium-137 as stated by the IAEA/WHO (2005). In practice, this means that 
Cs-137 contamination levels in wild foods will remain high for a long time into the future. 
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13	 written answer to a Question P-1234/05DE by MEP Rebecca Harms dated April 4, 2005

Indeed, in April 2005, the European Energy Commissioner stated this when he wrote13 that Cs contamination in 
certain food products would not decline appreciably in the near future. He stated

“Due to the experience gained since the Chernobyl accident, the Commission believes that in the 
Member State regions signi�cantly affected by the … accident, one cannot count on notable changes in 
the radioactive caesium contamination of certain products from natural or near natural environments. The 
radioactive caesium contamination level of these products is essentially dependent on the half-life of this 
radionuclide … 40 years. The restrictions on certain foodstuffs from certain Member States must therefore 
continue to be maintained for many years to come.” 

This statement of fact remains as applicable in 2016 as it was in 2006.

(j) Conclusions

The main points from the above tables and maps are as follows:

(a)	Chernobyl’s nuclides were widely and heterogeneously dispersed throughout Europe.
(b)	Belarus, Russia and Ukraine were the most seriously affected countries.
(c)	Austria and the Balkan and Slavic countries were also signi�cantly affected.

Outside of Belarus Russia and Ukraine, more attention should be paid to Austria. This country had the highest av-
erage Cs-137 integrated activity in diet in 1986 /1987, and the highest average Cs-137 deposition density. It also 
had the fourth highest average Cs-137 integrated activity in air. As for I-131, it had the second highest average 
deposition density, and �fth highest average integrated activity in air. All at times of main deposition.
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14	 rather remarkably, no errors in TORCH 2006 have been brought to the authors’ attention

(a) Categories of exposures to people

According to UNSCEAR (2008), �ve main categories of people were exposed to radiation from Chernobyl. These 
numbers have changed considerably from earlier reports, especially the large increase in the numbers of clean-up 
workers.

1.	 About 530,000 clean-up workers (formerly called 'liquidators') sent into the Chernobyl exclusion 
	 zone for decontamination work, sarcophagus construction, and other clean-up operations between 1986 
	 and 1989. Their average dose was ~100 mSv.
2.	 About 115,000 evacuees who were evacuated within two weeks of the accident and 16,000 more before 
	 the autumn of 1986. Their average dose was ~33 mSv.
3.	 About 6.4 million residents of contaminated areas in Belarus, Ukraine and Russia. 
	 Their average dose was ~10 mSv. 
4.	 About 100 million people who lived in in Belarus, Ukraine and Russia whose average dose was 
	 about 1.3 mSv.
5.	 Approximately 500 million living in the rest of Europe whose average dose was about 0.3 mSv. 

(b) Categories of health effects

The health effects resulting from Chernobyl fallout are discussed under the following chapters on

•	 Thyroid cancer
•	 Leukemia 
•	 Breast and Other Solid cancers
•	 Cardiovascular Effects
•	 Birth Defects
•	 Effects among Children
•	 Mental Health and Other Effects

The many scienti�c articles on these effects up to 2005/6 were reviewed previously in IAEA/WHO (2005), BEIR VII 
(2005) and TORCH (2006). TORCH’s comments are still relevant and it is recommended that the older report be 
referred to for additional detail14.
 
This report will brie�y summarise the previous TORCH report’s �ndings where necessary but will concentrate on 
the more important of the new articles on adverse health effects which have been published since 2006, mainly 
in peer-reviewed journals. 

 Health Effects from the 

 Chernobyl Accident: Introduction 
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(c) Caveats on Epidemiological Studies

This report examines many epidemiological studies: these can be a blunt tool for discovering whether adverse 
effects result from particular exposures. Too often, epidemiology studies contain methodological limitations such 
as poor case identi�cation, non-uniform registration, variable or uncertain diagnostic criteria and uncertainties in 
the uniformity of data collation. 

A major problem is that of omission: quite simply, that no studies exist in particular areas, or subjects or time pe-
riods. For example there are no recent studies on mental health effects, birth defects, or Down Syndrome after 
Chernobyl. Although this is rarely admitted or discussed, these are usually the result of political decisions. 

Another major problem is that of missing cases due to migrations. Ogrodnik et al (2013) observed that 

“The Chernobyl accident led to large-scale migrations in Belarus and Ukraine, notably within Kiev 
oblast. Further migration occurred following the USSR's breakup in 1991. About 14.9 % of Ukraine's 
population consists of immigrants as of 2010. There are large Ukrainian émigré populations in Canada, 
Spain and Poland.”

Also, keeping track of case numbers in National Registers is dif�cult. With some diseases or birth defects, patients 
can and do avoid registration or move away to other areas to avoid identi�cation, stigma and embarrassment. 

This means that negative �ndings in epidemiology studies may lead to incorrect �ndings. It must always be remem-
bered that absence of evidence in an epidemiology study does not provide evidence of absence (Altman and Bland, 
1995). A corollary is that published studies with negative �ndings are generally unimportant unless the negative 
�nding is very large: positive studies are what matter.

Even then, only very large, expensive and lengthy epidemiology studies are able to reveal effects where the signal 
(added radiogenic cancers) is weak and the noise (large numbers of background cancers) is strong. Instead, we 
often see many small studies each showing perhaps a few extra cases which are indicative but not conclusive. 
Meta-studies which group together small studies in order to strengthen their statistical signi�cance are a solution, 
but very few have been carried out so far. 

In addition, various agents can produce signi�cant bias in studies. For example, smoking and alcohol cause major 
increases in overall mortality and morbidity, and in cancer and cardiovascular disease. 

Another problem is establishing causality. This often requires estimating "dose" in order to show a dose-risk  
relationship, but estimating doses is a big problem, as we shall see below. 

(d) Uncertainty in dose estimates

Many uncertainties surround dose estimates from radiation exposures. These may be from external sources, eg 
gamma rays from Cs-137 on the ground. And they can from the radiation from internal nuclides, that is from the 
inhalation of radioactive aerosols and gases and ingestion of radioactively contaminated food. These are important 
comprising 30 % to 50 % of the radiation from Chernobyl’s fallout. 
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15	 a dose coef�cient expresses the dose given by one decay of a nuclide, and is expressed usually in Sv per Bq

A major source of uncertainty is the estimation of internal radiation doses.This issue was comprehensively ex-
amined by the UK Government’s CERRIE Report (2004) which showed that to estimate internal doses at least six 
computer models were used –

1.	 Source term models (how much was emitted by the accident) 
2.	 Environmental transport models (weather patterns, rainfall and wind speeds)
3.	 Biokinetic models (for nuclide Bq uptakes and distributions within organs/tissues)
4.	 Dosimetric models (to convert Bq intakes into dose (grays))
5.	 Radiation Weighting Factors (wR) to take account of different radiation types (RBEs)
6.	 Tissue Weighting Factors (wT) – to sum doses in each organ to obtain whole body doses 

Each step from one model to the next has associated uncertainties: these uncertainties have to be factored togeth-
er. In particular, uncertainties in the dose coef�cients15 for some nuclides can be very large indeed (CERRIE, 2004).

In sum, very large uncertainties can exist in estimates of internal dose. For example, Likhtarov et al (2006) found a 
large difference (330 %) between direct and indirect measurements of radiation resulting in excess relative risks of 
3.89 vs 13.03 from direct vs indirect measurements, respectively.

(e)	 Uncertainty in risk estimates: 
	 the linear no threshold (LNT) Model of Radiation Risks

After estimating the dose, we need to estimate its risk, ie harm. Uncertainties exist here as well. 

The most fundamental uncertainty is the nature of the dose-risk relationship at very low exposures below about 
50 mSv (Shore, 2009). The current theory accepted by most international and national radiation authorities is that 
this relationship is linear without threshold down to zero dose (Brenner et al, 2003). This is called the linear no 
threshold (LNT) model. There is strong evidence for this at high doses but at doses lower than about 50 mSv, the 
relationship could be supralinear resulting in higher risks, or sublinear resulting in lower risks, or bi-phasic resulting 
in both. The result is that risk estimates from low exposures to radiation inevitably contain uncertainties. This does 
not prevent such estimates being made, but they have to be treated with caution. 

The use of the LNT model is an important matter in radiation science. In recent years, LNT has been criticised often 
for spurious non-scienti�c reasons by ill-informed journalists. However two recent studies provide very strong ev-
idence of increased leukemias (Leuraud et al, 2015) and solid cancers (Richardson et al, 2015) in nuclear industry 
workers at extremely low doses. The former is discussed in more detail at http://www.ianfairlie.org/news/update-
new-powerful-study-shows-radiogenic-risks-of-leukemia-in-workers-more-than-double-the-previous-estimate/.

Leuraud et al (2015) found increased leukemia risks even at dose rates as low as 1.1 mGy per year and Richardson 
et al (2015) observed increased risks of solid cancer at a median dose of 4.2 mGy. Unlike the Japanese bomb 
survivors’ study, these studies actually observed risks at low dose rates rather than extrapolating them from high 
levels. In the particular case of thyroid cancer, there is evidence that the risk is directly proportional to dose, down 
to doses as low as 10 mSv (Ron et al, 1995). 
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16	 low case numbers are not the fault of researchers but due to the facts that many conditions are relatively rare (e.g. leukemia) 
	 and that very large numbers of exposed people are needed to pick up a few observed cases. Such studies are necessarily lengthy and expensive. 
17	 the con�dence interval is calculated from the data observations
18	 in this example, such a �nding would have been declared "not signi�cant" under the old method

The latest report from the Japanese bomb survivors on solid cancers (Ozasa et al, 2012) concluded that the risk 
of solid cancers continue to increase throughout life with a linear dose-response relationship, and that a formal 
dose-threshold analysis indicated no threshold; i.e., zero dose was the best estimate of the threshold for solid 
cancers. 

In addition, radiobiology theory indicates that the transformation of a cell to a pre-cancerous state may result from 
the lowest possible dose of radiation – a single radiation track traversing a single cell nucleus. Therefore good rea-
sons exist for supposing that radiogenic risks are directly proportional to dose all the way down to zero, i.e. there 
is no-threshold. This means there is no "safe" dose of radiation. 

In 2003, an eminent group of the world’s foremost radiobiologists re-af�rmed the LNT and stated that it provided 
a real estimate of radiation risks (Brenner et al, 2003).

(f) Statistically Signi�cant Findings

When reporting the �ndings of epidemiology studies, the word "signi�cant" is often used. This is a specialist ad-
jective used in statistical tests to convey the narrow meaning that the likelihood of an observation being a chance 
�nding or a �uke is less than 5 % (assuming 5   % signi�cance level is used). It does not mean "important" or 
"relevant". 

There are some problems here. The �rst is that the test level used in statistical tests is arbitrary. There is no scienti�c 
justi�cation for using a 5 % or any other signi�cance level: it is merely a matter of convenience: 10 % tests are 
now increasingly the norm. 

This means it is quite possible for results which are "not signi�cant" when a 5 % test is applied, can become "sig-
ni�cant" when a less strict 10 % test is used. For this reason, good epidemiologists tend to avoid using the words 
"signi�cant" or "signi�cance" altogether and use con�dence intervals instead (Morris and Gardner, 1988). 

Second, scienti�cally speaking, it’s bad practice to dismiss results (or to imply this) merely because they do not 
meet a statistical test. This is because the probability (p-value) that an observed effect may be a chance �nding is 
affected by both magnitude of effect and the physical size of the cohort being studied. This means the use of 
an arbitrary cut-off (conventionally p = 5 %) can lead to incorrectly concluding that there’s no effect. This is called 
a type II (false negative) error in statistics, and it often occurs due to low statistical power, i.e. low numbers of 
observed cases rather than lack of effect16. In other words, the rejection of �ndings for statistical test reasons can 
hide true risks. 

This happens too often in Chernobyl studies, where it is apparent that some scientists appear anxious to discount 
�ndings of increased risks in their own countries.

Studies with small positive �ndings which do not meet the 5 % test should NOT be rejected. Instead the observed 
% increase should be reported along with the con�dence interval17 so readers can make up their own minds. That 
is, they could say that a relative risk was, for example, 1.50 with a con�dence interval of 0.98 to 1.98. This would 
mean that the observed relative risk was 1.50 and that the real value lay between 0.98 and 2.3018. 
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It will be seen that epidemiology studies examined here use one or other of the above methods. In order to clarify 
matters, this report will preface the word "signi�cant" with the word "statistically" to alert readers that a test is 
being applied by the authors and to be on guard. Where possible, the actual con�dence interval will be reported 
so readers can make up their own minds. 

(g) Conclusion 

Readers need to be aware of the many factors that have to be taken into account when considering epidemiology 
studies: they should reduce their expectations accordingly. 

In particular, when considering estimated doses and risks, the CERRIE (2004) Report advised that a precautionary 
approach should be used. This means that we should err on the side of caution – real doses and their risks might 
be greater than those estimated. 

In sum, the results of epidemiology studies must be approached warily and be interpreted with care.
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19	 incidence is de�ned as the number of new cases reported each year under existing detection and reporting practices. 
	 It is usually expressed as a rate, i.e. the number of people per million in the population being studied. It is different from prevalence 
	 which is de�ned as "the proportion of a population that has a disease at a speci�c point in time" by Rothmann and Greenland (1998)
20	 and possibly to other shorter-lived isotopes of iodine, collectively called radio-iodines

(a) Introduction

Thyroid cancer (TC) is relatively uncommon but its prevalence is increasing world-wide (Burgess and Tucker, 2006; 
Colonna et al, 2007). In the US, TC is expected to be the �fth most common cancer among women (Sherman and 
Fagin, 2005). Thyroid cancer is generally two or three times as prevalent in woman than in men: different countries 
report different ratios (Zimmermann and Galetti, 2015). The female/male gender TC ratio has apparently increased 
in areas affected by Chernobyl (Fuzik et al, 2013). 

Deaths from thyroid cancer are uncommon, as thyroidectomies are routinely performed in advanced cases of 
thyroid cancer. This does not mean that we should not worry about thyroid cancer: the quality of life for most 
thyroidectomy patients is reduced. Contrary to some reports, TC deaths are increasing worldwide (Sherman and 
Fagin, 2005; Ries et al, eds, 2008; Howe et al 2001).

The latency period for a cancer is de�ned as the time required for the �rst expected cancers to arise after exposure. 
This is about four years for TC but there is a suggestion it may arise earlier in high exposure situations. Williams 
(2007) considered that the radiogenic latency period for TC post Chernobyl may be partly due to the very large size 
of the TC outbreak. Notice that it is the period for the �rst cancers to arrive: later cancers will continue to appear. 
For example, in 2005, TC cases were still arising among the Japanese bomb survivors who were exposed in 1945, 
i.e. 60 years previously (Imaizumi et al, 2006).

(b) Increases in Belarus, Ukraine and Russia

Four years after the Chernobyl accident, very large increases in thyroid cancer were observed in young people in 
Belarus (Prysyazhiuk et al, 1991; Kazakov et al, 1992; Baverstock et al, 1992) and later in Ukraine (Tronko et al, 
1994) and the Russian Federation (Tsyb et al, 1994).

Cardis et al (2005) examined TC incidence rates19 in Belarus children aged under 15 years at the time of diagnosis. 
These rose from 0.3 per million before the accident (1981 –  85) to 4.0 per million after the accident (1986 – 1990), 
and to 30.6 per million between 1991 – 1994. 

In the extremely highly contaminated Gomel region of Belarus, even more dramatic increases were seen in the 
same three time periods from 0.5 to 10.5 to 96.4 per million respectively (Cardis et al, 2005). These are very large 
increases indeed, perhaps the largest ever quanti�ed for any disease after toxic discharges.

By 2004, 740 TC cases had been observed (Cardis et al, 2005) in Belarus alone among those exposed as children 
(aged 0–14 years). According to Williams (1994; 2002) the evidence that these increases were related to exposures 
to iodine-13120 (half-life 8.3 days) was compelling.
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21	 why radiogenic cancer risks should be related to the background cancer rate in the population is a good question. Part of the answer may be 
	 that background cancers themselves are, to some extent, due to background radiation. 
22	 this means we can be 95 % sure that the true result lies in this interval

(c) Magnitude of Increased Risk 

The 2006 TORCH Report observed that for children aged under 15 at time of exposure the relationship between 
TC risk and TC dose was linear down to very low doses. This enables us to make predictions of the number of TC 
cases expected to arise in future.

In order to predict the numbers of cancer cases which may arise from radiation exposures, we need to use a risk 
projection model. Two main types exist: absolute and relative risk models.

Put very simply, absolute (or additive) risks are expressed as the number of cases (or deaths) per unit exposure e.g. 
0.1 fatal cancers per sievert (Sv) of radiation. Relative (or multiplicative) risks are instead expressed as a percentage 
of the background risk of cancer in that population 21. The number estimated by the latter model is usually 
greater than the number estimated using the former model.

In recent years, it has become clear (from human evidence e.g. the Japanese bomb survivors) that relative risk 
models often give better projections of cancer deaths than absolute risk models. One corollary is that, numerically 
speaking, radiation risks are now greater than previously thought, i.e. when only additive risks were used. The 
reason is that the Absolute Risk = Relative Risk x Background Rate and the background rates for most cancers 
especially thyroid cancers are increasing.

Cancers in certain organs including thyroid are better described by relative than absolute risk models, so we need 
to use relative risks (RR) here. 

A major study after Chernobyl (Ron et al, 1995) found that the best estimate of the RR for thyroid cancer in highly 
exposed areas in Belarus at the level of one gray was 8.7 (95 % con�dence interval 2.1 – 28.722) . This means the risk 
of contracting TC in exposed individuals, divided by the risk of contracting TC in unexposed individuals was 8.7. 

In layman’s language, this means that those whose thyroids were exposed to one Gy of radiation (over a period of 
time) suffered a ~770 % increase in thyroid cancer over those who were not exposed. This is very high, but similar 
to the RR estimates of Cardis et al (2005b), Jacob et al (2005, 2006) and Likhtarov et al (2006) in their studies of 
thyroid cancer risk in Ukraine and Belarus. A RR of 8.7 is a large increase in risk. As we shall see in chapter 7, it is 
similar in scale to the large increases in leukemia risk seen among Chernobyl clean-up workers.

Cardis et al (2005) observed a linear dose-response relationship for TCs from low to high doses up to 1.5–2 Gy. The 
risk of radiation-related thyroid cancer was three times higher in iodine-de�cient areas (RR= 3.2, 95 % CI = 1.9 to 
5.5) than elsewhere. Administration of potassium iodide (KI) as a prophylactic reduced this risk of radiation-related 
thyroid cancer by a factor of 3 (RR = 0.34, 95 % CI = 0.1 to 0.9) for KI consumption versus no consumption.

(d) Thyroid Cancer in People exposed as Adults

In 2006, it was widely assumed that TC risks were restricted to people exposed when they were very young or to 
adolescents. This is now known not to be the case. Indeed, early on, Ivanov et al (1997) had examined data on 
168,000 clean-up workers from Russia and showed a statistically signi�cant23 effect even among those exposed 
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23	 "Statistically signi�cant" means we can be 95 % sure (in this study) the result was not a chance �nding
24	 Standardised Incidence Ratio (SIR) means the number of observed cases divided by the number of expected cases or O/E
25	 assuming the LNT model of radiation risk is used
26	 PIR = Proportional Incidence Ratio = the observed number of cancer cases divided by the expected number, where the latter is the proportion 
	 of the cancer of interest to all cancers in a population

as adults. The estimated Relative Risk (RR) per Gy for thyroid cancer was 6.31, consistent with estimates by Cardis 
et al (2005b). 

Later the same team (Ivanov et al, 2008) found a statistically signi�cant increase in TC, corresponding to a stand-
ardized incidence rate24 (SIR) of 3.47 [95 % CI: 2.80; 4.25] among adult workers. The highest incidence rate (SIR 
= 6.62, 95 % CI: 4.63; 9.09) was shown for emergency workers who took part in the early recovery operations in 
April – July 1986. The estimated SIR value increased to 7.97 (95 % CI: 5.24; 11.52) if a 10 year latency period were 
used.

Kesminiene et al (2011) also found raised TC levels in Chernobyl liquidators. Although most received relatively low 
doses (median = 69 mGy), a statistically signi�cant dose-response relationship was found with total thyroid dose. 
The RR per Gy was 4.8 [95 % CI: 2.0 – 11.9]25. 

Similarly Rahu et al (2013) found a higher proportion of thyroid cancers in Baltic clean-up workers compared to the 
male population (PIR26 = 2.76; 95 % CI 1.63–4.36), especially among those who started their mission shortly after 
the accident i.e. in April–May 1986 (PIR = 6.38; 95 % CI 2.34–13.89). 

In other words, contrary to previous attitudes, adults as well as children are subject to about the same level of TC 
risks from Chernobyl: the data for young adults in �gure 5.2 point to this conclusion as well. 

(e) Thyroid cancers in Ukraine

In an initial study, Prysyazhnyuk et al (2002) observed that the slow increase in TC incidence in Ukraine became 
steeper after the Chernobyl accident, that is they observed a dog-leg increase upwards. This effect was also ob-
served by Fuzik et al (2011) in a comparative analysis of thyroid cancer incidence in Ukraine after Chernobyl in a 
cohort almost as large as the general population. In 2013, the same team (Fuzik et al, 2013) con�rmed the radio-
genic excess of thyroid cancer in individuals who were children and adolescents in 1986, and also in females aged 
as old as 40 – 49 in 1986.

In a quantitative risk analysis, Likhtarov et al (2006) estimated the excess relative risk per gray in Ukraine was 8.0 
(95 % CI = 4.6 – 15). These were similar to the results of other studies from contaminated areas, as well as studies 
of external radiation exposure.

More recently, Prysyazhnyuk et al (2014) continued to observe statistically signi�cant large TC increases among 
several segments of the Ukrainian population. The authors con�rmed that TC incidence rates were still increas-
ing in people exposed when they were adults. The authors stated that therefore 

“profound attention in further studies should be drawn … to malignancies with longer latent periods: 
lung, stomach, colon, ovary, urinary bladder, kidney cancer and multiple myeloma.”

Vasylenko et al (2013) recently carried out Whole Body Counts of Cs-137 in residents of supervised settlements of 
Narodytsky district, in the Zhytomyr oblast of Ukraine. Signi�cant (2 – 3.5 times) seasonal increases of incorporated 
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Cs-137 up to 350 kBq per body were observed. The main intakes were from the consumption of locally-produced 
milk and natural/forest products such as berries and mushrooms.

(f) How many more thyroid cancers will occur?

Before the Chernobyl accident, the principal source of information about radiation-induced thyroid cancer in 
children were studies in which children had been exposed to external X-rays for medical reasons. A survey of 
these (Ron et al, 1995) showed that the thyroid cancer risk was still increased more than 40 years after the ini-
tial exposure. A study of thyroid cancer incidence in the survivors of the Japanese atomic bombs (Imaizumi et al, 
2006) found a signi�cant dose-response relationship still existing nearly 60 years after exposure. The authors also 
observed that the effects were much greater in those exposed at younger ages. 

Therefore uncertainty exists in predicting the total number of thyroid cancers likely to result from Chernobyl be-
cause these are expected to arise for decades to come. 

An attempt at prediction can be made by assuming that the future risk levels will be similar to that seen with 
external radiation. Using this method, Jacob et al (2000) estimated that starting in 1997, 15,000 thyroid cancers 
would occur in Belarus although with an uncertainty range of 5,000 – 45,000. The UNDP (2002) had estimated that 
in Belarus the numbers of thyroid cancers were likely to rise to between 8,000 to 10,000.

Cardis (2015) recently slightly lowered these predictions. Her new prediction is that 16,000 extra TC cases would 
occur in the whole of Europe up to 2065, with two thirds (~11,000) arising in the three countries Belarus, the 
Russian Federation and Ukraine combined. The corollary is that about 5,000 extra TC cases are predicted to arise 
in other European countries up to 2065.

(g)	 Thyroid cancers in countries outside 
	 Belarus, Ukraine and Russia

Given the above evidence of increased TCs in Belarus Ukraine and Russia, it is useful to examine the situation in 
other exposed countries. This is because at least some of the I-131 source term was deposited outside the former 
USSR countries as seen in the I-131 maps in Chapter 5. 

It is perhaps not surprising that increased TC incidence rates have been observed in some European countries 
affected by Chernobyl’s fallout. 

In Poland, a substantial increase in TC incidence was observed especially since 1991 in women and in 1992 – 1993 
and 1999 – 2000 in men (Roszkowska and Gory ́nski, 2004).

The Czech Republic received a moderate amount of I-131 in fallout from Chernobyl as shown by the I-131 maps 
in Chapter 6. This is also shown in table 3.6 above: the Czech Republic had a relatively high I-131 average depo-
sition density and I-131 average integrated activity in air. Murbeth et al (2004) reported a uniform annual increase 
from 1976 to 1999 of 2.0 % per year in the age-standardized thyroid cancer incidence rate (95 %-CI: 1.3-2.7, 
p<0.0001).

| CHAPTER 5. THYROID CANCER
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(h) Conclusions

Summing up, since the 2006 TORCH report we see continuing increases in TC cases in Belarus and Ukraine. These 
increases are now seen among those exposed as adults, not just children and adolescents. The estimated morbidity 
risks per Gy in the most contaminated areas are high with a relative risk of ~8 at the level of one Gy. This translates 
to ~700 % increases over the background rates in these areas. The raised incidence rates for adults are expected 
to peak in the near future in Belarus but will continue above the pre-accident rates for many years. 

Cardis (2015) recently predicted that 16,000 (95 % uncertainty range 3,500 to 72,000) extra thyroid cancer cases 
would occur over future years to 2065 in the whole of Europe. Of these, two-thirds, i.e. ~11,000 would occur in 
the three countries Belarus, the Russian Federation and Ukraine. The corollary is that the remaining third (~5,000) 
would occur in Western European countries.

Increased TC incidence rates after the accident have also been reported in Slovakia, Austria, Czech Republic and 
Poland. These countries were not as heavily contaminated as the severely contaminated areas of Belarus, Ukraine 
and Russia but their contamination levels were relatively high = they matched or exceeded the levels in less con-
taminated areas of Belarus, Ukraine and Russia. Raised TC levels were even observed as far away (~2,500 km) as 
Northern England.

The lack of observed TC levels in other European countries is due to the fact that no studies have been carried out 
partly due to the lack of central funding and missing registers (e.g. Germany).

| CHAPTER 5. THYROID CANCER
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 Thyroid Cancer In Austria 

(a) Radio-iodine Distribution

Important for thyroid cancer are the iodine-131 ( I-131) maps in �gures 6.1 and 6.2. Austria had the second high-
est average I-131 deposition density, outside Belarus, Ukraine and Russia, see table 3.4 in chapter 3.

Figure 6.1:	Distribution of cumulative I-131 activity concentrations in the air over 
	 Europe in May 1986 in Bq*d/m 3 = becquerels x days per cubic metre of air. 

Bq*d/m3 = Bq x days per cubic metre of air
Reference: Seidel et al (2012)
Original source: https://rem.jrc.ec.europa.eu/RemWeb/activities/Remdb.aspx
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30	 And Prague in then Czechoslovakia
31	 Health Consequences in Upper Austria 25 years after Chernobyl – new considerations regarding the inhalation and ingestion dose by I-131 
	 and Sr-90. Report to the Of�ce of the Government of Upper Austria, Department of Environmental Protection.

The Government of the County of Upper Austria Report (Seidel, 2012) stated that the highest I-131 activity con-
centrations in air were measured in the Vienna region30. This can be seen from �gure 6.2. This is of relevance as 
about 30 % of Austria’s population lives in the greater Vienna region, so the collective doses to the thyroid in this 
area would have been signi�cant. As far as is known, no studies were made of thyroid uptakes and collective doses 
to the thyroid in Vienna at the time or since.

(b) Thyroid Cancer Incidence

The only study of thyroid cancer in Austria is a report (Seidel, 2012) commissioned by the Government of the 
County of Upper Austria. The report was written by a research team at the Universität für Bodenkultur Wien / Uni-
versity of Natural Resources and Applied Life Sciences. This contained the following chart reproduced in �gure 6.3. 

| CHAPTER 6. THYROID CANCER IN AUSTRIA

Figure 6.3: Age-standardized incidence rate of thyroid cancer by gender for Austria 
	 in the period 1983  – 2008

magenta = women: blue = men

Source: Seidel C, F-J. Maringer, A. Baumgartner, T. Waldhör, P. Bossew (2012) Gesundheitliche Folgen in Oberösterreich 25 Jahre nach Tschernobyl – 
neue Betrachtungen hinsichtlich der Inhalations- und Ingestionsdosis durch 131I und 90Sr. Bericht an das Amt der Oberösterreichischen Landesregierung, 
Abt. Umweltschutz. Translation31

http://www.atomfreie.eu/�leadmin/Daten/Studiathek/2012_03_15_Tschernobylstudie_Kurzfassung_2012.pdf
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Given the importance of the matter, it is recommended that the Government of the County of Upper Austria re-
port should be translated into English and be submitted for publication in a scienti�c journal. This would enable 
the report to be peer reviewed. 

The actual reasons for increased TC rates is a matter on which different views exist in scienti�c circles. Chapter 7 
discusses these in more detail. 

With regard to age-standardised average rates of TC in Austria being similar to other countries, this may well be 
the case but one has to be careful of using country-wide averages, as they may hide increases in speci�c areas. For 
example, I-131 volume concentrations in the Vienna region were at least three fold greater than in other areas in 
Austria – see �gure 6.2. 

(c) Other Cancers in Austria?

As reported by Bossew et al (2012), Austria was one of the more severely affected countries in terms land area 
contaminated by Chernobyl’s plumes. This is seen in �gures 6.6 and 6.7.

| CHAPTER 6. THYROID CANCER IN AUSTRIA

Figure 6.5:	Thyroid cancer incidence in Austria (both genders) with regression line 
	 using a dog-leg model allowing for a trend change after 1989

source: data plot and regression analysis by Körblein (2015) 
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Tables 3.2 to 3.4 in chapter 3 are also relevant. They indicate that Austria was the country with 

•	 the highest Cs-137 deposition density (outside Belarus, Ukraine and Russia)
•	 the highest Cs-137 level in diet in 1986/1987 (outside Belarus, Ukraine and Russia)
•	 second highest affected country area-wise (after Belarus) re very high levels of Cs-137 contamination
•	 the third highest country area-wise (after Moldova and Slovenia) re medium and high levels 
	 of Cs-137 contamination

Chapter 14 indicates that Austria was also one of the countries with large collective doses from Chernobyl.

However, despite these data, there have been no cancer studies in Austria apart from the Seidel et al (2012) report 
on thyroid cancer. The only health study in Austria after Chernobyl that has been found is a 1992 study by Haeusler 
et al (1992) which observed no statistically signi�cant changes in the incidence of birth defects, abortion rate, or 
counselling rates at pregnancy termination clinics. 

(d) Conclusions

It is concluded that some of the observed TC cases in the Vienna region of Austria since 1990 are likely to have 
been caused by exposures to the Chernobyl plumes. The reasons are as follows 

(a)	the Vienna region (with ~30 % of Austria’s population) received relatively high depositions of I-131 
	 from Chernobyl compared to other European countries
(b)	the temporal (dog-leg) pattern of the observed TC increases in Austria is similar to those seen in then 
	 Czechoslovakia and Belarus
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Figure 6.7: Cs-137 levels in Austria 

Source Bossew et al (1996) http://www.umweltbundesamt.at/umweltsituation/kernenergie/oesterreich/ 
legend units = kBq per m2
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(a) Introduction

A major, unresolved, issue in thyroid cancer (TC) studies after radiation exposures is the degree to which raised TC 
incidence rates may be caused by

•	 increased surveillance 
•	 improved diagnostic procedures, and 
•	 other unknown factors

For example, disentangling the reasons for increased TC incidence rates now emerging at Fukushima in Japan is a 
contentious issue: scientists remain divided on the matter. However this report concerns Chernobyl and there are 
many differences between the situations at Chernobyl and Fukushima. 

As UNSCEAR (2013) pointed out, the thyroid doses resulting from Chernobyl were much higher than those after 
Fukushima. It estimated that the average adult dose to the thyroid was 7.8 – 17 mGy in Fukushima Prefecture. On 
the other hand, the mean thyroid doses in highly contaminated areas of Belarus were estimated (Zablotska et al, 
2011) to be 643 mGy (SD ± 1663 mGy) and 560 mGy (SD± 1180 mGy) in Ukraine (Likhtarov et al, 2014) after the 
accident. In other words, about 50 to 60 times greater, although we need to remember that considerable uncer-
tainties exist in all these estimates.

Widespread repeated screening and improved diagnostic procedures are likely to have some effect on TC incidence 
rates. On the other hand, it is necessary to be careful and recall that, in the early 1990s it was widely but incorrectly 
believed that the TC increases observed in Belarus were due to increased screening.

Today, most scientists agree that the increased TC incidences in heavily affected areas of Belarus, Ukraine and the 
Russian Federation are clearly radiogenic and related to Chernobyl. The patterns of dog-leg accelerations in TC 
incidences seen after 1990, increased female/male ratios and more aggressive tumours are notable. However there 
is a reluctance to ascribe to Chernobyl the observed increases in thyroid cancers in west European countries also 
affected by its fallout. Clearly, radio-iodine exposures were lower in the latter countries. However, to the degree 
these countries or areas were contaminated with I-131, some of their reported increases may be Chernobyl-related. 

Table 3.4 in Chapter 3 indicates that several European countries, including Austria, were as severely affected as the 
less contaminated parts of Belarus, Ukraine and Russia.

(b) Increased Surveillance or Screening

In their substantial (11,000 persons) cohort study on thyroid cancer in Ukraine, Brenner et al (2011) found large, 
statistically signi�cant, increases in TC risks. The authors speci�cally addressed whether the observed increases in 
risks were due to increased screening. They stated 

”Because everyone in our cohort was screened regardless of dose, confounding by 
screening intensity is unlikely.” 

 Impacts of Screening and 

 Improved Diagnostic Procedures 
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They explained that because excess relative risk (ERR) is the ratio of excess radiation cancers to background cancers, 
the fact that it was unaffected by screening implied that screening proportionally increased both background and 
radiogenic cancers with small tumours. In their words 

“at least some of the small tumours were caused by radiation.” 

The authors also noted that among the Japanese bomb survivors in 1945 no signi�cant difference in observed risks 
was observed between those who were screened and those who were not (Akiba et al, 1991). Similar arguments 
were used by Ron (2009) and Prysyazhnyuk (2011) in their rebuttals to proponents of the increased surveillance 
theory. Also, Schneider et al (1993) observed no signi�cant difference in observed TC risks among children exter-
nally irradiated for enlarged tonsils and adenoids before and after 1974, when the radiation issue had become 
recognized and a screening program was initiated. 

(c) Improved Diagnostic Procedures

As regards better detection procedures and protocols, many doctors have observed that smaller tumours are now 
detected by the use of better equipment in recent years. It is unclear whether small tumours are also caused by 
exposures to Chernobyl’s radioactivity. 

Brenner et al (2011) in their study of TC cases in Ukraine stated 

“… it remains controversial … whether … small tumours are induced by radiation to the 
same extent as large tumours.” 

Accordingly the authors speci�cally assessed whether their observed dose responses varied with tumour size. They 
found elevated risks were associated with both large and small tumours and the difference between them was 
not statistically signi�cant. They concluded that current evidence suggested both small and large thyroid tumours 
were related to radiation exposure, but additional data were needed to determine if their dose responses differed. 

Ceresini et al (2012) investigated increased TC incidence rates in Italy and considered whether improved diagnostic 
procedures were a factor. They stated 

“Many authors have attributed the increasing incidence of thyroid cancer to improved diagnostic 
procedures to detect thyroid nodules. However, there are several arguments against this hypothesis.

First, thyroid cancer mortality has reportedly remained unchanged (Davies and Welch, 2006; Boyle and 
Ferlay, 2004) or even increased in recent years (Sherman and Fagin, 2005; Ries et al, eds, 2008; Howe et 
al 2001). If earlier diagnosis were the only explanation for the increased incidence, the mortality rate for 
thyroid cancer would be expected to be reduced. 

Second, studies from the United States indicate that the increase in the incidence of thyroid cancer be-
tween 1988 and 2005 occurred across tumors [sic] of all sizes. (Chen AY, Jemal A, Ward EM, 2009). An 
increase in the frequency of small tumors [sic] would be expected if the increased incidence rates were 
because of an earlier diagnosis. 

Third, the diagnostic approach to thyroid nodules has not signi�cantly changed over the last 10 years.”
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(d) Unknown Factors

Thyroid cancer incidence rates are increasing in many countries throughout the world and it is not really known 
why this is the case. Ceresini et al (2012) stated 

“An increase in the incidence of thyroid cancer has been reported over the past 30 years worldwide 
(Burgess and Tucker, 2006; Colonna et al, 2007; Davies and Welch, 2006; Leenhardt et al, 2004; Liu et al 
2001; Reynolds et al, 2005; Smailyte et al, 2006).”

“In the United States, the incidence of thyroid cancer is rising more than that of other cancers
(Davies and Welch, 2006; Mitchell et al, 2007) and by the end of 2011 this tumour was expected to 
be the �fth most common cancer among women (Sherman and Fagin, 2005). The incidence of thyroid 
cancer is also increasing in Europe, where the average incidence, estimated in a 2004 survey, has been 
reported to be 5.0 and 12.9 cases per 100,000 residents per year among men and women, respectively 
(Boyle and Ferlay, 2005). The average incidence of thyroid cancer in Italy has been calculated at 5.2 
and 15.5 cases per 100,000 residents per year among men and women, respectively (AIRT Working 
Group, 2006).”

A major review of this matter (Pellegriti et al, 2013) stated 

“Many experts believe that the increased incidence of thyroid cancer is apparent, because of the increased 
detection of small cancers in the preclinical stage. However, a true increase is also possible, as suggested 
by the observation that large tumors [sic] have also increased and gender differences and birth cohort 
effects are present. Moreover, thyroid cancer mortality, in spite of earlier diagnosis and better treatment, 
has not decreased but is rather increasing. Therefore, some environmental carcinogens in the industrial-
ized lifestyle may have speci�cally affected the thyroid.”

“The increased incidence of thyroid cancer is most likely due to a combination of an apparent increase 
due to more sensitive diagnostic procedures and of a true increase, a possible consequence of increased 
population exposure to radiation and to other still unrecognized carcinogens.”

Many authors, including Pellegriti et al (2013), have alluded to increased exposures from medical diagnostic pro-
cedures using radio-iodines as being a cause. These are probably involved in the very large increases in TC seen in 
the US since 1990 (Zimmermann and Galetti, 2015). Whether this is also the case in European countries is dif�cult 
to say.

(e) Conclusions

Care is needed in deciding what fraction of thyroid cancer cases after Chernobyl may be radiogenic. As stated by 
O’Kane et al (2011) in their Ukraine study 

”conclusions drawn from screening studies about the frequency of late-developing, rapidly growing 
thyroid nodules following radiation exposure should be interpreted with caution.”

Key factors will be the reported concentrations of radio-iodines deposited in the areas concerned and the collective 
doses which resulted. Another factor is the existence of dog-leg accelerated TC increases after about 1990, i.e. 

| CHAPTER 7. IMPACTS OF SCREENING AND IMPROVED DIAGNOSTIC PROCEDURES
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(a) Introduction

It is well-documented that leukemia, a blood cancer, is closely associated with radiation exposures. Leukemia has 
the highest risk attributable to radiation of all radiogenic cancers and has a relatively short latency period of 2 to 5 
years. Previous studies described in TORCH 2006 had clearly indicated statistically signi�cant increases in leukemias 
among the Chernobyl liquidators. However because of the low levels of leukemia in unexposed populations, the 
dif�culties in establishing doses, and the lack of leukemia data, it had proved dif�cult to show leukemia increases 
among residents in Belarus, Ukraine and Russia.

(b) Leukemia in Clean-Up Workers

The quantitative estimation of radiogenic risks requires good data and very large studies of exposed populations. 
Nevertheless two recent large studies, among Russian and Ukrainian clean-up workers respectively, have now es-
timated leukemia risks from radiation. Ivanov et al (2012) established a time-averaged excess relative risk per gray 
(ERR/Gy) of 4.98 for leukemia among the Russian workers. And Zablotska et al (2013) established that the ERR/Gy 
for leukemia among the Ukrainian workers was lower at 2.38 (95 % CI: 0.49, 5.87). The difference is probably due 
to the use of different protocols and the uncertainties involved in dose estimation. The latter authors attributed 
16 % of the increased leukemia cases to radiation exposures from Chernobyl.

Surprisingly, Zablotska et al (2013) also found similar, slightly greater, risks for Chronic Lymphocytic Leukemia (CLL) 
(ERR=2.58: 95 % CI: 0.02, 8.43) than for other forms of leukemia, (ERR/Gy = 2.21: 95 % CI: 0.05, 7.61). This is 
surprising as the conventional wisdom was that CLL was not a radiogenic cancer because of the lack of CLL cases 
among the Japanese bomb survivors. 

A very recent study on the matter by the same team (Finch et al, 2016) con�rmed the CLL excess among Chernobyl 
clean-up workers and showed that CLL has a very low survival rate with the risk of death statistically signi�cantly 
increased. The hazard ratio for fatal CLL was 2.38 (95 % con�dence interval 1.11 – 5.08) after comparing cases 
with doses �*22 mGy to those with doses <22 mGy. This is the �rst study to examine the association between bone 
marrow radiation doses from the Chernobyl accident and CLL in Chernobyl clean-up workers. It is an important 
study as the estimated median bone marrow dose was 22.6 mGy which is very low and provides strong backing 
for the linear no threshold (LNT) model.

In layman’s language, these �ndings mean that Russian workers exposed to one Gy of radiation over a period 
of time experienced a ~500 % increase in leukemia over those who were not exposed, and Ukrainian workers a 
240 % increase. These are large increases, comparable in magnitude to the large increases in thyroid cancer risk 
observed by Cardis et al (2005b) of 550 % to 840 %.

It is of interest that Ivanov et al (2012) also found that the radiogenic leukemia risk derived from Russian emergen-
cy workers was similar to, but larger than, that derived from the life span study (LSS) cohort of Japanese atomic 
bomb survivors in 1945, the longest (ongoing) epidemiology study of radiation risks in the world. The time-aver-
aged excess relative risk per Gray was 4.98 for the Russian cohort and 3.9 for the Japanese LSS cohort for leuke-
mias. See Box B.

 Leukemia 
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BOX B. The End of DDREFs

The above evidence that protracted doses to workers are more dangerous than the acute ones to 
bomb survivors is of interest to radiation scientists. 

Until recently, international radiation authorities (ICRP) had used risks derived from the Japanese 
bomb study but they arbitrarily halved them, in order to account for the observation in animal and 
cell studies that doses given all at once (as occurred when the bombs were dropped) were more 
dangerous than the same dose spread over years (as in radiation workers). In radiation jargon, 
they applied a Dose and Dose Rate Effectiveness Factor (DDREF) of 2.
 
Much debate had ensued since the ICRP’s original recommendation to do this in 1976, as no hu-
man (i.e. epidemiological) evidence existed for this non-precautionary recommendation. 

For example, the US EPA (1994) decided not to use a DDREF for breast and thyroid cancers, and 
several scientists (Cardis et al, 1996; Malko, 1998) did as well. Indeed, two epidemiology studies 
(Cardis et al, 2005b; Krestinina et al, 2005) had indicated the opposite, i.e. that exposures to pro-
tracted radiation were more rather than less damaging than high dose-rate exposures by as much 
as 2.5 times. Ivanov et al (2012) have now provided solid evidence that protracted doses to workers 
are at least 25 % more dangerous than doses given all at once as in the case of the bomb survivors. 

It remains to be seen whether the ICRP will rescind their 1976 recommendation: to date they have 
not. In the meantime, other radiation bodies, e.g. WHO and UNSCEAR have stopped using DDREFs.

(c) Leukemia in residents of seriously contaminated areas

Noshchenko et al (2010) estimated the radiation-induced risk of acute leukemia between 1987 and 1997 among 
residents under 5 years old at the time of the accident in the most contaminated territories of Ukraine. Their risk of 
leukemia was statistically signi�cantly increased (Odds Ratio37 = 2.4 [95 %CI: 1.4 – 4.0]) among those with radiation 
doses higher than 10 mGy (p=0.01). Malko et al (2010) found a statistically signi�cant increased leukemia risk RR 
=1.47 (95 % CI : 1.01 – 2.14) among infants in Belarus in 1986 – 1992.

(d) Leukemia in other European countries

Studies indicate increased rates of childhood leukemia as a result of Chernobyl fallout in other European countries. 
In Finland, Auvinen et al (1994) found a dose-risk relationship of 7 % per mSv (95 % CI -27 % to 41 %) which 
was not statistically signi�cant. However they merely concluded that "an important increase in childhood leukemia 
can be excluded". In East Slovakia, Icso et al (1998) compared leukemia incidence in the 10 year period after 
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the Chernobyl with a control period before the accident and observed a 2.1 times higher cumulative incidence of 
acute lymphatic leukemia (median age 11 y) but this was not statistically signi�cant. In Italy, Magnani et al found 
a statistically signi�cant 2.6 % annual increase in incidence rate of acute lymphatic leukemia among 1 to 4 year 
olds (adjusted by age and gender; 95 % [CI: 1.13–4.13]. 

In 2004, the UK Government’s Committee Examining Radiation Risks of Internal Emitters (CERRIE, 2004) reported 
increases in infant leukemia in West Germany (Steiner et al, 1998), Greece (Petridou et al, 1996) and Ukraine 
(Noshchenko et al, 2002). The IAEA/WHO (2005) report downplayed these studies: in their view, they did not show 
a clear link between the incidence of leukemia and the degree of radioactive contamination – i.e. with dose. How-
ever this is an unconvincing reason, as the absence of association between leukemia incidence and contamination 
levels does not necessarily rule out a radiation effect: many assumptions are used in moving from Bq per m2 to 
millisieverts. See discussion on uncertainties in chapter 4.

(e) The ECLIS Saga

In 2006, the view uniformly adopted by of�cial organisations was that exposure to Chernobyl fallout was unlikely 
to have caused measurable leukemia risks in European countries. Nevertheless in 1988, International Agency for 
Research on Cancer (IARC) established the European Childhood Leukemia-Lymphoma Incidence Study (ECLIS) to 
investigate incidence rates of childhood leukemia and lymphoma in Europe following Chernobyl (Parkin, 1993). 

The study’s report for 1980 – 1991 (Parkin, 1996) found a small increase in leukemia incidence in Europe as a whole 
but no association between leukemia risk in 1987 – 91 and estimated doses. However they admitted their study 
had low power to detect this. Regarding the possible consequences of radiation doses received in utero, Parkin et 
al (1996) found 

”no suggestion of an increase in risk of childhood leukemia for children exposed in utero, even among 
the 1987 birth cohort in Belarus”.

However, both US BEIR VII (2005) and IAEA/WHO (2005) suggested that there may well be an in utero leukemia 
effect. The latter stated

”Focusing on the risk of leukemia by age of diagnosis (six months intervals) in relation to the estimated 
dose from the Chernobyl fallout received in utero, preliminary results suggest a small increase in risk in 
infant leukemia and leukemia diagnosed between 24 – 29 months.”

The 2006 TORCH report recommended that funding be made available to IARC to clarify this matter. Such funds 
have still not been made available. Although most of the data from the ECLIS study has now been collected and 
studied, the �nal results of the study have still not been published. This is unfortunate. It is recommended again 
that funds be made available to permit the IARC to �nish and publish its study, and, while doing so, to resolve the 
evidence on the possible consequences of radiation doses received in utero.

In 2001, the 1996 ECLIS paper was re-evaluated by Hoffmann (2002) who stated that the leukemia incidence in 
the 1987 birth cohort was increased in the two highest exposure categories and an increasing trend with estimated 
cumulative radiation dose had been observed. In the results section, he stated that the ECLIS study had actually 
found a 2.2 % ± 3.2 % increase of leukemia risk per mSv in children but ECLIS had dismissed this because it was 
not statistically signi�cant. But ECLIS had also mentioned statistically signi�cant increases in infant mortality in 
Germany (Steiner et al, 1998) and Greece (Petridou et al, 1996). And further down, he stated that there were in-

| CHAPTER 8. LEUKEMIA
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creases in the 1987 cohort, corresponding to infant leukemia in the ECLIS study, which might include induction of 
chromosome aberrations in early pregnancy. He concluded that Chernobyl fallout could have caused a small, but 
statistically signi�cant, excess of childhood leukemia cases in Europe.

Hoffmann added 

“… if indeed Chernobyl fallout has caused childhood leukemia cases in Europe, we would also expect 
an increased incidence for other childhood cancers and excess malignancies in adults as well as non-
malignant diseases of all ages. None of these endpoints has as yet been systematically studied.” 
[emphasis added]

The situation remains the same in 2016.

(f) Conclusion 

It is concluded that increased leukemias have been well established among the clean-up workers in Ukraine and 
Russia with very high risk factors similar to those observed for thyroid cancer. Slightly lower risks have also been ob-
served among residents of seriously contaminated areas in Ukraine and Belarus. Indications of increased leukemia 
risks among infants have now been observed in Finland, Slovakia, Germany, Greece, and Italy. However the IARC’s 
long-standing ECLIS project which would clarify this matter has been stymied mainly by lack of central funding. It 
is recommended that funding be provided for ECLIS to �nish its study.

LEUKEMIA CHAPTER 8. |
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(a) Introduction

Cardis et al (2007) have stated

“Breast cancer is the most common cancer and one of the leading causes of death among women 
worldwide, with nearly 1,000,000 new cases per year (Ferlay et al, 2001). Known risk factors include 
genetic susceptibility and exposure to ionising radiation [Ronckers et al, 2005].”

Increased breast cancers were �rst noted in the life span study (LSS) study of Japanese bomb survivors (Tokunaga 
et al, 1994). Breast cancer is important, as it is the third highest – after leukemia and thyroid cancer – in terms of 
radiation-induced cancer risk among women exposed in childhood and adolescence (IAEA/WHO, 1995). Moreover, 
iodine (and therefore radio-iodine) is concentrated in the breast and salivary glands in addition to the thyroid. Older 
studies (including Petralia et al, 1999) suggest the latency period for breast cancer is between 8 and 15 years.

(b) Breast cancer in clean-up workers

Islamova (2004) observed a statistically signi�cant 84 % increase in breast cancer incidence among Russian female 
clean-up workers in her PhD dissertation. SIR = 1.84 (95 % CI 1.23–2.45). Similarly, Prysyazhnyuk et al (2014) 
noted a statistically signi�cant 63 % increase in breast cancer among Ukrainian clean-up women workers who 
participated in early recovery operations during 1986–1987. Between 1994 and 2011, the standardised incidence 
ratio (SIR) in this group was 1.63 (95 % CI 1.44–1.81), i.e. a 63 % increase similar to that found by Islamova (2004). 

(c) Breast cancer in general population

The IAEA/WHO report (2005) acknowledged an increase in pre-menopausal breast cancer among women exposed 
when they were less than 45 years old in Belarus and Ukraine. This was con�rmed by Pukkala et al (2006) who de-
scribed trends in the incidence of breast cancer in highly contaminated areas in Belarus and Ukraine. See Figure 9.1

In the most contaminated districts of Ukraine and Belarus, the authors observed statistically signi�cant increases 
in breast cancer risk compared with the least contaminated districts during the period 1997 – 2001. The observed 
RRs were 2.24 (95 % CI 1.51 – 3.32) i.e. a 124 % increase in Belarus, and 1.78 (95 % CI 1.08 – 2.93) i.e. a 78 % 
increase in Ukraine. 

The increases, though based on a small number of cases, appeared approximately 10 years after the accident; 
they were highest among women who were younger at the time of exposure (RR = 3.33, 95 % CI 1.71=6.5). The 
authors concluded it was unlikely that the increase could be entirely due to increased diagnostic activity in these 
countries.

In a US review, Ogrodnik et al (2013) reviewed the published literature on breast cancer incidence after what they 
termed the "gruesome" Chernobyl disaster up to 2010. Their re-analysis revealed that the incidence of breast 
cancer in Chernobyl-disaster-exposed women could be higher than previously thought.
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(d) Other Solid Cancers in clean-up workers 

Okeanov et al (2004) compared baseline incidence rates for solid cancers (apart from thyroid and breast cancers) 
in Belarus clean-up workers between 1976 – 85 with incidence rates between 1990 – 2000. They found a 56 % 
increase which was statistically signi�cant. 

In the later period 1997 – 2003, they observed statistically signi�cantly raised risks in solid cancers of all the organs 
they studied. Their data was updated in 2014 and is presented in table 9.1.
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Figure 9.1:	Time trend in breast cancer RR by average cumulative dose category in 
	 regions of Belarus and Ukraine most contaminated by the Chernobyl accident 
	 (doses lagged by 5 y; age at exposure <45)

Source: Pukkala et al (2006)














































