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FOREWORD

I HAVE FINALLY succeeded in putting together the fourth and final volume in my series about the
history of radiation, radioactivity and radiation protection. I have called it The Toil of Sisyphus.
According to a Greek myth, in the Underworld, King Sisyphus was compelled to try to roll an immense
boulder up a steep hill. Each time he came close to completing his task, the boulder rolled back down
and I thought this could be an appropriate analogy to illustrate the worldwide power industry’s bumpy
ride towards gaining acceptance for nuclear power plants. Little did I realise that my work with the book
would also become reminiscent of Sisyphus’ endeavours.

I have thought a great deal about how I should set about my task on this occasion. International
radiation protection activities, as well as Swedish ones of course, increased substantially in the latter
1990s. It was desirable to describe activities in many more countries than before, but the number of
important people and their contributions added up to much more than the capacity I had to deal with
them all. The first three volumes contain ‘main themes’ and recount the development in epic form.
Pandora’s Box tells the story of the relevant growth of natural science up until it culminated in the
discovery of nuclear fission. The Sword of Damocles is a coherent story of the birth and use of the first
atomic bombs, a story which is conveyed by an inherent power. The Labours of Hercules tells the story
of Rolf Sievert’s achievements for international radiation protection, with particular emphasis on the
important organisations called the ICRP and UNSCEAR.

The story became increasingly subjective volume after volume. For Pandora’s Box 1 had endeavoured
to be objective to the extent that some readers complained that I had not actually revealed my own
opinion of the various events. In The Sword of Damocles 1 had one final chapter which my troubled
editor quite rightly thought was an affront to the style in that situations were suddenly about me. I had
been involved in the events described in The Labours of Hercules and therefore found it difficult be
completely objective in dealing with them.

In planning this fourth volume, The Toil of Sisyphus, my practical intention, for both capacity reasons
and the difficulty in obtaining source material, was to limit the story largely to the matters that I had
actually been involved with. The narrative would still enjoy a broad international coverage because |
had had such extensive international assignments myself. I had experienced for myself much of the
international, and Nordic, significance over the decades which I would be writing about. However, |
would unfortunately not be able to write about what also happened in different countries and the
achievements of many national and regional participants. A great deal has obviously also taken place
within the Swedish Radiation Protection Institute into which I have had no insight and concerning which,
although they would have been well worth writing about, I feel that my insight would be inadequate.

Doing so would mean that the portrayal, despite my objective ambition, would make the story very
subjective. The fact that so much would centre around me because of the strategy did concern me.
Colleagues whom I had consulted and to whom I had expressed qualms about writing so much about
myself endeavoured to reassure me. Arne Hedgran wrote: ‘I could have just OK’d your draft but I wanted
to comment on your question as to whether it was egocentric. I think it is near enough the opposite and
sometimes find myself searching for a little more subjectivity’. Jan Olof Snihs wrote: ‘It is clear that
everything revolves very much around you as a person and your involvement in many of the events that
are described. However, that is what also makes it unique, i.e., having this insider information regarding
what did actually happen in your subjective opinion. This then has to be weighed up against what others
may write about different sections of what you describe, i.e., unique source material for future research’.

I was particularly delighted by a letter from Lars Gyllensten on 31 October 2003. He wrote:
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Many thanks for ‘The Labours of Hercules’ — which I find really interesting. I think
it is necessary for the scientists who have been at the forefront of modern research and
their social connections to come up with retrospective narratives of how things took
place within their field. Your own mammoth efforts fill a significant gap in the history
of science. I congratulate you on having produced this book!

Adhering to my initial intention to limit the content to things that I had been involved in myself was
proving to be difficult. The course of events developed in such a way that it forced me to rethink. The
government ended up deciding to merge the Swedish Radiation Protection Institute and the Swedish
Nuclear Power Inspectorate to form a new authority called the Swedish Radiation Safety Authority
(SSM). This meant that the Radiation Protection Institute, which was formed in 1965, would cease to
exist after 30 June 2008. But it also meant that the total lifetime of the Institute happened to be the same
period that I intended to write about in The Toil of Sisyphus. The reader would get the impression that I
was writing the history of the Radiation Protection Institute, which was not my intention. Being head of
the Radiation Protection Institute, a member of the ICRP, UNSCEAR’s Swedish representative and
Chairman of both the ICRP and UNSCEAR for a few years meant I had a complete overview of the
period of 1965-1982. For the period of 1982-1996 I still had a good insight into the Radiation Protection
Institute’s activities and was active within the ICRP and UNSCEAR for most of that period. During the
first half of 1996-2008, I still had a work room at the Radiation Protection Institute but a steadily-
decreasing insight into the activities. I would therefore not be able to do the Institute justice in writing
about its history through the noughties.

In the previous volumes, I occasionally included anecdotal information which my editor at the time
sometimes thought was irrelevant but which readers appear to have appreciated. I do even more of that
in this volume for two reasons — partly because it provides light relief from a narrative which the reader
might otherwise perceive as heavy, and partly because it adds atmosphere and helps people to understand
what has happened. Scientific inventions, technical progress and administrative measures do not hover
around freely. They are linked to what is happening in society and to the way in which people react as
thinking or reckless individuals.

In reading what I have written in the book, it strikes me that a reader may gain the impression that
those dealing with international radiation protection are always partying. That is not the case of course,
but the tourist anecdotes are explained by the fact that those who were hosting visits were just as anxious
to show off local attractions as we in Stockholm might be to take visitors to Skansen or the Wasa
Museum. On the photographs that have been included in the book, those depicted often have a glass in
their hand. This must not be taken as a sign of widespread alcoholism, but rather that receptions and
parties are the events that usually attract photographers. The significance of socialising should not be
underestimated; in reality, this is where the most important decisions are made rather than at the
conference table.

In my previous volumes, the chapters have dealt with different issues or problems, sometimes without
a direct link to the chronology. For The Toil of Sisyphus 1 have chosen to use each chapter to deal with
one year, except that [ have sometimes been obliged, within the chapter relevant to the matter, to provide
a summary of the problem even though it does mean looking back over previous years. To make it easier
for the reader to get something out of reading individual chapters or accounts of interesting events, I
have sometimes repeated information that has already been stated in previous sections. It may irritate a
reader who is reading the whole of the book — if indeed there is anyone who can manage to — but because
I believe that there would be few such readers, the irritation may be justified in order to make up for ease
of reading.

I have endeavoured to quote letters and articles from the past which I still clearly remember.
Experience tells me that not even very clear memories are that reliable.

Although I am not an historian, the narrative is a story of a history and gives an account of the way
things were and what people thought in the relevant years. It does not show the way things are and what
people know at the time of writing. The book is thus not a source of knowledge regarding what was
applicable in the year it was printed; it concerns mainly the 1900s, and much more has already happened
since the start of the noughties. As regards relevant quantities and sizes, units, limit values and radiation



protection policy, the reader is referred to current recommendations and facts from the ICRP, ICRU,
ICNIRP and UNSCEAR and provisions from the Swedish Radiation Protection Authority (now the
Radiation Safety Authority).

The pictures in this volume are more comprehensive than in the previous volumes, which is partly
due to the more personal presentation and the fact that I have taken many of the pictures myself.

My sincere thanks go to: Roger Clarke, Robert Finck, Anders Glansholm, Abel Gonzalez, Arne
Hedgran, Lasse Johansson, Sven Lofveberg, Leif Moberg, Lars-Erik Paulsson, Lars Persson, Jan Olof
Snihs, David Sowby and Jack Valentin. My very good friends Arne Hedgran and Sven Lofveberg
unfortunately passed away during the final phase of the writing”. Particular thanks must go to my
daughter Karin Lindell and to my beloved wife and life companion Marrit who patiently endured my
writing but unfortunately passed away in 2008.

I am also grateful for generous grants from the Swedish Radiation Safety Authority and from the
Riksbankens Jubileumsfond (the Swedish Foundation for Humanities and Social Sciences) which
rendered the publication of this possible, and for the support and genuine interest shown by my /Swedish]
publishers, Atlantis, during many years. It has been a great pleasure to receive, as during the work with
The Labours of Hercules, expert editorial assistance by Atlantis editor Tomas Blom. (Readers may also
wish to refer to Prof. Lindell’s foreword to the English translation of the book series, see Pandora’s
Box).

Bo Lindell

* Note to the English version: David Sowby died in 2014.
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1. THE YEAR 1967

1.1.  Where it all started*

Rolf Sievert (1896-1966), the pioneer of international radiation protection, died on 3 December 1966.
1967 therefore introduced a new epoch in which the radiation protection pioneers were succeeded by a
new generation, but a generation that had inherited the pioneering spirit. The rapid development within
physics and technology meant that much was still new and that there was still room for ground-breaking
achievements.

The next ten years would lead to a radical change to radiation protection activities. It had previously
been limited largely to the use of x-ray devices and radium within healthcare. It was now time for the
breakthrough in the use of radioactive substances, but primarily the organisation of civil nuclear power
and the fight for survival, the events that made me call this book ‘The Toil of Sisyphus’.

At the same time, the next ten years led to drastic political and social changes through a number of
events whose context and significance were scarcely realised by those of us who were working with
radiation protection during this period. It is just as Staffan Heimerson stated in Aftonbladet on 18 March
2004, that in retrospect it is easy to ‘hear the starting gun and see the milestones’.

The Vietnam War characterised the next few years and led to increasing criticism of the American
policy. A number of authors, including Sara Lidman and Jan Myrdal, formulated the criticism and in
May 1967 there was a meeting in Stockholm of the ‘Russell Tribunal’ (actually the International War
Crimes Tribunal created by Bertrand Russell) which condemned the USA’s action. In 1967, the umbrella
organisation for ‘The United FNL Groups’ was also formed in Stockholm for the groups who supported
the Southern Vietnam National FNL Liberation Front. However, the indignation did not just include the
USA and the Vietnam War but also the injustices that were seen in the way the rich countries utilised
the poorer ones. The rebel, Che Guevara, who was killed in Bolivia in October in 1967, became a symbol
for the protestors.

In the meantime, against this seething background, the impending nuclear power industry in Sweden
was seen to be a sound and desirable development. The political parties had agreed on this. The increase
in well-being created a desire mainly for more electrical energy, but there was not much more room for
the development for hydropower for that purpose. Nuclear power would safeguard the remaining
undeveloped rivers and make us less dependent on oil imports. The accidents that had occurred in
reactors, such as at Windscale in 1957, did not seem all that dreadful, particularly since the Windscale
plant was a military plutonium production reactor rather than a nuclear power plant. The likelihood of
an enormous catastrophe in a nuclear power plant was thought to be negligible. Some investigations,
such as the British report from H. M. Parker and J. W. Healy (1955) and the American WASH-740
(1957), had certainly estimated that a major reactor catastrophe could kill thousands of people and cause
hundreds of millions of dollars of economic damage, but the experts were unable to find that such
catastrophes came within the frameworks of the realistic options. The first Swedish nuclear power plant,
Oskarshamn, was being built in 1967. Very little was said about the waste problems.

However, the investment in light water reactors which was exhorted by the impatience of the power
industry was not exactly popular among reactor physicists. The obligation to forego ‘the Swedish line’,
i.e., reactors using natural uranium and heavy water, was nothing to regret since both the military and
politicians had abandoned the plans for Swedish nuclear weapons. At the same time, some of the
physicists, among them Professor of Reactor Physics at KTH Karl-Erik Larsson (1923-2015), saw the
light water reactors as an awkward solution and thought that early investment in breeder reactors would
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have been preferable. The view was also shared by a number of lower ministry officials, although
probably none in any positions of responsibility. Larsson wrote (Larsson, 2000):

Right from the start of the reactor development during the war and over the next few
years, the general view among scientists was that thermal reactors of the type used at
the time would be only a primitive transition over to a system that systematically
transformed non-combustible uranium-238 into combustible plutonium-239, which
would be the reactor fuel of the future. This was the idea behind the breeder reactors.
Personally, I was increasingly surprised by the development in the 60s, particularly the
progress of light water reactors. It represented a victory for short-term solutions and, to
some extent, clumsiness. My opinion was that a well-functioning breeder system would
be far more elegant, resource-saving and necessary in the long term. The question also
being asked by me and others was what would be done with spent fuel in the type of
American reactor that gained victory throughout the world as of 1965.

However, the breeder reactor was not popular in the White House. Larsson writes:

In the overall view of the use of nuclear energy, the American government’s main
endeavour has always been to use all means to prevent the spreading of nuclear
weapons. When Eisenhower came up with his Atoms for Peace programme in 1953,
what lay behind this was not so much a matter of altruism but more purely and simply
American power politics in very attractive packaging: they wanted to control the
expansion of reactors so that no uranium-235 or plutonium would ‘disappear’ and be
converted into nuclear charges. The USA never ended up investing in a breeder reactor
project for the production of electricity on a large scale — quite the opposite. In the mid-
1970s, all such efforts were closed down. The Carter regime put an end to it. This was
because they were afraid that the quantities of plutonium that had to start circulating in
connection with breeder reactors could lead to the concealed or open production of
nuclear weapons.

Another type of breeder reactor was also discussed, i.e., one that uses natural thorium (thorium-232)
as a fuel source where the thorium, through irradiation with neutrons followed by two gradual beta
decays, is converted into fissile uranium-233. Since there is more thorium than uranium in the natural
surroundings, it is possible to use thorium as a source of energy for a longer period than uranium.
Discussions regarding this option have occasionally been resumed but the problems with the necessary
reprocessing have dampened the original enthusiasm. However, it would mean avoiding the
objectionable plutonium and instead handling uranium-233, less hazardous in radiation terms yet also
fissile.

In 1967, the ‘cold war’ was at its height. The Berlin Wall had been in place for six years. Following
the fall of Khrushchev in 1964, the Soviet Union was controlled by the Brezhnev-Kosygin-Podgorny
troika with Brezhnev as the leader. In the USA, Democrat Lyndon Johnson was President since John F.
Kennedy had been murdered in 1963. In the UK, Labour’s Harold Wilson was Prime Minister. Charles
de Gaulle was President of France. The President of West Germany was the creator of the Christian
Democratic Party (the CDU), Heinrich Liibke. In China, the dramatic Cultural Revolution (1966-1976)
was ongoing under the 74 year-old Mao Tse-tung and his wife Jiang Qing. In Japan, the 66 year-old
emperor Hirohito was now simply a symbolic head of state with no power and the country was controlled
by a democratically-elected Conservative government. The vivacious Juan Peron, who had been
President of Argentina in 1946-1955, was exiled in Madrid in 1967 but was biding his time.

When Sievert died I had been ‘Professor and Manager’ of the Swedish Radiation Protection Institute
(the SSI) for just over one year. I had taken over an institution with which I was fundamentally familiar
but I still had a feeling of uncertainty and concern, bearing in mind that the Radiation Protection Institute
was responsible for supervising the radiation protection measures at the planned Swedish nuclear power
plants. When I started as head I knew almost nothing about nuclear reactors. The only person at the
Institute who was really familiar with the subject was Arne Hedgran (1921-2009), who was in charge of
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the Department for Nuclear Physics. Bearing in mind how important the matter was, I spent most of my
time familiarising myself with the radiation protection issues concerning nuclear power and, out of the
Institute’s officials, Arne was the one who became my closest cooperation partner. The other officials at
the Radiation Protection Institute with whom I had close contact at the time include Ragnar Boge (1933-
1990), Svea Forss (1919-1997), Matts Helde (1910-1999), Carl-Gosta Hesser (1927-2004), Bengt
Hakansson (born in 1925), Stig David Johansson (1918-1995), Lars-Eric Larsson (1920-1997), Sven
Lofveberg (1928-2009), Bengt Pettersson (1939-) and Jan Olof Snihs (1932-), and Lars Johansson
(1935-) at the Department for Clinical Radiophysics. And my Secretary Torborg Hammarberg (1913-
2012) and her successor Margareta Rydell as well, of course.

Bo Lindell at his desk as ‘Professor and Manager’ of the newly formed
Swedish Radiation Protection Institute (the SSI) in 1966.
As yet, no computer on the desk.

During the first decade I cooperated on a particularly intense basis with Sven Lofveberg, who became
the Radiation Protection Institute’s head of information. Many ‘heated’ issues would come up, such as
the environmental problems of nuclear power, gamma radiation and radon in homes, and the
interpretation of the recommendations of ICRP. Right from the start we examined press cuttings and
reproduced and commented on the most interesting ones in the Institute’s stencilled information letter,
Strdlskyddsnytt (Radiation Protection News) which also aroused interest beyond Sweden’s borders.
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Through my involvement in the work within primarily ICRP (the International Radiation Protection
Commission) and UNSCEAR (the UN’s Scientific Radiation Committee) but also within IAEA, OECD
and WHO and IRPA (the International Radiation Protection Union), I had the privilege of gaining an
extensive international network of contacts. I was a member of the ICRP Main Commission and
Chairman of its Committee 3 on protection against external sources of radiation. I was also Sweden’s
UNSCEAR representative.”

In Sweden, Tage Erlander (1901-1985) was Prime Minister. The Radiation Protection Institute came
under the Ministry of Health and Social Affairs of which Sven Aspling (1912-2000) was head, but I had
little contact with our Ministry. At the Chancellery, it was still thought that the governmental authorities
would work independently following the directions issued by Swedish Parliament and without
unnecessary political involvement from the government.

When he retired in 1965, Sievert’s big imperium had been divided into three sections: a radiophysics
institute with Rune Walstam (1923-2002) as Professor, a radiobiology institute with Arne Forssberg
(1904-1975) as Professor, and the Radiation Protection Institute with me (born in 1922) as its head under
the job title of ‘Professor and Manager’. Sievert had suggested including the word ‘Professor’ because
he was afraid that if it were not, the manager could end up being an administrator who had no specialist
knowledge.

I had known and cooperated with Rune Walstam for nearly twenty years, so I could expect to continue
having good contact with him. With his becoming head of the new Institute of Radiophysics, he was
also made responsible for leading the medical physics activity at Karolinska sjukhuset (the Karolinska
University Hospital), an activity which, strangely enough, for the time being came under the Radiation
Protection Institute for administration purposes. The hospital had chosen not to take over the
employment responsibilities for the medical physicists; the hospital management were afraid that this
would lead to expenses for which there was no contribution to the budget. Rune was ably assisted with
the ongoing hospital work by Lars-Eric Larsson as assistant manager. I received indispensable help from
Lars-Eric in my ICRP assignments when he was Secretary of its Committee 3.

In terms of premises, the Institutes were divided as follows. The Radiation Protection Institute had
its main premises in the large extension that had been used by Sievert in 1964. The radiophysics and
radiobiology institutes remained in the Institute of Radiophysics’ old building, which is also where the
Radiation Protection Institute’s dosimetry laboratory had its premises. Medical physics had premises at
Radiumhemmet.

The Nuclear Power Inspectorate did not yet exist. The existing nuclear power issues were handled by
the delegation for Atomic Energy Issues (DFA) which was almost a part of the Ministry of Trade and
Industry of which Gunnar Lange (1909-1976) was head. However, in 1967 the DFA was to move to the
finance department which was ruled by the authoritative Gunnar Strdng (1906-1992). The DFA was not
an operating authority; the ongoing affairs were dealt with by its Reactor Location Committee (RLC)
where Torsten Magnusson (1907-1987) was Chair and Arne Hedgran was one of its members.

At the Swedish Defence Research Establishment (FOA), my closest contact was with head of research
Kay Edvarson (1925-2006) and with Torsten Magnusson who was head of department at the FOA in
1967. The research into the radioactive fallout from the nuclear weapons testing at the start of the 1960s
had brought together experts from a number of different fields. This cooperation had been supported by
both Magnusson and Sievert. It meant that I had close contact with Professor of Clinical Chemistry at
the Royal Veterinary College of Sweden Bertil Aberg (1925-1992), and Assistant professor in
Agricultural Radiobiology at the Agricultural College of Sweden in Alnarp Lars Fredriksson (born in
1913).

In 1967, my main contacts at AB Atomenergi were Lars Carlbom and Stig Bergstrom. Bo Aler (1926-
2009) was on his way from Atombolaget to the Ministry of Finance. I obviously had good contact with
the country’s radiophysics institutes, primarily with Professor Kurt Lidén (1915-1987) in Lund.

* The early work within these organisations is described in ‘The Labours of Hercules’.
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At international level, the people with whom I had the most contact were those in ICRP, UNSCEAR
and IAEA, in said order. E. E. (‘Bill’) Pochin (1909-1990) was Chair of ICRP in 1967 with the Canadian
Gordon Stewart as Deputy Chair. The Chairmen of ICRP’s four Committees were Howard Newcombe
(C1), Karl Z. Morgan (1907-1999, C2), Bo Lindell (C3) and Henri Jammet (1920-1996, C4). The
Secretary of the Commission was my good friend David Sowby (1926-2014). The illustrious Dan
Beninson (1931-2003) still only participated in Committee 4 in 1967 but was the Argentinian UNSCEAR
representative.

The senior partner of radiation protection Lauriston Taylor (1902-2004) was Chair of ICRP’s sister
committee, the [CRU on units and measurements, with Harold Wyckoff (1910-1999) as Secretary, both
having a career within the US National Bureau of Standards. The head of UNSCEAR’s Secretariat was
Italian Francesco Sella. Of the national UNSCEAR representatives, I had the best contact with
Beninson, Jammet and Pochin but also with the Canadian Gordon Butler. The leadership of IAEA’s
radiation protection activities changed over the years, but the permanent contact with this was through
the Egyptian doctor Hussein Daw. 1 also had good connections with the IAEA Director General, the
Swede Sigvard Eklund (1911-2000).

The Secretary of OECD’s nuclear energy body, the ENEA’s™ Radiation Protection Committee, later
known as the CRPPH (Committee on Radiation Protection and Public Health), was Dr. Emile
Wallauschek, who was assisted by an efficient lady. Ms. Zabel Chéghikian. Arne Hedgran was the
Committee’s Swedish delegate but I would soon succeed him, and this led primarily to close cooperation
with my Nordic colleagues. The Nordic cooperation that Rolf Sievert had initiated also worked well. In
my case it led to good contact with Medical Officer Eigil Juel Henningsen of the Board of Health in
Denmark, and Norwegian Per Grande, who had been in charge of the Board of Health’s radiation
hygiene laboratory. In Norway, the equivalent contact was maintained with Reidar Eker, who was Chair
of the Norwegian National Council in ‘radiation hygiene matters’, and with Kristian Koren (1911-1990)
who was in charge of the State Institute for Radiation Hygiene (SIS). Contact with Finland was still
limited, partly because the head of the Finnish Radiation Protection Institute, Kauno Salimdki (1905-
1971), did not speak Swedish and also belonged to an older generation. The head of the Icelandic
Radiation Protection Institute, Geislavarnir rikisins, was Gudmundur Jonsson.

Of the many radiation protectionists and radiation scientists abroad with whom I generally kept in
contact, I should mention John Harley (1916-1993), John Hursh (1907-2003), Charles Meinhold and
Harald Rossi (1917-2000) in the USA, John Dunster (1922-2006), Greg Marley, Eric Smith (1911-
1998) and Scott Russell in the UK, Pierre Pellerin in France, Albrecht Kellerer and Wolfgang Jacobi in
Germany, Carlo Polvani in ltaly, Shinji Takahashi in Japan, and Alex Moiseev in the Soviet Union.

1.2.  Radiophysicists and medical radiology

During the 1966/1967 New Year holiday, the news in the major Swedish broadsheet Dagens Nyheter
(DN) was that, on retiring from his job as Assistant Professor and Head of the Institute of Radiophysics
at Sahlgrenska Sjukhuset in Gothenburg in 1966, Sven Benner (1900-1986) had been given the title of
Professor, something which was well deserved. However, he went on to remain active for almost another
twenty years. When he died in 1986, some of his colleagues’ wrote the following words in DN:

Sven Benner was not one for talking big. He was a humble person, the patient and
meticulous master. His knowledge was substantial and covered broad areas from
classical languages to modern physics. He was a learned man in the best sense of the
word. His network of contacts with the world’s radiation physicists was impressive and
was very significant to the development within Nordic radiophysics. Sven Benner was

* The European Nuclear Energy Agency. ‘European’ was subsequently dropped when non-European countries took part in the activity.
The ENEA then became the NEA.

¥ Magne Alpsten, Bertil Arvidsson, Séren Mattson, Inger Ragnhult and Holger Skéldborn
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someone who took the initiative and instigated the formation of Swedish and Nordic as
well as international medical physics associations.

On 3 January, the Swedish Radiation Protection Institute® sent out a circular which reported the
responses to a questionnaire that had previously been sent to the country’s medical physicists containing
questions about the Radiation Protection Institute’s dosimetry and dose control activities and surveying
of radiotherapy sources. The questionnaire had been answered by 21 medical physicists. The main
question was whether it ought to be the Radiation Protection Institute or the medical physicists who did
surveys and took control measurements from the x-ray therapy devices and teletherapy devices.
Everyone apart from one of those who answered placed his cross in the ‘yes’ box for the alternative
which read:

Much of the dose control is being taken over by medical physicists. The standard
laboratory is becoming a service authority that can be consulted directly as well as
serving the supervisory departments in terms of dose control (in the absence of medical
physicists).

1.3.  The Nairobi project

In January 1967, a ‘Cancer in Africa’ conference was held in Nairobi. Those travelling to the
conference from Sweden included Jerzy and Nina Einhorn, Georg and Eva Klein, and Rune Walstam.
A colleague of Georg Klein, Peter Clifford, was very anxious that Sweden assist with the radiation
treatment of the very rapidly-growing tumour called Burkitt’s lymphoma. The Swedes proposed that this
treatment take place at the Aga Khan Platinum Jubilee Hospital in Nairobi. Rune Walstam has written
about this (Walstam, 2002):

A simple wooden building, a few square metres of lead sheet and a 200-kV x-ray
device was what it was thought our funds could cover. Over a period of two years we
would treat a number of cases of Burkitt’s lymphoma and let the Kenyans look at all of
the material. Georg Klein’s colleague, Doctor Peter Clifford, was very committed and
positive regarding the plan, as was the KCC (the Kenya Cancer Council), a very active
local organisation.

The Kenyan Ministry of Healthcare (MoH) politely but resolutely declined the
proposal. They wanted something more long-term with a placement at the University
Hospital, the Kenyatta National Hospital. Jerzy said that this was a much bigger and
more time-consuming project. It would require a cobalt device, a concrete building and
extensive training plans over a period of 10 to 20 years. It would require significant
local inputs. On the journey home I was fairly pessimistic about such a project coming
to fruition.

However, a few months later, the KCC gave notice that local funds that could
support a larger project had been collected. The contributors included President Jomo
Kenyatta himself and the local Rotary Club. I was asked to draw a minimum concrete
bunker that would be built between two nursing wings.

This was the introduction to a cooperation which, over the next few years, would demand substantial
contributions from Jerzy Einhorn and Rune Walstam. I will say more about this in the Chapters on 1968
and 1969.

* ‘Statens stralskyddsinstitut® (SSI), a regulatory authority. The Swedish name literally translates as ‘the Swedish Radiological Protection
Institute’ but other English names have also been used at times (the National Institute for RP; the Swedish RP Authority). In 2008, merged
with the Swedish Nuclear Power Inspectorate (‘Statens kdrnkraftinspektion’, SKi), to form the Swedish Radiation Safety Authority
(‘Stralsakerhetsmyndigheten’, SSM).
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1.4. Medical radiation treatment in Sweden

On 15 February, Jan Cederlund moved from Borés to Uppsala. Jan had been active as a medical
physicist at the Central General Hospital in Boras for five years and had worked with Professor Harold
Johns in Canada for two years before that. He now came to Akademiska sjukhuset and its ‘high voltage
department’ where Professor Bengt Norman was Chief Physician. They had since long had a small cobalt
device for radiation treatment (an Elema decacurie device with 30 curies, i.e., 1.1 terabecquerels®, of
cobalt-60) for a long time but there had been no room for larger treatment devices in the old building.
However, since the new construction of bunkers which had iron ore concrete walls sunk into the ground,
they had now started to install a larger teletherapy device, a Siemens Gammatron 3 with 3000 curies
(110 terabecquerels) of cobalt-60, and were preparing for the installation of a Brown Boveri betatron.
Uppsala Nya Tidning wrote:

Akademiska sjukhuset’s new cobalt gun — the gammatron — is to be charged. The
room in which the gammatron is assembled has strong walls made of iron ore concrete
as radiation protection. It will be possible to monitor the patient during treatment
through a green lead glass peephole using a reflective mirror. At this very moment, men
in white are cautiously manoeuvring a truck towards the gammatron. On the truck is a
lead container almost one metre tall within a steel plate mantle. In the lead housing in a
tungsten cartridge is the small tube — 2 cm in diameter — containing radioactive cobalt.
The sender of the lead colossus, Atomic Energy of Canada, is not going to send such
substances over the Atlantic in an ordinary case.

Men from the Swedish Radiation Protection Institute are monitoring the situation
with rem-reading devices around their throat.

But Akademiska sjukhuset was not the only place at which radiation treatment was being prepared in
Uppsala. Uppsala Nya Tidning related what happened at the Gustaf Werner Institute where people had
access to a synchrocyclotron which generated proton beams and where Assistant professor Bérje
Larsson (1931-1988) led a research group:

Assistant professor Larsson leads a task group which is involved with something
which could be called basic natural science research within the radiotherapy field. The
results achieved in such research can then be used clinically, in brain tumour therapy,
neurosurgery, in the treatment of cancer of the genital area and in general radiotherapy,
for example.

At the Werner Institute, we can only accept a very few tumour patients for treatment
— no more than a couple a month, says Assistant professor Larsson. We have no
resources to accept any more, and we also believe that the basic research we are now
doing in the field of radiation will be of substantial value in the longer term. Irradiation
resources need to be expanded in order to be able to make practical use of the applied
research results that have been achieved. However, even if this does not take place,
results of research as we do it can still be applied. This has happened in neurosurgery.

The reason for the newspaper article was that Bérje Larsson had received a 40,000 Swedish kronor?
research grant from the Swedish Cancer Society. However, Larsson emphasised that the research done
by his group could not be directly transferred to practical radiation treatment in healthcare:

The Uppsala synchrocyclotron would now cost approx. 15 million Swedish kronor
to build — approx. the same as a modern fighter plane, says Assistant professor Larsson.

* A terabecquerel (TBq) is an activity of 10'? nuclear disintegration per second, i.e., approx. 27 curies.

T To provide a context, in 1965 one British pound corresponded to 14.43 Swedish kronor, in 1975 to 9.22 kronor, in 1985 to 11.09 kronor,
and in 1995 to 11.25 Swedish kronor. The corresponding exchange rates for 1 US dollar were 5.16 Swedish kronor in 1965, 4.16 kronor in
1975, 8.59 kronor in 1985, and 7.13 Swedish kronor in 1995.
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Together with a group of researchers at the Johnson Institute for Industrial Research and
Professor Leksell at the Neurosurgery Clinic in Stockholm, we have now constructed a
smaller and considerably cheaper source of radiation, a device which goes by the
working name of the ‘Gamma Knife’."

Leksell also cooperated with Larsson regarding ‘bloodless surgery’ using the proton beam. In ‘The
Labours of Hercules’ I wrote: ‘The attempts were successful but the use thereof was inhibited by the
contact difficulties that arise when medical research and development take place outside the actual
hospital environment’.

In Jonkoping, they had also received new resources which were described in Jonkopingsposten on 18
March:

A radiotherapy clinic is a valuable addition which is being developed at Jonkoping
General Hospital. One such clinic has existed there since 1 May last year, although in
fairly makeshift premises. There will now be some refurbishment and extensions. New
devices to be purchased will include a cobalt gun and a betatron for a total value of more
than one million. With these, it will be easier to go to the depth of tumours in radiation
treatment. The County of Jonkoping is therefore being given this type of department,
which corresponds to those in other parts of the country. This also means that fewer
people needing tumour treatment will be referred to other clinics.

The chief physician at the new clinic is Dr. Bengt Mdrtensson, who is coming from
the regional hospital in Orebro. The medical physicist will be Dr. Carl-Gésta Rylander,
who was previously associated with the National Radiation Protection Institute in
Stockholm.

‘The cobalt gun’ was the Siemens Gammatron 3 with 5000 curies (185 terabecquerels) of cobalt-60.
The betatron, whose operation would be delayed by another few years, was an 18-MeV Siemens
betatron.

New teletherapy devices at Sédersjukhuset in Stockholm were described by Expressen on 9 March.
A picture showed how the head of the hospital’s radiotherapy department, Dr. Folke Mossberg, and
medical physicist Berndt Soderborg, monitored the charging of one of the two ‘cobalt guns’. The
newspaper wrote:

Yesterday morning, a large group of doctors and journalists gathered around a
radiation capsule inscribed with ‘Warning — radioactive material’ at Sodersjukhuset. If
someone had removed all of the capsule’s steel, lead and tungsten protective cover, we
would all have died within three minutes. Before this, we had managed to catch sight of
8 millilitres of cobalt (it looks like Russian caviar). The radiation strength of these 8
millilitres is very effective, the equivalent of 11.5 kilos of radium.

Sodersjukhuset charged its two new cobalt guns, the City of Stockholm’s first high
voltage plant for the treatment of tumours. With their very powerful radiation, the cobalt
guns can cure tumours that ordinary x rays do not reach.

The two devices concerned were both Siemens Gammatron 3, with 6000 and 3000 curies (220 and
110 terabecquerels) of cobalt-60 respectively. It was likened to Russian caviar because the cobalt existed
in the form of small balls. Stating the size of the preparation in millilitres was an original approach. The
unprotected source of radiation could definitely have emitted a fatal radiation dose in three minutes, but
the death would have not occurred until after a few weeks, not after a few minutes.

The stated examples show that 1967 was a breakthrough year for radiation treatment with teletherapy
devices. Accelerators in the form of betatrons and linear accelerators also began to see further use. The
Swedish Radiation Protection Institute’s report for the 1967 activities shows six accelerators. Three

* You can also read about the synchrocyclotron and the Gamma Knife in Chapter 9 of ‘The Labours of Hercules’.
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clinics had procured Brown Boveri’s 35 MeV betatron (Sahlgrenska Sjukhuset in Gothenburg, Lund
General Hospital and Umea General Hospital). Two had Siemens betatrons: the Regional Hospital in
Orebro (42 MeV) and Radiumhemmet in Stockholm (16 MeV). Sahlgrenska Sjukhuset also had a 5 MeV
linear accelerator from Associated Electrical Industries. Two Siemens betatrons were on the way — one
for Jonkoping (18 MeV) and another device (42 MeV) for Radiumhemmet. Radiumhemmet would soon
also receive a 6 MeV linear accelerator from Varian.

The Swedish Radiation Protection Institute’s activities report for 1967 gave no details of teletherapy
devices, but the report for 1968 gave a table of data for 25 teletherapy devices that had kilocurie sources
and 6 decacurie devices (from Elema). Two of the kilocurie devices were Pickers devices and used
caesium-137 (Borés and Lund); the others used cobalt-60 and were at the General Hospital in Boras, the
Central General Hospitals in Eskilstuna, Gévle, Jonkdping and Karlstad, Sahlgrenska Sjukhuset in
Gothenburg, the Regional Hospital in Linkdping, the General Hospital in Lund, the General Hospital in
Malmo, Radiumhemmet, the Red Cross Hospital and Sodersjukhuset in Stockholm, the General Hospital
in Ume&, Akademiska sjukhuset in Uppsala and the Regional Hospital in Orebro. The ‘radiation knife’
produced at the Motala workshop for Professor Leksell at Sophiahemmet in Stockholm used 4000 curies
(150 terabecquerels) of cobalt-60.

On 2-8 April 1967, the first European Congress of Radiology was held in Barcelona with more than
3000 participants. The account of the trip, which was jointly written by Assistant Radiology Professor
Gustaf Notter and medical physicist Per-Erik Asard, was an eye-opener for us in terms of the speed of
the technical development. In 1967, computer technology was clearly still not mature enough for
practical application in dose planning for the radiation treatment of tumours. Notter and Asard wrote
about ‘the computer’:

A discussion regarding the significance of computers within dose planning had been
organised. Opinions were divided as to whether the calculation of dose distributions
using a computer was preferable, particularly from the economic point of view.

1.5. Radiophyisicists defending theses

On 17 May, Licentiate of Philosophy Gunnar Bengtsson (1941-) defended his thesis in Lund. The
newspaper Arbetet (‘The work’) in Malmo had noted the event. Big headlines on the Thursday were as
follows:

INFORMATION FROM LUND STUDY:

Children and pregnant women
are affected less by radiac!

The actual article began with:

The effects on humans of radiation from radioactive fallout are significantly less in
children and pregnant women than in other adults. The radiation dose — and thereby the
risk of radiation injuries — increases with the person’s age. The results were revealed in
Ph. Lic. Gunnar Bengtsson’s doctoral thesis, which was defended in Lund on
Wednesday. The author has determined the presence of the radioactive isotopes in
humans as being strontium, caesium, radium and potassium.

One of the five sections of the doctoral thesis deals with the transformation of
radioactive caesium in pregnant women and infants. The results are based on a survey
conducted by the author with medical physicist Yngve Naversten and research engineer
Goran Svensson under the leadership of Professor Kurt Lidén at the Institute of
Radiophysics at Lund University.

I had been appointed faculty opponent while Gunnar had chosen his colleague Bertil Persson as the
second opponent. The defence proceeded with no surprises; Gunnar had produced solid work.
9
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A few days later, the first doctoral defence took place at the Faculty of Philosophy in Umed. The
person defending was Ph. Lic. Curt Pettersson, who was to become medical physicist at Boras. The
thesis concerned a method for measuring doses during irradiation from the betatron in Umea. The first
opponent was Assistant professor Sten Carlsson and the second opponent Jan Cederlund. In an interview
with Dagens Nyheter, Curt says:

The measurements are physically complicated. There are carefully prepared methods
for these measurements for the radiation sources that are used in Boras, for example.
There were no equivalent experiences for the particle accelerator. There was no
dosimetry there.

Here, I have drawn up a special measurement system to be able to determine the
values. The basic instrument which I prepared was a calorimeter which can determine
temperature increases in water down to one hundred thousandth of a degree. A normal
dose which is administered during therapy (for cancer) raises the temperature by one
thousandth of a degree. IAEA (International Atomic Energy Agency) in Vienna (a UN
body) has compared different measurement methods and my method produced a good
test result.

1.6.  Medical physics in Orebro

The Regional Hospital in Orebro was delighted that Karl Johan Vikterlifhad been awarded a research
grant ‘to refine the determination of patient doses for betatron and cobalt irradiation, with particular
reference to function studies in organs where exposure to radiation is not wanted’. Nerikes Allehanda —
Nerikes Tidningen interviewed Vikterl6f, who said:

Don’t start thinking that I’'m running a new form of cancer research. I'm no medic
(Assistant professor Vikterlof is Dr. of Philosophy). But as a medical physicist, it is my
task to ensure that the irradiation doses we have are used in the best possible way.
Thanks to an improved device — as you know we have a betatron and cobalt guns — we
have new possibilities of making the treatment adequate and correct.

1.7.  The Congress of Radiology in Umeé

In June 1967, the Nordic Society for Medical Radiology held its 28" Congress in Umea. The opening
meeting was held at 09.00 on 15 June in the Umeé Secondary School’s assembly hall. In his welcome
address, the President, Professor Lars-Gunnar Larsson, paid tribute to the two honorary members, Elis
Berven and Rolf Sievert, both of whom had died in the previous year. In the minutes of the Congress,
the Secretary wrote: ‘The Congress was graced with wonderful, warm weather, and for the many people
who live in the more southerly parts of the Nordic countries it was a big experience to see how long and
light the northern Nordic day is and how intense the summer can be there as well’.

Before the Congress, Asmundur Brekkan, Secretary of the Icelandic Radiological Society, had said
that their society now had nine members and that it was therefore starting to think about convening a
meeting of the Nordic Society in Reykjavik (the meeting was held in 1971).

In the diagnostics section of the scientific programme, Professor Olle Olsson’s pioneering work into
the x-ray diagnostics of cancer of the pancreas was what attracted the most attention. However, therapy,
physics and nuclear medicine sections dominated with a total of 56 presentations. The technical
development was reflected in general headings such as:

Medical use of accelerators
Scanning of radionuclides
Standardisation of detailed measurements of betatrons
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1.8.  X-ray diagnostics in Lund

Many saw Olle Olsson as Sweden’s most prominent x-ray diagnostician and he had a good
international reputation. On 11 November, Arbetet carried an article about his institution in Lund. The
following was written in the introduction:

The x-ray department is something with which all people will sooner or later come
into contact with at a hospital appointment. Nowadays, 100,000 examinations take place
per year in Lund, an unusually high percentage of which are qualified cases. The
majority are carried out on inpatients. The move to the block will start shortly. It will
take place gradually to be fully completed by 1969. It is a huge adaptation process which
will give Lund the biggest independent unit of this type in Europe. Swedish x-ray
diagnostics are also world-renowned and have set a worldwide trend, and the Lund
radiologists have played a leading role in this respect.

In addition to Olle Olsson, the Lund radiologists referred to the article were Assistant professor Erik
Boijsen (1922-2017), who became Professor in 1970, Assistant professor Olof Norman (born in 1920),
Dr. Sten Crongvist and Dr. Thure Holm. Olle Olsson described his philosophy in Arbetet:

Swedish x-ray diagnostics are held in such high international regard primarily
because we have a prominent basic healthcare organisation, says Professor Olsson. I
often emphasise to foreign experts the importance of activities of this type being a)
independent and b) centralised. This philosophy is now en route to making a worldwide
impact.

The way in which the x-ray diagnostics activities were run in 1967 was described in Arbetet:

The x-ray images will be transferred using TV as far as possible. For example, a
picture will be taken of an injured patient in an emergency admission and the image will
be sent by means of TV from the radiologist to the emergency department, which can
use TV to communicate with colleagues at the central x-ray department. The image will
be analysed, whereupon it can be demonstrated on the TV screen to the treating doctor
wherever the latter is; that is flexible image communication for you.

Practically the entire x-ray activities stand or fall with the organisation. Many purely
organisational ideas have been borrowed from trade and industry. X-ray departments
have grown into ‘industries’ in just a few decades as regards the way the image is
actually processed — a type of service industry you might say, the significance of which
to healthcare has come under increasing focus at the major hospitals.

1.9. X-ray equipment for developing countries?

A few weeks previously, Arbetet had described another aspect of Olle Olsson’s activity. Together
with mainly Lars-Eric Larsson he had constructed an easy and cheap piece of x-ray equipment for
hospitals in developing countries which lacked resources. The following introduction was written:

The chief medical officer in charge at the General Hospital in Lund, Professor Olle
Olsson — WHO’s x-ray expert — has, together with radiation protection physicist in
Stockholm, Dr. Lars-Eric Larsson [the name was incorrectly spelled in the article] and
Chief physician J J Stevenson from London, come up with a completely new and much
simpler x-ray device for the needs of developing countries. The idea of simplifying it is
to be able to cut down on the level of personnel resources needed, but also to enable the
device to be installed in the simplest of surroundings, which therefore also means it has
been shown to be an excellent ‘field device’. The tests have taken place in Kenya and
the Congo. Four of the world’s leading x-ray companies have been involved in building
up the facilities and mass production (1000 devices for the first batch) will now begin.
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Russia has also registered its interest in being able to demonstrate its x-ray activities and
to be in the competition along with Holland, the UK, Germany and America.

However, the good and well-intended initiative was not enthusiastically received by everyone. In the
‘developing countries’ the initiative was perceived by many as condescending protection and as an
insinuation that people would indeed not be able to have such good equipment as that in the rich
countries.

1.10. Radiophysics in Lund

Radiophysics under Kurt Lidén also made progress in Lund. On 11 February, Skanska Dagbladet ran
the headline ‘Substantial funding for research in Lund’. Lidén was the one who, along with Professor of
Radiotherapy and Tumour Diagnostics Martin Lindgren, had been given 365,000 Swedish kronor to
procure a gamma camera. On 7 September, Arbetet was also able to say that the Institute of Radiophysics
in Lund had begun its move into new, specially-built premises. Since low-activity measurements would
also be taken there, it was necessary to use specially-selected building material as was the case with
Sievert’s institute in Stockholm. Arbetet wrote:

The National Board of Public Building and Skdnska Cement have had to
continuously submit the building material to Professor Lidén in order to ascertain
whether the material was radioactive. For example, it was found that the white lime
mortar had much less radioactivity than the usual red bricks, and only when it came to
bricks were surveys done in Sweden as well as abroad. The concrete in the walls at
basement level has also been closely inspected and they have had to use two different
sorts of concrete.

1.11. The annual meeting of the Society of Radiophysicists

The Swedish Society of Radiophysicists held its annual meeting on 1 December 1967. The following
board was elected for the forthcoming activity year:

Karl Johan Vikterlof, Chair
Lennart Sundbom, Secretary
Bengt Pettersson, Treasurer

Yngve Naversten
Carl-Olof Widell

Kurt Lidén gave an account of a planned cooperation between people who were interested in
biophysics. Jan Cederlund began a discussion regarding the competence that was expected from medical
physicists. A Committee to look at the matter was set up with Holger Skdldborn as the convenor. Sven
Lofveberg had compiled an inventory of professionally-active radiophysicists. The number of existing
jobs was 97, of which 38 were held by physicists with licentiate degrees or doctorates. At the Radiation
Protection Institute there were 25 jobs, at the Institutes of Radiophysics (Lund, Gothenburg, Stockholm,
Umed) 15, within the nuclear power industry 15, 12 at the Swedish Defence, and there was a total of 25
jobs for medical physicists at 19 hospitals.

1.12. The radiation in our homes

The awareness that there was an uncomfortably high level of radiation in some homes meant that the
Radiation Protection Institute began to consider some form of intervention. The most obvious thing was
to attempt to stop the production of the most radioactive building material, Ytong, a slate-based gas
concrete. In a working document from February 1967, I attempted to summarise the problems based on
Bengt Hultqvist’s measurement results in houses made of different building materials in the 1950s.
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Hultqvist’s measurements showed that the radiation dose from gamma radiation in houses made of gas
concrete was more than twice as much as in brick houses. The highest radiation doses that Hultqvist
measured were estimated to give almost 300 millirad per year (corresponding to approx. 3 millisieverts)
in bone marrow and the genitals. Such high radiation doses ought to be avoided, but there were still no
international recommendations to use as a basis. The Radiation Protection Institute also had no power to
issue provisions other than for the protection of workers. The available options were to convince directly
responsible authorities to intervene, which was something that would not be easy without international
support, or to convince the producer of Ytong to voluntarily close down its production. I wrote:

As shown by that which is mentioned above, people have been well aware of the
radioactivity in building material for 10 years, and know which radiation doses it causes.
These are not high enough to warrant taking any drastic measures at all against the most
radioactive materials, even though it can be said that every unnecessary increase in the
general level of radiation is less than desirable. A gradual transition to less active
materials may be recommended and appears to be taking place. The most active building
materials may be appropriate for use in structures and parts of buildings where the
radioactivity has the least disruptive effect. It is a welcome development that
professionals have shown an understanding of these problems

In addition to radiation doses from gamma radiation from building material, the inhabitants also
received radiation doses in their lungs from inhaled radon, primarily its radioactive daughter products.
Hultqvist’s results showed that the radon level in gas concrete houses was high but not considerably
higher than the maximum values that had been shown in houses made of brick. The explanation for this
is that it is not just the level of radium in the building material which determines the level of radon in
the indoor air, but also the degree of ventilation and emanation of radon from the ground. I wrote:

The radon concentrations are not that much higher than what is recommended to
justify intervention from the risk point of view. Not only that, the highest radon levels
are down to poor ventilation rather than particularly active material; they occur in brick
houses just as they do in light concrete houses. However, from the radiation protection
point of view, the problem with radon seems to merit early attention unless the current
distribution of materials and types of house changes radically.

If the ventilation was poor, it turned out that radon levels which were 10-100 times higher than with
good ventilation” could be received. In a few apartments with poor ventilation, Hultqvist had measured
radon levels which exceeded the limit values that had been recommended for miners!

One conclusion whose significance I missed at the time was that the radon which comes up from
the ground can be important. This is shown by the fact that the radon levels that Hultqvist measured in
basements had no conspicuous connection with the type of building material, and because increased
radon levels could also be demonstrated in timber houses.

The Radiation Protection Institute followed the development with interest and trepidation.
Something ought to be done, but what would we be able to do other than criticise the risks and attempt
to get international bodies like ICRP and OECD to formulate recommendations? However, our
international colleagues saw the situation in Sweden as unique and of no interest to other countries. We
did have the particularly radioactive building material Ytong after all!

It should be pointed out that in 1967 we were a long way off having the knowledge of the risk of
radiation from radon which we now have. There was still no definite connection between the inhalation
of radon daughter products and a risk of lung cancer. Many still believed that there were threshold values
for radiation doses and that small radiation doses therefore probably carried no risks. However, there

* There is sometimes a misunderstanding concerning ventilation and airing. Ventilation is the normal air change method while airing
increases the air change only temporarily. Ventilation is what determines how high the average level of radon is. Airing reduces the level
of radon only for a short time.
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was absolutely no doubt that the high incidence of lung cancer among miners in Czech Joachimsthal and
Schneeberg were caused by the high radon levels in the air of mines. However, it was still thought not
to be possible to estimate the risk from high radon levels in homes, and risk-estimating groups such as
UNSCEAR and ICRP had not yet discussed the matter.

The situation was complicated by the fact that there were worse materials than the slate-based gas
concrete which attracted developers, namely conceivable building materials based on raw material from
Ranstad. The Ranstad works had been built to ensure access to uranium for the Swedish nuclear power
programme. It was in operation from 1965-1969 during which a total of 213 tonnes of uranium were
produced from the alum shale from Véstergotland; thereafter, only experiments took place. The activity
was never profitable and was no longer viable when the prices of uranium fell and it was possible to
import it. One option to improve the profitability would have been to produce building material based
on the slag residues, which unfortunately were pretty radioactive. An Atombolaget report by Stig
Bergstrom and Thor Wahlberg showed that using the raw material from Ranstad as building material
would considerably increase the Swedish population’s exposure to radiation and the project was put off.

1.13. The problem with radon in mines

The following can be read in the Radiation Protection Institute’s activities report for 1967:

In 1967 there were preliminary attempts at air activity measurements in mines. What
was then the Institute of Radiophysics had already done some control measurements in
air in the Boliden mine at the start of the 1950s. The results gave no cause to suspect
that the level of radon in Swedish mines could be high enough to cause a health problem.
The mines abroad which have had serious problems with the radon levels have been
uranium mines which do not exist in Sweden. However, the problem with radon in the
mines abroad has been extensively studied in recent years, which has also brought forth
information that high radon levels can occur in other types of mine. The Radiation
Protection Institute has therefore resumed taking radioactivity measurements of mine
air. In 1967, measurements were carried out in the Nisliden and Léngsele mines at
Boliden. In this connection it was ascertained that the radon level did not involve any
problem provided people worked with good ventilation. However, in Sweden there are
around 80 ore mines with approximately 10,000 people working in them. There are no
reasons to believe that the mines surveyed so far should be the most radioactive, and
examining other mines as well must therefore be considered to be justified from a
radiation hygiene point of view.

In a couple of articles in April, the Washington Post had referred to a new report which estimated
that 1150 American uranium miners would end up dying of lung cancer from radon just from the
radiation they had already received, but that it could take decades for the disease to develop. The articles
thought that the new protection standards which were being drawn up were inadequate (and they were
also not as cautious as ICRP’s recommendations).

With reference to the uncertainty regarding the level of radon in Swedish mines, Jan Olof Snihs,
who was in charge of the Radiation Protection Institute’s special laboratories for radiation measurements
at the time, applied for 3000 Swedish kronor from the Folksam Research Council in October 1967 for
‘measurements in a few selected mines’. It may seem strange that we did not put more into the mine
surveys, but we had still no sign that there were any major problems, and the endeavour that was made
in 1967 was seen largely as a way of checking that the situation really was without problems.

1.14. The radioactive contamination of foods

On 9-13 October, the UN’s Food and Agriculture Organisation (the FAO) and IAEA arranged a
meeting in Lisbon to discuss which levels of radioactive substances could be accepted in foods during
times of peace. IAEA had invited me to take part.
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The meeting was the type that IAEA usually called a panel meeting (discussion group) and
therefore had a limited number of participants, 12 panel participants plus a number of observers. You
may be interested in seeing who the participants were and where they came from:

C. L. Comar Chair of the Department of Physical Biology at Cornell
University in Ithaca in New York

Lars Fredriksson Manager of the Radiobiology Department at the University of
Agricultural Sciences in Uppsala

Bo Lindell Manager of the Radiation Protection Institute in Stockholm

W. G. Marley Head of the Radiological Protection Division of the UK Atomic
Energy Authority in Harwell

G. Michon Secretary of the Interministerial Commission for Artificial
Radioelements in Gif-sur-Yvette in France

Jan Miiller Manager of the Institute for Radiation Hygiene in Prague

J. M. Payne Institute for Research on Animal Diseases at the Agricultural
Research Council in Compton Newbury in the UK

E. E. Pochin Director of the MEDICAL RESEARCH COUNCIL Department of
Clinical Research at University College Hospital in London

Carlo Polvani In charge of the Radiation Protection Department of the Italian

Atomic Energy Commission in Rome

H. P. Schmier Deputy Director of the Radiation Protection Department, the
Board of Public Health in (West) Berlin

R. Scott Russell  In charge of the Radiation Biology Laboratory of the Agricultural
Research Council at Letcombe Regis in the UK

Paul Tompkins ~ Executive Director of the Federal Radiation Council in
Washington D.C.

The current position was that everyone was still at a stage where the meaning of and the principles
for setting limits were unclear. The limits used for various non-radioactive food contaminations were
actually action levels, i.e., were used to determine whether a contaminated food could be sold. On the
other hand, the dose limits that were recommended by ICRP for the public were intended to form the
basis for the requirements that had to be set for the normal running of activities which could lead to
people being exposed to extra radiation doses. Because these requirements applied to normal situations
and were therefore strict, it was not reasonable to also apply them as action levels should something
unexpected occur, because this could lead to unwarranted measures and perhaps even lead to greater
risks.

The thought that an activity during normal operation could be permitted to cause an extra radiation
dose was not easy for everyone to understand. Many asked how the authorities could permit anything
other than zero when it came to extra radiation doses. Some people sharpened the criticism by saying
that a licence for an activity which is run despite the fact that people are irradiated amounted to a ‘licence
to kill’.

The critics sometimes did not have enough technical and physical knowledge to realise that it was
not possible to achieve zero doses in many cases. Comparisons can be made with many other activities
in which the zero risk is impossible to achieve, such as traffic or phenomena such as noise. In the latter
case you would like the environment to be as quiet as possible, but you do not take measures against a
source of noise until it is sufficiently inconvenient.

There was no reason to take measures against a normal activity which was limited by requirements
originating from ICRP’s radiation protection recommendations. If on the other hand an accident occurred
which scattered radioactive substances in the environment, and perhaps also in foods, it would be
necessary to consider whether special protection measures were justified. The limitations that applied to
the normal situation were irrelevant in such circumstances. Instead, it would be necessary to consider
which protection measures were viable, which were the most effective, and primarily whether any
intervention would improve the situation. In this connection there were no dose values or concentration
values which could generally be used as an action level. The given situation had to be observed, and
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action levels could be recommended only for a specific situation. It was easy to see that a ban on the use
of contaminated water would have to be based on different grounds in a) a catastrophe where no other
drinking water was available and b) in a situation where rejecting the water would have no negative
consequences. People ought also to have realised (although many did not) that a specific concentration
of a radioactive nuclide led to different radiation doses and different risks if they occurred in a basic
food such as milk or in a food that is eaten in only small quantities, such as a spice.

These problems were particularly relevant when it came to the reindeer meat which was contaminated
with caesium-137 from the radioactive fallout following the major Soviet nuclear explosions at Novaya
Zemlya in 1961 and 1962. Reindeer meat was a basic food for the reindeer-herding Saami but a relatively
rare delicacy for much of the Swedish population. Banning the sale of contaminated reindeer meat
therefore had no noteworthy consequences for the Swedes in general, but major consequences for the
Saami people’s lifestyle, not only when it came to their own food but for the whole of their sustenance.
At the same time, it was the Saami who had the greatest radiation doses through their substantial
consumption of reindeer meat. The reindeer meat was also the most contaminated food following
radioactive fallout over Sweden. Not owing to the proximity to Novaya Zemlya — the caesium had
travelled on the winds in the troposphere around the globe before reaching Sweden — but owing to the
fact that it stuck to large areas of lichens on which the reindeer grazed.

The presence of the radioactive substances in reindeer meat was discussed in a letter to the editor in
no. 35 if Ldkartidningen, the author, Ph. Lic. 4. M. Uesson. The conclusion regarding his observations
read:

Reindeer meat ought therefore to be supplied with a warning regarding its
radioactivity and regular consumption of the same be forbidden.

I did not think that such action was warranted, bearing in mind the low risk. Uesson did not know
that the Radiation Protection Institute’s measurement data on the contamination of the reindeer meat had
been published in the daily press when the activity was at its highest (winter 1964-1965) and that
accounts of the situation had been published in the Saami people’s national newspaper Samefolket.
Bearing in mind the serious consequences that concern for the reindeer meat could have for reindeer
husbandry, I contacted Ldkartidningen regarding a correction. In the conclusion of my contact I wrote:

In this respect, the reindeer-herding Saami population are doubly the most vulnerable
group. They consume maybe one hundred times the amount of reindeer meat per person
and year that an average Swede does. Their radioactivity uptake is consequently
considerably greater and, were there to be a risk, it would affect them long before it
affected anyone else. There are also no factual grounds to assume that the radioactivity
in the reindeer meat would make it unsuitable for consumption in large quantities per
day. However, the unwarranted rumour that this would be the case means difficult
economic and social harmful effects for the particular group of people whom ill-advised
but well-intentioned people intend to “protect’.

I did of course send a copy of my contribution to Assistant professor Israel Ruong, editor of
Samefolket.

1.15. The isotopic lighthouse

The breakthrough of the civil nuclear power industry meant that the waste issue presented an even
greater problem. Not only was it politically undesirable, it was also a technical challenge to see the
radioactive waste from the nuclear power plants as something positive, an additional asset. The long-
lived gamma-emitting nuclide caesium-137 is one of the fission products and it could be separated for
use as a powerful source of radiation. The need for this source of radiation was not obvious; as was often
the case, something that could be used was available but you had to look around for the areas of
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application. The one that looked the most promising was the UV sterilisation of foods, a technique which
I will discuss in further detail in chapter 17"

The other long-lived fission product in the waste which is of technical interest is strontium-90,
although this is purely beta-emitting (through its short-lived daughter product yttrium-90). There was
also an eager search for areas of application in this connection but this was not very successful. The idea
of strontium-90 as a source of energy for wristwatches did not take off and the phenomenon was very
short-lived. A more realistic use of strontium-90 as a source of energy concerned lighthouses in areas
which were difficult to access and where maintenance was a problem. Such strontium-run lighthouses
were tested in Stockholm’s archipelago for a few years.

The source of power for this lighthouse was a British make and was called Ripple (for Radio Isotope
Powered Pulsed Light Equipment). Ripple was manufactured by the UKAEA (UK Atomic Energy
Authority) which wanted to set up three testing plants - one in England, one in Denmark and one in
Sweden. The trial run would be for five years and then the source of radiation would return to England.
The project was reviewed by the Radiation Protection Institute with Bengt G. Pettersson as executive
officer. In September 1967, ‘BGP’ wrote a memorandum containing a description of the plans.

The benefits of an ‘isotopic lighthouse’ (as it was called) compared with lighthouses with more
conventional sources of power (batteries or gas) were primarily that they were easier to maintain. Instead
of three to four service visits per year, one visit per year was enough. Not only that, there was also no
need for heavy transportation of batteries or gas tubes.

The Swedish isotopic lighthouse was set up in a special lighthouse building erected just outside
Stavsnis on the southern of two flat rocks called Tegelhdllorna. That rock is no more than twenty square
metres, which is why the lighthouse building took up almost all of the rock area.

The electric generator contained two sources of radiation, each with 4000 curies (150 terabecquerels)
of strontium-90 as encapsulated, pressed and sintered strontium titanate in the form of a cylinder that
was four centimetres long and three centimetres in diameter. The ceramic material had been selected for

its high melting point (2080 °C) and poor solubility in water.

There were no good reasons not to agree to the trial run of the isotopic lighthouse. Small boats which
could collide with the lighthouse would not be able to damage it. Large vessels would be prevented by
the bedrocks in the surrounding shallow water. If despite all odds a collision were to destroy the
lighthouse and fling the source of radiation into the sea, it would be easy to salvage it. According to the
agreement, the UKAEA would both take care of the maintenance work and be responsible for the safety
arrangements for any rescue operation, even though the formal responsibility lay with the Maritime
Authority.

Although everything indicated that safety was guaranteed, we at the Radiation Protection Institute
had a bad feeling about the project. 8000 curies (approx. 300 terabecquerels) was still an impressive
activity of a potentially dangerous nuclide. Luckily, everything went well (except for the expected
success which did not come about) and it was possible to return the strontium to England following the
trial period.

At the same time, in the 1960s, the Soviet Union had also developed thermoelectric generators with
strontium-90 as their source of energy. Here, the area of application was considerable; up until the 1990s,
a total of a thousand such generators (‘RTG’ for Radioisotopic Thermoelectric Generator) were erected
along the Russian coasts as a source of power for lighthouses like the one which was tested in the
Stockholm archipelago, but also in radio beacons and weather stations. Every RTG contained strontium-
90 with activities of between 20,000 and 350,000 curies (i.e., between 740 and 13,000 terabecquerels),
considerably more than in the Swedish lighthouse.

* A sterilisation plant had already been planned by 1967 for foods (fish) in Skirhamn in Tjorn with 300 000 curies (11 petabecquerel) of
cobalt-60 as its source of radiation. It was commissioned in 1968 but the intended irradiation of fish to extend its shelf life during
transportation never came to fruition owing to the Swedish ban on the irradiation of foods. One petabecquerel (PBq) is an activity of 10"
nuclear disintegrations per second, i.e., approx. 27 000 curies.
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It has become apparent that the Russian authorities did not have full control over these RTGs. A good
number of orphan sources of radiation went astray. Most RTGs are or were unmonitored and had no
fencing or warning signs. In several cases, thieves tempted by valuable metals disassembled the
installation, unaware of the strontium and the risk of radiation. The risk lies not only in the fact that
someone can receive surface irradiation from the beta radiation from strontium-90 through its daughter
product yttrium-90, but also in being exposed to penetrating ‘bremsstrahlung’. In the worst case scenario,
fatal radiation doses can be received following a few hours’ exposure if the radiation shields have been
removed. The many cases of valuable metal theft show that the actual radiation source has also been
easy to access. This has aroused the concern that terrorists could access the strontium and misuse it,
maybe in a ‘dirty’ bomb where common explosives could spread strontium-90 over large areas and
thereby create panic.

Sweden and Norway showed an interest in the situation in the Baltic and the Cap of the North. The
RTG lighthouses which are being collected and disassembled are being taken care of in Russia. The
strontium is being taken care of in the Mayak industrial complex in the western Urals, south of
Yekaterinburg, the city of a million inhabitants, the complex which was originally built for plutonium
production. Since the end of the 1990s, Norwegian efforts have meant that around 200 Russian RTG
lighthouses in the area around the Kola Peninsula have been dealt with and replaced by solar cell
lighthouses.

At the time of writing this, there are still several hundred RTG lighthouses in Russian waters which
the Russians hope to be able to phase out over a five-year period if they receive international assistance.
In this respect, interest has been shown by Canada, Norway, Sweden and the USA. The Swedish
Radiation Protection Institute hopes to be able to contribute expertise.

1.16. Israel’s nuclear weapons

June 1967 saw the start of the clashes between Israel and a number of Arab States which came to be
known as the Six-Day War. The prelude to these was the increasing tension between Israel and Syria
and the associated border conflicts that followed. Syria referred to its military alliance with Egypt from
1966 and Egyptian troops then marched up to Israel’s border. Both Jordan and Iraq soon entered into a
defence pact with Egypt and Israel found itself surrounded by openly hostile Arab States. On 5 June,
Israel’s Air Force attacked the former and its ground troops were able to attack while under cover from
the aircraft. The West Bank was conquered by Israel on 7 June. After just three days, Israel had occupied
the whole of the Sinai Peninsula and reached the Suez Canal, and Syria’s resistance was also soon
broken. On 10 June there was a ceasefire following a resolution by the UN’s Security Council. The war
was a complete success for Israel.

At the time of the Six-Day War, Israel is said to have put together at least two atomic bombs of same
size as the Japan bombs. Therefore, in addition to superiority in terms of conventional combat forces,
they had an important advantage over Egypt. Egypt had tried unsuccessfully to obtain nuclear weapons
from the Soviet Union, whereas Israel was already regarded as a nuclear arms state by 1967. How had
this come about?

A detailed report was submitted by Colonel Farr (Farr, 1999) at the American Air Force’s
Counterproliferation Centre at the Maxwell Air Force Base in Alabama. I cannot tell how neutral it is in
the conflict between Israel and the Arabs, but my perception is that it is reliable — it has extensive and
by all accounts reliable references — and this is my main source. In order to understand Israel’s situation
during the Six-Day War, it is necessary to look back at the development of events since the 1940s.

Many Jewish scientists emigrated to Palestine in the 30s and 40s. One of these was chemist Ernst
Bergmann, who would end up being head of Israel’s Atomic Energy Commission and the person who
took the initiative regarding the country’s nuclear weapons programme. Bergmann was a close friend of
and adviser to Israel’s first Prime Minister, David Ben-Gurion (1886-1973). At the Daniel Sieff Institute,
which went on to be renamed the Weizmann Institute in 1949, Bergmann was in charge of the Institute
of Chemistry. In 1952, a secret Atomic Energy Commission was formed which came under the Ministry
of Defence.
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In 1949, cooperation between Bergmann and the nuclear physicist Francis Perrin began at the French
Atomic Energy Commission, which led to close cooperation within France and Israel’s nuclear techno-
logy in the 1950s. After the Second World War, both of the countries were scientifically and technically
equal when it came to nuclear energy research where France had lost competence during the war. The
two countries supported one another in countless practical and technical matters.

Israel was worried that the Soviet Union would provide Egypt with far too much support, and when
Egypt’s President Gamal Abdel Nasser (1918-1970) closed the Strait of Tiran in 1953, which leads from
the Red Sea to the Gulf of Aqaba to Israel, Ben-Gurion began developing plans for unconventional
weapons, including nuclear weapons.

On 26 July 1956, Nasser stated that Egypt intended to nationalise the Anglo-French Suez Canal
company and the ‘Suez Crisis’ began. At the initiative of the Americans, the UN prepared measures to
settle the crisis. However, at the same time, British and French officers very secretly prepared a military
attack on Egypt, plans in which Israel would later take part. The three States saw Nasser as a troublesome
threat for different reasons.

During these preparations, Ben-Gurion and his adviser Shimon Peres (1923- ), then Deputy Defence
Minister, reached an agreement in September 1956 with representatives of the French CEA that France
would give Israel a research reactor.

On 29 October 1956, Israel began its attack by striking Egypt over the Sinai Peninsula. The attack
was a great success. When Egypt then immediately rejected a British-French ultimatum, an air raid was
started and on 5 November, a British-French unit landed in the northern part of the Suez Canal. However,
the attack stirred up substantial resistance in the UN from the two superpowers, the USA and the Soviet
Union. These forced the UK and France to ignominiously withdraw their troops, which left Israel alone
in the area. Bulganin and Khrushchev threatened a nuclear weapons attack if Israel did not also withdraw.

On 7 November, a meeting was held with Shimon Peres, Golda Meir (1898-1978, Israel’s Foreign
Minister), Christian Pineau (1904-1995, the French Foreign Minister) and Maurice Bourges-Manoury
(the French Defence Minister). The Israelites were deeply concerned about the threat from the Soviet
Union and the French were embarrassed that they had not been able to support their allies. At the
meeting, the promise of a research reactor was changed to a larger reactor with 18 MW of thermal power
with the possibility of subsequently increasing the power. The French would provide plutonium
separation technology with the reactor.

In March 1957, Israel was finally forced to withdraw from the whole of the Sinai Peninsula and the
Gaza Strip. There had still been a military victory and security had been fortified, but Nasser could also
be seen as a victor and his position in the Arab world was strengthened. The Suez Canal was re-opened
to traffic in 1975, but it had become less important by then since the merchant fleets had begun to use
super tankers which could not yet use the canal.

The following can be quoted from Farr:

Why was France so eager to help Israel? DeMollet” and then de Gaulle had a place
for Israel within their strategic vision. A nuclear Israel could be a counterforce against
Egypt in France’s fight in Algeria. Egypt was openly aiding the rebel forces there.
France also wanted to obtain the bomb itself. The United States had embargoed certain
nuclear enabling computer technology from France. Israel could get the technology
from America and pass it through to France. The U.S. furnished Israel with heavy water,
under the Atoms for Peace programme, for the small research reactor at Soreq. France
could use this heavy water. Since France was some years away from nuclear testing and
success, Israeli science was an insurance policy in case of technical problems in
France’s own program. The Israeli intelligence community’s knowledge of past French
(especially Vichy) anti-Semitic transgressions and the continued presence of former
Nazi collaborators in French intelligence provided the Israelis with some blackmail
opportunities. [From Farr, Warner D: The Third Temple's Holy Of Holies: Israel's

* Farr means Guy Mollet (1905-1975) who was President of the French Cabinet in 1957.
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Nuclear Weapons. Counterproliferation Paper No. 2, the USAF Counterproliferation
Centre, Air War College, Air University, Maxwell Air Force Base, Alabama (1999).]

The French built the promised reactor, which the French called EL-102, underground at Dimona in
the Negev Desert in southern Israel, near Beer Sheva, the largest place in the Negev area (160,000
inhabitants in 1997). Dimona is a place which was founded in 1950 to assist with the settlement of Jewish
immigrants. It was not expected to become a large town since its location was remote and the climate
uncomfortable, but it now has approx. 20,000 inhabitants. It is also known as the home of the Black
Hebrews, a sect which originally came from Chicago.

Many of the contractors who were involved in the construction of the French plutonium factory in
Marcoule also assisted in Dimona. Hundreds of French engineers and technicians were noted in Beer
Shiva. The same French company built the reprocessing plants in both Marcoule and Dimona.

The real purpose of the plant was kept secret. It was initially said to be a textile factory and then a
manganese factory. The Americans photographed it from the air at the end of 1958 and concluded that
it was probably a reactor plant. It was also not possible to keep the number of French technicians secret.

In 1960, before the reactor had been commissioned, the French government under de Gaulle began
to worry about the consequences. They wanted to discontinue the project but let the reactor building
continue since Israel has promised not to produce nuclear weapons. The work at the reprocessing plant
was discontinued. Israel had also been forced to promise to publish what took place, but never got around
to doing this before the American Ministry of Foreign Affairs published a statement on 2 December
1960 that Israel had a secret nuclear energy plant. The statement was reproduced on 16 December in the
New York Times. This led to Ben Gurion’s announcement on 21 December that Israel was building a 24
MW research reactor for peaceful purposes.

The USA publicly accepted Israel’s declaration but suspected that something else was going on.
Confirmation was demanded, as was the possibility for American inspectors to be able to make regular
visits to review the activity. However, the Israelites had built a false plant above ground with a simulated
control room and never showed what was below ground.

At the same time, the French withdrew from the project and the cooperation with them ceased, as did
the technical support. Israel now had to continue under its own steam. It was possible to start the reactor
in 1962. The work with the reprocessing plant was resumed, and with the French back on board with
their assistance, it was possible to commission it, which probably took place in 1965. Security was
fortified to the extent that the Israelis shot down one of its own Mirage planes which had happened to
enter the area during the Six-Day War in 1967. The plant was now officially called the Negev Nuclear
Research Centre. *

1.17. The activities of ICRP

A task group under ICRP Committee 3 met in Washington DC from 27 February until 4 March. The
group had been formed in 1966 and had the task of drawing up recommendations for the protection of
the patients during x-ray examinations. The Chair of the group was the American radiologist Reynold
Brown, who had the following experts to assist him:

Jon Flatby, Norway

J. M. Heslep, the USA

Thure Holm, Sweden

A. Laugier, France

Zwanette Nooteboom-Beekman, the Netherlands
Sidney Osborn, the UK

Ken Rowley, the UK

* The continued development of events concerning Israel’s nuclear weapons is dealt with in Chapter 7 (1973).
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E. W. (‘Ted’) Webster, the USA

I took part in the Washington meeting as the Chairman of Committee 3. At this first meeting of the
task group, Thure Holm and ‘Nettie’ Beekman from Lund were the most active as they were later on.
We three took a long walk from central Washington to the NCRP’s office in Bethesda and on another
day visited Arlington Cemetery and John F. Kennedy’s grave.

The group’s work led to a text which was finally approved by Committee 3 and the Main Commission
in 1969. It was then published as ICRP Publication 16 in 1970. In 1974, the Swedish Radiation Protection
Institute published a translation entitled ‘Patient radiation protection during x-ray examinations’. In this
work, they were also able to include a statement made by ICRP in the same year to the International
Congress of Radiology in Madrid regarding current patient protection problems.

The ICRP Main Commission had held the following meetings since the Congress of Radiology in
Munich 1959:

Munich 1959 (together with the Committees)
Stockholm 1962 (together with the Committees)
Ottawa 1962
London 1964

Stockholm 1965 (together with the Committees)
Rom (Fiuggi) 1965

In addition to the meetings that took place with the Main Commission, Committee 3 had met
separately in Washington DC in 1966. In 1967, the Commission met the Committees at the Royal
College of Physicians in London from 3-12 April. At the start of the period, the Committees met
individually to later report to the Commission. The members of the Commission for the period of 1965-
1969 were:

E. E. Pochin, the UK, Chair John Loutit, the UK

Gordon Stewart, Canada, Deputy Chair Karl Z. Morgan, the USA
Louis Bugnard, France Howard Newcombe, Canada
Otto Hug, Germany C. C. Powell, the USA
Henri Jammet, France Lauriston Taylor, the USA
A.A. Letavet, the Soviet Union Brian Windeyer, the UK

Bo Lindell, Sweden

The Scientific Secretary of the Commission was David Sowby. The Anglo-Saxon dominance was
conspicuous and would remain so for some time into the future.

As Chair of Committee 3 (on protection against external radiation) I was well assisted by Lars-Eric
Larsson who was Secretary of the Committee. The most important work assignment for the Committee
was to examine the draft of recommendations from Reynold Brown’s task group for radiation protection
for patients during x-ray examinations. The members of Committee 3 at this time were:

Bo Lindell, Sweden, Chair

Eric Smith, the UK, Deputy Chair
Lars-Eric Larsson, Sweden, Secretary
Fred Cowan, the USA

Jean Dutreix, France

Shinji Takahashi, Japan

Dale Trout, the USA

Harold Wyckoff, the USA

My memory of the ICRP meeting at the College of Physicians is dominated by the adventure I
experienced with Lars-Eric. We had stayed long into the evening after the Committee 3 meeting, and
when we came to leave the building we found that the entrance door was locked. However, we were able
to get out into a yard, but unfortunately it had no open exit. We therefore climbed over a wall in order,
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so we thought, to get out onto the street, but we ended up in another yard where there was no visible
exit. On the other hand, there was a large dog there who objected to our trespass and we just managed
to scramble over yet another wall before the dog was able to catch us. By then we had finally made it
out on the street.

In my travel report to the Ministry of Health and Social Affairs, I wrote the following with reference
to ICRP’s finances:

ICRP is currently financed by contributions from WHO, IAEA and the Ford
Foundation. Furthermore, a very large contribution is being received because so far,
only approx. 25-30 % of those participating in the meetings of the Commission, its
Expert Committees and their task groups have needed to appeal to ICRP for travel and
subsistence contributions, whereas 70-75 % have had their travel paid for by their
international organisations. It is essential for this circumstance to be able to continue in
order for the Commission’s work to continue.

From the meeting of ICRP Committee 3 in London, 1967.
Seated around the breakfast table at the hotel, from left the Committee
Deputy Chair Eric Smith, Lars-Eric Larsson, and Fred Cowan, USA.

At Committee 3’s meeting, another important task group was set up, whose task was to re-work the
general recommendations regarding protection against external radiation which had been published as
ICRP Publication 3 in 1960. Norwegian Per Grande, who was then head of Danish radiation protection,
was appointed as Chair of the task group. The group was composed of the following:

Per Grande, Denmark. Chair.

Klaus Becker, Germany, Deputy Chair.
Brian Jones, the UK, Secretary

John Kelley, the USA

Kristian Koren, Norway
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Charles Meinhold, the USA
Pierre Pellerin, France
Ralph Thomas, the USA

The group met for the first time at the Radiation Protection Institute on 19-21 June. Grande was a
little shocked. He had seen the Chairmanship as an honour but had not expected the burden of work that
the assignment brought with it. He thought the group had to work at an unreasonably high pace.

In December, an invitation came from Pierre Pellerin to hold the next task group meeting at his
organisation, Service central de protection contre les rayonnements ionisante (SCPRI) in le Vésinet in
the western suburbs of Paris. The SCPRI had premises spread out in a park area. Pellerin tended to see
task groups as his guests and treated them to wine and good food under the supervision of a boss dressed
as a chef! This may not always have been the best possible way to assist performance capacity.

1.18. The activities of IRPA

Right at the time of the ICRP meeting, the Executive Committee for the International Radiation
Protection Union, the International Radiation Protection Association (IRPA), met at the British Institute
of Radiology in London. IRPA was a new organisation which had been formed in September 1966 in
Rome at the initiative of Karl Morgan. In 1967, 15 radiation protection societies were affiliated,
representing the following 22 countries: Argentina, Belgium, Canada, Denmark, the Philippines,
Finland, France, Iceland, Israel, Italy, Japan, Luxembourg, Mexico, the Netherlands, Norway,
Switzerland, the UK, Sweden, Germany, the USA, Hungary and Austria. The five Nordic countries were
represented by the Nordic Society for Radiation Protection while the German-speaking countries were
represented by the Fachverband fiir Strahlenschutz. Chair of the Nordic Society in 1967 was Kristian
Koren. The Swedish members of the Society’s board were Professor Kurt Lidén in Lund, the head of
research at the FOA, Arne Nelson, and Chief Engineer Lars Carlbom in Studsvik.

IRPA was steered by a General Assembly which met every four years, and in between that by an
Executive Committee, the one which was now meeting in London and which consisted of the following
members:

K. Z. Morgan USA Chair

Y. Nishiwaki Japan Deputy Chair

W. G. Marley the UK Congress President 1970
P. Bonet-Maury France Secretary

P. Courvoisier Switzerland ~ Treasurer

W. S. Snyder USA Director of Publications
C. Polvani Italy 1966-1974

B. Lindell Sweden -

J. R. Horan USA -4

L. Bozoky Hungary 1966-1970

D. Beninson Argentina -

A. M. Marko Canada -4

Dr Polvani gave an account of the experiences of IRPA’s first Congress in Rome in 1966. It had been
attended by 845 people. Proceedings of the scientific negotiations were being printed. The following can
be quoted from my report to the Ministry of Health and Social Affairs regarding the meeting (a condition
for the travel contribution I had received):

The majority of the discussions the second day concentrated on the matter of
establishing various Committees. The Chairman, Dr. Morgan, had proposed not only
new Committees but also named members of each Committee. This met with criticism;
it was stressed that the suitable way would be to firstly discuss the need for the
Committees and then write to the affiliated national societies and ask whether they
wanted to propose candidates for one or more of the Committees which had been
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accepted. Only then ought the Executive Committee to determine suitable members
from among the proposed candidates. It was agreed to act in accordance with these
guidelines and then decided that only some of the proposed Committees ought to be set

up.

This was one of many examples of Karl Morgan’s inclination to act quickly and arbitrarily, something
which often irritated people who thought that they ought to have been asked. The following can also be
quoted from my travel report:

The general impression of this meeting of the IRPA Executive Committee is that the
new organisation has a tendency towards over-organisation with unnecessarily detailed
regulations and Committees springing up here and there, etc. However, owing to its size,
IRPA will no doubt be a significant factor in the international radiation protection
activities, and the initial intimation of unease regarding a development which may
disrupt the uniformity that has prevailed thus far within the field of radiation protection
recommendations will remain to some extent in the future.

The unease was based on the fact that the initiator and Chair of IRPA, Karl Morgan, had started to
criticise ICRP where he was still Chair of the Committee but not particularly popular, owing to his
independence and reputed stubbornness. It would have been unfortunate had IRPA become a competitor
of ICRP. Luckily, this was never the case.

On 20 November, Karl Morgan wrote to Dr. M. Delpla in Paris to thank him for his preparations for
IRPA’s first European Congress which was planned for autumn 1968 in Menton. Morgan also expressed
his satisfaction that Kristian Koren been asked to be Chair of the Scientific Programme Committee.

1.19. UNSCEAR’s 17th session

In 1967, the UN’s Scientific Radiation Committee was to hold its 17th session in Geneva. In May, |
received a letter from the head of the Secretariat, Francesco Sella, in which he asked me to review a
working document written by the head of research at the FOA, Kay Edvarson, who was working at the
UNSCEAR Secretariat temporarily. The document described the principles for the dose commitment, a
concept that the Committee was using more and more but which was surrounded by an (unwarranted)
mystery which scared many people. Sella wrote:

May I ask your opinion on the enclosed unprocessed, I repeat unprocessed, draft? It
is the fruit of your good friend Kay’s labours, whose analytical thoroughness is
indomitably expressed here, and those of Peter Barry, a Canadian, which is largely
responsible for lowering Kay’s equations and huge amounts of data to processable
dimensions. Although it does not surprise me, I find the conformity between your 1959
(and even previous predictions) and the values we have, slightly more negligently,
derived from actual measurements fairly remarkable.

I responded to this at the start of June, writing:

Although I may not be quite as talented as I sometimes wish I were, I still think I can
be counted as an average reader, at least with the assistance of my knowledge on the
subject. Nevertheless, I found it difficult to read the text (including the mathematics)
fluently, so I assumed it was intended for a more talented readership. This annoyed me
a little since I ought to be in a position to comprehend a part of it. I therefore began
again in the attempt to concentrate and see! I began to understand it. I actually found it
quite good, even in the places where I had had difficulty understanding it. I really like
the presentation, but I do wonder how in the world we are going to be able to count on
the majority of the task group, or even the physics sub-group, understanding it if they
have not studied it in detail, which I do not believe they will do.
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Finally, although I very much like the current draft, I do not like the almost play on
respect in references to a certain Lindell, who clearly appeared to be saying something
which was now obsolete but was not actually of sufficient historical interest to come up
that often in the text.

I really hope that the incredible nonsense which makes civilised people shout and
kill in the Middle East is brought to an acceptable end very soon. To add to all the
obvious evil, UNSCEAR’s work will also be affected — that is if it is not seen as too
cynical to be thinking of such smaller problems given the current situation.

I now thought the difficulty of performing relevant dose calculations would make it difficult for the
physics sub-group to deal with the matter on its own. A joint meeting of the sub-groups might be
necessary, but I doubted that the biologists were prepared for this.” Sella did not think they were either,
and wrote as much in his response to me:

There is of course nothing to prevent a joint meeting of the two sub-groups during
the session, and this can be determined by the first task group which will concentrate on
organisational matters. The main purpose of the schedule was to facilitate the plans for
the delegations, which will have chromosome experts and neuro-radiobiologists with
them. I had doubts about planning a joint meeting since I thought it would be a bit silly
to have a load of cytologists and neuro-physiologists, most of whom would be nothing
to do with the matter, being among the dose commitments bunch for what would
probably be the one and only time. As far as I know, the only ‘biologists’ present at the
session who can contribute anything to the discussion will be Brues, Nelson and Pochin.
They will probably be pleased to leave the nervous system behind for half a day, even
if we do not formally convene a joint meeting.

UNSCEAR’s 17th session was held in Geneva from 26 August — 6 September. I was Sweden’s
Committee representative, with Arne Nelson as my deputy. Assistant professor Lars Fredriksson from
the Agricultural College of Sweden and Assistant professor Borje Larsson from the Gustaf Werner
Institute in Uppsala were there as advisers.

Chair of the meeting this time was A. R. Gopal-Ayengar from India, with Gordon Butler from Canada
as Deputy Chair. ‘Gopal’, which was what everyone called him, was an eccentric man who loved to tell
stories that were risqué to a greater or lesser degree. When he was our guest in Sweden he made a great
impression on our daughter by consuming incredible quantities of cold, Swedish tap water with which
she had to constantly refill his glass. It is easy for us to forget that clean drinking water in many countries
is an exclusive item that is in short supply.

Gordon Butler, representing Canada, sat on the other side of the table right opposite me. He had
discovered that I had difficulty stifling an impulse to yawn if someone else was yawning. So, to my
annoyance and his satisfaction, on the occasions when I asked to speak, he held up his hand and imitated
a yawn with his thumb and index finger.

As at the previous meetings, we were able to enjoy the scientific discussion between Scott Russell
and Lars Fredriksson when it came to the uptake by crops of radioactive substances from the ground.
Scott Russell’s academic English was conveyed with power and derision while Lars made his
contribution more tactfully but firmly. The forceful representatives were ‘Bill’ Pochin of the UK and
Richard Chamberlain of the USA, but Professor Kuzin from the Soviet Union, with his clear-cut,
Georgian features, was also an impressive figure. His compatriot, Angelina Guskova, had developed
from being a pedantic, loquacious woman into a clever and knowledgeable doctor with substantial

* A short plenary meeting was held at the start and the end of UNSCEAR’s sessions, during which the delegates spoke their mother tongue
if this was one of the UN’s official languages. For the rest of the session, the Committee met a number of times in a ‘task group” where the
dealings were less formal, but for most of the time the Committee was divided into a biological and a physics sub-group which met in
parallel. There was sometimes also a genetics sub-sub-group.
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experience. Sievert had once jokingly nicknamed her ‘God’s gift’ but would now doubtless have treated
her with more respect.

A slightly embarrassing situation for me arose when the French representative, Professor Louis
Bugnard (born in 1901) told me that, to honour Sievert’s memory, he intended to make a contribution
to the Royal Academy of Sciences’ fund for gold medals for radiation protection achievements. He
intended to contribute ten thousand francs. I did not know what to say. Ten thousand French francs
corresponded to approximately ten thousand Swedish crowns. I really ought to be displaying surprise
and great appreciation of such a gift. But maybe Bugnard meant ten thousand old francs, which
corresponded to just one hundred Swedish kronor, which was a much more likely amount. It was odd if
that were the case since the old franc had already ceased to exist in 1958. My maternal grandfather had
certainly still referred to twenty-five ore coins as ‘three-penny’ coins in the 1930s, but it was astounding
to think that a prominent French Professor could still be referring to the old money nine years later.
However, in spite of everything, that was the most likely explanation. I therefore stopped at being polite
without exaggerating gratitude. And yes, it did turn out to be old francs.

1.20. The Swedish National Commaittee for Radiation Protection Research

In 1963, the Royal Academy of Sciences had set up a new National Committee at Sievert’s initiative.
The Academy’s national committees within various fields act as contact bodies for Swedish participants
in international scientific cooperation. Sievert had been active within the National Committee for Physics
in the 1940s and had initiated the coordination of Swedish military physics research, which was later
taken over by the FOA. The new National Committee was named the National Committee for Radiation
Protection Research and Sievert was its first Chair of course. After his death, the Chairmanship had
fallen to me.

The National Committee met on 13 February 1967 at the Radiation Protection Institute. The most
important subject for discussion was a referral from IAEA. It had gone to the Ministry of Trade and
Industry which had forwarded it to the Radiation Protection Institute and Atombolaget. The Radiation
Protection Institute had requested a statement from the National Committee and said that the Institute
should refrain from making its own statement if it concurred with the Committee’s points of view. In
that case, the Radiation Protection Institute would forward the National Committee’s points of view to
the Ministry of Trade and Industry and simply note its assent. Afombolaget had also said it was willing
to do this.

IAEA had requested abstracts concerning all projects about radiation protection research and had also
asked the Swedish authorities to prioritise such projects that had been included in a list compiled by an
expert group convened by IAEA in Budapest in 1966. The National Committee’s members were very
critical of both these wishes, as could be expected. In its statement to the Radiation Protection Institute,
the following was written about the desired prioritisations:

As regards the prioritisation of research projects, the National Committee is most
sceptical. Research within the radiation protection field consists of basic research and
applied research. Prioritising tasks for basic research — in addition to the prioritisation
in the decision regarding inputs within the radiation protection field as such — is hardly
appropriate in the National Committee’s opinion. It ought to be possible to conceive of
an action to prevent duplicate work but there is often relatively effective self-regulation
here. It is more obvious and theoretically viable to prioritise applied research tasks,
although this does require preparation by an international body with considerably wider
coverage than IAEA and a significantly more thorough penetration of the problems than
that which TAEA’s panel of experts has been able to provide. There is currently no
suitable body for this task and we are a long way from being sure that an acceptable
mechanism for this type of prioritisation can actually be realised.

The National Committee was even more negative about the idea of abstracts and wrote:
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As regards abstracts, the National Committee does not think the value of a collection
and distribution of such organised by IAEA within this field of research is something
that outweighs the level of trouble associated with the act of collecting it and the risk of
misunderstandings which may arise by issuing a detailed description of a research
project too early.

The members of the National Committee who took part in the formulation of the response were Lars
Carlbom, Lars Fredriksson, Arne Hedgran, Kurt Lidén, Bo Lindell, K. G. Liining, Torsten Magnusson,
Arne Nelson and Rune Walstam.

1.21. The ECSC, EEC, EURATOM, the EC and the EU

In order to understand the sometimes confusing acronyms (EEC, EC, EU, etc.) and the equivalent
participants in the European cooperation in the latter half of the 1900s, a brief summary may be of
assistance. According to the Paris Treaty, which became valid in 1952, the European Coal and Steel
Community (ECSC) was formed by France, West Germany, Belgium, the Netherlands, Luxemburg and
Italy. The experience of the cooperation was good so the European cooperation was extended through
the Treaty of Rome in 1957 when a decision was made to set up another two cooperation bodies, namely
the European Economic Community (EEC), also called the ‘common market’, and the European Atomic
Energy Community (EURATOM). In 1967, this cooperation was called the European Community (EC).
The deeper cooperation which led to the European Union (EU) came about through the Maastricht Treaty
in 1993.

1.22. The CRPPH

I have previously mentioned the ENEA (European Nuclear Energy Agency) which was the OECD’s
(the OEEC at the time) nuclear energy authority and which changed its name to just the NEA when the
word ‘European’ was dropped because of the emergence of non-European Member States.”

The NEA’s Radiation Protection Committee, the CRPPH (Committee on Radiation Protection and
Public Health) was originally formed under the ENEA (and the OEEC) in 1957 and celebrated its 50"
anniversary in May 2007. In the initial period, the CRPPH’s value was primarily in its pedagogic
contributions. This should be seen against the background of the USA’s Atoms for Peace policy. It
involved generous offers of research reactors and assistance working with radioactive nuclides. This
required acute safety and radiation protection measures for which there was still no professional
competence at national level. People who would be responsible for the safety matters in their own
countries were gathering in the CRPPH but their experience and knowledge still varied a great deal. It
was important to convey to them knowledge of international recommendations and the application
thereof. This is where the Committee made an important pedagogic contribution.

Despite his diminutive size, or maybe thanks to it, Secretary of the Committee, Dr. Wallauschek, was
a very ambitious and vigorous man. It worried Arne Hedgran and me (who took over from Arne some
time after Sievert’s death when Arne left the Radiation Protection Institute to become head of the Reactor
Safety Authority, later the Nuclear Power Inspectorate). We thought that Wallauschek was getting the
CRPPH to take on problems which were already being tackled by other bodies, primarily IAEA, and
thereby causing unnecessary duplicate work.

The meetings with the CRPPH brought a welcome extra occasion to meet Nordic colleagues. At
Trocadero there was a small, very Parisian restaurant where the Nordic delegates usually met for dinner.

* The OECD, i.e., the Organisation for Economic Co-operation and Development, was formed in 1961 by twenty western ‘I countries’ to
promote long-term economic growth and employment. The organisation is domiciled in Paris. It was formed from the OEEC where the
two Es stand for European Economic. The OEEC came about in 1948 to administer the Marshall plan. The organisation’s Nuclear Agency
(NEA) was called the ENEA right from the start until 1972.
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This is where I used to meet Thorleif Hvinden and Kristian Koren from Norway and Mogens Faber and
Per Grande from Denmark.

1.23. Radioactive ID cards

On 21 November, AB Atomenergi wrote to the National Radiation Protection Institute and asked the
Radiation Protection Institute ‘to sanction the use of radioactive material to mark identity documents’.
The letter was signed by Stig Bergstrom, manager of the company’s section for radiation protection and
safety, and his colleague Thor Wahlberg who had previously been the radiation protection inspector at
Rolf Sievert’s. The latter was marked ‘Confidential” which was of no particular practical significance,
but was the natural thing to do since no-one wanted to tip forgers off as to the measures that were being
taken to prevent falsifications. The letter expressed the following justification:

Cheque fraud and the falsification of identity documents cause Swedish banks
millions of losses every year. Owing to this, an investigation has taken place within one
such company with regard to a conceivable way of using specially-prepared identity
documents to make impossible or at least make said types of falsification considerably
more difficult. Since for various reasons several methods which initially appeared to be
appropriate have to be rejected, the result of the investigation in question is a proposal
to appropriately mark the identity documents with radioactive material.

The bank in question has approached AB Atomenergi with a request for a report into
whether suggested control system could be implemented in a manner that was
unobjectionable from the radiation safety point of view and, if so, whether the company
could undertake the parts of the production of the identity documents which would be a
natural part of its area of activity, and also deal with and dispose of inappropriate or
used identity documents.

Atombolaget issued no proposal regarding the intended radionuclide but presupposed that it would
be a beta-emitting substance with an activity between 1078 and 1077 curies, i.e., between 370 and 3 700
becquerels.

There was nothing in the application to indicate that it concerned anything other than a limited number
of identity documents issued by a stated bank. At a meeting of 14 December, the Radiation Protection
Institute’s board declared that ‘in this special case, in principle it had no objections to such use of
radioactive material under the conditions stated in the letter’. The board assumed that ‘the further details
of the project will be designed with the observance of the terms that would be issued with the Radiation
Protection Institute’s usual strategy’.

The further development of the case is described in Chapter 3 (Section 13.25).

1.24. Swedish ‘atomic energy’

Swedish atomic energy or, more correctly, the Swedish nuclear reactor programme, was in its infancy
in 1967. No nuclear power plants other than Agesta nuclear power plant were yet in operation. The
Agesta plant, which was built by Atombolaget and the Swedish State Water Power Board, had been
started in 1963 and was commissioned in 1964. It supplied a thermal power of 65 MW, 10 MW of which
was used to produce electricity and the rest was used for district heating in Farsta, a suburb just south of
Stockholm. The other three reactors which were in operation in 1967 were the R1 reactor in Stockholm
on Drottning Kristinas vdg, which was run with a thermal power of 0.6 MW, and research reactors R2
and R2-0 in Studsvik, which were run with thermal powers of 30 MW and 1 MW respectively. The
emission of the radioactive substances was reported in the Radiation Protection Institute’s printed
activities report. The report also mentioned that power reactors were being built at Oskarshamn and
Marviken. The ‘Swedish line” with natural uranium and heavy water had not yet been abandoned.
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1.25. The Barsebick Nuclear Power Plant is planned

In the 1960s, Sydkraft reviewed a number of conceivable location sites along the Blekinge-Skéne-
Halland coastline but decided on Barsebick. In 1963, contact had already been made with Torsten
Magnusson, the Reactor Location Chair of the Committee, about the different alternatives. The decision
on Barsebdck was made in December 1965 and the ground was acquired on the 18" of the same month.
Sydkraft’s MD, Sture Wetterlundh, gave an account of the building plans at a meeting of the delegation
for Atomic Energy Issues on 18 April 1967.
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2.1.  Dispersion of plutonium

ON 21 JANUARY 1968, a B-52 aircraft carrying nuclear weapons crashed outside the American
airbase at Thule on Greenland. The plane carried four hydrogen bombs which were spread over and
through the ice which was around 1 metre thick. The ‘blasting caps’ (small fission bombs) of the bombs
contained plutonium-239 which caused concern. The evening paper Aftonbladet asked questions of a
number of experts and their answers were in the newspaper on 24 January.

An expert on Greenland Bertil Wedin of the FOA was asked: ‘What was the USA’s bomber doing in
Danish air space?’

Everything indicates that the B-52 was preparing to land at the Thule base. The
position is stated as 12 km south-west of Thule. This means that the plane was directly
over the North Star Bay ... when it crashed.

And Jan Prawitz, scientific adviser to the disarmament commission, was asked: ‘May units from the
USA’s ‘strategic bomber command’ land in Denmark?’

No, Denmark has banned all planes armed with nuclear weapons from flying over.
‘So is the USA defying this ban?’

It is possible that the plane found itself in an emergency situation and was forced to
seek refuge at the Thule base.

‘Can the bombs explode?’

Probably not. The bombs are ‘secured’ when they are stored in the patrolling plane.
The blasting cap for the hydrogen bomb is stored elsewhere in the plane.

‘What scope do the USA and Soviet ‘Strategic bomber commands’ have?’

The USA has around 600 B-52s and 80 B-58s, all armed with nuclear weapons in
constant preparedness. The oceans are also being patrolled by 40 Polaris submarines,
each carrying 16 rockets. Soviet nuclear weapons are constructed in a different way.
They are also more reticent about their defence. However, they clearly appear to have
adequate nuclear weapons for retribution if the USA attacks. There are now more than
10,000 nuclear weapons in the world

Assistant professor Bertil Wedin was asked: ‘What is the possibility of fishing out the bombs?’

At the moment it is impossible. At this time of year, Thule is dark 24 hours a day.
The ice in North Star Bay is at least 1 2 metres thick. They could not really be salvaged
until the summer.

Aftonbladet aside, Arne Karsberg had an article with the headline ‘Plutonium radiation more
dangerous than the experts thought’ in Dagens Nyheter on 4 February. He maintained that the Swedish
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experts had not initially thought that the risks of radiation from plutonium would be greater than the
chemical risk. ‘There has been a rapid change of heart and the significance of the situation can be
compared with the one that currently characterises the mercury subject’.

This misunderstanding made me write Karsberg a letter:

We have had some concerns owing to editor Karsberg’s article on the level of danger
regarding radiation from plutonium in DN on Sunday 4 February; people who work with
plutonium have expressed concern that radiation protection regulations thus far would
be dissatisfactory because the danger of plutonium has been reassessed.

The article was probably slightly misleading. There has been no ‘change of heart’
along the lines of ‘the one that currently characterises the mercury subject’. The fact is
that the danger of plutonium from the radioactivity point of view is assessed as being
the same today as it was ten years ago. ...

The chemical toxicity of plutonium has always been considered to be considerably
less than the radiotoxicity thereof and all worker protection against plutonium is based
on its radiotoxicity. When working with uranium, the relation is not always the same,
depending on the form in which the uranium occurs. ...

I am anxious to establish that there has been no change to the radiation experts’
assessment of the radiotoxicity. Ever since 1959, the highest permissible average daily
intake of the most usual plutonium isotopes has been approx. 0.1 pCi [3700 becquerels]
if you swallow it and 10 pCi (!) [0.37 Bq] if you inhale it. Converted into grammes, this
is approx. 1 and 0.0001 microgrammes respectively for Pu-239, which is the plutonium
isotope that is of the greatest interest.”

At the time and also much later, statements were made that plutonium was ‘the most toxic substance
in the world’, but that is an exaggeration. The ‘toxicity’ of a substance should be counted per unit of
mass. Then the radiotoxicity of many short-lived radioactive substances is greater than that of plutonium-
239. For example, iodine-131, whose half-life is just one millionth of that of plutonium (8 days compared
with 24,000 years), has a much greater radiotoxicity counted per gramme. Even biochemical toxins can
be more toxic. Those formed by the bacterium Clostridium botulinum are said to have a fatal effect
following an intake of only 1 microgramme (for plutonium-239, 1 microgramme was a permissible daily
intake). If you ingest it orally, plutonium is no more dangerous than the assassination poison arsenic
trioxide; plutonium is particularly dangerous when inhaled.

According to the newspaper articles about the accident, the USA appeared to have lost nuclear
weapons for one reason or another on a dozen or so occasions at the time, but only in one case prior to
the Thule accident outside the American areas, i.e., in 1966 when a B-52 carrying four hydrogen bombs
crashed near the Spanish city of Palomares (the event was described in ‘The Labours of Hercules’).
Plutonium was also distributed in the environment on that occasion. A number of submarines with
nuclear reactors and nuclear weapons have also been lost.

Plutonium has as many as 17 known isotopes. One of them, plutonium-244, occurs naturally in some
minerals and has a half-life of 80 million years. However, the most important plutonium isotopes are
formed following nuclear reactions with uranium-238. The spent fuel (approx. 20 tonnes per year) from
a nuclear reactor in a 1000-MW electric effect power plant contains plutonium-238 (2 %), plutonium-
239 (58 %), plutonium-240 (24 %), plutonium-241 (11 %), and plutonium-242 (4 %), a total of approx.

* The stated values concerned the recommendations at the time for the protection of those who worked with radioactive substances. The
highest permissible oral daily intake (approx. 4 000 Bq) of plutonium-239 is based on the MPC value (Maximum Permissible
Concentration) which was stated in ICRP Publication 2 (1959), i.e., 10 microcuries per cubic centimetre of water. Since then, the
estimations of the radiotoxicity and - primarily - the highest permissible annual radiation dose have been changed. The latter has been
reduced from 150 mSv to 50 mSv (and later to 20 mSv). ICRP Publication 30 (1979) stated an Annual Limit of Intake (ALI) of 200 000
Bq for plutonium-239 for those working with radiation sources. ICRP later abandoned the ALI values and instead stated the effective
radiation dose per becquerel for oral intake. The correlation is 4 000 Bq per mSv for plutonium-239. With an annual dose limit of 50 mSv,
this also corresponds to an annual intake of 200 000 Bq, i.e., an average of approx. 550 Bq per day or 0.23 microgrammes per day. With
the current dose limit of 20 mSv, the values are 220 Bq per day and 0.09 microgrammes per day respectively. It should also be remembered
that the radiation dose is influenced by the chemical form of the plutonium.
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250 kg. Isotopes 239 and 241 contribute to the nuclear fission and the energy development in the reactor
and the other isotopes can be fissioned with fast neutrons.

Plutonium-239 is used in nuclear weapons (the smallest quantity is approx. 5 kg; every kilogramme
has an explosive power corresponding to 17,000 tonnes of Trinitrotoluene with one hundred per cent
fission) and together with uranium-238 in mixed oxide fuel (MOX fuel) for nuclear power plants. There
are quantities of 500 tonnes or more of plutonium available for each use.

Plutonium-238 is considered to be less environmentally hazardous because of its shorter lifetime (its
half-life is approx. 88 years). It has been used in energy sources for satellites and thereby could have
been spread in the atmosphere.

2.2.  American legislation on non-ionising radiation

Radiation which lacks the capacity to ionise atoms is called non-ionising radiation. Risks from such
radiation first started to be taken seriously at the end of the 1960s. The first legislation appeared in the
USA in 1968. The Radiation Control for Health and Safety Act regulated both ionising and non-ionising
radiation. The Federal Supervisory Authority was the Bureau of Radiological Health which came under
the Ministry of Health’s Food and Drug Administration. At the start of the 1970s, the problem was noted
both internationally (by WHO) and in Sweden.

2.3.  Views on the work of UNSCEAR

On 16 February, I wrote the Ministry for Foreign Affairs a nine-page memorandum containing points
of view on UNSCEAR’s work and the Swedish delegation’s tasks. I sent copies to the contacts in the
neighbouring Nordic countries. I wrote:

In the [mid 1950s], the international political situation was comparatively tense when
it came to nuclear weapons testing and there was also a fear that the interpretation of
scientific results regarding the effects of radiation could have been the object of a biased
assessment.

In this situation, it was obviously very valuable to have a forum like UNSCEAR
where the majority of the most technically and scientifically-advanced countries were
represented and where east and west could talk. It was also quickly found that the
Committee could work in an atmosphere which was disrupted only very slightly by
political differences of opinion. The scientific objectivity was dominant and it was
possible to establish a basis of scientific facts which was accepted by everyone. This
gave the General Assembly [of the UN] a common basis for the political assessment
and meant there was no fear of misunderstandings being hidden behind ostensibly
scientific reasoning.

UNSCEAR published its first extensive report to the General Assembly in 1958" and
then published reports in 1962, 1964 and 1966. The Committee has met alternately in
New York and Geneva, but the bigger work meetings have usually been held in New
York for technical reasons while the meetings at which there have been more general
discussions regarding the continued activity have been held in Geneva. At the meetings,
the work has largely taken place with the Committee divided into two task groups, one
for biology and one for physics, which have worked in parallel.

The General Assembly has determined in repeated resolutions that UNSCEAR shall
continue its activity. Even if the acute threat of powerful radioactive fallout from nuclear
weapons testing in the atmosphere is set aside for the time being, the essential problems
regarding the possible harmful effects of small radiation doses remain virtually
unsolved. It is possible to estimate the maximum risk can for the moment because of a

* See ‘The Labours of Hercules’.
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certain distribution of radioactivity, but the extent to which the estimate involves an
overestimation is not known. The long-term action of the radioactive contamination
which has already taken place is also being followed with great interest. However, the
most valuable aspect of the Committee’s continued activity appears to be the
preparedness value: in this context, the UN has made available a forum for the scientific
assessment of every sudden change to the radioactivity situation and it is easy to realise
the advantages of being able to consult the group when necessary, with said group being
well versed in the problems, having good personal contacts and having a good scientific
reputation.

I took an historical look back at Sweden’s representation in UNSCEAR:

In a decision of 27 January 1956, the Swedish Government appointed the person
who was in charge of the Institute of Radiophysics at the time, Professor Rolf Sievert,
as representative of UNSCEAR. Associate Professor Torbjorn Caspersson at
Karolinska institutet (the Karolinska Medical University) was appointed as deputy for
the representative and the Assistant professors at the Swedish Defence Research
Establishment, Arne Nelson and Bo Aler” as experts. The Swedish Government released
Aler from his assignment through a decision of 8§ March 1963 and then appointed
Licentiate of Philosophy Bo Lindell at the Institute of Radiophysics to take his place as
expert to the representative. At the same time, Lindell and Nelson, like Caspersson, were
appointed to act as deputies for the representative should the latter not be present. On
15 April 1966, Sievert and Caspersson requested release from their assignments,
whereupon Lindell, then Professor and in charge of the National Radiation Protection
Institute, was appointed as representative in Sievert’s place and Nelson as substitute for
the representative in Caspersson’s place.

I put forward a number of proposals which are now outdated. One was that the representative and the
latter’s deputy ‘normally take part in all UNSCEAR sessions without needing a special decision in every
single case’. I proposed that, with a view to the work in two parallel groups, it was also appropriate,
following a decision by the Ministry for Foreign Affairs, for two experts to be part of the delegation. I
also proposed that the representative should have access to a special budgetary allocation to facilitate
consultation with experts in Sweden. I finally discussed the matter of whether it could be appropriate to
also allow another one or more experts from the other Nordic countries to be part of the delegation, as
with the arrangement between the Netherlands and Belgium.

2.4.  Nuclear medicine and Isotope Committee reports

During his first period at the Radiation Protection Institute, Ragnar Boge made a substantial
contribution when it came to the work of the Isotope Committees.” At the Radiation Protection Institute,
meetings were arranged between representatives of the different Isotope Committees where the
Committee at Karolinska sjukhuset, the Karolinska University Hospital, was used as a reference. As of
1968, Ragnar demanded reports from the Committees regarding which radioactive substances were used
in nuclear medicine at their hospitals, which types of examination were carried out and which activities
of the radioactive substances were used. The information that was received was extensive and valuable.
It had sometimes been discussed whether or not the radiation protection authority ought to set limits for
the activity to be used in different cases, but such an order was thought to be unrealistic and sometimes
detrimental to the patients. In Ragnar’s tables, which were published in the Swedish Radiation Protection

* Using UN terminology, the experts are called advisors.

T According to the Medical Board’s ‘isotope circular’ from 1961, hospitals at which there was an x-ray department or a central clinical
chemical laboratory should also have a local clinical Isotope Committee (see Chapter 19 of ‘The Labours of Hercules’).
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Institute’s activities reports from 1968-1970, it was possible to see what the average, and even the lowest,
dosage was. No limits were needed now. Those who gave unnecessarily high doses were embarrassed
for being so heavy-handed. Ragnar made a great contribution to ‘clearing up’ nuclear medicine.

2.5. Per Grande’s task group

In the previous chapter I told you about the task group which ICRP had set up with Per Grande as
Chair. The group had met at the Swedish Radiation Protection Institute in summer 1967. The next
meeting was held in Paris at Pierre Pellerin’s Service central de protection contre les rayonnements
ionisante (the SCPRI) in le Vésinet in the western outskirts of the city. I took part as an observer in my
capacity of Chair of ICRP Committee 3, which administered the group. I found that I also needed to get
the group going.

The group was quite inhomogeneous. Three of the participants, Grande, Klaus Becker and Kristian
Koren, wanted to take it easy. Five were eager to get something done - these were Brian Jones, John
Kelley, Charlie Meinhold, Ralph Thomas and Pierre Pellerin. I was forced to intervene when Klaus
Becker, who was Deputy Chair of the group, proposed that we spend a day sight-seeing in Paris. The
group was actually pushed for time and an extensive assignment lay ahead. It was to draw up a follow-
up to ICRP’s ‘Publication 3’ and create a manuscript for what would become ‘Publication 15°. It was no
small task.

Charlie Meinhold and Ralph Thomas worked as a pair, getting involved in animated discussions. Big
bulky Charlie and the slim little Ralph made an unlikely pair. Per Grande sighed once again that he
would never have taken on the Chairmanship had he known the work that would be demanded by ICRP.
And Klaus grumbled that I was a workaholic - which may have been true but was probably necessary to
get the task done.

2.6. Radiumhemmet’s high-voltage station

A new premises was needed instead of the old one in the basement in order for the development of
radiation treatment with accelerators and teletherapy devices to continue at Radiumhemmet. The way in
which the new high-voltage station came about was described by Rune Walstam (Walstam, 2002):

Adequate radiation protection for high-voltage devices requires ‘bunkers’ with
metre-thick concrete walls and heavy, radiation-shielding, mechanically-operated doors
or space-occupying radiation labyrinths. The metre-thick walls and ceiling of concrete
weigh somewhere around 1,000 tonnes per room and usually need to be located at or
below ground level. Comprehensive extension work was necessary for the development
to continue. The planning of the ‘high-voltage station” was started in the early 1960s
under the leadership of Professor Sven Hultberg. Against the background of the
cheerless premises in Radiumhemmet’s western basement, we vociferously maintained
that there ought to be some daylight in the control and waiting rooms. The whole plant
therefore ought to be at ground level. Premises were prepared for radiobiology research
and a couple of two-room apartments for visiting scientists were paid for by the research
funds.

Operational reliability is a crucial factor in radiation treatment. Complicated and
expensive devices require rapid and advanced support from the supplier or own
personnel who are competent in radiation physics and electronics. In the building,
premises were therefore fitted out for the department of medical physics, which could
thereby be transferred from the provisional premises which was used in
Radiumhemmet’s western loft, previously the x-ray device engine room. Hultberg never
got to experience the opening of the plant in 1968. Jerzy Einhorn had taken over the
Professorship a few years previously and was now able to influence the final use of the
premises.
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3 high-voltage devices were installed in the building: a 42 MeV Siemens betatron, a
6 MeV Varian linear accelerator and a Siemens Gammatron 2.

2.7.  The Nairobi project

In Nairobi, a concrete bunker for radiation treatment was built according to Rune Walstam’s
drawings. At the same time, they had to obtain a teletherapy device with cobalt-60 as a source of
radiation. Rune has written the following about this (Walstam, 2002):

Negotiations regarding a Gammatron 2 were started and a powerful source of
radiation was donated by Gévleborg County Council. In spring 1968 we approved a
mirror image of the building to obtain a more suitable entrance and the construction was
started. In the summer we were asked to come and ‘check’ the preparations before the
casting of the thick concrete walls was started. Slightly reluctantly, Jerzy [Einhorn] and
I travelled one Friday evening in August and arrived — anything but thoroughly rested —
early on the Saturday at the construction site. I measured the mould, compared it with
the drawing and discussed with the foreman whether the mould would cope with the
high pressure that the thick walls would bring since similar work had not been done
previously. I also checked the pipes that had been laid out for the electrical installation
and for cables between device and control room. I found everything to be OK. The
concrete was to be poured into the mould on the Monday morning.

At night I lay imagining what the room with the treatment device would be like. It
suddenly occurred to me that the pipes which were meant to be cast into the floor on
Monday morning would, in my mind’s eye, come out on the wrong side of the mount!
Had the installation drawing also been inverted? On the Sunday morning we hurried
back and were able to ascertain that this was the case. We succeeded in stopping the
concrete casting until the error had been adjusted! The trip really did pay for itself.

At the start of November, the device was in place and the source of radiation on its
way.

2.8. Uproar in the USA

In April 1968 I had two tasks in the USA. ICRP’s Committee 3, of which I was Chair, was to meet
in Washington DC at the start of the month and UNSCEAR would then hold its 18" session in New
York. I flew to New York on 30 March, landed late in the evening but was met at the airport by none
other than the Swedish Embassy’s chauffeur and right-hand man, ‘Mr Andersson’, who had me taken to
the Roger Smith Hotel on Lexington Avenue where I stayed overnight. This politeness towards Swedish
heads of delegation had surprised Sievert and me in Agda Rossel’s period and now lived on during
Sverker Astrom’s years as ambassador to the UN.

The following morning I flew to Washington DC and waited there at the airport for a plane which
Lars-Eric Larsson had intended to take and did indeed arrive on. We went to the Cosmos Club where
Committee 3 was to meet and where we would also be living. The famous club at 2121 Massachusetts
Avenue was available to us because both Lauriston Taylor and Harold Wyckoff were members. Formally
speaking, all of us were their guests. The members of the club were academics who included various
Nobel Prize winners and it was famous because President Kennedy had left it in protest because no black
people had been granted membership. It was also not possible to have women as members of course —
the Cosmos Club was exclusively a gentlemen’s club. We noted these discriminations with interest but
assumed that protests from Swedish visitors, or even from ICRP, would not exactly have made any
difference to the order of things. From our point of view, the Cosmos Club was an effective meeting
place for an international group - but we did give Taylor and Wyckoff to understand that we thought
Kennedy had been right in doing what he did. And we wondered what would have happened had there
been a female member among us. as there was later on.

The Cosmos Club is near Dupont Circle which is intersected by several major avenues as well as
Massachusetts Avenue, such as Connecticut Avenue which runs diagonally south towards the big
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business street K Street and Lafayette Square in front of the White House. Around Dupont Circle are a
number of cafés and second-hand bookshops which would later tempt Dan Beninson and me to pay
many a visit. Loudspeakers boomed out hits from the 60s such as Procul Harum’s 4 Whiter Shade of
Pale and Harvey Smith/Tom Jones’ Try to Remember the Kind of September....

On the afternoon of Sunday 31 March, we sat in one of the club’s rooms discussing the schedule for
the next day where the most important task was to discuss the plans for what was to be ICRP Publication
15 about protection against external radiation.

Some of the Committee’s heavyweights were there. One was sixty-seven year-old Dale Trout, retired
from thirty-five years of pioneering work as the head of research at General Electric’s x-ray department
and now leader of a research programme at Oregon State University. Another was fifty-eight year-old
Harold Wyckoff, impressive in terms of size, his white hair and his profound knowledge. Since 1941,
Wyckoff had initially been head of the National Bureau of Standards’ Section for x-ray standards and
then head of the NBS Laboratory for radiation physics and deputy head of the Department for Radiation
Physics. After retiring from NBS in 1966, he was the scientific director of the US Armed Forces
Radiobiology Research Institute. He had been a member and Secretary of the ICRU since 1956.

The thought of being Chair of a Committee with such strong personalities had caused me concern
when ICRP had given me the assignment in 1965. However, my concern had been unwarranted. The big
men had been friendly and easy to cooperate with, which was a sign of just how great they actually were.

The Secretary of ICRP, David Sowby, was obviously also present. An odd character in the group at
the Cosmos Club was the Californian radiologist Reynold Brown whose job it was to lead the task group
on what would become ICRP Publication 16 on patient protection during x-ray examinations.

As we sat there with the TV on, the broadcast was interrupted by a message that the President of the
United States had something to say. We listened with a feeling that something historical was about to
happen. Lyndon Johnson came up on the screen with a serious expression. His message was surprising
— he was not standing as the democratic Presidential candidate in the election. The opposition to the
Vietnam War had been too much for him. We listened in amazement and, being in Washington DC, felt
as though we were at the centre of world events.

What we did not know at the time was a remarkable coincidence. Just 20-30 metres from us, a 1963
white Buick cabriolet with Arkansas plates and the Red Cross’ logo stuck to the doors stopped by the
edge of the pavement in front of the Cosmos Club at the same time. At the steering wheel sat a twenty-
two-year old lad called Bill Clinton. He has described the event in the following words:

On Sunday night, March 31, President Johnson was scheduled to address the nation
about Vietnam. There was speculation about whether he would escalate the war or cool
it a little in the hope of starting negotiations, but nobody really saw what was coming. |
was driving on Massachusetts Avenue, listening to the speech on my car radio. After
speaking for some time, Johnson said he had decided to sharply restrict the bombing of
North Vietnam, in the hope of finding a resolution to the conflict. Then, as I was passing
by the Cosmos Club, just northwest of Dupont Circle, the President dropped his own
bombshell: ‘With American sons in the fields far away, and our world’s hope for peace
in the balance every day, I do not believe I should devote another hour or another day
of my time to any party politics causes. ... Accordingly, I shall not seek, and I will not
accept, the nomination of my party for another term as your President.” I pulled over the
curb in disbelief, feeling sad for Johnson, who had done so much for America at home,
but happy for my country and for the prospect of a new beginning.

The feeling did not last long. Four days later, in the evening of 4 April, Martin Luther
King was killed on the balcony outside his room at the Lorraine Motel in Memphis
where he had travelled to give support to striking sanitation workers.

The murder of Martin Luther King aroused ferocious indignation and riots in hundreds of cities and
smaller towns. More than forty people were killed and hundreds injured. The riots were particularly
severe in Washington DC. The area for the black people’s business activities, along 14th Street and H
Street, turned into near enough a war zone. This happened just as we had finished our meeting and were

about to leave the city.
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Leaving Washington proved not to be easy. Dale Trout took an early taxi to travel to Baltimore (a
distance of over 60 km) and later told us what had happened. The car got stuck in the traffic for a while
close to a petrol station. Black youths threateningly filled Coca Cola bottles with petrol. Dale asked his
black driver whether he ought perhaps to lie on the floor of the car so that nobody would see that a black
man was driving a white man. The driver, who realised that Dale was scared, told him to sit upright and
that he was in good hands. He was as good his word and they continued unmolested.

David Sowby, like me, was to go to New York to take part in UNSCEAR’s meeting. It was not easy
to get to the airport or even to fly from there now. I decided to hire a car and invited David to accompany
me.

We picked up the car from an Avis garage which happened to be in the middle of the older central
part of the city. It was difficult to get onto the road as it was clogged with cars. We heard on the car radio
that the authorities were asking people to leave their workplaces and go home. A good number of
buildings burned down. Shop windows were destroyed. Plunderers came out of the shops grasping TVs
or other treasures. HGVs with armed black militants drove around and the men were shooting in the air.
It was not possible to drive on the streets in all places; we were sometimes forced to drive on the
pavements. No-one took any notice of the traffic lights which might as well not have existed as they
changed from red to green and back. Bill Clinton writes about the end result:

Many black families were burned out of their homes and took refuge in local
churches. 1 signed up with the Red Cross to help deliver food, blankets, and other
supplies to them. My white Buick [---] cut a strange figure in the mostly empty streets,
which were marked by still-smoking buildings and storefronts with broken glass from
looting. I made the drive once at night, then again on Sunday morning [---]. In the
daylight it felt safe, so we got out and walked around a little, looking at the riot's
wreckage. It was the only time I've ever felt insecure in a black neighborhood. And 1
thought, not for the first or last time, that it was sad and ironic that the primary victims
of black rage were blacks themselves.

Going northwards through this bedlam to New York proved to be problematic. We therefore instead
decided to take a detour south around the city to finally end up on Highway 95 to New York. The
President had clearly called in the National Guard because we met long lines of military vehicles.

David Sowby was going to stay overnight with Swiss friends in New Brunswick. I therefore dropped
him off there and continued to Manhattan alone. It was now night-time and I wondered whether black
Harlem would be in just as much of a violent uproar as Washington DC. I drove over George Washington
Bridge and through Harlem down towards the Avis garage where I was to leave the car. But Harlem was
calm and quiet so I had nothing to worry about.

2.9. UNSCEAR’s 18th session

The Swedish delegation for UNSCEAR’s 18" session in New York on 8-17 April consisted of me,
Arne Nelson and Lars Fredriksson. Canadian Gordon Butler was Chair and I had now been made Deputy
Chair of the Committee. The Czech representative, Dr. Viadimir Zeleny, had been given the task of
acting as rapporteur. Zeleny was a friendly but reticent man whom it was easy to get on with, particularly
bearing in mind that the thaw of the ‘Prague spring’ had started.

I had previously written to Sverker Astrdm, who was Sweden’s UN ambassador at the time, asking
for help with arranging a cocktail party at the UNSCEAR meeting, and this did take place as well.

2.10. Gunnar Bengtsson is recruited by the Swedish Radiation Protection Institute

Robert Thoraeus (1895-1970), the old physicist who constructed the Swedish standard chamber for
measuring exposure using the roentgen unit, had retired. The temporary manager thereafter of the
standard laboratory of which Thoraeus had been in charge since the 1920s had been civil engineer
Lennart Sundbom, who worked at the Department for Medical Physics. However, Sundbom had now
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got a job as medical physicist in Eskilstuna, and it was necessary to appoint a manager of the laboratory.
The job would soon be available and filled following an expert procedure. We at the Radiation Protection
Institute were anxious to have competent applicants. Gunnar Bengtsson, for whose thesis defence I had
been faculty opponent last year, was a possible candidate. After defending his thesis he had gone with
his family to the USA to do research at Brookhaven National Laboratory under the leadership of Harald
Rossi (although his actual institute was at Columbia University).

I had written to Gunnar in mid-March to tell him about the job whose title was first physicist with a
monthly salary of 4 271 Swedish kronor. He received the letter on 18 March, which happened to be his
birthday, and answered on 19 March that ‘there really is worse news to be had’. He suggested that I visit
him when I was in New York in April for the UNSCEAR meeting. During a week-end I therefore went
to 72 Maple Avenue in Shirley on Long Island, 5 km south of the Brookhaven Laboratory, and was
warmly welcomed. And this was how Gunnar received details of the job.

When the job had been advertised and the application deadline had passed, the Radiation Protection
Institute asked Professors Gunnar Hettinger, Kurt Lidén and Robert Thoraeus to use their expertise to
assess the applicants. Gunnar Bengtsson and Licentiates of Philosophy Borje Lundberg in Bromma and
Bert Sarby in Uppsala had applied for the job. Only Bengtsson and Sarby were declared competent for
the task by all three experts, all of whom considered Bengtsson to be the most qualified.

While we were writing to one another before Gunnar was to start, in one letter he gave the following
enthusiastic description of one of the two major research assignments he had been working on and would
continue with into 1969. It is worthwhile quoting:

The other major job concerns one of my own ideas that Rossi has most definitely
supported. It is about the possibility of using a simple standard proportional chamber
with simple electronics to measure the QF [quality factor] to maybe a 20%
approximation — which, according to Rossi, could be applied to things like dosimetry
for supersonic aircraft. The reason you can make such a simple device is that you can
use an approximate connection between voltage variations and QF. Preliminary
experiments have at least partially tallied with this connection and it is now a matter of
definitely showing how close the connection remains and developing the principles for
the electronics. This is actually something that someone else could do but I am very
much involved in the really enjoyable work and want to at least follow it so I can see
whether or not it is possible to use it in a practical instrument.

Bengtsson would start work at SSI, the Swedish Radiation Protection Institute, on 1 January 1969
with leave up to and including the end of March so he could finish his research projects under Rossi. We
agreed that while he was still in the USA he would take a study trip to a number of the most important
research institutes there. When I applied for travel funding of 10,000 Swedish kronor for this study trip
on his behalf in December 1968, Gunnar had put together a detailed travel plan with the help of Rossi
and Harold Wyckoff, among others. It may be worthwhile listing the institutes that would be visited
since the list gives a good idea of the way dosimetry research was distributed in the USA at the time:

Sloan Kettering Institute, Memorial Hospital, New York

Radiological Research Laboratory, Presbyterian Hospital, New York

US Naval Research Laboratory, Washington DC.

Radiation Physics Division, National Bureau of Standards, Washington DC.
Health Physics Division, Oak Ridge National Laboratory, Tennessee

M. D. Anderson Hospital, Houston, Texas

Lawrence Radiation Laboratory, San Francisco

US Naval Radiological Defence Laboratory, San Francisco

Stanford Linear Accelerator Centre, Stanford, California

Department of Radiology, Stanford University, Stanford, California
Argonne National Laboratory, Chicago

Department of Radiology, University of Wisconsin, Madison, Wisconsin.
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2.11. The May revolt

In May 1968 there were simultaneous student riots in a large number of countries. They were
protesting against authorities, and most intensively so in France. This ‘May revolt’ is also of interest in
the development of the radiation protection field since it was the start of distrust of politicians, powers
and authorities in general. This led to demands for not just the students’ but also the public’s contributory
influence within many areas and would eventually affect the distrust of nuclear power which grew at the
start of the 1970s.

The riots were at their most extensive in France and almost caused President de Gaulle to lose control
of the situation. He was forced to seek support from General Jacques Massu (1908-2002) in a lightening
visit to Baden-Baden where Massu commanded the French troops.

In Sweden, the May revolt led to the students occupying the student union at Stockholm University
in protest against a new curriculum, ‘UKAS’, with fixed curricula which the students saw as an attempt
on the part of the government to control higher education.

In Argentina, Dan Beninson later said he thought for a moment that, because of the May revolt, he
and other higher officials at the Argentinian Atomic Energy Commission would be thrown out through
the windows without ceremony. Karl-Erik Larsson aired the same concern as Professor at KTH. He has
described the situation (Larsson, 2000):

The dramatic year of 1968 occurred during my time as Dean (1966-1969). One day
in May of that year I sat at my desk dealing with business matters concerning the
technical physics section. The door suddenly opened without anyone knocking and three
younger men entered the room, lined up in front of the desk and uttered the following
words without ceremony: ‘We want to talk to you!” in a tone which left you in no doubt
as to the importance of the men’s business. For a fraction of a second, the image of the
Bohemian king who was thrown out through the window into the rubbish on the street
in 1618 by rebellious citizens went through my brain. That was the start of the 30-year
war. | was on the second floor and a similar ejection method today in 1968 would not
have a good outcome for me. But I ignored these alarming thoughts and invited the men
to sit down so I could hear what they had to say. It turned out that these young
technologists in revolutionary zeal had suddenly discovered that the study schedule they
were following was altogether rotten, outdated and inappropriate for the type of civil
engineer that they visualised in the new society in which citizens rather than some old-
fashioned Professors best knew what was needed for the future. These profound
individuals maintained that the research for which I was responsible, for example, was
typical ‘inbred research’. They triumphantly exclaimed that the research ought to be
more orientated towards society. I promised them that I would immediately take up their
points of view with a meeting of my teaching colleagues and that perhaps one of them
could attend. I escaped with that for the time being.

We at the Radiation Protection Institute were not exposed to the May revolt except that in the long
term it did lead to more open attitudes and later (1971) also to colleagues being on first-name terms.

2.12. ICRP in London

The ICRP Main Commission met in London at the Park Crescent Hotel on 20-24 May. The ICRP
fundamental recommendations had last been published as Publication 9 in 1966. The current task was to
draw up application instructions, mainly as Committee reports. There was much to do in this respect.
The documents that were published the following year were:

Report on amendments to ICRP Publication 9. Health Physics 17, 389-390.

General principles of monitoring for radiation protection of workers. ICRP
Publication 12, Pergamon Press.

39



The Toil of Sisyphus

Radiosensitivity and spatial distribution of dose. Reports prepared by two Task
Groups of ICRP Committee 1. ICRP Publication 14, Pergamon Press.

Paragraph 25 of Publication 14 is worth quoting:

25. Both in the setting of dose limits for separate organs and different parts of the
body, and in legislating for non-uniform exposure within an organ or specified part of
the body, a vital consideration is the range of dose and dose rate over which effective
linearity of dose response can be assumed to hold. As discussed earlier, it is not
unreasonable to assume that a linear relationship applies at very low doses (or at higher
doses with low dose rates). The point at which departure occurs, and the extent of the
change, will depend on the precise cellular mechanisms involved and the extent to which
abscopal mechanisms come into play.” We are now in the realm of hypothesis, because
for radiation tumour induction we are, in general, ignorant of the nature of the cellular
mechanisms and often of the nature and importance of abscopal mechanisms, and there
is very

little in the way of direct clinical or experimental data in the relevant region of dose
and dose rate.

2.13. The Congress of Radiology in Copenhagen

In 1968, the Nordic Society for Medical Radiology held its 29" Congress in Copenhagen with
Professor G. Thomsen as President. The opening ceremony was held on 29 May in the University’s
assembly hall in the presence of Queen Ingrid. The Secretary General, Carl-Erik Unnérus, delivered the
principal speech and stated that the total number of members in the Nordic national radiological societies
was now approx. 1 500, one third of whom took part in the Congress.

2.14. Spring and Autumn in Prague

Khrushchev’s secret speech at the Congress of the Soviet Communist Party in 1956 had led to the
start of ‘de-Stalinisation” with some relaxation of the party’s bureaucracy and a bit of a cultural thaw.
However, the changes were most evident in the Communist satellite states where many leading Stalinists
had been removed. The reformation policy was taken furthest in Hungary (‘the Hungarian Revolution”)
which led to a Soviet intervention in November 1956. In the Soviet Union itself, the limits of the
relaxation were marked with the appearance of the Berlin Wall in 1961 and with the measures which led
to the Cuba crisis in 1962 and Khrushchev’s fall in 1964. The collective leadership which then followed
with Leonid Brezhnev as the central figure saw the start of what is usually referred to as a stagnation
period.

Unlike in Hungary, no consequences of Khrushchev’s speech in 1956 were noticed in
Czechoslovakia. The man who was head of the Communist Party from 1953 and the country’s President
from 1958 was Antonin Novotny (1904-1975). He operated Stalinist politics which led to economic
stagnation and a need for reformation. Reformist Communist Alexander Dubcek (1921-1992) was
therefore brought in to head the Party in January 1968. Dubcek introduced a reformation and abolished
censure. Czechoslovakia looked as though it was going to join the western world. The Communist
leaders in Moscow, East Germany and Poland feared that the development in Czechoslovakia (‘the
Prague Spring”) would eventually rub off on several

* The expression ‘abscopal mechanisms’ appears to have been coined by Robin Mole of ICRP Committee 1. It is made up of the prefix
‘ab’ (away from) and ‘scop’ from the Greek ‘scopos’ (target) and refers to mechanisms outside the target of the irradiation, i.e., off-target.
I could not find the expression in any reference book and when I asked the former Secretary of ICRP, David Sowby, he said that to his
embarrassment he was also in the dark. David asked a leading radiologist who said that the expression was still in use, although indirect
effects and bystander effects were more common.
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Eastern states. Therefore, on the night before 21 August, Soviet, Polish, East German, Bulgarian and
Hungarian troops invaded Czechoslovakia. Dubéek was taken to Moscow as a prisoner but was released
and excluded from the Communist Party in 1970.

21 August 1968 is therefore a date to remember — here, I reproduce the letter which I received in
September of the same year from the person in charge of the Institute for Radiation Hygiene in Prague,
the well-known scientist Dr. Jan Miiller. The letter was sent from Vienna on 10 September and was
written in English. It read:

Dear Professor Lindell,

I left Prague four days ago and travelled with my wife to Vienna. I sent my son, who
is finishing his first year of medical education at Charles University in Prague, to Paris
a few days ago.

With circumstances as they are at the moment I do not intend to return to Prague and
I am trying to find a place where I can work and where my son can finish his medical
education. My wife is a paediatrician and has worked at the paediatric department’s
outpatients’ clinic at Charles University so far.

If, my dear Professor Lindell, you think you could assist us in any way in finding
some work for us in Sweden, I would be very grateful if you could let me know. [ would
send all necessary information immediately.

Please write to me at the following address: XXXXXXXXXXX.

I am very much looking forward to hearing from you. Please give my best wishes to
your colleagues at the Institute.

Best wishes,

Jan Miiller

If you wish to stay in Sweden long enough for your son to be able to finish his
medical studies, and if your wife wants to work as a doctor in Sweden, the language is
a practical problem; you would both need to learn basic Swedish. The normal way for
those leaving Czechoslovakia for Sweden in the current situation would be to come to
Sweden with the groups which are departing from Vienna in the near future and to take
part in the approximately three-month intensive courses which are arranged for them in
places like Uppsala.

I also warned Miiller of the difficulty for his son to be accepted for medical studies and that the
possibility of this happening depended fully on his son’s previous grades.

It turned out that the Atomic Research Council was able to promise to arrange a temporary but not
particularly well-paid research post for Jan Miiller. However, it also turned out that Miiller had requested
work in several countries other than Sweden and was hoping for a visa for the USA. Sweden fell short
against that sort of competition. In my following letter I agreed with Miiller to discuss his future plans
in Menton where ICRP Committee 2, of which Miiller was a member, was soon to meet.

2.15. ICRP and IRPA in Menton

The Nordic Society for Radiation Protection met at Voksendsen in Oslo on 3-4 October with Kristian
Koren as Chair. The following week, IRPA held a meeting in Menton, which was followed by a meeting
of ICRP Committee 2 at the same place. David Sowby and I met over the weekend after the Nordic
meeting to discuss policy matters concerning ICRP and Committee 2.

David proposed that we meet at minimum cost to ICRP and had found a cheap hotel in France on our
way to Menton. The hotel was called Hotel des Remparts and was in the small community of St. Paul
de Vence up on a mountain in Alpes Maritimes. I do not remember exactly what we discussed, but |
believe it concerned Karl Morgan’s unwillingness to replace the MPC values (i.e., the highest
permissible concentration of radioactive substances in air and drinking water) with the ALI values
(Annual Limits of Intake). There is another risk aspect that I do remember well though. When we were
walking in the forest around the hotel, we occasionally found small pockets, like tea bags, hung on tree
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branches and walls. They contained a few grammes of a white powder. It was a while before we were
able to make out the text on the bags; it had been erased by rain, which had also made the content of the
bags leak out (which may have been the intention). When we finally succeeded in interpreting the text,
we found that the bags contained arsenic! Exactly what for was anyone’s guess.

Of those who took part in the IRPA meeting in Menton, I particularly remember M. Delpla from
Electricité de France who stubbornly defended hormesis, i.e., the theory that low radiation doses do
fortify the immune system and are beneficial to us. ‘It is every person’s right to have low radiation
doses,’ said Delpla, who thought ICRP was doing harm by attempting to eliminate low radiation doses.

Jan Miiller also took part in the following ICRP Committee 2 meeting. I discussed his situation with
him while we were walking along the beach looking out over a Mediterranean Sea which was now not
a romantic blue but a mediocre grey. It was warm and hazy and you could see no horizontal line dividing
sea and sky. ‘I love the sea!’ said Miiller, whose abandoned homeland had no sea. He hinted that he was
waiting for information from the USA where the family might find sanctuary.

I was delighted to see Carlo Polvani again. One day he showed me around Menton’s cemetery where
there were plenty of old graves with Cyrillic phrases on the gravestones. They were often for young
Russian women who, before the revolution, had been sent by mature relatives to what was assumed to
be a healthier climate for those who had been affected by ‘consumption’. We were in the company of
the Canadian Art Marko from Chalk River who was able to interpret the Russian texts and allow us to
imagine the tragic fates. Here and there were removed gravestones in conflict with the English
inscription which could be read on one of them: GONE, BUT NOT FORGOTTEN.

What shocked me the most was the damage caused by the roots of Cypress and Poplar trees. Graves
on slopes and in walls had been pushed apart and caskets had been unearthed and in some cases had
tumbled out and split open. Polvani saw that I was disturbed and said: ‘You northerners care too much
about the body. It’s just a shell - the soul is the important thing.” I was evidently experiencing a clash of
cultures. There were also many other religious or cultural differences between different countries of
course. To what extent did they affect the attitude to the radiation protection philosophy? How would a
Chinese or an Indian have reacted to the graves being heaved up? How differently did people value a
life?

Carlo realised in any case that the shabby cemetery did not make a good impression on tourists. On
the way out we happened to meet the Mayor of the town who had welcomed us to the IRPA meeting.
We told him what we had seen and he promised to do something about it.

2.16. Radiophysicists for the Total Defence

In 1939, Rolf Sievert along with Manne Siegbahn had already taken the initiative which led to the
Swedish National Committee for Physics bringing together the country’s physicists for the military
physics research which led to the creation of the Military Physics Institute (MFI) and subsequently the
physics research within the Swedish Defence Research Establishment (FOA)®. Since that time he had
harboured a strong interest in military physics research. He designed measurement instruments to trace
radioactive contamination after nuclear weapons explosions and had opinions on how the preparedness
ought to be organised.

Sievert’s energy and initiative irritated the military leadership who saw it as a disruptive element, and
there was an attempt to keep him at a distance. When I succeeded him and became the first head of the
Swedish Radiation Protection Institute I inherited this alienation. It bothered me that I did not find any
guidelines for the way in which the Radiation Protection Institute ought to function during wartime. 1
found that in wartime, most of my colleagues would be stationed in such a way that our activities would
be forced to cease and the radiation protection expertise at the Institute would not be useful. Because I
had no information on the way that war preparedness was organised I had difficulty taking any initiatives

*See ‘The Sword of Damocles .
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to improve the situation. Nobody I spoke to seemed to know anything or be prepared to discuss the
problem — it felt like a Kafka novel to me.

I discussed the situation with our Ministry of course, the Ministry of Health and Social Affairs, and
this eventually brought results. In May 1968, the Ministry of Defence got in touch and assigned a contact
person, Lieutenant Colonel Kdre Svanfeldt (1922-2011) who was of the same age and who had
previously been head of the Engineer Troops’ Cadet and Aspirant School. I was invited to take part, with
him as a cicerone, in a preparedness exercise in Stockholm for the Total Defence on 29 May together
with Deputy Assistant Ingvar Terstad (born in 1916) from the Ministry of the Interior (responsible for
Civil Defence cases) and head of division Stig Ogner (born in 1928) from the Ministry of Defence’s
coordination department. This is where I had my first opportunity to discuss my problems.

On 13 June, through Svanfeldt, the Ministry of Defence’s coordination department sent out a
memorandum on lines of action and a circular to the Regional Directors of the Civil Defence and County
Administrative Boards to make a list of the personnel who were at their ‘radiac centres’. I had worried
that the radiac centres often lacked competent personnel. At the same time, I realised that many radiation
protection experts had been stationed as medical physicists in wartime without having sufficient
competence for this task.

In September I wrote to the head of the Swedish National Board of Health and Welfare’s planning
and preparedness department”, Medical Officer Ake Lindgren (1927-) and pointed out the unreasonable
situation where radiation protectionists would be stationed as medical physicists given that there were
nowadays plenty of medical physicists and that radiation protectionists would do more good in the radiac
centres. Lindgren referred my letter to his scientific advisers Lars-Gunnar Larsson, Kurt Lidén and Bertil
Aberg. These all substantiated the proposal to replace the radiation protection physicists. Lidén also
proposed a conference to discuss the matter of personnel for radiation protection preparedness in times
of peace. Aberg thought the whole radiation protection complex ought to be discussed by a task group
with representatives of various Total Defence authorities.

Kare Svanfeldt invited me to take part in a preparedness exercise on 12 November in Karlskrona.
Many of my qualms were confirmed. There was very inadequate contact between the military and the
civilian commander; they were in two different worlds which were very isolated from one another. The
military used the FOA’s radiation protection competence while the civilian commander had a ‘radiac
centre’ with very inadequate competence. The military chose its own path and more or less ignored the
civil measures, which was fortunate in some ways. On the advice of his radiac centre, the civilian
commander was tempted to make a number of unfortunate decisions based on lack of knowledge and
fallacies. For example, people were prepared to reject drinking water and some foods (including sugar
beet!) on flimsy grounds without having assured themselves of anything to replace them. I was
convinced of how important it was to obtain adequate radiation protection competence. This was also
confirmed by the list of personnel at the radiac centres which was compiled the next year and which led
to considerable improvements.

2.17. The Swedish nuclear reactors
The following can be quoted from the Radiation Protection Institute’s 1968 activities report:
As regards the number of nuclear reactors in operation ... no changes occurred in

1968". The nuclear power plants in Marviken and Oskarshamn, which are under
construction, are estimated to be ready in 1969-1970. However, it was of interest in

* In 1968, the National Board of Health and Welfare was a new authority with Bror Rexed (1914-2003) as Director General. It had been
formed on 1 January through a merger of the older National Board of Health and Welfare and the Medical Board.

t See chapter 1 for the situation in 1967. The only nuclear power plant was Agesta, whose reactor had a thermal power of 65 MW.
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1968 that the power industry produced a programme for a very extensive nuclear power
expansion for the immediate future.

Chapter 8 of ‘The Labours of Hercules’ gives a general idea of the growth of nuclear power. OKG”,
ASEA and Vattenfall had decided to invest in light water reactors. This was not highly regarded by the
advocates of ‘the Swedish line’, i.e., heavy water reactors with natural (non-enriched) uranium. The MD
of Atombolaget, Harry Brynielsson, thought it was impossible for Swedish industry to independently
cope with big light water projects. He stuck by the Marviken project and the energy policy decisions
which had been made in 1956, and also believed that Swedish heavy water reactors could make a
profitable export product. Afombolaget had contacted India, Pakistan and Egypt. Unfortunately, thought
the critics, the problem is that these countries are interested in nuclear weapons.

Vattenfall now definitely intended to invest in a light water reactor. Marviken was not thought to have
much of a future. The new reactor would be located in Vérd on the west coast. However, it was thought
that the name would be too difficult to use in international contexts and the plant was therefore already
given the name Ringhals to start with. The first two reactors for this power plant were ordered in 1968,
a boiling water reactor from ASEA (Ringhals 1) and a pressure water reactor from Westinghouse
(Ringhals 2). Two turbine plants were ordered from English Electric for Ringhals 1 and two from Stal-
Laval for Ringhals 2. The government had already given OKG permission to erect and run Oskarshamn
1 on 1 April 1966.

Tore Nilsson wrote the following about the plans at the Barsebédck Nuclear Power Plant in an internal
report within the Nuclear Power Inspectorate in 2002:

The Chairman of the Swedish Reactor Siting Committee, Torsten Magnusson of the
FOA, and Committee member Arme Hedgran of the Swedish Radiation Protection
Institute, took part in a meeting on 8§ May 1968 at the Board of Health in Copenhagen
concerning the ‘exchange of information regarding current plans to erect nuclear power
plants on either side [!] of Oresund’. As well as information from Sweden about
Barsebéck, information was given by the Danes about nuclear power plant on Zealand
planned for the 1970s. A decision was made to create a relationship in case something
happened, at Barsebédck in the first instance but also later in Danish reactors. The
question of the preparedness organisation was studied in Denmark. The distribution of
the whole of Denmark’s population was on computer so it was easy to do studies in
circles around the potential sites. The surveys were also done in Oresund. It was also
noted that a cooperation group had been formed within the Nordic Council concerning
the safety of reactors.

In November 1968, an agreement was reached between the State and Asea regarding the formation
of a common company, AB ASEA-Atom. The new company would obtain resources from Asea and AB
Atomenergi and was expected to be active in the atomic energy field. It would develop and market
reactors and also produce fuel elements. The State’s interest in ASEA-Atom was bought out in 1982.

In 1968, a decision was made for Sweden to affiliate itself to the UN’s non-proliferation treaty. The
ideas for Swedish nuclear weapons were thereby definitely dispensed and, with them, what was perhaps
the main motive for Marviken. In May 1970, the government decided that the work on the Marviken
reactor should be discontinued.

On 1 July 1968, Torsten Magnusson became Director General and head of the FOA. He then left his
assignment as Chair of the atomic energy delegation’s Reactor Siting Committee and was succeeded by
Arne Hedgran.

* Oskarshamns Kraftgrupp AB
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2.18. The problem with radon

The surveys of the presence of radon in Swedish mines were carried out by the Radiation Protection
Institute’s ‘special laboratories’ which were run by Jan Olof Snihs. The Institute’s activities report for
1968 showed the following:

Air activity in mines was also measured in 1968. The problem with radon in the
uranium mines abroad has been extensively studied and information has also come to
light that high radon levels can occur in other types of mine. The Radiation Protection
Institute therefore began radioactivity measurements” of mine air in 1967 in the
Niésliden and Langsele mines at Boliden. In this connection it was ascertained that the
radon level involved no problem provided you had good ventilation while working. In
1968, measurements were carried out in Nygruvan and Knallegruvan in Ammeberg.
The radon levels that were measured there were on average higher than those in Boliden.
However, the levels were not high enough to justify any immediate radical measures.

There are no reasons to believe that the mines surveyed so far would be the most
radioactive and it must therefore be considered to be justified from the radiation
protection point of view to also continue surveying other mines.

2.19. The radiation in our homes

We at the Radiation Protection Institute still had no information to lead us to believe that radon in
indoor air constituted a health problem provided the ventilation was good. On the other hand, we were
still worried by the knowledge that slate-based gas concrete, primarily Ytong, caused elevated radiation
doses because of unusually high levels of radium in the material. The Radiation Protection Act gave us
no formal possibility of intervening; a different authority was responsible. However, it was our job to
‘disseminate information about dangers and inconveniences which could be caused by ionising
radiation’. Sven Lofveberg, who was our information manager, and I jointly wrote two information
sheets for the Swedish Institute for Building Research, which published them under the heading
‘Radioactivity and building material’ I and II in the Byggforskning informerar (‘Building research
information’) series. The problem with radon was mentioned but the main emphasis was on gamma
radiation from the building materials. International organisations such as the ENEA’s Health and Safety
Committee were still not looking into the problem.

2.20. Chinese nuclear charge tests and the return of Apollo 8

The Apollo project was the name of the American space project from 1961-1972 whose purpose was
to investigate the moon and get people to land there. The first test flight with people aboard an Apollo
craft should have taken place in February 1967 but a fire broke right on the launch pad and the three
astronauts died. Before Apollo 11 landed on the moon in 1969, test flights took place with Apollos 7—
10. The trip with Apollo 8 was carried out at the same time as China carried out its new nuclear weapons
testing. This led to press headlines. Dagens Nyheter wrote the following on 28 December 1968:

With fantastic precision, actually exceeding the perfection which characterised the
whole of the Apollo project, Frank Borman, James Lovell and William Anders landed
just after 16:50 Swedish time on the Friday only 5000 metres from the salvage fleet’s
lead ship. The new target shooting record was noted in the southern Pacific Ocean.

* A lapse: yon cannot measure radioactivity; radioactivity is a phenomenon, not a magnitude. It is the activity of the radioactive substance
that is measured - but we are often careless and express it wrongly!
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Dagens Nyheter’s science reporter Arne Karsberg wrote on the same day:

At around 8:30 Swedish time on Friday, the People’s Republic of China carried out
its eighth nuclear weapons test. Eight hours later, the American space capsule passed
almost exactly over the test site. However, there was still no message late on the Friday
evening to say that the test had had any impact on the American project.

And nor had the test had any impact. However, like France, China had not signed what was known
as the Limited Test Ban Treaty which was entered into by the USA, the Soviet Union and the UK to
prevent nuclear weapons testing above ground. The Chinese detonated their nuclear charges above
ground, and it was therefore possible to show that radioactive material from the Chinese tests was all
over the northern half of the globe and thus also in Sweden. However, the radiation doses were very
minor — the charges were small. On the other hand, the astronauts could have received high radiation
doses from three other sources: the radiation belts around the earth (the van Allen belts), cosmic radiation
(i.e., radiation from outer space) and proton radiation from the sun. However, the measurement
instruments on Apollo 8 did not show any high radiation doses. The greatest risk had been the proton
radiation from solar eruptions that could come without much forewarning.

2.21. The Non-Proliferation Treaty (NPT)

The Non-Proliferation Treaty (NPT) is an international agreement that is intended to limit the
proliferation of nuclear weapons, nuclear weapons technology and fissile material. The signing of the
agreement started in 1968 with Finland.

According to the agreement, the nuclear weapon states (France, China, the Soviet Union, the UK and
the USA) were to undertake disarmament. Other countries would be able neither to receive nuclear
weapons, nor to develop them. In order to ensure that fissile material in these countries was used for
peaceful nuclear power only, IAEA would check (in accordance with a special Safeguard agreement) by
inspecting their nuclear energy plants and every State would undertake to permit such a check.

The NPT was propelled by the powers which were armed with nuclear weapons to counteract a
change in the balance of power. The agreement had been signed by 140 States by the start of the 1990s.
It was made valid for 25 years and a follow-up conference was agreed for 1995.
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3. THE YEAR 1969

3.1. Competence of the radiophysicists

On 3 January, I wrote a disgracefully late response to a couple of letters from Kurt Lidén from the
previous year. The annual meeting of the Society of Radiophysicists on 20 November 1968 had
discussed which competence was required for radiophysicists in conjunction with the report which had
been completed on behalf of the society by Holger Skéldborn, John Svedberg and Lennart Sundbom.
They had decided to follow up the report with a questionnaire to be answered before the end of January
1969. Kurt had written to me and given his points of view on the matter. He thought that formal
competence in radiophysics should be required for both medical physicists and personnel within the
nuclear power industry’s radiation protection departments. My response was (note that at the time I
wrote as though it concerned only men):

I believe that our objective is principally the same (what else?), i.e., to employ the
most competent person for the purpose in each individual case and ensure that he has
sufficient competence and that he can take care of the job adequately. I also believe we
agree that sound knowledge of radiophysics is very important. However, I then believe
that our views diverge. The general trend of modern society appears to be to place
greater emphasis on factual knowledge rather than formal knowledge. The contrary
would be unfortunate. I do not need to take such a drastic example as someone from
Pakistan who came to us to read radiophysics with a four in physics who could not
calculate the volume of a cylinder (but I only mention him as an anecdote). Nowadays
we are not usually unfortunate enough to see the formal competence failing to actually
reflect the factual, but there are important exceptions. And that is when / think the
factual competence should be decisive.

There is also a purely professional point of view. I believe it is inadvisable to seek
to strengthen the position of the radiophysicists through coercive measures. If it does
turn out — which I assume neither of us believes it will — that the radiophysicist has a
low level of factual competence although he fulfils the formal competence requirement,
the requirement will soon be given the boot (as will the radiophysicist). If on the other
hand the factual competence obviously follows on from the formal — and that is what I
assume we would hope for — you do not need any additional requirements to the formal
one.

In other words, the best way of ‘selling’ the radiophysicist is to train him such that
he becomes indispensable, at least in the longer term. So, it ought to be important to
make it general knowledge that it is a radiophysicist who has all the capacities required
for a specific job.

The situation where we have cause for concern is when someone who actually has
inferior or dissatisfactory competence is employed for a specific job. However, in
several of the cases where dissatisfaction has been expressed, the ‘incompetent’ person
concerned has had completely adequate factual competence. And being able to obtain
such competence without formal examinations in the subject is something that both you
and I (I hope!) have evidence of.
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On 7 May, the Secretary of the Society of Radiophysicists sent out a summary of the questionnaire
responses. Responses had come from 50 radiophysicists. 42 of these thought that a licentiate degree in
radiophysics ought to be an absolute requirement for a job as a medical physicist.

3.2. Contact with the Ministry regarding the Barsebick Nuclear Power Plant

On 17 January, the Chair of the DFA, Secretary of State Hans Lundstrém of the Ministry of Finance,
wrote a letter to the head of department at the Danish Atomic Energy Commission, H. H. Koch. The
letter was a response to a letter from Koch of 21 November which I have not been able to find. Lundstrom
wrote:

Many thanks for your letter of 21 November 1968. As I told you when we last met,
Sydkraft’s application for a licence for the Barsebiack Nuclear Power Plant has now been
submitted to the Swedish Government. It has been referred to the Delegation for Atomic
Energy Issues, which in turn requested a statement from a number of authorities, etc. no
later than 31 July 1969. The delegation will then provide its own opinion on the basis
of these statements and of the technical review by the delegation’s Reactor Location
Committee. It is not possible to give a more detailed schedule today regarding the
delegation’s review of the case. Due to the Reactor Location Committee’s great
workload, it probably cannot start dealing with the safety issues until the summer. I have
asked the Chairman of the Committee, Assistant professor Ame Hedgran, to get in
contact with the relevant Danish authorities as soon as we can establish our work
schedule. A copy of the application and of the delegation’s referral are enclosed.

3.3.  Closing of the Czech books

On 31 January 1969 I received the following letter from Jan Miiller, sent from Toronto in Canada:

Dear Prof. Lindell,

I feel deeply ashamed that I have not written to you for so long, particularly since
you so generously offered me the possibility of working at your Institute.

When we met in Menton I thought that a decision regarding the US would be made
very quickly, but that was not the case. The bureaucratic procedures concerning the type
of visa that I requested took a very long time and when new difficulties arose and I
would have been forced to apply for another type of visa, I decided to travel to Canada.
So, it was just before Christmas when we were all pretty depressed and homesick.
Something needed to be done quickly. I dared not ask you for work at your Institute
again so we made a quick decision and we were in Canada within three days. This was
a fact — the reasons are sometimes difficult to explain because they are beyond reason
and are partly emotional. We quite simply felt miserable and tired of everything.

We are therefore now in Toronto. I am working at the Province of Ontario’s
environmental office in Toronto. Here there are a few interesting problems as well as
some laboratory resources. It is also possible that I may take part in some projects at the
University of Toronto in the future but it is still too early to say. My wife will start work
here as soon as she has taken the exams required for foreign doctors in Canada. Our son
hopes to be accepted at the University of Toronto next semester. We now also have an
apartment here; there isn’t much furniture in it at the moment but that is not all that
important and will be resolved in time.

I wold like to emphasise, my dear Prof. Lindell, how deeply I appreciate your
assistance during the most difficult period after we had left my country. It was not
always easy for me to keep my morale up but your letters gave me plenty of support —
many thanks.
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3.4. Radon in mines

Jan Olof Snihs began to suspect that radon in mines could be a serious problem and prioritised the
special laboratories’ efforts with radon measurements. He started a cooperation with the Swedish Board
of Occupational Safety and Health which was directly responsible for employers (the Radiation
Protection Act was not yet directly applicable at the time). Snihs also contacted the Mining Research
and the Swedish Mining Association. The latter initiated a cooperation group within mining research.
Assistance was required to organise the increasing number of measurements. Bengt Hékansson used to
tell animated stories of how he climbed up steep slopes with heavy measurement equipment to find, on
one occasion when he had reached the top, that the hatch he was going to go through had been closed.

The following was written in the Radiation Protection Institute’s activities report for 1969:

Air activity measurements in mines were also taken in 1969. Results of previous
surveys (see the activities report for 1968) have shown that there is reason to continue
the activity measurements in mines. In 1969, a further 5 mines were therefore surveyed:
Dannemora, Stripa, Strassa, Blanka and Mangruvan. Two of these showed radon
daughter levels” which were lower than 10 pCi/l [i.e.,10™"! curies per litre] on average,
i.e., clearly satisfactory from the radiation hygiene point of view. The others had radon
daughter levels in excess of 30 pCi/l, i.e., ICRP’s MPC value for radiological work. In
one case, the levels were close to 300 pCi/l.

These mines had been selected by the mining research cooperation group which had
been formed at the initiative of the Swedish Mining Association.

The selection took into account things such as the geological conditions for finding
high radon levels. However, it has turned out that the results do not always tally with
expectations.

So, geology was not the phenomenon that could explain the highest radon levels. Snihs would find
out the real reason later on. If he had not stubbornly let the measurements continue, the worst ever
radiation exposure of workers in Sweden would not have been revealed and the reason would not have
been discovered. However, there will be more about this in the following Chapter.

On 18 February, I received the following letter from Kristian Koren:

Dear Bo,

Thank you for your letter of 6/2/69 in which you discuss the problems with radon-
222 in mines. We would very much like to be kept informed of the development in the
field in Sweden, and even if you and your colleagues did not have anything particularly
concrete to submit in Copenhagen this March, we would like to see the subject
mentioned.

Many years ago we had major problems with the Seve Mines in Telemark which
contained both radon and thoron. We had to take drastic measures with protection
equipment and demands for ventilation, blasting on Friday evening, etc. Fortunately,
the operation became unviable, not because of our demands but because of international
economies, so the operation has now been closed. But we must understand that there
may be problems with radon in many places and we would not like to see big headlines
in the press without us having been able to find out how great the risk is in advance.

Yours sincerely,
Kris

* The radiation dose in the lungs comes only to a very small extent from the radon itself — it comes from the decay products, the ‘daughter
products’, which are suspended in the indoor air and accumulate in the lungs (see Chapter 1 of ‘“The Labours of Hercules”).
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3.5. The radiation in our homes

In 1969 there were no efforts to further investigate the problem with radiation in our homes from
radioactive building material. The Radiation Protection Institute, which was not an authority with any
responsibility in this regard, thought the duty to provide information had been fulfilled with the two
information sheets compiled by Lofveberg and me. The problem was not mentioned in the Radiation
Protection Institute’s activities report for 1969. ICRP had not discussed the issue and nor had
UNSCEAR. I had not yet succeeded Arne Hedgran as Swedish representative of ENEA’s Health and
Safety Committee and had not yet seriously started to seek international support for more detailed
reports. Gun Astri Swedjemark, who would play a significant role in the research into the radiation in
our homes, was still fully occupied by the measurements of contaminated foods following the big nuclear
weapons tests at the start of the 1960s.

3.6.  Radiophysicists for the Total Defence

On 4 April, Senior Administrative Officer Erik Lindell (born in 1921) of the Swedish National Board
of Health and Welfare sent out a form to list the personnel at the radiac centres and, as he put it, ‘get the
right man in the right place’. At the end of April, Colonel Svanfeldt wrote the following to Gunnar
Lindblom at the FOA:

Bo Lindell and I have examined the material which arrived from Civil Defence
cabinets and the CABs [County Administrative Boards] as regards the access to radiac
specialists. A compilation is enclosed.

As previously noted by you, there is a very uneven distribution of real experts. A
desire for fortification is expressed in several cases.

It now appears to be possible for the FOA to prepare the list of the radiac personnel’s
assets which the FOA should come up with in consultation with the Swedish Radiation
Protection Institute.

The list showed just what a lack of expertise there was. Among the 6 radiac centres which were
available to civilian commanders, 2 had excellent expertise, 2 acceptable and 2 completely unacceptable.
Among the 25 radiac centres at the County Administrative Boards, just 2 had good expertise. Those who
were at the other radiac centres were largely either surveyors or architects.

In May 1969, Erik Lindell produced a summary of what had happened. He reported the statutory
background to the stationing of radiophysicists, including medical physicists. He also took up Kurt
Lidén’s proposal to fit medical physicists into the group of ‘medical personnel’ and wrote that the
Swedish National Board of Health and Welfare had no objections to this. He gave an account of the
desire I had expressed for radiation protection physicists who were now stationed as medical physicists
to be replaced by real medical physicists and instead be stationed out and given radiation protection
assignments. He summarised the referral response to my letter and made the following proposal:

As shown by Professor Lindell’s letter, a review of the access to personnel is
currently taking place within the Total Defence’s radiac protection organisation, which
should probably include both the radiation protection technicians who are now stationed
within the civil war healthcare system owing to a previous lack of medical physicists,
and the conscripts who have radiophysics education who are now stationed within the
army in posts other than radiac protection posts.

* With reservations regarding the fact that I am quoting from a draft and have not been given the final letter.
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In 1969, Kére Svanfeldt became head of the Svealand Engineer Regiment and the Ministry of
Defence’s interest in the Total Defence’s radiac protection organisation thereby fell away and the contact
was continued with the Ministry of Health and Social Affairs.

On 15 October, a memorandum written by Jerzy Einhorn came from the Swedish National Board of
Health and Welfare regarding the stationing of radiophysicists and radiotherapists within the civil war
healthcare system. Einhorn referred to my letter (including the referral responses) and Erik Lindell’s
summary. Einhorn wrote the following about the need for radiation treatment during wartime:

Scientific adviser Professor L. G. Larsson says that ‘certain qualified
radiotherapeutic activities ... ought also to be run during times of war’. County doctor
Dr. Norman®, Chief Medical Adviser Dr Akerrén’ and scientific adviser Professor
Aberg, concur fully with this. Chief Medical Adviser Akerrén said that, partly for
psychological reasons, it is inappropriate not to plan for the radiation treatment of
patients with malignant tumours within the civil war healthcare system.

Einhorn wrote the following about the need for personnel:

In a letter of 30/9/1968 to the Swedish National Board of Health and Welfare,
Professor B. Lindell says that every Civil Defence and County Administrative Board
should have a radiation protection specialist available.

The first to be assigned to these positions should be physicists who also hold
administrative radiation protection posts during times of peace.

3.7. The Nordic meetings in Copenhagen

On 17-19 March, representatives of the Nordic countries’ radiation protection institutes met in
Copenhagen to discuss the formulation of national radiation protection provisions. On 20-21 March, a
‘Nordic Council’-type meeting was also held there. The following people from Sweden took part in the
latter meeting: from Atombolaget Thor Wahlberg, from the FOA Gunnar Lindblom, Arne Nelson and
Gunnar Walinder, from the Swedish National Board of Health and Welfare Bertil Aberg and from the
Radiation Protection Institute Ragnar Boge, Arne Hedgran, Carl-Gosta Hesser, Stig Johansson, Bo
Lindell, Jan-Olof Snihs and Bernhard Tribukait. The subjects included UNSCEAR’s activity, continued
fallout reports to the UN, action levels if iodine-131 were released, exemption regulations for low-
activity waste and problems concerning the medical use of radioactive substances.

The first meeting discussed a proposal that I had sent out in a letter on 29 January. Since the
proposal was accepted and ended up leading to valuable results (the ‘Flag Book’), I quote a fairly long
section of my letter here:

My proposal is that at the meeting of 17-19 March in Copenhagen we discuss the
conditions which can lead to the common translation and processing of ICRP
recommendations for application within the Nordic countries.

Only a translation of the ICRP documents seems to be less important since we can
refer to the English text perfectly well. However, the ICRP recommendations are aimed
at every country’s radiation protection authority with the intention that each country
should do additional work on the instructions and regulations which are required in the
sense of the recommendations with the local conditions.

In Sweden, like the authorities in most countries, the Radiation Protection Institute
has declared itself willing to apply the ICRP recommendations. However, no formal
undertaking has been made. Nor should it be possible for Sweden to commit itself ‘in

* It is unclear to me what ‘Dr Norman’ Einhorn is referring to; he gives him the initial ‘A’.

* Bo Akerrén (1925-2005)
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blanco’ to that which ICRP may recommend. A more practical way is to take on the
recommendations now made (or that are soon to be expected) and point by point
determine whether we are willing to apply them.

A translation into ‘Scandinavian’ could thus involve only the recommendations
which are agreed should be applied within our countries (let us hope that it is the
majority). In the ‘translation’, each paragraph should be changed so that it actually
complies with ICRP but in its application is designed for the Scandinavian conditions.
Where we cannot comply with ICRP, we should instead replace the text with something
which corresponds to whatever we may determine.

The document which can be created in this way will have some similarities to the
documents drawn up by IAEA, ILO, etc. as safety rules or model codes on the basis of
the ICRP recommendations. The particular recommendations of these organisations
should naturally also be observed and ‘translated’” where appropriate.

Any common document should also reflect the requirements set by the ILO
Convention and should also include already-existing regulations that are not too detailed
to the extent that we can reach inter-Nordic consensus regarding these.

The advantage of using a number of ICRP publications as a basis when drawing up
a Scandinavian collection of recommendations is that very substantial editorial work
has already taken place on these documents. In using this skeleton, we may be able to
perform a task which would otherwise be near enough impossible.

I imagine that the result could be a book which could be jointly published by our
Institutes as practical proof of the good Nordic cooperation. In this form, the result
would not constitute any formal connection as regards the application, since a common
‘book’ can scarcely be characterised as a regulation in any of our countries. On the other
hand, it may be conceivable that we, in Sweden for example, issue a provision which
says that that which has been written in the common book shall apply. I still cannot take
stock of the legal and administrative difficulties - we should discuss them in
Copenhagen.

An ICRP ‘translation’ of this type obviously requires a lot of work. This can take
place in smaller task groups which undertake different sections. The possibility of
organising such work and the question as to whether we have personnel resources for it
should also be discussed.

However, the most burning issue that we should first discuss is this: is it a reasonable
proposal? Is it worth the trouble and can we reach an adequate level of consensus?

My view of the matter is optimistic. It will probably be a long time before we have
the same opportunity as now to come up with common guidelines. As far as Sweden is
concerned there is a very acute need for new general application regulations and we
must find a solution to that problem under any circumstances. However, it would be a
waste of work efforts if each and every country were to draw up its own interpretations
of ICRP, assuming we were easily able to agree that is.

So, what was the position regarding the ICRP recommendations at this point in time, March 1969?
ICRP’s fundamental general recommendations in Publication 9 had come out in 1966 and were discussed
by IAEA, ILO and WHO. A number of application recommendations were to be expected in 1969-1970,
primarily Publication 15 on protection against external radiation, but also Publication 16 on patient
protection during x-ray examinations.

At the meeting in Copenhagen, my proposal was accepted and Sweden was given the task of acting
as the coordinating country in the agreed cooperation. Eleven sub-areas had been identified and
distributed between Denmark, Finland, Norway and Sweden. The first draft would be finished at the end
of 1969 or the start of 1970. The project led to what we called the ‘Flag Book’, a work whose cover
displayed the flags of the Nordic countries.
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3.8. UNSCEAR’s 19 session

UNSCEAR’s 19" session was held in New York on 5-16 May 1969. As was the case at the 18"
session, Gordon Butler from Canada was Chair and I the Deputy Chair, while Dr. V. Zeleny from
Czechoslovakia was rapporteur. During the session, it was decided that I would be Chairman of the 20th
and 21st sessions with Zeleny as Deputy Chairman and Brazilian L. R. Caldas as rapporteur. During the
session, the main discussions concerned the plans for the continued work. The Swedish delegation
included Arne Nelson as the substitute for the representative and Lars Fredriksson as expert. But two
other Swedish experts were also present, as consultants to UNSCEAR’s Secretariat, namely Kay
Edvarson and Borje Larsson. This gave me the opportunity to play table tennis with Borje during the
good lunch breaks.

Gordon Butler, Zeleny and I as the Committee’s Officers discussed the matter of whether or not it
would be appropriate for UNSCEAR to make a contribution to the UN’s forthcoming environmental
conference in Stockholm 1972. The Committee asked us to write a contribution regarding the value of
applying UNSCEAR’s experiences within general environmental protection as well.

Sverker Astrom was Sweden’s UN ambassador in 1964—1970. I had written to him on 20 May, i.e.,
immediately after UNSCEAR’s meeting, saying that my board assignments for both ICRP and
UNSCEAR ought to make it easier to plan participation from these organisations at the environmental
conference in 1972, but that it ought to take place with caution. I wrote:

... The radiation protection experts I have spoken to from different countries have
agreed that they have experiences which may be valuable and relevant but, at the same
time, they are anxious to emphasise that they will not take any initiative that may be
misinterpreted as a desire to dominate the development. The radiation issues per se
constitute just a small part of the problem complexity; on the other hand, opinions
already held and methods already developed can in some cases be transferred for further
application.

In his report to the Ministry for Foreign Affairs of 27 May, Sverker Astrom wrote:

The more immediate reason why the Committee ended up informally discussing
matters concerning the UN Conference on the Human Environment was that in an
address to the Committee, the Secretary General [U Thant] said its work was directly
related to the preparatory work for the UN Conference.

Astrodm gave a report of what the Secretary General had said, which included:

Although it was not the intention for the UN Conference to become a purely
scientific conference, the Committee’s report would provide an invaluable background
for a preliminary discussion of some of the most important problems that the Conference
is expected to handle. This was not just because of the significance of the atomic
radiation problem but also because, while working, the Committee had developed a
method that could serve as a model when it came to dealing with other environmental
problems which require scientific analysis at an international level.

I had started writing a paper myself for similar purposes for publication in the Radiation Protection
Institute’s activities report for 1970, entitled Can the experiences of the radiation protection field be
useful within general environmental protection? One of my conclusions is shown in the following
subsection:

Two organisations have been very important in radiation protection work. One of
these, UNSCEAR, ought to be an exemplary model for what can be accomplished
within the framework of the UN. The other, ICRP, is so unconventional that it
unfortunately appears to be impossible to copy it within the other fields.
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By this I meant ICRP’s organisation and way of working, while I felt that many of its
recommendations and concepts ought also to be applicable as regards non-radioactive environmental
toxins.

In 1969, Rolf Bjornerstedt, ‘Nalle’, came to the UN in New York as head of its department for
disarmament matters, an operation which was later (in 1976) developed into the UN Centre for
Disarmament.

3.9. Swedish nuclear power, Virtan and Agesta

On 1 January 1969, AB Atomenergi’s fuel production resources were moved to Asea-Atom. At the
same time, the Delegation for Atomic Energy Issues was transferred from the Ministry of Finance to the
newly-formed Ministry of Industry, whose first head, the Minister of Industry, was Krister Wickman.

The Radiation Protection Institute’s activities report for 1969 shows the following:

As regards nuclear reactors in operation ... the change [that] took place was that the
maximum power for R2 [the research reactor in Studsvik] was changed from 30 to 50
MW and for the Agesta reactor from 65 to 80 MW. It was not possible to complete the
Marviken project in accordance with the plans. It is estimated that the nuclear power
plant in Oskarshamn will be commissioned in 1970."

Otherwise, it is now possible to predict an extensive nuclear power expansion. At
the end of 1969, the following plants were ordered or being constructed: two units at
Ringhals, another unit at Oskarshamn and one unit at Barsebdck. The question of
‘proximity location’ of nuclear power plants, i.e., whether it is possible to design a plant
so that its location in close proximity to densely-populated areas can be permitted has
been brought to the fore through Stockholms Elverk’s application to erect a reactor to
produce electricity and heating in Vértan. Since the Reactor Location Committee has
taken the view that permission for this should not currently be granted, a committee has
been set up to produce a basis for an assessment of requisite location restrictions for
future plants. Although the safety factors are the first thing to control the location
requirements, it is very important in this context to also look at how the terms for
emissions of activity with flue gases and wastewater must be formulated for nuclear
power plants close to dense developments.*

Thanks to Arne Hedgran the Virtan project was put off. As Chair of the Reactor Location Committee
he did not want to support the project, which immensely irritated the powerful industry commissioner
Gosta Agrenius (1914-2000) and the Director of Stockholms Energiverk, Jan-Erik Ryman (1922-20009).
The following was said in an interview given by Arne Karsberg for Dagens Nyheter before the
Committee had spoken (probably Karsberg’s words): ‘The main thing that remains to be seen is what
the so-called Reactor Location Committee ends up saying about the project. If it approves the plan, it
will be considered to have made a pioneering achievement which will echo throughout the world.’

On 1 May 1969 there was a mishap in the Agesta reactor which is usually referred to in jest as the
‘First of May demonstration’. A water pipe broke which ought not to have had any bearing on the safety
of the reactor. An arc of water sprayed out and it happened to hit an electronics cabinet containing relays
to control valves and pumps in the emergency core cooling system. The arc created a short circuit or
conduction. This resulted in cooling water pumps starting to pump water into the reactor, but it was not
possible for them to actually pump because the reactor pressure was still high. The reactor’s heavy water
started to be pushed out through leaking check valves and some heavy water was lost. No danger ever

* See “The Labours of Hercules’ for the arrival of the first reactor at the Oskarshamn plant.
 Here, the author has been careless; the physical quantity ‘activity’ of a radioactive substance is the number of nuclear disintegrations per

unit time: the word ‘activity’ must not be used as a synonym of ‘radioactive substance’. You should therefore write ‘emission of the
radioactive substances’. On the other hand, ‘Radioactivity’ is not a physical quantity but denotes the phenomenon that causes activity.
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arose in terms of the safety of the reactor, but the course of events was not exactly predictable, and this
shows just how difficult it is to state a relevant value for the likelihood of a reactor accident happening.
Since the pumps were not intended to pump against high pressure, they were not designed to tolerate the
high pressure. The pumps could therefore have caused a break in the emergency cooling system. Even
though it could have been possible to overcome such a situation, the incidence was really serious.

According to modern requirements, the level of information on the event was dissatisfactory but
probably more so due to a lack of procedures and operative resources for reports than a desire to keep
matters secret.

3.10. Barsebick 1

Sydkraft ordered Barsebdck 1 with an electric power of 570 MW from Asea-Atom at a cost of
approximately one billion Swedish kronor. At the same time there was an option for Barsebéck 2.
Sydkraft had assured itself of an adjustment agreement with Danish Elkraft. The agreement meant that
the Danes, in addition to a continuous power exchange, undertook to purchase energy from Barsebiack
for four years.

3.11. ICRP in Oxford

In April 1969, the four ICRP Committees met at St. Catherine’s College in Oxford. ‘Bill” Pochin was
to step down as Chair at that year’s Congress of Radiology in Tokyo and be succeeded by the Canadian
Gordon Stewart, and I would become Deputy Chair, but I would also continue to be Chair of Committee
3. The choice of Stewart worried David Sowby. David was loaned by the Canadian government to be
Secretary of ICRP. It seemed natural to Stewart to suggest that David ought now to return to Canada to
be close to the Chair. However, David had settled down in England and did not think it was a good idea
for the Secretary to always follow the Chair. He thought ICRP ought to have a fixed point of reference,
irrespective of who the Chair was.” Another factor in the case was that there was not the best of
interpersonal chemistry between Sowby and Stewart. Stewart took up the matter at the Main
Commission’s meeting but, to David’s relief, the decision was that the Secretariat should remain in
England.

Six months after the meeting in Oxford I received a letter from David in my capacity as Deputy Chair.
He was worried about the fact that Stewart had accepted the Commission’s decision only on condition
that it concerned a trial period during which they would see whether the arrangement with Chairs and
Secretaries in different countries led to any practical problems. David now recognised that there were
problems but that they were caused by Stewart who did not answer his letters. Were Stewart to claim
that the arrangement was not working, David wanted me to know that it was not his fault since he had
done everything he could to facilitate the cooperation.

In Oxford, Committee 3 was now discussing the proposal from Grande’s task group for the wording
of the forthcoming ICRP ‘Publication 15°. The Committee made many changes which meant that Lars-
Eric Larsson, Secretary of the Committee, and I had a mountain of paper and notes which needed editing
before the Main Commission was to consider the proposal. I had substantial assistance from Lars-Eric
who was very keen to put himself to the trouble. We sat up one night until four in the morning editing
the manuscript, which also involved writing a number of new paragraphs which the Committee wanted.
Lars-Eric had placed a bottle of whisky on the table and declared that we should take a break for a drop
every n-th paragraph that we finished (I no longer remember which number the n represented). So, by
four o’clock we had finished and, as far as I recall, we were still pretty sober but sleepy. The Commission

* The current solution is that, as a registered charitable organisation, ICRP ‘belongs’ in England, whereas the Secretariat, irrespective of
where the Chairman is domiciled, had been located at the Swedish Radiation Protection Institute in Stockholm for some time until it
recently moved to Canada following the replacement of the Secretary.
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later approved the manuscript and it was possible to release ‘Publication 15’ on protection against
external radiation the following year.

The Main Commission discussed the representation of ICRP at the forthcoming Congress of
Radiology (the 12" ICR) in Tokyo. Many argued that the Commission ought to meet in Japan during the
Congress. This would confirm its international status and be appreciated in Asia. But Pochin thought it
would be too expensive and seemed to suspect that enthusiasm on the part of the members for a Tokyo
meeting was partly down to a personal desire to go to the far-off country of Japan. He refused to agree
to a meeting in Tokyo. It was a difficult and dictatorial decision since the majority were against him, but
he said that if the majority got its way he would step down as Chair. He later cried at having been forced
to make such an unpopular decision which was even more difficult for him because, according to what
the Congress required, he was forced to travel to Japan to represent ICRP as departing Chair.

3.12. 50 years of the NSTMR — the 30" Congress in Finland

This year’s Congress of the Nordic Society for Medical Radiology should have been held in Otnis
outside Helsinki. It became an anniversary Congress. This was the Society’s 30" Congress but also its
fiftieth anniversary. The rumour spread around the world but the Society’s bylaws did not permit the
participation of radiologists who were not members of the NSfMR.

This led to a serious conflict. It is described in its history (Unné, 1984) as follows:

A large group of radiologists from the USA had decided to simply come to the
anniversary Congress in 1969 and take part and while simultaneously holding lots of
presentations on this occasion. The group — of more than 200 people — had already
arranged its own hotel rooms, etc. The Congress management simply received a
message stating that the group would be arriving at the Congress. This led to a whirlwind
of letters back and forth with these Americans. The latter in turn had difficulty
understanding why they should not be able to take part since the Nordic radiologists had
always been welcome to their equivalent meetings, for example. The conflict was
reaching uncomfortable proportions where we in the Nordic countries were accused of
anti-Americanism, etc. The basic reason for these misunderstandings could
subsequently be found in a couple of prominent Swedish radiologists’ promises to the
Americans. It was then possible to prevent the American ‘invasion’ at the last minute.

In the end it was the Secretary General himself who had to carry the can because the
Americans could not take part, and who was also treated badly by some of the more
prominent Nordic radiologists even though the majority supported the view which
corresponded to the Society’s bylaws.

Otnés, which is in Esbo outside Helsinki, is the home of Finland’s University of Technology where
the Congress took place. The President of the Anniversary Congress was Professor Pekka Virtama.

The Congress was opened on 11 June. The President of the Republic, Urho Kekkonen, made time to
attend, as did the ambassadors of the Nordic countries.

The presentations bore witness to a greater understanding of the biological impact of ionising
radiation. Erik Poppe ascertained that million volt therapy was superior to treatment with (what was
then) conventional qualities of radiation. Lasz/o Révész gave an esteemed overview of the biological
conditions for preoperative radiation treatment. Jerzy Einhorn and colleagues spoke about autoimmune
reactions after local radiation treatment. In the physics section (eight presentations), Hans Svensson and
Gunnar Hettinger gave an account of the results of a dosimetry survey of different accelerators in the
Nordic countries.

In all, 120 presentations were given and there were a good 600 participants.
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3.13. Irradiation accident at Radiumhemmet

In the summer of 1969, a calculation error by a physicist at Radiumhemmet led to twelve patients
being exposed to higher radiation doses than was planned. The device that created the radiation was a
new betatron which had been calibrated for both electron radiation and x rays. It was commissioned in
April for electron radiation and on 4 June for x rays once it had been calibrated by the physicists. The
calibration was technically correct in terms of measurement but, when calculating the setting values
which would emit the intended radiation dose of x rays, the physicist who was responsible made a
mistake. The calculation required him to use numbers from a table which showed the calibration results.
The physicist read from the wrong column in this table. The setting recommended by him therefore
emitted radiation doses that were too high, although the doses were not high enough to be immediately
noticeable. Every patient was irradiated for a good month in 20-35 sessions, and only after some of the
patients had had many irradiation sessions was the overdose noticed. By then, four of the patients had
received a higher radiation dose than the total planned dose. The remaining patients had received doses
that were too high on each occasion but had not been irradiated enough times to be injured. It was
possible to adapt the remaining irradiation sessions to turn the total dose into the desired dose. On the
other hand, the four over-irradiated patients did suffer from non-predicted radiation injuries (specific
injuries to healthy tissue cannot be avoided if the tumour is to receive a high enough dose for it to be
destroyed). Regarding at least a couple of the deaths — they concerned very ill patients — it was thought
likely that the overdose was the reason. The event was tragic.

The over-irradiation was discovered on 27 July and the Swedish National Board of Health and
Welfare was notified in accordance with ‘lex Maria’ (the Patient Safety Act) and, as was required at the
time, it was also reported to the police. The question of who was responsible was difficult to determine
because of the strange arrangement where the administration of medical physics at Radiumhemmet came
under the Radiation Protection Institute whereas the work was a part of healthcare for which the head of
Radiumhemmet was responsible. This meant that I was also summoned to be questioned by the police to
find out whether there were shortcomings in the physicists’ instructions. However, the question of
liability had still not been answered after a couple of years’ investigation.

3.14. Sternglass

In the summer of 1969, a number of articles by the American Professor Ernest J. Sternglass attracted
considerable attention. Sternglass was Professor of Radiophysics at the University of Pittsburgh and was
active as a medical physicist at the University’s radiology clinic. The articles appeared in Bulletin of the
Atomic Scientists (Infant Mortality and Nuclear Testing), New Scientist (Has nuclear testing caused infant
deaths?) and Esquire (The Death of All Children). The latter-mentioned article made the greatest impact
on the public.

Sternglass maintained that one in three cases of infant mortality in the USA was caused by the
radioactive fallout from the atmospheric nuclear weapons testing. He supported this claim with an
interpretation of the official statistics on American infant mortality and used a diagram to illustrate his
conclusion. It was shown that infant mortality during 1934-1951 could be described as a descending
straight line in a log-linear diagram, which meant that fatality had fallen by the same percentage every
year. Sternglass continued to draw out (‘extrapolate’) this straight line over the next few years until 1968.
However, the observed fatality now no longer followed the extrapolated line but was higher. Sternglass
thought the infant mortality ought to have continued to fall at the same rate as before and that the
difference between the observed fatality and that which corresponded to the extrapolated line was due
to a new risk of death which corresponded to the nuclear weapons testing in terms of time. This risk
would then be much greater than the one assumed by UNSCEAR and ICRP.

Sternglass’ hypothesis led to big headlines and general unease. However, he faced strong criticism,
even from many of those who used to criticise UNSCEAR and ICRP for underestimating the risks. One
of these was the controversial, argumentative Oxford scientist Alice Stewart, who made a contribution
to New Scientist under the heading The Pitfalls of Extrapolation. She wrote:
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[Sternglass] should consult pages 30 and 31 of Facts and Figures (Moroney,
Penguin, 1960) where he will learn that this is not the first time that a reputable scientist
has fallen into the trap of over-confident extrapolation, or asked his readers to believe
in an implausible situation.

The most likely explanation of the observed change is that it is a reversion towards
normality of a death rate which had, for 20 years, been experiencing booster effects —
first from the introduction and dissemination of sulphonamides, and then from the
introduction and dissemination of antibiotics.

It was easy for us to ascertain that it was not possible to prove any corresponding extra risk in the
Swedish fatality statistics; on the contrary, there was a sharper decline in the risk after 1960. Sternglass
had been too eager and gullible.

At the Radiation Protection Institute, we still thought that most of the criticisms (but not Alice
Stewart, who had endeavoured to refute him) had dismissed Sternglass too hastily, as though
unreasonable statements a priori must be incorrect. I wrote in our collection of press cuttings called
Stralskyddsnytt (‘Radiation protection news’) (no. 5, 1969):

As far as the Radiation Protection Institute is concerned, it is safe to say that every
serious statement that is made regarding the idea that radioactive environmental
contamination has killed hundreds of thousands of children per year is at least worth a
review, discussion and statement.

3.15. Rise physicists visit the Reactor Location Committee

The Risg scientists Henning Jensen and Poul Emmersen visited the Reactor Location Committee’s
Secretariat in Stockholm on 25 August to find out how the Swedish authority was structured and to

discuss the licence application for Barsebdck. In their view, the probabilistic safety analysis was too
brief.

3.16. Budding environmental debate

Rachel Carson’s (1907-1964) polemic book Silent Spring, the Swedish edition of which came out in
1962 as Tyst var, marked the introduction of the more extensive Swedish environmental debate which
initially concerned chemical pesticides, primarily DDT and mercury. In Sweden, synthetic
methylmercury was used until 1966 to treat sewn seeds, which led to significant bird mortality. The
environmental problems from a wider perspective were discussed by Assistant professor in Chemistry
Hans Palmstierna (1926—1975) in the book called Plundring, Svdlt, Férgifining (‘Plunder, Starvation,
Poisoning’) in 1967. The fact that authorities and experts were surprised by the problems also led to a
distrust of radiation protection and many people assumed that many risks had also been disregarded here.
In the case of radiation protection, the distrust was less justified, although the risk estimates over the
years have gradually been revised.

Hans Palmstierna shared this distrust. He took Sternglass’ misinterpretations of infant mortality
seriously and criticised (quite rightly though) the American Atomic Energy Commission for its reaction:

True to form, you might say, the American Atomic Energy Commission is protesting
strongly against this interpretation of the statistics. It faithfully follows the pattern to
which so many other authorities automatically resort, worldwide, when they feel that
their interests are threatened by evidence that is too disadvantageous.

Palmstierna’s method of debate did some good by fanning the flames of the problems and provoking
reflection, but it did also irritate many. He acknowledged his deliberate use of hyperbole in an interview
in Ny Teknik (‘New Technology’) (1969:23):

Ny Teknik: Have you deliberately exaggerated in order to cause a debate?
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Palmstierna: There are times when you are unfortunately obliged to exaggerate, but
you do then hope that the oscillations of the debate will gradually balance out. There
may have been big arguments in the Rigello debate but they are now starting to become
healthier.

Ny Teknik: So has the debate been unhealthy?

Palmstierna: The fact that some incorrect figures were spread at an early stage of the
debate sent it in the wrong direction.

Ny Teknik: Will you continue to exaggerate in these types of debate?

Palmstierna: 1 will exaggerate with moderation.

Someone who disliked hyperbole was Director General of the Swedish Environmental Protection
Agency Valfrid Paulsson (1925—) who wrote in the March issue of Svensk Natur (‘Swedish Nature’):

We are all interested in keeping the environmental protection debate clean. We have
strong, factual arguments. Let us develop them, but let us crack down on exaggerations,
irrelevancies and errors. We need an enlightened - not a misguided - opinion. Our
environment needs to be cleaned up. It should not be necessary to set the same
requirements for the environmental protection debate.

In another context, Paulsson is meant to have said that ‘it’s good to have alarm clocks but you do
need to be able to turn them off’.

In September 1969, Tage Erlander stepped down as Prime Minister and was succeeded by Olof
Palme.

3.17. The Congress of Radiology in Tokyo

The 12 international Congress of Radiology was held in Tokyo in September. It was the first time
that the Congress was held in Asia. More than 3000 people took part. The industrial reconstruction of
Japan had just begun but most of the presentations were given by North Americans and Europeans. The
sole representative of ICRP was its Chair, Bill Pochin.

A powerful typhoon passed the area in which the meeting was held just a few days before the
Congress.

3.18. Daring to debate

Gordon Stewart, who had just taken up his post as Chair of ICRP, had responded to a letter from John
Dunster, who proposed that ICRP ought to take part in a current discussion on the Commission’s
recommendations. Stewart was not in favour of the proposal and thought it could easily lead to negative
publicity. I had received copies of the letters that were exchanged and wrote the following to Stewart:

Many thanks for your letter of 3 September. As you wrote to John Dunster, ‘It is
always a pleasure to hear from you, even if I do not agree with what you are proposing!’
My view is that ICRP might make a fool of itself by taking part in a panel to debate its
recommendations, but I also think it is what we would deserve if we were that
incompetent. If we believe in what we have recommended and see it as fairly easy to
defend, we should not be afraid to discuss it in public. This could at least help us to
remove some of the current misinterpretations and misunderstandings. 1 therefore
strongly support John in this regard. I hope that this support will also be given by all the
others so that we succeed in convincing you. I look forward to meeting you on the panel
and in Oxford and later on, but particularly at the Commission’s meeting in London.
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3.19. The seed of optimisation thinking

On 16 October 1969, an interesting article was published in New Scientist. It was written by a scientist
at the University of Sussex, Craig Sinclair, and was called Costing the hazards of technology. It was a
follow-up of David Sowby’s article, Radiation and other risks in Health Physics in 1965 and discussed
the consequence of the risk estimates. Sinclair led a research project paid for by the British Social
Science Research Centre. Projects set out to study the best way of handling the health and safety
resources by finding quantitative measurements of benefit and risk.

As we had done in the ICRP group which produced Publication 8 in 1966 on the assessment of
radiation risks, Sinclair used a Gompertz diagram to illustrate the age dependency of the mortality for
different causes of death. A Gompertz diagram is a diagram which shows the logarithm for the annual
total likelihood of death as a function of age. For ages over 30, the equivalent curve in a log-linear
diagram is a straight line, which usually means that the annual total risk of death is doubled for every
seventh year. I mention the Gompertz diagram since it ended up playing a crucial role in the ICRP
recommendations twenty years later.

Sinclair used the Gompertz diagram to illustrate the fact that accidents are the dominant cause of
death up until the age of thirty. He stated a cost-benefit analysis as the method to find the optimum
allocation of resources. After having discussed the practical problems of an apparently simple matter
like the handling of protection against fatal accidents with overturning tractors, Sinclair wrote:

This example illustrates the complexity of safety considerations even in a traditional
industry. However, by application of cost-benefit techniques across industry and within
an industry it is possible to allocate resources rationally and to move towards a
maximisation of welfare without paralysing innovations.

To illustrate cost-benefit techniques, Sinclair used the now well-known diagram which shows that
the optimum allocation of resources corresponds to the case where the sum of the cost of the protection
and the cost of accidents is at its smallest. The problem was translating what were usually unquantifiable
quantities like human injuries and deaths into monetary quantities.

3.20. The Environmental Protection Act

The first Environmental Protection Act (SFS 1969:387) was adopted in 1969. When it came to
considering the emissions of environmentally-hazardous substances, the water courts were replaced by
the Licensing Board for Environmental Protection.” An exception was made for radioactive substances
since these were covered by the Radiation Protection Act. The Radiation Protection Institute therefore
took over from the water courts the responsibility for establishing limits for permitted emissions of
radioactive substances in water. It then became necessary for the Radiation Protection Institute to create
a fundamental policy for this purpose.

At the Radiation Protection Institute, the responsibility fell to its nuclear physics department of which
Arne Hedgran was in charge. This took place in a situation where the requirements for the limitation of
emissions and discharges had become increasingly important.

3.21. The radiation exposure per unit of an activity

I had long discussions with Arne Hedgran about which requirements we ought to set regarding
protection against the emission of radioactive substances from the impending nuclear power plants. What
might be a reasonable requirement for an individual plant could perhaps be an inadequate requirement

* When the Environmental Code (SFS 1988:808) superseded the Environmental Protection Act in 1999, the Licensing Board for
Environmental protection was replaced by the Environmental Courts.
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for the future if many plants were to jointly contribute to environmental contamination. In this instance,
you could not expect that which was adequate protection for the most vulnerable individuals from an
individual plant to also serve as adequate protection against the overall contamination in the future.

Arne warned that in Canada, requirements had been set regarding the limitation of the collective
radiation dose from each reactor. The collective dose is the average individual dose multiplied by the
number of irradiated individuals. We could do something similar, said Arne. Together, we wrote an
article in English for the Radiation Protection Institute’s 1970 activities report with the long title On the
Swedish policy with regard to the limitation of radioactive discharges from nuclear power plants: An
interpretation of current international recommendations.

We worked on the basis of ICRP Publication 9 which gave a limit for the genetic ‘population dose’,
as it was known at the time, of 5 rem over 30 years (a generation), i.e., an average yearly dose of 167
millirem. However, ICRP did not expect the generation dose from environmental contaminations and
sources of radiation in our surroundings (wristwatches, TVs, etc.) to exceed a fifth of this value, i.e., 33
mrem. In order to prevent ICRP’s expectations coming to nothing, we proposed that the average annual
radiation dose to the public from the nuclear power industry should not exceed 10 mrem (0.1 mSv). The
population dose ought therefore to be kept below 100,000 man-rem (10 mrem multiplied by 10 million
Swedish people).

We then worked on the basis of the forecast that was soon to be published by the Swedish power
companies’ central operational management where it was estimated that the electric power in the year
2000 could amount to 100,000 megawatts. At the start of the noughties, it would not be possible to
produce 100,000 MW for a radiation dose exposure greater than 100,000 man-rem per year. We assumed
for safety’s sake that all electrical energy would come from nuclear power plants. This meant a
requirement for an average collective dose limit of / man-rem per MW electric power and year. By
expressing the limit in this way, we thought the future radiation exposure was under control.

Although this proposal was not published until 1970, I had already written a letter to Professor H. H.
Seliger at the McCollum-Pratt Institute at Johns Hopkins University in Baltimore in October 1969, in
which I advised him to express the limitation of emissions and discharges per unit of electric power.
Seliger wrote:

Many thanks for your letter of 6 October. Your proposal as regards the allocation of
the genetic dose from the use of nuclear waste is excellent. It achieves precisely what I
was trying to establish the other way round by applying risks. And it is actually the only
completely logical way of dealing with the problem.

I must confess that I did not think of expressing it like that. All I can say in my
defence is that our current AEC rules mean that the nuclear power industry can
monopolise the whole of the total dose of 5 rem, and I have been unable to see the wood
for the trees.

Thanks once again for your advice. Is this the current method in Sweden?

It would end up being so thanks to Arne Hedgran’s plan. The presentation method of stating radiation
doses per unit of the activity was rapidly taken on by UNSCEAR, and its 1972 report states radiation
doses per MW and year for the public and, in an appendix written by David Sowby, for employees of
the nuclear power industry.

We also received support for our proposal the following year from John Dunster, who had estimated
the size of the different components of the collective dose. He wrote the following in a letter of 19 March
1970:

It is possible to conclude from all of this that we will probably not exceed 1/10 man-
rem/MW year compared with the number proposed by you, 1 man-rem/MW year.

Civil Engineer Pelle Isberg from Asea-Atom wrote that he had calculated the collective dose from
krypton-85 and got it to 0.6 man-rem per MW of electric power and year - a big slice of the cake in other
words.
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We also received a number of other positive responses to our proposal. Professor G. Hoyt Whipple
at the University of Michigan wrote to Arne Hedgran:

The copy of the paper On the Swedish Policy ... that you sent me has arrived. [ have
two comments:
1. It is the clearest statement on the subject that I have ever seen... If it is a
translation from Swedish I must somehow set about learning Swedish.
2. It is the most reasonable assessment of the problem I have ever seen. This
will of course result in the world crashing down around you.
You may think that my comments are encouraging: you will probably not think they
are helpful but, in all honesty, I cannot find any inadequacy or error.

The Radiation Protection Institute’s board adopted our proposal as policy in 1970.

3.22. Better PSA for Barsebiack

On 19 September, a meeting was held in Stockholm to discuss the Danish criticism that the
probabilistic safety analysis for the Barsebdck Nuclear Power Plant was too brief. The following all took
part in the meeting: from ASEA-Atom, MD Lars Halle, Technical Director Lars Leine and Safety
Manager Pelle Isberg, from Sydkraft Technical Manager Anders Bjorgerd and Lic. Tech. Arvid Persson,
and from the Reactor Location Committee its Chair Arne Hedgran, consultant Gustaf Edling and the
reactor inspectors Erik Jansson and Tore Nilsson.

Hedgran warned that at a previous meeting it had been said that something extra was needed owing
to Barsebéck’s sensitive position. There were grounds for improving the safety analysis bearing in mind
that Danish criticism had also been levied. The industrial representatives’ response was that there was
not much time owing to fixed schedules, but that it was in principle right to improve the report. Hedgran
then decided to set up a task group with a representative for each of ASEA-Atom, the Reactor Location
Committee and Sydkraft. The group was to agree on how the probabilistic safety analysis should be
worded. A report was to be ready by 1 November.

3.23. Saltholm, aviation and Barsebick

The Reactor Location Committee had previously (on 27 August and 9 September) discussed the risk
that crashing aircraft would hit the Barsebdck reactor bearing in mind that there were plans to locate a
major airport on the island of Saltholm in Oresund. The matter was further discussed at the meetings of
16 October and 17 November and was found to be so important that it ought to be discussed by the
Delegation of Atomic Energy Matters (DFA). This took place on 19 November when Arne Hedgran
gave an account of the RLC’s positive assessment of the aircraft issue. Hedgran had then travelled to
Copenhagen on 13 November concerning this and informed Danish authorities of the way the reactor
location issues had been dealt with in Sweden. On 21 November, the RLC decided to invite a delegation
of Danish authorities to come and receive information on Barsebéck in mid-December. The invitation
was sent by Arne Hedgran to the Danish Board of Health and the Atomic Energy Commission in
Copenhagen on 1 December, and the information meeting was held at the Ministry of Industry on 17
December. Prior to this on 28 November, Hedgran had sent Juel Henningsen a report from Sydkraft on
aircraft accidents, the Civil Aviation Administration’s referral response regarding the location of the
reactor in Barsebéck plus a supplement to the licence application for a probabilistic safety analysis.

3.24. Information meeting with Danes and Swedes about Barsebick

An information meeting was held with the Danes at the Ministry of Industry in Stockholm on 17
December. The Danish Atomic Energy Commission was represented by Hans von Biilow, H. L. Gjorup,
Henning Jensen and Poul Emmersen. From the Board of Health came Niels Oehlenschleger, Jorgen
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Koch and Per Grande. The Swedish RLC members and experts taking part were Arne Hedgran (Chair),
Bertil Aronsson, Lars Carlbom, Goran Dahlén, Gustaf Edling, Berndt Hargo and Lars Wallin. Paul Ek,
Erik Jansson, Tore Nilsson and Frigyes Reisch from the RLC’s Secretariat also participated.

The agenda included:

Information on the RLC’s composition and way of working

Report on the problems at the Barsebidck Nuclear Power Plant

Report on the issue of aircraft risks

Report on the control issues

Overview of the impact on the Copenhagen region in the event of an extreme
accident at the Barsebdck Nuclear Power Plant

M S

3.25. ID cards

In October 1969 I received a letter from Juel Henningsen. He asked about the Radiation Protection
Institute’s position as regards radioactive ID cards. We had discussed this matter in 1967 following an
enquiry from AB Atomenergi. | was able to tell Henningsen that the Institute’s board had said in
December 1967 that it ‘had no objections to a similar use of radioactive material under the conditions
stated in the letter’. A ‘similar use’ had applied to identity documents issued by an instructed bank.

Henningsen had enclosed an application to the Danish authority from ‘the Danish financial
institutions’ on 1 January 1970 to be able to introduce an ID card marked with a radioactive substance.
The application referred to a letter from a newly-formed Swedish AB ID-kort whose ambition was to
extend the use of the radioactive ID cards. AB ID-kort referred to the Radiation Protection Institute’s
‘positive response’ in 1967 and wrote that ‘The cooperation with the Radiation Protection Institute has
been excellent and, on that basis, it will be possible to approve both the production technology and the
right to distribute these radioactive ID cards to the Swedish public’. However, this was probably
optimistic because the Radiation Protection Institute’s board had not made a decision on the distribution
of the radioactive ID cards to a wider public.

3.26. Danish radiation protection

In November 1969, Juel Henningsen wrote to me about another matter entirely. He was concerned
about whether the Danish radiation protection was efficient. Unlike Sweden, where the Radiation
Protection Institute was an independent authority directly under one Ministry, the Danish Board of
Health’s Radiation Hygiene Laboratory was a body which came under the Board of Health in a similar
way as before 1958 when Sievert’s radiophysics institute for radiation protection had, as regards
radiological protection, been a body which came under what was then the Medical Board. The difference
was that Sievert was a forceful manager who was not inhibited by any requirements from the Medical
Board, while the strong man in Denmark was Medical Officer Juel Henningsen of the Board of Health
rather than the phlegmatic Per Grande, the Norwegian who was head of the Radiation Hygiene
Laboratory.

Juel Henningsen wanted to come to Stockholm to discuss the organisation of Swedish radiation
protection with me. He wrote the following about the Danish circumstances:

... I am slightly concerned about the administration of our Radiation Hygiene
Laboratory here in Denmark. Per Grande, who is my good friend, does his best and
works hard. He has good employees but it is as though they cannot quite get into
arranging an administrative pattern for this Laboratory. We have got them one employee
after another. The assignments have grown but not to the same extent as the workforce.

It is obviously difficult for me in my day-to-day work as head of a department at the
Board of Health under which the Radiation Hygiene Laboratory has been placed to keep
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up with the work out there” and to adequately influence this. I have also wanted to give
Per Grande all the freedom and authority that he should have so he does not feel that his
day-to-day work is ‘under my administration’. I believe this was successful and that we
have the best relations with one another. However, on the other hand, I do believe that
it has had some degree of impact on the efficiency of the laboratory.

In short, the nice Per was a little too unenterprising to be efficient. Juel Henningsen clearly wanted
Per to be a more vigorous manager or someone who was better at enthusing his colleagues into being
efficient. Unfortunately, I do not remember Henningsen’s visit, assuming that it did take place, but hope
that he benefitted from it.

3.27. ICRP Committee 3

At the end of the year I wrote to the members of ICRP Committee 3, of which I was still Chair, and
informed them of the situation. The Committee had, like the other Committees and the Main
Commission, gained new members at the time of the 12 International Congress of Radiology in Tokyo
in the summer. The Committee’s members were now:

Bo Lindell, Chair

E. E. Smith, Deputy Chair
Lars-Eric Larsson, Secretary
Frederick Cowan

John Kelley

E. E. Kovalev

Raymond Oliver

Pierre Pellerin

K. A. Rowley

Shinji Takahashi

Dale Trout was no longer a member (at his own request), and nor was Harold Wyckoff, whose age
and experience from the start made me uncertain whether I would be able to cope with being Chair of
such an impressive group.

I said how far the work had progressed. Per Grande’s task group for revising Publications 3 and 4
had finished its work with the new recommendations on protection against external radiation, and both
the Committee and the Main Commission had approved the result. The Appendices with diagrams and
tables were on the other hand far from finished. The group had been hit hard when its Secretary Brian
Jones had suddenly and unexpected died on 28 November. Brian had been very popular with everyone,
was very competent and had worked hard with the assignment. We missed him a great deal.

It was now obvious that the Appendices had to be published separately from the recommendations.
The latter were in the process of being finally edited by David Sowby and were published in 1970 as
ICRP Publication 15 on protection against external radiation.

Eric Smith had been kind enough to offer assistance from the Radiological Protection Service in
Sutton to complete the work with the Appendices which Brian Jones had begun. They ended up being
published in a special volume as ICRP Publication 21 in 1973.

The task group which was led by Dr. Reynold Brown concerning patient protection during x-ray
examinations had also completed its work and the report was now being edited by Sidney Osborn and
Ken Rowley, both of whom had been in the task group. The report was published in 1970 as ICRP
Publication 16.

* The Laboratory was in the north-western outskirts of Copenhagen.
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In a third task group, Dale Trout and Eric Smith had compiled recommendations for protection against
school pupils up to the age of 18 with a view to radioactive sources being used in teaching. Their report
was released as Publication 13, also in 1970.

The Committee was provisionally summoned to a meeting in Stockholm in April 1970.

3.28. ICRP in general

I have given a separate account of Committee 3’s activities because I happened to be Chair of the
Committee. The time of the Congress of Radiology in Tokyo obviously involved new set-ups for
members of both the Main Commission and the three other Committees. The new composition of the
Main Commission was then:

Gordon Stewart, Chair (he succeeded Bill Pochin)
Bo Lindell, Deputy Chair
Dan Beninson
Otto Hug
Henri Jammet
John Loutit
Andrew McLean
Karl Morgan
Russel Morgan
Yuri Moskalev
Howard Newcombe
Edward Pochin
Brian Windeyer
Lauriston Taylor, Emeritus Member
David Sowby, Scientific Secretary

The Committees were made up of the following people:

Committee 3
(see previous section)

Committee 1
Howard Newcombe, Chair
Arthur Upton, Deputy Chair

G. W. Barendsen Committee 4

A. M. Brues Henri Jammet, Chair
L. Eldjarn Dan Beninson
J. Lejeune G. C. Butler
R. W. Miller H. T. Daw
R. H. Mole H. J. Dunster
V. Zeleny K. Koren

D. Mechali

Committee 2 A. A. Moiseev

Karl Z. Morgan, Chair C. Polvani
W. G. Marley, Deputy Chair P. Recht
G.W. Dolphin L. Rogers
M. Dousset D. J. Stevens
W. Jacobi E. G. Struxness
J. Liniecki
L. D. Marinelli
P. E. Morrow
J. Miiller
W. S. Snyder
R. C. Thompson
J. Vennart
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A few comments are needed regarding the list of members. Dan Beninson was formally a member of
Committee 4, although he was also a member of the Main Commission. This was slightly strange since
the members of the Main Commission were entitled to take part in the Committees’ meetings if they
wanted to. For example, I also took part in Committee 4’s meetings, but Dan felt it was his duty to point
out that he was a member of the Committee.

All Committees apart from Committee 4 also had a Deputy Chair, although not elected by the Main
Commission but by the Chair of the Committee. Henri Jammet did not want a Deputy Chair, but in
reality David Mechali functioned as such, despite French being his only language. Jammet’s Committee
did not enjoy good cooperation with Committee 2, and there were a good number of occasions when
Mechali and Walter Snyder, who was Secretary of Committee 2, had to intervene to calm down Jammet
and Karl Morgan, who found it easy to end up quarrelling about which tasks their Committees ought to
concentrate on.

Some of the documents that were being written at the end of 1969 and the discussions that were held
are particularly worth mentioning. The Main Commission had difficulties with the radiation protection
policy in Publication 9 from 1966. It had not involved any particular innovation as regards the application
since Failla’s task group had drawn up Publication 1 in 1958, work was still being done on critical groups
and critical organs and the MPC values for permissible concentrations in drinking water and breathing
air. However, it had introduced the concept of risk and thereby a fundamental consideration of stochastic
harmful effects where the occurrence of an injury (cancer or hereditary defects) at a given dose in each
individual case was not unavoidable (deterministic) but random. It had also introduced a dose limit for
the irradiation of ‘the public’ and adhered to 5 rem as a limit for the ‘genetic dose’ (gonadal dose per
generation) from all radiation except for natural radiation and that which patients are exposed to during
medical diagnostics and radiation treatment. On the other hand they had abandoned the example
(illustrative apportionment) of the way in which this dose could be distributed among different sources
of radiation. The radiation dose was expected to increase with the increase in the use of nuclear power
plants but was not thought likely to end up exceeding 1 rem (10 millisieverts) per generation.

This was all well and good, but how would the protection be administered in practice? Critical organs
and MPC values were remnants from the time when calculations were performed using only
deterministic effects of radiation. And how would paragraph 52 of Publication 9 be interpreted, which
said:

As any exposure may involve some degree of risk, the Commission recommends
that any unnecessary exposure be avoided, and that all doses be kept as low as is readily
achievable, economic and social considerations being taken into account.

his was the problem with which the ICRP Main Commission battled in autumn 1969. The
Commission had also set up its own one-man ‘task group’ consisting of Dr. Roy Ellis to draw up a report
on patient protection during nuclear medicine examinations, an equivalent of Committee 3’s report on
patient protection during x-ray examinations. Ellis’ report was published as Publication 17 as early as
19609.

Committee 1 had just completed a report on sensitivity to radiation and the spatial distribution of the
radiation dose in different tissues. It was published as ICRP Publication 14. It is interesting to read what
was written about linear dose-response relations in paragraph 25:

Both in the setting of dose limits for separate organs and different parts of the body,
and in legislating for non-uniform exposure within an organ or specified part of the
body, a vital consideration is the range of dose and dose rate over which effective
linearity of dose response can be assumed to hold. As discussed earlier, it is not
unreasonable to assume that a linear relationship applies at very low doses (or at higher
doses with low dose rates).

66



The Year 1969

Committee 1 thus adhered to the linear dose-response relation which had already been adopted in
Publication 8 in 1966.

It may be of interest to point out that in Sweden, the term ‘dose rate’ for the dose per unit time was
comparatively new. The term ‘dose speed’ was still being used in the mid-1960s as the Swedish
translation of the English term ‘dose rate’.
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4. THE YEAR 1970

4.1.  Xrrays in the broader sense

Over the years, the concept of an ‘x ray’ has come to have meanings beyond the use of x rays. In
popular portrayals, an ‘x-ray image’ often refers to a depiction which shows the internal - not usually
visible - structure of an object such as a car. Within medicine, x-ray examinations constitute the first
method of producing images and open the door for other methods that have the same purpose but which
sometimes have nothing at all to do with x rays or even ionising radiation. In such cases, the word ‘x
ray’ should not be used — it should be used only in cases where x rays are actually used.

Splendid new tools for diagnostics using images of specific layers of the body (fomography is from
the Greek to’mos, meaning ‘section’) have been developed over the past thirty years. They are often
referred to using acronyms such as CT, ET, MR, PET and SPECT, which are useful to the specialists
but less easy for other people to understand. These tools are of interest in my depiction because they
sometimes emit comparatively high radiation doses (CT) but in other cases offer an alternative to the
use of x rays or radioactive substances (MR). A common factor of the tools is that they use advanced
computer technology which makes it possible to process the large amount of information that is needed
to produce slice images of internal organs and tissues.

I provide the following overview in this chapter because 1970 can be seen as the introduction of a
new era for medical examinations using images, not least because of the rapid development of
information technology (IT) thanks to the increasing speed and memory capacity of computers. The
meanings of the acronyms are explained with reference to the later chapters where the phenomenon is
discussed in greater depth.

CT (computed tomography) or transmission computed tomography is described in
the chapter on 1972, the year when the method was announced in London. The method
is also called CAT scanning (for computed axial tomography, or computer-assisted
tomography). It produces x-ray images of specific consecutive slices of the body. As
with conventional x-ray diagnostics, the method is based on the different transmission
of the x rays through different tissues, but in this case the radiation does not fall
perpendicular to the irradiated layer — it comes from the side. Advanced computer
software is therefore needed to create the final x-ray image.

ET (Emission tomography), a summary name for PET and SPECT, which use
radiation that comes from radioactive substances inside the body (as opposed to a CT
where images are created using x rays which come from outside and penetrate the body,
a transmission tomography).

PET (positron emission [computed] tomography) is described in the chapter on 1977
when the first PET camera was installed at Karolinska sjukhuset. Here, the source of
radiation is a short-lived radioactive substance which emits positrons. These are
annihilated almost immediately close to the source and their energy is taken over by a
couple of energy-rich photons, ‘annihilation quanta’, which are emitted in opposite
directions. These can be detected outside the body using coincidence technology and
the position of the source of radiation can be identified because it has to be on a line
between the registering detectors.

SPECT (single-photon emission computed tomography) is described together with
the PET in the chapter on 1977. In this case, the source of radiation is a gamma-emitting
radioactive substance which has been conveyed to the blood, for example. The gamma

68



4.2.

Just before the end of 1969, the daily press announced that Tage Erlander, who had been succeeded
by Olof Palme as Prime Minister in 1969, had been appointed Chair of the National Committee that had
been set up to prepare the 1972 environmental protection conference in Stockholm, the first international
Environmental Protection Congress. Senior Administrative Officer Jan Madrtensson (1933-) was
appointed as Secretary. What the papers did not say was that Martensson was on the way to becoming a
popular detective novelist. I was one of the many others on the Committee, probably because I was

The Year 1970

radiation can be registered outside the body in gamma cameras or other detection
systems which provide an image of the distribution of the radioactive substance.

MR (magnetic resonance tomography) is based on the physical phenomenon of
nuclear magnetic (spin) resonance (NMR) and has nothing to do with ionising radiation
or x rays. The ‘R’ unfortunately lures non-specialists into talking about ‘magnetic x
ray’, which is completely wrong. On the other hand, the popular name of ‘magnetic
camera’ for the equipment is acceptable. The method is based on specific atomic nuclei
selectively absorbing radio waves in a magnetic field. The method is described in the
chapter about 1982, the year in which it began to be used on a much more widespread
scale.

The preparations for the 1972 environmental protection conference

Sweden’s UNSCEAR representative.

4.3.

On 15 January 1970, Hans von Biilow of the Danish Atomic Energy Commission wrote to Arne

Letter from Hans von Biilow of the Danish Atomic Energy Commission

Hedgran. I quote the following from the letter:

4.4.

On 23 January I wrote to Juel Henningsen, Reidar Eker, Aulis Isola and Gudmundur Jonsson, asking
for their desires and points of view on the continued work of UNSCEAR. I thought Sweden had a duty
to put forward views from the other Nordic countries. Juel Henningsen’s response was polite and

First of all, thank you very much for the meeting in Stockholm on 17 December,
which was pleasant and very useful for both the Atomic Energy Commission and the
Board of Health. We are very grateful for your promise of ongoing information on the
way in which Swedish authorities deal with all of the safety matters concerning the
Barsebéck plant and we will obviously contribute to the best of our ability to the
exchange of information, etc. regarding this plant. The continuous contact should
probably be technical in the first instance. We have considered the best way to do this
as far as the Atomic Energy Commission is concerned, and have agreed to appoint Civil
Engineer Henning Jensen — whom the Swedes already know and who is chairman of a
technical committee set up on Risg to coordinate the technical handling of questions on
reactor safety and act as contact person, as you have appointed reactor engineer Tore
Nilsson on behalf of the Swedes.

As contact person, it will be up to Henning Jensen to keep himself updated on the
way Swedish authorities deal with the nuclear safety problems in the Barsebéck case
and, as far as we are concerned, he is of course authorised to meet Mr. Tore Nilsson in
person when and where it is deemed appropriate. We have asked Henning Jensen to
submit regular reports to Risg’s management and to the Secretariat of the Commission,
who will then ensure that these reports and other information are given to the Board of
Health.

I understand that when we met in Stockholm we agreed to hold a new meeting of
representatives of the Reactor Location Committee and the Atomic Energy Commission
and the Board of Health when this is deemed necessary.

Nordic points of view regarding UNSCEAR’s work

69



The Toil of Sisyphus

friendly: ‘we feel that we are very well represented through you taking part in the Committee’s work on
the part of the Swedes’. Following a meeting with the National Council on Radiation Hygiene Matters,
Eker put forward the following four things that he wanted:

1. Reactor radiation hygiene
With the expected increase in the number of mainland reactors and also ship reactors
in the next decade, it would be good to have an assessment of the radiation hygiene
consequences to which such a development may lead. This concerns those who are
exposed at work as well as the exposure of the surrounding population — both
individuals and populations groups. Reactor radiation hygiene includes waste
disposal, uranium processing plants, storage facilities, transportation and discharges.

2. Effects of large quantities of radioactive fallout

It would be good to have an assessment of both the acute and the late effects of a
local injection of quantities of radioactivity that can give doses of more than 100 rad
in external radiation over limited land areas. As well as the health consequences to
which such a situation can lead for different age groups, the psychological and social
effects ought to be analysed as well, plus the countermeasures that may be relevant.
The next step should be to deal with the same questions on the assumption that there
are large quantities of fallout all over the globe.

3. Effects of small doses and of low dose rates
With reference to the debate which is now ongoing regarding the ICRP values, it
would be good to have another assessment of the effects of doses lower than 10 rem
and dose rates below 1 rem/year. This concerns somatic and genetic effects. An
assessment of iodine is of particular interest because of the critical role of iodine in
the preparedness for reactor discharges and radioactive fallout.

4. Ecological impacts
Due to the conflicting views expressed regarding possible effects of low radiation
doses to maritime organisms, it would be good to have an overall analysis of this
problem. It would also be interesting to have an assessment of the impact of heat
emissions (thermal pollution) on the sea and fresh water.

Isola expressed the following desires from Finland:

1. Somatic and genetic effects of ionising radiation (update of the 1958 UNSCEAR
report).

2. Somatic and genetic effects after the medical use of ionising radiation.

3. Quantitative models of dose-effect relationships for use in planning in connection
with radiation accidents and the Civil Defence.

4.5.  Sternglass — continued publicity

Professor Sternglass’ claims regarding a hefty increase in infant mortality due to radioactive fallout
were still being given substantial publicity in 1970. He had visited London where the publicity led to a
critical article in Nature written by the two British scientists, Patricia Lindop and Joseph Rotblat. Since
Rotblat had initiated the Pugwash movement along with A/bert Einstein and Bertrand Russell in 1955
(which led him to win the Nobel Peace Prize in 1995) he could not exactly be suspected of belittling the
radiation risks. Another nuclear weapons critic was quoted as saying ‘If Sternglass can’t convince Joe
Rotblat that he’s right, who can he convince?’

On 1 February, The Sunday Times carried a big article on Sternglass with the headline The man who
cried wolf. But Swedish newspapers were less critical. On 27 January there was an article in Affonbladet
with the headline ‘Millions of children die every year from radioactivity after the nuclear tests —
Sweden also affected’. This led me to immediately write a letter to the newspaper’s chief editor Gunnar
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Fredriksson with reference to some of the scientists who refuted Sternglass (Alice Stewart and Leonard
Sagan in New Scientist and Lindop and Rotblat in Nature). I completed the letter with:

Either the reporter has never believed Sternglass’ information (which is a
sympathetic interpretation). In that case it would be dishonest to the readership to bring
it to them in this manner. Or else, the reporter may have been neutral towards the content
or even thinking that the information may have been correct.

In the latter case, the reporter and the chief editor have demonstrated a frightening
level of insensitivity as regards the attitude to human suffering. In such a case, how can
someone, without thinking further about what has happened, pass on information that
millions of children per year are killed by radioactive environmental contamination yet
at the same time accept it as a piece of news without contacting an expert or looking
more closely into the case himself? Are journalists so insensitive as to be able to write
a report about a million children having been killed one minute and the next minute
move on to talk about something else?

If the newspaper is serious in communicating its claim, it has a duty to follow up
what has happened. If it does not believe what it is saying in its headlines, how can it
really expect to retain the trust of its readership in the long term?

Fredriksson’s response was as follows:

Obviously, neither I nor our journalists know the details of the scientific debate on
these matters or have an idea of conflicting perceptions of different scientists. However,
Aftonbladet’s article clearly shows that it constitutes a report on Professor Sternglass’
address in London. However you look at this discussion, it is still clear that Sternglass
is one of the authorities, albeit not undisputed. Scarcely any scientist in this area can
claim not to be undisputed, and we must assume that our readers are generally
sufficiently well-educated to know that different scientists now and then present
different findings where these things are concerned. I therefore cannot see that there is
any serious error in occasionally referring to this type of statement, although Aftonbladet
cannot reasonably be fully consistent when it comes to reporting news in these areas.
All we can do is refer to what prominent experts say.

As so often happens in debates, Fredriksson missed the point. I had a vision of the old story where at
a cocktail party you rarely listen to what is really being said when you are toasting one another. ‘I’ve
just hung my aunt in the loft!” ‘Oh, nice to meet you.’

4.6. Barsebick gets Government approval

On 6 February 1970, the Swedish Government gave Sydsvenska Virmekraftaktiebolaget (‘Sydkraft’)
permission in accordance with the Atomic Energy Act to erect, possess and run a nuclear reactor in the
Barsebick plant.

4.7.  Gofman and Tamplin

In the 1960s, the head of radiation protection research at the Lawrence Livermore National
Laboratory in Berkeley in California was Dr. John Gofman. He obtained a PhD in Physics from Berkeley
during the time of the Manhattan project and had demonstrated the fissibility of uranium-233 and
assisted with the production of plutonium at the request of Robert Oppenheimer. In 1946 he had also
become a medical doctor, this time at the University of California Medical Centre in San Francisco. He
was respected as a very knowledgeable scientist. His closest colleague was physicist Dr. Arthur Tamplin.
The Livermore Laboratory was run by the American Atomic Energy Commission (AEC). The AEC had
asked Gofman and Tamplin to research radiation risks. This was of great importance to the AEC which
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had long been criticised and accused of harming people with radioactive fallout from nuclear weapons
testing.

When Ernest Sternglass began his campaign against the AEC in 1969 with wildly-exaggerated and
completely unfounded risk estimates (The death of all children), the AEC asked Arthur Tamplin to write
a reply. Tamplin wrote a critical review of Sternglass’ claims and found them to be unjustified and
heavily exaggerated. However, in the same reply he presented his own appraisal which showed the
possibility of thousands of deaths. This agitated the AEC and it asked Tamplin to leave out the appraisal.
However, Tamplin was supported by Gofman who considered the appraisal to be reasonable. This led
to a conflict between the two scientists and the leadership of the AEC.

The authority that was responsible for Federal radiation protection instructions in the USA in 1970
was the Federal Radiation Council, which had been formed by President Eisenhower in 1959 and had
issued ‘guidelines’ in 1960 and 1961°. The Managing Director of the FRC was Dr. Paul Tompkins. The
FRC had picked up on the ICRP recommendation that the genetic dose, i.e., the radiation dose to the
genitalia, ought not to exceed 5 rem during the fertile years. With a 30-year generation time in mind, the
FRC had therefore recommended a Radiation Protection Guide of 170 millirems per year. This was the
same default value from which Arne Hedgran and I had produced a maximum permissible annual
average dose of 10 mrem from the nuclear power industry. With UNSCEAR’s and ICRP’s risk estimates
at the start of the 1970s (you need to read between the lines), there would have been approx. 5000 deaths
per year in the USA if everyone received 170 mrem per year. Tamplin’s estimate had therefore not been
unreasonable, given the conditions.

However, the conditions were of course not realistic. ICRP had assumed that the overall limit of 5
rem per 30 years would be apportioned for different purposes and had expected just small fractions of
this dose to come from each type of radiation source. The AEC could also have stated the limitation of
the contribution from the nuclear power industry that we had counted on in Sweden. Not doing so left it
open to critics — for now, Gofman and Tamplin were wronged and critical — to speculate what would
happen if the AEC were to use the whole of the genetic dose limit.

The conflict led to the research grant for Gofman and Tamplin being reduced and finally withdrawn
so that they had to leave the Livermore Laboratory. The unfair treatment annoyed them and they began
expressing themselves using increasingly strong language, which was a shame because in principle their
thoughts were of value.

At the end of 1969, the American Senate’s Sub-committee on Air and Water Pollution held a hearing
at which Gofman and Tamplin gave evidence. They said:

We wish to advise you that, in our opinion, the most crucial and pressing problem
facing everyone concerned with any and all burgeoning atomic energy activities is to
secure the earliest possible revision downward, by at least a factor of ten, of the
allowable radiation dosage to the population from peaceful atomic energy activities. The
Federal Radiation Council allowable dose of whole-body ionizing radiation is 0.17 rads
per year. We shall present to you hard evidence that leads us to recommend that this be
reduced now to 0.017 Rads or even less.

This caused the Chair of the sub-committee, Senator Edmund Muskie to write to the Secretary of
ICRP, David Sowby and ask for comments. He had found that Gofman and Tamplin had given an
‘impressive analysis of the need for the review’ and he asked for comments owing to ‘the merits of the
witnesses’. So Gofman and Tamplin were still reasonable and did not even demand that the AEC reduce
the dose limit as far as we had in Sweden.

But then things started to rocket. The two scientists began to accuse ICRP and others of basing their
radiation protection policy on the existence of a threshold dose so that there was no need to count on
low radiation doses. This was completely wrong of course. On 14 January 1970 I wrote to Paul Tompkins

* See page 269 of ‘The Labours of Hercules’.
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asking for information on the background to the outbursts of the scientists. On 15 January, David Sowby
wrote to Senator Muskie and reported the ICRP policy. On 23 January I wrote to the Secretary of
UNSCEAR Francesco Sella.

It was now clear that Gofman and Tamplin had not just overestimated the possible radiation doses
but that they now also saw the risk of cancer from radiation as significantly higher than ICRP had
accepted. The reason for this was that they adopted a ‘doubling dose’, i.e., a multiplicative connection
between radiation dose and increase in the likelihood of cancer. A given radiation dose would increase
the incidence of cancer by a specific percentage instead of with a constant amount (additive connection).
This was largely what UNSCEAR and ICRP also later assumed. I asked Sella what he thought about it.

Sella answered a trifle haughtily:

I do not think Gofman and Tamplin’s statements are more scientifically serious than
Sternglass’. Gofman and Tamplin maintain that they have revealed much higher risks
of malignant tumours than had previously been felt. They have actually looked at
information which is well-known (mainly ABBC" and Court Brown and Doll") and have
been totally confused in trying to calculate relative risks of different types of tumour
from data that is incomplete or inadequate. I do not believe that anyone who is in the
slightest bit used to risk estimates, and the problems they bring, ought to concern
themselves with Gofman and Tamplin’s argument.

I found Francesco’s attitude unnecessarily supercilious. Placing Gofman and Tamplin on an equal
footing with Sternglass was unreasonable. Sternglass was an uncritical amateur whereas Gofman and
Tamplin were professionals, although they did start failing to hit the mark. This irritated me enough to
get me to write a letter which I sent to Dan Beninson, John Dunster, Henri Jammet, Bill Pochin,
Francesco Sella and Paul Tompkins. I thought that I had a special responsibility as Deputy Chair of
ICRP. I began by writing:

As regards Gofman and Tamplin, I do not agree with the almost automatic reaction
from most people, that the statements from these gentlemen are completely stupid and
that their assumptions are arbitrary. This appears to me to be a defensive reaction that
is really not justified. I can see very few points where Gofman and Tamplin do not
present their case very reasonably, and [ was interested in Tamplin’s thorough criticism
of Sternglass in Bulletin of the Atomic Scientists (a very proficient feature).

As regards the demand for the AEC’s dose limit to be lowered, I wrote:

If this [that the whole dose limit of 5 rem over 30 years is not available for individual
activities] is not clarified to the public, it will be easy to understand how people will
believe that we are simply intending to lay our hands on the whole limit value and
immediately use it solely for the nuclear power industry. I have realised that Gofman
and Tamplin have demanded that the share for this purpose be 0.017 rem per year and I
find that this concurs with what we think ourselves and with ICRP’s philosophy and,
last but not least, also with the actual safety planning that is currently taking place.

As regards the claim that the risk of cancer is underestimated:
My guess is that the risk is greater than we thought but not as great as Gofman and

Tamplin believe. However, as Gofman and Tamplin indicate, science can work with
guesses but long-term radiation protection must be based on safety (although I ought to

* Atomic Bomb Casualty Commission, see page 239 of ‘The Sword of Damocles’ and page 271 of ‘The Labours of Hercules’.

T See pages 159, 206, and 272 of ‘The Labours of Hercules’.
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say that in both directions, safety can also be used to the detriment of something if it is
overplayed).

Should the ICRP dose limits be revised?

Not necessarily for this reason, but they may need to be revised because of
Publication 14. We should remember that there is a great possibility that it is not the
whole-body dose which is the limiting factor when it comes to emissions from nuclear
reactors.

I received a rapid response from Sowby, Pochin, Sella, Dunster and Tompkins. Sowby wrote:

It appears to me that you have summarised the situation very well and I do not have
many comments to make.

Personally, I cannot get particularly worked up about the difference between the
risks that have been calculated by ICRP/UNSCEAR or by Gofman and Tamplin. With
our methods, we would estimate 3000-8000 cases of cancer per year in the USA if
everyone received 0.17 rem. This is comparable with Gofman and Tamplin’s estimate
of 16,000, which they now say should be higher. But they are both estimates and we
still do not know whether the linearity remains at low doses. This remains the most
important unsolved problem in this area.

However, as you say, these are questions that should have come up under any
circumstances, with or without Gofman and Tamplin, and which ICRP Publication 14
will force the Commission to address.

Pochin thanked me for my ‘careful and valuable letter’ and maintained that there would always be
difficulties with an upper limit which was not intended to be used as anything other than a safety valve.
He completed his letter by saying that: ‘I agree that it ought to be completely clear that a value such as
5 rem per generation is a value that we should avoid work up towards rather than one which we should
work down from’.

Most of what the letter that Sella sent in response contained consisted of criticism of Gofman and
Tamplin’s calculations, but he had not let go of his dismissive reaction. He wrote:

I find G and T’s numbers totally unacceptable and not worth discussing within any
international body whose primary task is to assess factual information rather than claims
made by harassed people on the basis of only parts of the factual material. It is obviously
not for me to tell the Commission what it should do, but you can be assured that
arguments such as those set out by G and T at the hearing in November will not be
mentioned in our documents.

John Dunster’s response was long, wise and interesting. He started his letter with:

Dear Bo,

I find that nowadays, I open letters from you with a very ambivalent feeling. On the
one hand the subject under discussion is very appealing, but on the other hand your
letters lead to a complete halt of my normal activities.

He continued:

First and foremost, I think it is important to differentiate between two sides of
Gofman and Tamplin’s arguments. Their work with risk estimates is certainly not
foolish, although I do think it is misguided in some respects. However, when all is said
and done, there does not appear to be more than a factor of between 3 and 10 between
their opinion and the one that can be understood from ICRP Publications 8 and 14.
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On the other hand, I am less convinced of the quality of the thinking behind the way
in which G&T use risk estimates. The do not appear to be in a position to differentiate
between the use of risk estimates as a basis for choosing maximum permissible doses
and as a method of estimating the likely number of deaths according to a given dose
situation. [ am very strongly convinced that the use of risk estimates for the first purpose
does not mean it is justifiable to make statements such as ‘As a result of this exposure
there will be X number of deaths’. I think all we can say at the moment is that the number
of deaths will be between 0 and X.

Tamplin’s use of the Federal Radiation Council’s number 170 mrem/y as a dose
level which legally, and thereby in practice, could be given to the whole of the American
population provoked me into using the adjective ‘foolish’ in a public appearance. He
ignores the dose limit for individuals, which in practice ensures that the average dose to
the population will be way below the FRC’s limit.

He has a point in that it would have been wiser for the FRC to avoid this form of
limit. The approach in this country is to say that each component of the population dose
must be kept as low as is practically possible and that under no circumstances must a
limit of 5 rem over 30 years be achieved. I do not believe that this is a subtle distinction.

I agree that G&T need to be taken seriously, but I am becoming increasingly
disturbed by their obvious incapacity to approach people or the subjects without
exuberant feelings.

Tompkins wrote:

You are absolutely right in thinking that the FRC’s numerical recommendations to
protect the whole population were never intended to be applied solely to the nuclear
power programme.

In this country we are very concerned about how the slanderers of atomic energy use
different radiation risk estimates. I have interpreted the order of risk * which is stated in
ICRP 8 as an estimate of the area within which the upper limit for stated effects is
expected to fall. The lower limit could be zero, at least for somatic effects.

Since we are using language which may mean that the number of cases is real rather
than hypothetical, we find ourselves accused of having passed judgement that the
calculated cases of cancer are acceptable. The general opposition to nuclear power in
the United States (aside from Gofman and Tamplin) can be described approximately as
follows: ‘How can you have the cheek to install a nuclear power plant that you know
will cause leukaemia and cancer? Who do you think you are to determine how many
deaths are acceptable - God?’

This point of view which is now gaining more rather than less support in the United
States is the real problem that we must get to grips with. I believe it would be advisable
for ICRP to accept the fact that the attack on the radiation protection standards is a
political attack against the AEC in the United States and not take it as being based on
good science.

Gofman and Tamplin felt even more insulted by the AEC and began to abandon scientifically-
sustainable arguments for heavy overestimations of the radiation risks. The revised their estimate of the
possible harmful impacts of the nuclear power industry to 32,000 cases of cancer annually and 1,500,000
deaths due to hereditary injuries. At the end of 1970 they published a book with the provocative title
Population control through nuclear pollution.

* Order of risk according to ICRP Publication 8 (see pages 348-349 of ‘The Labours of Hercules’).
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4.8. The expertise of the Civil Defence’s radiac centres

The question of competent personnel for the Civil Defence at the radiac centres was closer to being
solved during that year. I wrote to the Ministry of Defence’s coordination department in January,
proposing that the Ministry of Defence make a statement regarding the suitability of stationing personnel
with radiation protection training as experts in radiac centres as per an enclosed proposal. I also proposed
that the Civil Defence Board should be asked to allow said experts to take part in the Rosersberg course
that was planned for the following year and, in connection with this course, that a special radiation
protection conference be arranged to which the heads of the radiac centres should also be summoned.

In April, the Civil Defence Board sent out a circular containing the following text:

The Civil Defence Board has been informed privately by the Ministry of Defence/the
Coordination Department that the National Radiation Protection Institute and the FOA
have examined the availability of personnel with radiation protection training who may
be suitable to be stationed in regional radiac centres.

This has been examined on the basis of the fact that, in a war situation, it would
probably not be possible to rely totally on the radiation protection expertise that is
available nationally. It appears to be appropriate to supplement the competence at the
operative follow-up of a radiac situation which is currently available at the radiac
centres with competence within the radiation protection field. The Civil Defence Board
would therefore recommend that the civilian commanders and the County
Administrative Boards look at the possibilities of placing a specialist in radiation
protection matters in the radiac centres. In an Appendix there is a proposal for suitable
people for radiac centres where, according to information, such specialists are lacking.

The personnel need to be withdrawn until spring 1971 when the board is planning to
hold a course for personnel at regional radiac centres whereby the intention is to devote
one day of the course totally to radiation protection matters.

4.9. ICRP’s entertainment funds

It may be interesting to see how an organisation like ICRP has tried to solve the problems of covering
entertainment expenses. One particular problem has been to find funds to arrange dinners or other
friendly get-togethers for the members. Both Sievert and Pochin as Chair had been careful not to dip
into funds that ICRP had received for its primary activity for such purposes. When Gordon Stewart had
succeeded Pochin as Chair he asked me for advice on the matter. Since I was apprehensive that he would
be tempted to use some of the ordinary funds for this purpose, I was anxious to give advice that could
not be misunderstood. I wrote):

You are asking a question which I am sure has constituted a concern not just for you
but also for the previous Chair. I know, for example that Rolf Sievert, like you, thought
that the friendly, relaxed meetings of ICRP members outside the Committee rooms as
well constituted a crucial method of, as you put it, creating the friendly harmony that is
so characteristic of ICRP. He was so convinced of this that he made significant efforts
to have special funds reserved to cover this type of expenses. Unfortunately, he was
only successful when it came to special occasions when he could point out the meetings
that were about to take place.

I share the view that almost everyone should be put to the test to make it possible
for those who take part in [CRP meetings to be able to meet each other under pleasant
circumstances in an enjoyable environment. I believe that all efforts to make the
meetings relaxed are greatly appreciated and serve the good purpose of making it easier
for members to get to know one another well enough to make the more formal the
meetings less formal and more productive.

When I say that almost everyone should be put to the test, | have one reservation in
mind. Under no circumstances must the current ICRP grants be used for this purpose.
Let us view them as taboo. I could give you plenty of good reasons for this, but unless
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you want to pressurise me, I would prefer not to list them all. I think that you and all of
us should make further efforts to find other means of maintaining the relaxed
atmosphere.

4.10. IRPA in Brighton

IRPA’s 2" big Congress was held at the Metropol Hotel in Brighton at the start of May 1970; I was
staying at the more modest Queens Hotel on the Kings Road. Before I came to Brighton I had stayed
overnight at David and Sheila Sowby’s in Wimbledon. IRPA’s General Assembly was held on 6 May.
At the time, the Nordic Society for Radiation Protection was represented by:

Denmark: Eigil Juel Henningsen

Finland: Olli Castrén

Iceland: Gisli Petersen

Norway: Per Oftedal

Sweden: None (Bo Lindell had a personal right to vote as member of
the board)

The General Assembly decided to accept an invitation from the USA to hold its 3™ Congress in
Washington DC in 1973. Of the many presentations, two in particular included a step forward for the
radiation protection thinking. They are dealt with in a later Section (4.12). After the IRPA Congress
came a meeting of The ICRP Main Commission in London.

This was the first time I had been to Brighton and everything I knew I had read in Brighton Rock. 1
therefore felt as though I were entering ‘Greeneland’ as I left the train and looked out over the descent
down to the sea. However, this is where the ICRP Committees would meet during the 1970s; it was
difficult to find a meeting place in London that was large enough. The problem was that we needed five
conference rooms for groups of twenty people and also a larger assembly hall which could accommodate
a hundred or so people. Strangely enough it was easier to satisfy this condition in Stockholm than in
London thanks to the Birger Jarl Hotel. And the space at the Bedford Hotel in Brighton proved to be just
what ICRP needed.

4.11. ICRP in London

The ICRP Main Commission met on 10-17 May at the Ciba Foundation on Portland Place.” It was
the second time that the Commission met there; the first time had been in 1964. Several of us who did
not know about the Society’s background were slightly worried about coming in as dependents on a
commercial company, but we found that our worry was unfounded and knew that ICRP also had no
determining influence in this company.

One of the matters that involved a certain amount of heated debate was whether ICRP should continue
to publish MPC values, i.e., maximum permissible concentrations of radioactive substances in air and
drinking water. These values were initially stated to protect those working with sources of radiation and
were calculated so that, in the event of exposure to the MPC values for the whole of their working life,
they would not receive a radiation dose which exceeded the ICRP limit values for critical organs (i.e.,
the organs which led to the greatest radiation risks because of the irradiation). The majority of members,
including myself, did not think there was any reason to accept such high levels of contamination in the
workers’ drinking water. It was also considered inappropriate to continue to use the term ‘MPC’, i.e.,
Maximum Permissible Concentration, since the primary limit values concerned radiation doses rather
than activity concentrations. The decision was to use the concept derived working limit instead in order

* The Ciba Foundation (now the Novartis Foundation) is a foundation that offers scientists from all over the world a possibility to meet at
a place where 15 bedrooms are available at a reasonable charge.
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to emphasise that the values were secondary and were derived from the dose limit for workers. None of
the values would continue to be given for concentrations in water.

ICRP’s finances raised concern. The Commission’s regular annual income was limited to $ 20,000
from WHO, $ 9,000 from TAEA and $ 2,000 from the International Society of Radiology while the
annual expenses for the Commission’s and the Committees’ meetings in 1969 had amounted to $ 50,000.
It was solely thanks to the funding that Sievert had previously succeeded in obtaining from the Ford
Foundation that the deficit could be covered, but that would not last beyond the end of 1972.

4.12. Introducing the cost-benefit analysis into radiation protection

Two of the presentations at the IRPA Congress introduced cost-benefit analysis for the first time in a
radiation protection context. One was held by John Dunster and Andrew McLean and was entitled The
use of risk estimates in setting and using radiation protection standards. Dunster and McLean
recommended a cost-benefit analysis which balances ‘the marginal costs of reducing doses and the
benefits of avoiding future detriment, either somatic or genetic. It is shown that this is a more satisfactory
basis than a comparison, for any operation or project, of total costs, including detriment, with the overall
benefit’. They performed the necessary ‘translation’ of radiation doses into money by combining the
biological risks with the insurance companies’ levels of compensation for serious injuries. This was
simple and direct but required biological assumptions and gave a low compensation (insurance
companies do not like paying out large sums). The authors considered the cost-benefit analysis to be
unnecessary if the cost of dose reduction exceeded ‘a few pounds Sterling per man-rad’ (i.e., approx.
500 $ per man-sievert from gamma radiation).

The second lecture, written by Arne Hedgran and myself, had the cryptic title POR — A special way
of thinking. Arne was the one who had come up with the suggestion for the article. There was still no
established basis for risk estimates when it came to low radiation doses. But Arne found a way out.
Irrespective of whether or not there was any risk, small radiation doses were a nuisance which put many
people off slightly. This aversion could be valued in monetary terms and associated with the radiation
dose.

We came up with a questionnaire which asked people to give their opinion on how low a radiation
dose (from building material in the home or from a radioactive wristwatch, for example) ought to be in
order not to make them worry about the radiation dose if they were to buy such an item. We also asked
what the additional cost would need to be for it to be considered in the event of a decision. We sent the
questionnaire to a hundred or so colleagues in several countries and received an encouraging response.
We assessed the responses to arrive at an ‘aversion cost’ per unit of radiation dose. This was what we
called ‘PQR’, an arbitrarily selected combination of letters, and it enabled us to ‘translate’ a given
radiation dose into a sum of money which we called a ‘PQR cost’. Since people are more used to dealing
with money than with radiation doses, this enabled us to communicate a sense of the radiation dose’s
practical significance better than any risk estimate could have done.

From the responses to our questions we were able to derive a value of 500 $ per man-rad (approx.
50,000 $ per man-sievert) which reflected the intuitive valuation of a radiation dose on the part of the
people who were asked.

Our presentation also mentioned the direct method using risk estimates (as Dunster and McLean had
done). We thought that this method, with the current risk assumptions led to a value PQR = 100 $ per
man-rad (10,000 $ per man-sievert), which was approx. 20 times the amount that Dunster and McLean
had arrived at.

Hedgran and I published a revised version of our presentation in Acta radiologica in 1971 where we
really thoroughly examined the optimisation principle for radiation protection inputs. We started by
writing:

* Acta radiologica Supplement 310 (1971), pp. 163-172.
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[Certain] decisions involve elements of benefit and risk which are not easily
commensurable with the direct or indirect costs which can be measured in money. A
risk implies injuries and loss of human lives, and it is a very controversial matter
whether human life has a price.

It is comparatively easy, however, to make an assessment of another quantity, Q,
which we may call the implied dollar equivalent of a human life. This is merely what
we find that society does pay in order to save a life, and it carries no moral implication
as to whether this is right or wrong.

A certain decision on a particular action (7) will commit society to a total cost W,
which can be expressed in dollars. This cost is composed of direct or indirect costs (C;)
which can be calculated more or less easily and a component (R;) which is a measure of
the risks and harmful effects which are not directly convertible to a cost expressed in
dollars. This may be written

WiZCi+Ri

We also emphasised that the use or benefit (B;) from a decision has components which are not easy
to quantify. You could perceive W; and B; to be complex numbers, each with a real and an imaginary
component. In order to be able to do an optimisation analysis, we must also express R; in dollars. This,
we said in the paper, can take place in two ways. You can either do as Dunster and McLean did and seek
a dollar equivalent (Q) for a human life — you would then obtain R; as

Ri:2X1O_4XDiXNiXQ

were we to assume, as ICRP did in those days, that the likelihood of deaths and corresponding
hereditary injuries was 2x10# per rad and the average radiation dose (Dj) to N;j irradiated people was
stated in rad. We estimated the value of Q as 500,000 dollars. This gave us the already-mentioned value
of PQR =100 $ per man-rad (10,000 $ per man-sievert).

Alternatively, you could use our way of directly finding an ‘aversion cost’ of a man-rad where the
answer from our questionnaire was 500 $ per man-rad (50,000 $ per man-sievert). In our paper we
recommended a compromise of 200 $ per man-rad (20,000 $ per man-sievert), but recognised that in
that choice we had been influenced by the fact that the value expressed in Swedish kronor at the time
would be 1000 Swedish kronor per man-rad (100,000 Swedish kronor per man-sievert), i.e., 100 Swedish
kronor per person and mSv. This simple connection ought to provide clear information to people like
radiologists but also for the assessment of radioactive environmental contaminations.”

4.13. The work with the ‘Flag Book’

As agreed among the Nordic Radiation Protection Institutes at the meeting in Copenhagen in March
1969, drafts of eleven sub-projects on the advice regarding the application of international radiation
protection recommendations were to be ready before end of the year. When I asked about the situation
on 5 November 1969 I was informed of delays, but also forecasts that the drafts would be complete
before 1 February 1970. On 17 February I was able to ascertain that just one draft (about radon in mines)
was ready. I then wrote again:

We must not be discouraged because the work is starting to be delayed; our schedule
was an optimistic one. However, I would be grateful to receive information soon from
each country which now foresees a considerable further delay to any task. I propose that
Sweden, as coordinating country, compiles the drafts which will be submitted within
the near future and edit them to a first draft document in such a form that it can give a
good idea of what we are in the process of creating. We should then perhaps aim for a
joint meeting to discuss this draft and the continued work before we continue with

* The Swedish Radiation Safety Authority now recommends values that are ten times higher, partly because the estimate of the risk of
cancer now leads to higher values, partly because a higher Q value is preferred.
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details and refining within small groups that may be formed by the coordinator and
contact persons for each sub-assignment.

If we pool the time to finish the sub-assignments with the time spent on editing the
first draft and the time spent reading this within every country and take into account
disruptions for summer holidays, etc., it is probably realistic not to aim towards any
joint meeting until the start of November. s this a suitable time?

On 1 June, I was able to say in a circular that the first drafts were starting to come to the Swedish
Radiation Protection Institute. I appealed to receive all material before 15 June and enclosed a form with
a request for proposed days to meet in November.

On 23 June I wrote to Eker, Juel Henningsen, Gisli Petersen and Isola and proposed a ‘Nordic
Council-type’ meeting, also in November, to discuss the nuclear power industry’s environmental
protection problems and Nordic points of view regarding UNSCEAR’s work.

On 6 July I was able to use a new circular to give all relevant persons a preliminary invitation to the
two meetings in Stockholm, namely:

16-18 November Meeting with representatives of the Radiation Protection
Institutes for continued standards work.
19-20 November Nordic Council-type meeting

The meeting on 16-18 November was to be held at the Radiation Protection Institute. We would be
able to use the big party venue in Parliament House for the meeting on 19-20 November.

On 10 November we were able to send out from Stockholm a working document for discussion on
16-18 November. It contained drafts of all of the eleven sub-projects. We had decided to have the text
in English, partly in consideration of our Finnish colleagues and partly for convenience since it meant
that we did not have to bother translating the ICRP paragraphs that we thought could be applied directly.

In the covering letter I wrote:

The compiled document includes nearly 800 paragraphs. Experience of work within
ICRP task groups and ICRP Committees shows that a small, active group with a week
of hard work, partly in the evenings, will have time to examine and discuss in detail
approx. 300 paragraphs. Such an examination of this document is therefore not possible
during the three-day meeting that is planned for Stockholm. ... The discussion must
therefore be based on the principles for the continued work rather than on an endeavour
to finally edit the document.

I now had concrete proposals regarding the purpose of the document. The final document (the ‘Flag
Book’) would be viewed as a record of an agreement on the principle for the radiation protection work
in the Nordic countries. The agreement would not apply to the formulations that would be needed in
each country in statutes and provisions; on the other hand, it would concern the factual content of the
rules we agreed to apply. The record could formally be seen as a proposal from the Radiation Protection
Institutes to the authorities that finally establish regulations and standards in each country.

30 or so people took part in the meeting at the Radiation Protection Institute on 16-18 November.
From Denmark there were Per Grande, Ole Berg, Erling Lassen and Binte Lewinsky. From Finland there
were Aulis Isola, Leif Blomqvist, Olli Paakkola and Timo Viitaniemi. From Norway came Kristian
Koren, Helge Aamlid, Leiv Berteig, Finn Devik and Jon Flatby. Sweden had a dozen people taking part,
the most active of whom were Ragnar Boge, Lars Lorentzon, Sven Lofveberg, Ake Persson, Bengt
Pettersson and Jan Olof Snihs. Sven Lofveberg was in charge of a technical Secretariat together with
radiation protection inspector Birgitta Olofsson.

At the meeting, 14 task groups were set up whose tasks would be to draw up recommendations within
the 24 sub-areas. The result was confirmed in a circular on 3 December:
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Task group Sub-area Coordinator

A 1. Foreword Lindell
2. Introductory chapter

B 3. Exception regulations Olofsson

C 4. Classification of work Koren

D 5. Health problems Devik
6. Trial persons

E 7. Dose limits Grande
8. Activity limits

F 9. Monitoring Suomela

G 10. External radiation Berg

H 11. Internal radiation Paakkola

I 12. Clinical applications Flatby

13. Mobile x rays
14. Image intensifiers
15. Veterinary applications
J 16. Industrial applications Berteig
17. X rays and gamma radiogr.
18. Accelerators

K 19. School problems Aamlid
20. Various uses
L 21. Transport Lassen
22. Luminous paint
M 23. Mines Snihs
N 24. Reactors Grande or Berteig

It was thought that proposed texts would be ready in spring 1971. The chapters that formed the final
work did not correspond to the original sub-areas - there would be a considerable amount of re-editing
to do.

4.14. Radon in mines

The Radiation Protection Institute’s activities report for 1970 contains a paper, ‘Radon in Swedish
mines’, in which Jan Olof Snihs gives an overview of the problem. It is well worth quoting:

The currently ongoing extensive measurements of the level of radon in Swedish
mines began with a survey of a couple of Norrland mines. The survey was planned in
cooperation with the mining company which had also simultaneously proposed such a
survey. The results of this were surprising to some extent and showed that there was
cause to also survey other mines, particularly those where significant radon levels could
be expected for geological reasons. Since, at least initially, the surveys largely had to be
for investigative and research reasons, a special Research Committee for ‘radioactivity
measurements in mines’ was formed at the initiative of the Swedish Mining Association.
The objective of this Committee was to define and analyse the problems that were
associated with radioactivity, particularly radon, in mines and, on that basis, to plan
continued surveys. This task was and is coordinated with the Radiation Protection
Institute’s investigation and research programme which includes, e.g., performing
surveys of our natural radiation environment.

This Committee was subsequently dissolved and replaced by two new Committees
named ‘radiation protection’ and ‘the distribution of radioactive materials in Swedish
mines’ with a representative of the Radiation Protection Institute as Chair of both of the
Committees. The objectives of these Committees are partly illustrated by their names
and tally largely with the objective of the first Committee. The Committees are made
up of medical, geological, metrology and radiophysics expertise.

Owing to the wording of the Swedish Radiation Protection Act, the formal and legal
assessment of radon in mines does not come under the jurisdiction of the Radiation
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Protection Authority (the Radiation Protection Institute) — it comes under that of the
Swedish Board of Occupational Safety and Health. The Radiation Protection Institute
and the Swedish Board of Occupational Safety and Health have therefore already been
cooperating closely on these matters right from the start. Aside from the formal aspect,
this cooperation is a very natural set-up because the phenomenon of radon in mines in
terms of worker protection is so closely associated with other worker protection
problems in mines such as gases, dust, etc.

After the first surveys which were completed with surveys in a couple of mines in
mid-Sweden, an informative measurement series was taken in all mines in Sweden
during the 69-70 winter. Air samples were taken by the mining companies themselves
and submitted to the Institute to be measured. The results of these measurements were
presented at an information conference in Orebro in March 1970 with representatives
of employees, employers, safety representatives, construction authorities, etc. and the
press and radio and TV. In the summer of 1970, the same survey was repeated,
whereupon it was possible to make a preliminary estimate of the radon daughter levels
at workplaces in Swedish mines. The result is shown by [the following table]:

Radon daughter level No. of mines  No. of workers
<10 pCi/l 25 1120
10- 30 «“ 13 1740
30-100 «“ 17 1740

100 - 300 «“ 5 130

The result was spectacular. No fewer than 1870 miners worked in a radiation environment that
exceeded the ICRP limit value for radon in equilibrium with its daughter products, 30 pCi/l. There was
no equivalent high exposure in any other ‘radiation work’ within either healthcare or the nuclear power
industry.

Surprisingly enough, the culprit was the ventilation method. Powerful ventilation is needed to keep
the mine air fresh but this also means that surroundings are cooled down, which is a nuisance. They had
therefore often led the ventilation air through shafts with rockslide areas to heat it up. However, there is
a large radon-emanating surface in the rockslide areas and the air can also come into contact water that
has a high content of radon. Once these links were realised they could get on top of the situation and
probably save a number of human lives. Snihs’ achievement in this connection is the greatest radiation
protection achievement in Sweden of modern times.

4.15. Meeting of ICRP Committee 3 in Stockholm

On 6-10 April, ICRP Committee 3 met at the Radiation Protection Institute in Stockholm with me as
Chair, Eric Smith as Deputy Chair and Lars-Eric Larsson as Secretary. As well as the Committee’s
members Per Grande also took part as Chair of the task group which was in the process of drawing up
Publication 15. Dr. Wallauschek from the ENEA and two representatives of the International
Electrotechnical Commission also attended. The Radiation Protection Institute also provided a
Secretariat consisting of Sven Lofveberg, Torborg Hammarberg and Margareta Rydell. The Committee
discussed primarily the technical supplement to Publication 15 which would be published as Publication
21, but it also discussed the need for a publication on protection during radiation treatment; there were
signs of inappropriate irradiation for benign ailments. Another problem discussed was the distribution

* The radon is dangerous because of its radioactive decay products (daughter products) which are suspended in the air. You therefore state
the activity of the daughter products which, depending on the ventilation, is usually 20-80 % of the radon’s own activity. See also Chapter
1 of “The Labours of Hercules’. 1 picocurie per litre (pCi/l) is the same as 37 becquerels per cubic metre (Bg/m?)
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of small sources of radiation which certainly did not constitute a problem in themselves but which,
together, could lead to difficulties.

4.16. Debate with Bjorn Gillberg in Dagens Nyheter regarding the risks of nuclear power

In the spring, there were animated discussions regarding the radiation risks from the nuclear power
industry in Dagens Nyheter. On 8 April, Bjorn Gillberg wrote an article under the ironic heading of
‘Radiant Future’ on what he perceived to be the hazards of nuclear power. I refuted the article on 16
April, writing that Gillberg was wrong in thinking that nuclear reactors could explode like atomic bombs.
On 5 May, Gillberg countered with a new article in which he recognised: ‘I exaggerated when I
maintained that a reactor could, figuratively speaking, explode like an atomic bomb’.

We had different opinions regarding the risks of the high activity waste. When I wrote that ‘the
technical development is approaching a concentration of the waste in such a form that it will be
unsolvable in the long term’, Gillberg promptly countered that the technique ought to have been
developed before the go-ahead was given to build the reactor. A letter from one reader, Friedemann
Liidke, thought he had not received enough information on the risks of nuclear power and his outburst
came in the headline ‘Tell us what we are risking!’ Vattenfall’s Dag Jungnell responded to this on 9
June, whereupon I had an article published on 10 July with the headline ‘This is what we are risking!’ I
mentioned that even with an unrealistically large expansion of nuclear power, the number of extra cases
of cancer owing to the scattering of radioactive substances would be no more than around ten. About
this I wrote:

We may never know whether the supposition is correct; it is impossible to use the
random variations in the number of ‘normal’ cases of cancer to show how many
additional cases may be caused by low radiation doses. It is an extreme feeling of
responsibility which makes us presuppose that they could occur.

4.17. Meeting of the Swedish Society of Nuclear Medicine in Malmo

On Friday 12 June, the Swedish Society of Nuclear Medicine met in the assembly hall at the General
Hospital in Malmo. Most of the seven presentations concerned scintigraphy. Bertil Nosslin reported on
the production and control of radiopharmaceuticals with generator-derived nuclides.

4.18. The Radiation Protection Institute requests a report on non-ionising radiation

The Swedish Radiation Protection Institute started to worry about the increasing problems with
protection against non-ionising radiation, primarily specific electromagnetic radiation and ultrasound.
The Institute therefore wrote to the Swedish Government on 2 September and proposed that the problems
be investigated

4.19. Robert Thoraeus dies

On 11 September, Robert Thoraeus died of a malignant tumour behind his nose. He was born in
Monsteras on the coast of Sméland in 1895 and became Rolf Sieverts first academic colleague. Thoraeus
had studied ship building at KTH and then been an assistant to Manne Siegbahn at the latter’s Institute
of Physics in Uppsala. In 1927 he was employed by Sievert to take care of the ambulatory supervision
of the country’s installations for x-ray therapy. The need for as ‘hard’, i.e., penetrative, x rays as possible
made him design the ‘Thoraeus filter’, a radiation filter which consisted of 0.44 mm tin, 0.5 mm copper
and 1 mm aluminium in said order, where the two outer filters filtered out the characteristic x rays from
the previous filter. The filter was presented at the International Congress of Radiology in Stockholm in
1928. At the Institute of Radiophysics, Thoraeus built up a standard laboratory for measuring the
exposure in roentgen units; this work led to him defending his thesis in 1932. Until the reorganisations
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at the start of the 1960s, Thoraeus was head of the Institute of Radiophysics’ department B for the
supervision of x-ray therapy and a bit later on head of medical physics at Radiumhemmet. Rune Walstam
has written the following about him: ‘We all have our inherited characteristics and attitudes that are
difficult to influence. Thoraeus was sometimes perceived as being old-school, dominant and a know-it-
all, even in the day by day coffee conversations’. At the end of his career, Robert Thoraeus was conferred
the title of Professor.

4.20. Expansion and development of the Radiation Protection Institute and the Institute of
Radiophysics

On 15 September, a meeting took place at the Radiation Protection Institute with representatives of
construction managers regarding the reconstruction and demolition work at the Institute of
Radiophysics’ and the Radiation Protection Institute’s buildings. The construction started on 28
September with the demolition, excavation and blasting work. New premises for a library, conference
room and lunchroom were being added. The premises had been planned so that they could form a
separate advice centre in the event of a reactor accident or fallout from nuclear weapons tests. One
particular room was reserved for telex connections.

4.21. UNSCEAR’s 20t session

UNSCEAR met in Geneva on 21-25 September for its 20" session. I was now the Chair of the Committee and
Vladimir Zeleny was Deputy Chair. The Swedish delegation included Ame Nelson, who was my deputy. K. G.
Liining took part in the meeting of the genetic ‘sub-sub-group’ where Professor Sobels was Chair. Kay Edvarson
and Jan Olof Snihs were new members of the Swedish delegation.

Bo Lindell chairing UNSCEAR in 1970.
At his side, the head of the UNSCEAR Secretariat, Italian Francesco Sella, and one
of the scientific secretaries, New Zealander Bernie O’Brien.
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From the UNSCEAR meeting in Geneva, 1970.
At the table, cigar in mouth, the Argentinian delegate, Dan Beninson. At his side,
the Australian delegate, Don Stevens. To the right of Stevens, the delegate for
Belgium, Dutch geneticist Professor F.H. Sobels.

Zeleny was not present at first and the Czech Embassy could not explain why. The Committee which
had no Deputy Chair selected him as Chair of the Biological sub-group in protest, with Bill Pochin as
Chair for as long as Zeleny was absent. Don Stevens was Chair of the physics sub-group.

This meeting saw the introduction of the work on the report that was to be published as two volumes
entitled ‘lonising Radiation: Levels and Effects’ in 1972. On page 1 of volume 1 (Levels) it says that
‘The names of those experts who attended the twentieth, twenty-first or twenty-second sessions of the
Committee as members of national delegations are listed in Appendix I’. This was unfortunately not the
case; Zeleny’s name was missing. He had not existed for political reasons. Czechoslovakia was not going
to allow UNSCEAR’s Deputy Chair to come to the meeting at the twenty-first session, which was a
disgraceful intervention. The new Czech representative for 1971, Dr. Klimek, was a friendly man but he
emanated fear.

As regards UNSCEAR’s contribution to the 1972 environmental conference in Stockholm which the
Committee’s Officers (Lindell, Butler — the former Chair, Zeleny and Sella) had been given the task of
putting together, the Committee decided to also allow I. L. Karol from the Soviet Union and Don Stevens
from Australia to join the preparatory group. After the UNSCEAR meeting, Gordon Butler, Francisco
Sella, Zeleny and I generated ideas and proposed texts for a subsequent meeting of the group which took
place at the Radiation Protection Institute on 29 November. Butler was exhausted following a visit to
London and Paris and gave us the unique experience of seeing him fall asleep while he was talking to
us. However, he was well prepared and was able to send us a well-considered draft report after the
meeting. We were to present UNSCEAR’s methods for estimating the dose commitment and, if possible,
also the injury burden using the distribution chain injection — the atmosphere — the ground — foods
— body tissues — dose — injury and introducing the linear, no-threshold dose-response relationship.
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4.22. Swedish nuclear power

Since the Reactor Location Committee thought that permission ought not to be given to Stockholms
Elverk to erect a reactor to produce electricity and hot water in Vértan, a committee was set up in spring
1970 to provide a basis for assessing necessary location restrictions for forthcoming plants. The report
came to be known as The Urban Siting Investigation. More is written about this in Chapter 8 (1974).

Another committee, or rather a task group, was set up in April 1970 under the Ministry of Industry
of which Krister Wickman was head at the time. The group’s task was that ‘carry out a study of the
significance of reprocessing to the continued expansion of nuclear power in Sweden and the conditions
for a Swedish plant for reprocessing nuclear fuel’. The person convening the group was Senior
Administrative Officer Jan Thyberg and the Secretary was Ph. Lic. Ake Hultgren. A draft report, ‘Study
of the conditions for a Swedish reprocessing plant’ was discussed at a hearing at the Ministry of Industry
on 30 November with representatives of the delegation for Atomic Energy Issues, the Swedish
Environmental Protection Agency, the National Board of Physical Planning and Building and the
Radiation Protection Institute.

I put forward the Radiation Protection Institute’s points of view that it was not clear why a
reprocessing plant would be needed in Sweden (implied at Sannds) when there was capacity abroad.
Thyberg’s response was: ‘We haven’t been asked to consider this - we want preparedness.” Both
Hedgran and I criticised the less-than-satisfactory treatment of the waste problem, which ought to have
been dealt with separately.

At this time, Hedgran represented the Atomic Energy delegation. This had first come under the
Ministry of Trade and Industry, was then moved to the Ministry of Finance and finally ended up within
the Ministry of Industry, with the Reactor Location Committee as operational authority. However, in
1970, became the Atomic Energy delegation became an independent authority and Hedgran, who had
been Chair of the Reactor Location Committee since 1968, was elevated to being the head of, to give it
its full name, the delegation for Atomic Energy Issues.

In 1970, according to the Radiation Protection Institute’s activities report for 1970, the situation
regarding the Swedish nuclear reactors was as follows:

In operation R2, Studvik 50 MW thermal power
R2-0, Studsvik 1 MW “

Agesta 80 MW “

Under construction Oskarshamn 1~ 440 MW electric power
Oskarshamn 2 580 MW “

Ringhals 1 760 MW “

Ringhals 2 820 MW “

Barsebick 580 MW “

Licence applied for Forsmark 1 800 MW electric power
Forsmark 2 800 MW “

For the nuclear power plants, thermal power is approx. three times that of the electric power. The
nuclear reactors that were built at or planned for the four Swedish nuclear power plants Barsebéck,
Forsmark, Oskarshamn and Ringhals in 1970 were all boiling water reactors supplied by Asea-Atom,
except for Ringhals 2 for which a pressure water reactor was built and supplied by Westinghouse.”

Prior to the anticipated start of Oskarshamn 1, the County Administrative Board arranged a number
of meetings in the county of Kalmar for discussions and information. On 10 September, an information
meeting with medical personnel was arranged in Oskarshamn where I was asked to give an account of
radiation risks and protection regulations. I was able to refer primarily to ICRP Publications 8, 9 and 14
and said, among other things, that ‘A correct interpretation by ICRP involves long-term planning which

* There is more about these types of reactor in Chapter 8 of ‘The Labours of Hercules’.
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from the start takes into account the long-term expansion of nuclear power and overlay effects of small
amounts of activity from a large number of sources of radiation spread over large areas.’
When it came to reactor accidents, I said:

Only the Windscale accident in England in 1957 has distributed substantial activities
[I ought to have said ‘large quantities of highly-active radioactive substances’] to the
surroundings. Five reactor accidents have claimed four human lives so far since the
personnel were exposed to radiation. Acute radiation injuries in the surroundings are
highly unlikely, although injuries among the personnel are conceivable. Medical
measures will therefore apply to personnel if they become necessary. Any radiation
component at the time of an accident must not prevent the normal treatment of injured
people. If an accident leads to overdoses in the surroundings, the source of radiation is
likely to be radioactive iodine, which irradiates the thyroid gland. If there are accidents
within the reactor, the personnel may also be exposed to gamma radiation. The
radioactive ‘contamination’ of injured personnel in the way that is dangerous to the
surroundings is unlikely.

What bothered us from the radiation protection point of view was that for fear of radiation from the
patient, doctors and care providers would not dare to treat personnel who had been injured in another
way. We thought it highly unlikely that any injured person could be so contaminated with radioactive
substances that this would lead to a risk for the healthcare personnel.

On 27 October, the County Administrative Board in the county of Uppsala arranged an information
meeting about Forsmark’s nuclear power plant in Frosdkersskolan in Osthammar. The meeting was led
by County Governor Ragnar Edenman (1914-1998). After the meeting, Vattenfall circulated a 38-page
A4 stencil showing minutes of the meeting.

The first to speak was Vattenfall’s technical director Ingvar Wivstad (1924-1999), who said:

The planning work for Forsmark is now being run with said parties in cooperation
[Vattenfall, Mellansvensk Krafigrupp AB and Bdlforsens Kraft AB']. The final decision
on forming a company and erecting the first unit will probably be made in 1971.
Requisite official permits are of course required in order for the cooperation to be
fulfilled so that financing can be arranged, etc.

Forsmark’s power plant already has rather a strange prehistory called Trosa. As is
known, we at Vattenfall were intending to locate the first major commercial nuclear
power plant on the east coast at Kédftudden in Vagnhédrad Municipality near Trosa. With
regard to necessary power line extensions, Trosa was a somewhat more economically
advantageous alternative for Vattenfall than Forsmark.

There is probably no power plant location in Sweden that can demonstrate such a
slow and complicated birth as Forsmark. There have been fairly extensive underlying
reports and considerations. In May 1969, the previous discussions resulted in Vattenfall
publishing an extensive report which is called ‘Nuclear Power on the East Coast’ and it
contained an account and assessment of the various conceivable locations for major
nuclear power plants. Following a referral, the Minister of Industry that Trosa ought not
to be used for the next big nuclear power expansion and that Vattenfall’s continued the
work ought to concentrate on Forsmark. This was a declaration of intent regarding the
direction of the continued work.

When after that Chief Engineer Tage Nytén had described the design of the power plant, the County
Governor handed over to Carl-Eric Holmquist, Vattenfall’s radiation protection expert. Holmquist was
a complicated person, a brooder who ended up writing a couple of books on risks and people’s

* Mellansvensk Krafigrupp AB was a merger of Gullspdings Kraft AB, Stora Kopparbergs Bergslags AB, Krdngede AB and AB
Svarthdlsforsen. The latter was owned by the City of Stockholm and Virmlands Lednings AB. Bdlforsens Kraft AB was a subsidiary of
Svenska Cellulosa Group [the Swedish Cellulose Group].
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apprehension. He gave a committed presentation but irritated the largely sceptical audience with his
unsuspecting enthusiasm. He said:

So, you can — and I believe that it is absolutely possible — take the view that (to use
a distorted cliché) ‘nuclear power is beautiful’. Quite simply that nuclear power is a
beautiful thing. It needs to be more than that of course. It needs initiative on the part of
the planners and some good Swedish architects are needed, not just one good architect
in Sweden. An exciting design for the building structures and adaptation to the
surrounding environment can make the Forsmark power plant more famous and
architectonically-inspiring than many traditional ‘beautiful’ tourist destinations. There
need not be any real difference in architectonic beauty between the Guggenheim
Museum in New York and the Forsmark plant in Uppland, and this is also completely
in line with what I believe the modern landscape is crying out for.

After a coffee break there was information from a number of protection authorities: the SMHI, the
Swedish Environmental Protection Agency, the Atomic Energy delegation and the Radiation Protection
Institute. Arne Hedgran spoke about the Atomic Energy delegation’s ‘safety philosophy’ and its
endeavour to find a ‘defence-in-depth’. I spoke about the Radiation Protection Institute’s application of
the ICRP recommendations.

At the end of the 1950s there was an action group against Swedish atomic bombs (AMSA, see ‘The
Labours of Hercules’). It inspired the formation of an action group against nuclear power (AMA) at the
end of the 1960s, which was largely represented by a friendly engineer by the name of Rune Jonsson
who, when he had the opportunity to speak before a public audience, could work himself up to make
statements that he never made in private. The AMA was represented in Osthammar and meant that the
County Governor faced a practical problem:

We have received a large number of questions from representatives of the AMA
group and there is nothing to say about it. It is just that this sort of discussion is very
difficult to settle, that one person writes and the other person speaks. [ have [...] told Mr.
Rune Jonsson that he will have the opportunity to give a verbal statement. Before we
conclude, I propose that one of the AMA representatives be given the opportunity, once
they have travelled up here, to say a few powerful words. I believe that the public here
will have the patience for it and if we then unite in the usual parliamentary fashion of
an extended reply, Mr. Jonsson, a lot can be achieved. Over to you!

Rune Jonsson used the opportunity for a longer contribution in which he recounted the American
nuclear power opposition’s details of elevated incidences of cancer and frogs with extra legs around the
nuclear power plants, details that we knew had no basis but which were expressed through the justifiably
critical attitude to the American Atomic Energy Commission. After a while, Jonsson realised that he
may have spoken for too long and asked the County Governor whether he ought to stop. Edenman
answered: ‘Well, if there is something that you would really like to say, I’'m not going to stop you. Oh
no.” Jonsson continued for a good while longer, saying that nuclear power was available only because
specific countries wanted atomic bombs and that there was plutonium in the fuel which might be used
as war material. We have no need for nuclear power, said Jonsson; we have fossil fuels that will last us
for 700 years. He then said:

We need no nuclear power plants. I don’t know whether you knew of such things
before you came here? Did anyone know about it? Nobody knew about it? I bet you did!

Edenman now intervened, saying: ‘We might like to draw things to a close now.’ Jonsson thanked
him for the opportunity to give his opinion. The County Governor’s summary was:

We would like to thank Mr. Jonsson who represents the AMA group, and in this
country there is freedom of opinion and we all have the chance to continue. I am simply
convinced that this matter has already been discussed a few times here in Osthammar,
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particularly by the municipal authorities, in any case before pronouncing a unanimous
yes. If it is of any comfort to the AMA, which I pretty much doubt, I live in
Oregrundsgrepen, the secluded section of the Gulf of Bothnia, so I will see what
happens.

In his concluding speech, Edenman’s final words were:

... we have nothing against people from the AMA group warning us. Nothing but
good can come of further pressurising our skilled experts to do their utmost.
Continuously pushing for guarantees can only be a good thing. But it is also obvious
that we need new sources of power, and if one could be located in this sparsely-
populated area of Uppland, I believe it would please this district very much.

In other contexts, Rune Jonsson was a calm, wise man. In February 1970 he asked me for advice
regarding a disturbed woman who had written to him thinking she was constantly monitored by aircraft
and exposed to radiation. After having received my comments, Rune wrote a nice letter in which he
‘completely dismissed’ the suspicions about the aircraft; ‘I see several planes in the air every day and
they are definitely not up in the air to do you or me any harm’. He also wrote that the radiation doses
she had stated ‘corresponded to the natural background radiation and you should not be scared by them’.
Finally, he advised her to contact ‘a good psychiatrist who could help [her] to disconnect from the ‘forced
connection’ between aircraft and [her]self and who might be able to help [her] return to ‘perfect health’.
No such balanced answer could have come from a fanatic.

In 1970, Sydkraft ordered the second reactor for Barsebick, also a boiling water reactor for an electric
power of 570 MW. The turbine and generator were ordered from Stal-Laval.

4.23. The Swedish National Board of Health and Welfare’s X-ray Committee

On 6 February 1969, the Swedish National Board of Health and Welfare had set up a task group
consisting of Medical Officer Sven Alsén, Chair Professor Osborne Bartley, Chief physician Sven Ydén
and me to investigate safety issues in connection with x-ray examinations. The group had been set up at
the request of the Radiation Protection Institute in a letter of 25 October 1968. A situation report written
by Sven Ydén and me was available on 13 October 1970. It contained a number of proposed measures
and asked the Swedish National Board of Health and Welfare to give its point of view on the group’s
continued work. The report contained a large amount of good advice and points of view.

4.24. IVA meeting regarding the environmental problems of nuclear power

On Thursday 29 October 1970, an all-day conference was held on ‘The environmental problems of
nuclear power’ at the Royal Swedish Academy of Engineering Sciences. The following was written in
the invitation to the conference:

Nuclear power has gained a broad reputation of being a serious destroyer of the
environment; people have pointed out radioactive emissions, cooling water discharges
and loss of aesthetic natural values through the erection of enormous power plant
buildings.

However, unlike many other technical developments, all of these environmental
protection aspects have previously been observed in the nuclear power expansion to the
extent that the latter is currently so heavily regulated that the expenses for environmental
protection and safety measures constitute a significant sum for the economy.

This situation is largely down to the uncertainty in the assertions regarding the
environmental impact factors of nuclear power. However, commercial nuclear power
has now been in use in many countries, including Sweden, for such a long time that it
is possible to assess these factors more reliably. At the same time, the environmental
impact of the conventional sources of power has started to be observed to an increasing
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extent. This will result in difficult counterbalancing problems in continuing to expand
the country’s energy supply.

Irritation was now becoming increasingly evident among the industrial people. A huge task had been
taken on and accomplished brilliantly. They were quite rightly proud of their expertise and achievements.
But they were met with distrust and criticism rather than appreciation. It felt tough and unfair - after all,
they had honoured and accomplished what the politicians wanted.

4.25. The radioactive ID cards

In edition 15 of Ldkartidningen, a letter to the editor asked questions about radioactively-marked ID
cards. The questions were answered by Assistant professor Peter Reizenstein but were raised again in
the daily press, which also led me to provide the press with information. The low activity of the
radioactive substance and the weak penetration capacity of the radiation (alpha radiation) meant that
even if you constantly wore the ID card directly against bare skin you could not receive a harmful
radiation dose. You could eat ID cards without being in any danger. However, those of us at the Radiation
Protection Institute were still doubtful. We were in principle against the distribution of objects that were
supplied with radioactive substances. Our negative attitude in turn worried the National Police Board
which, together with the Post Office and the banks, wanted to push forward with the radioactive marking
of staff ID cards. On 28 August, AB ID-kort asked the Radiation Protection Institute to accept
radioactively-marked staff ID cards in the same way as the banks’ and the post office’s ID cards had
been accepted. On 4 September, AB ID-kort informed the Radiation Protection Institute that the
Institute’s board would deal with the matter on 8 October, but also wrote that the board would probably
consider it inappropriate to accept the radioactive marking of staff ID cards. This led the National Police
Board to write to the Radiation Protection Institute on 7 October asking for the marking to be approved.
Reference was made to the fact that we at the Radiation Protection Institute said that the radioactive ID
cards were not at all dangerous and in doing so we had given our opinion on what we understood.
However, emphasised the National Police Board, the use of the cards lay outside our area of competence.
This put us in a situation where we had no obvious grounds to prevent the marking of the staff ID cards
other than a vague feeling of unease. We could not see how marking them with radioactive substances
was a good idea in practice and we had doubts about the future of the measurement boxes that 4B ID-
kort reckoned it would sell large numbers of. It turned out that we were right. There was no future for
radioactive ID cards — but it took until 1974 for this to become evident.

4.26. The emergence of the NRPB

In October 1970, the National Radiological Protection Board (NRPB) was formed in the UK through
the merger of the radiation protection responsibility at the Medical Research Council’s Radiological
Protection Service, the Radioactive Substances Advisory Committee and the Radiation Protection
Division within the Atomic Energy Authority.” The personnel from the RPS felt they were being
completely disregarded by those in the RPD, particularly Eric Smith who was fairly unhappy. Another
radiation protectionist from the RPS was Michael O’Riordan, who later described the situation in the
NRPB’s Bulletin. He links the event to the presentations at IRPA’s Congress in Brighton in May:

The constitution which established the NRPB in 1970 is a simple and direct piece of
legal text which has held its own over the years. It is obvious that the ministers and
officials who thought out the policy had a clear picture of what they wanted to create —
a sound basis on which to protect people against the risks of radiation within the general
framework of public healthcare in the UK. The personnel who originally came from the

* See Chapter 14 of “The Labours of Hercules’.
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MRC’s Radiological Protection Service plant in the outskirts of London were initially
not worried about coming to work in the middle of ‘the wasteland’ and with work
colleagues who were more at home with reactors than with radiology. But they came to
love the location with the impressive view over the open, aged landscape with its rolling
hills and to respect the dedication to the new company from those who came from the
UK Atomic Energy Authority.

People from both directions had met at the IRPA Congress in Brighton in May 1970.
Two memories of the occasion are still alive: the perplexing receipt of Bo Lindell’s
presentation on the new subject of optimisation and the fantastic presentation by
Andrew McLean and John Dunster during a lively plenary meeting. Dunster would of
course go on to succeed McLean as manager. David Richings, the first Secretary of the
board and the architect behind a successful administrative structure, also attended. Some
participants were distracted from the programme by the presence in the city of Diana
Rigg, the most glamorous actress of the time. In October, when the NRPB was installed,
the USA, the Soviet Union and China detonated nuclear charges within hours of one
another. Radioactive fallout was to remain an interest for some time to come.

4.27. Communication by letter with Joshua Lederberg

Professor Joshua Lederberg (1925-2008) was a world renowned geneticist, Professor at Stanford
University (in Palo Alto in California) 1959-1978 and, as a pensioner, manager of the Rockefeller
Institute for Medical Research in New York from 1978-1990. He had already been awarded the Nobel
Prize in Medicine in 1958 along with George Beadle and Edward Tatum.

Lederberg had written to me at the suggestion of K. Z. Morgan to ask about some of my papers and
presentations, and primarily about Arne Hedgran’s and my estimate of the ‘PQR value’ (see Section
4.10). I answered on 4 November and enclosed some Swedish Radiation Protection Institute reports.
Lederberg had already answered by 11 November. His response is of interest, so I am reproducing it
here:

Thank you for your rapid response. I was also very satisfied with the way our
conclusions concur. Before that I had only a vague intuition that the radiation protection
inputs would generate a number in the area of $10 - $100 per man-rad, but certainly
with many idiosyncratic and irrational deviations.

You ‘PQR’ approach is one with which I, obviously, strongly concur. Do you also
know of Chauncy Starr’s paper (Science, 9/19/69), although I believe it is completely
inadequate in terms of concept? He does not address what people are willing to pay for
small safety improvements subject to reasonable information.

William Gorman, who is now President of the Urban Institute in Washington DC.,
insisted on a series of investigations when he was Deputy Secretary of HEW™ which
HEW published as Program Analysis/Disease Control Programs, ‘1966-5’; they
estimated the current value of expected income for an ‘average 27 year-old man’ as
$125,000, and calculate the cost-benefit of other programs thereafter.

I did not include direct nonmonetary expenses in my calculations. Had I done so
they could have exceeded the GDP! My attempt, like yours, instead observes the
economic behaviour of people who actually make decisions.

I totally accept your point about dose commitment, which was also well covered by
the UN Committee’s fallout analysis.
PS re. SSI1:1970-027"

* Health, Education and Welfare

T The report from Hedgran and me discussed the fact that it would be preferable to limit the annual dose commitment (as it is now called)
rather than the annual dose.
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The extrapolation for final levels of energy production (pp. 18 onwards) may be a
bit too rigorous. In principle, today you can choose to build reactors that leak slightly
more and use the economic gain and experiment with the structure to be able to build
even better-regulated reactors in the future. But this requires a rigorous plan (and
economic viability ... like PQR...) for the future just as for current programmes.

4.28. Nordic Council-type meeting in Stockholm

On 7 October, I had sent a circular to a number of authorities, industries and organisations. The letter
concerned who ought to take part in the ‘Nordic Council’-type meeting. I wrote:

In order to obtain representation from Sweden corresponding to what can be
expected from the other countries, it is probably appropriate if experts from the
following bodies take part in the meeting:

the atomic energy company

the Swedish Defence Research Establishment
the Swedish Environmental Protection Agency
the Atomic Energy Delegation

the Radiation Protection Institute.

On the other hand, it would probably conflict with the framework of the meeting
were participants also extended to cover representatives of the nuclear power industry
or the manufacturing side. For this reason, a preparatory Swedish meeting will be held
on 12 November to which such representatives have been invited for a discussion
regarding the standards issues. The Swedish participants in the Nordic meeting on 19-
20 November are expected, time and interest permitting, to also take part in the
preparatory meeting.

The preparatory meeting was held at the Radiation Protection Institute on 12 November. Seven of
those people for whom the meeting had been arranged took part. They were Pelle Isberg and Lars-Olof
Wredberg from ASEA-ATOM, Harald Westerlund from Oskarshamnsverkets kraftverk AB, Carl-Eric
Holmquist from the Swedish State Water Power Board, and Tommy Cervin and Jorgen Thunell from
Sydsvenska kraft AB. In addition, a larger number of people from the authorities which were to take part
in the meeting of 19-20 November also participated, including Ragnar Boge, Bo Lindell and Jan Olof
Snihs from the Radiation Protection Institute, Lars Carlbom from Atombolaget, Kay Edvarson from the
FOA, Ulf Grimds from the Swedish Environmental Protection Agency and Arne Hedgran from the
Atomic Energy delegation.

The circular that was sent out from the Radiation Protection Institute on 5 November gave the
following subject for discussion:

The fundamental standards for activity emissions in accordance with the
interpretation of the ICRP recommendations by Arne Hedgran and Bo Lindell in a
stencilled report that was previously sent out.” The main content of the proposal is that
not only the individual maximum dose but also the total population dose sets limits, and
that one should calculate using the annual dose commitment rather than the annual
radiation dose.

This meant a paradigm shift for radiation protection. ‘The population dose’ later ended up being
called the ‘collective dose’. There was no Swedish expression for dose commitment as yet, but one was
given later on.

* This was the same paper that was reproduced in the Radiation Protection Institute’s activity report for 1970 entitled ‘On the Swedish
policy with regard to the limitation of radioactive discharges from nuclear power plants: An interpretation of current international
recommendations’.
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At the ‘Nordic Council’-type meeting on 19-20 November, a report was drawn up for the healthcare
authorities in the Nordic countries. The report was to be signed by Juel Henningsen, Isola, Eker and
Lindell. The following addition was proposed: ‘The Icelandic experts who unfortunately could not take
part in the meeting have read the above report with interest and share the points of view shown therein’.

The report was introduced with a discussion regarding the radioactive fallout from the big nuclear
weapons tests in 1961-1962. The summary was:

Routinely-continued measurements in the Nordic countries show that the level of
radioactive substances in the most commonly-occurring foods has fallen considerably
since the highest values were measured in 1963-1964, but that, owing to special
transport mechanisms, the same levels as in the mid-1960s may still occur locally in
certain foods. However, no measurement results indicate the presence of levels which
are of any significance from the health point of view.

What was not said in plain language was that the special transport mechanisms concerned the fallout
on lichens and that ‘certain foods’ were in fact reindeer meat.
The following was said about the biological effects of radiation:

The basis for the current assessment of the radiation risks constitutes documentation
which has been compiled and published by UNSCEAR on the basis of data collected
from the member countries, and the interpretation of this material which was undertaken
by the International Radiation Protection Commission (ICRP). Behind both
UNSCEAR'’s and ICRP’s risk assessments lies the assumption that the connection
between radiation dose and risk of late injuries (carcinogenic and genetic effects) is
linear and that there are no radiation dose threshold values below which the risk is zero.

This assumption is generally accepted within the radiation protection activities in
the absence of evidence that the body can react to the effects of radiation with very low
intensity. However, while the experts support this cautious attitude, it is necessary to
warn against a unilaterally-harsh assessment of the radiation risks in dilemmas where
you are forced to compare activities which lead to radiation doses with activities which
lead to other inconveniences, i.e., the cautious attitude may involve an overestimation
of the radiation risks even if you do not dare to expect that this is the case.

Head of research Hvinden was primarily responsible for this reservation. The Norwegians were
anxious about being forced to take action against people who could be exposed to particularly high
radiation doses from milk, reindeer meat or contaminated water in regions where the fallout and the
uptake of radioactive substances could conceivably be particularly high. Intervention could lead to more
tangible risks.

The following was written about environmental protection against emissions of radioactive
substances from nuclear power plants:

The meeting spent most of its time on a discussion regarding the assessment of
emissions and discharges of radioactive substances from forthcoming nuclear power
plants. It was emphasised that it is important to comply with valid recommendations not
only as regards permissible radiation doses for the individuals who are exposed the
most, but also as regards the population dose. In the latter case, it is important to decide
which population dose a nuclear power plant can be permitted to cause, based on
forecasts for the total number of nuclear power plants in the future, e.g., at the start of
the noughties. This means we realise that the limits recommended by ICRP for the
genetic radiation dose to a population may not be used for one purpose alone, such as
nuclear power production, and nor may be used in the near future, but should instead be
used as a guideline for long-term planning.

Preliminary calculations have shown that taking into account the population dose as
per these principles may mean that this is what becomes crucial to the limitation of
activity emissions rather than the radiation doses to the individuals who are exposed the
closest to the plant. It also appears to be possible that a large share of the population
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dose may be derived from the irradiation of people who live a long way away from the
plant, even beyond the country’s borders. Long-term planning thus requires
international solidarity and uniformity as regards the fundamental principles for the
limitation of emissions and discharges.

One important consequence of this approach is that activity measurements for the
customary types of surrounding environment check may become less important. If the
population dose sets limits and consists of very small radiation doses to a large
population at great distances from the point of source of the emissions, the only effective
control option is to check the emissions directly at the source. The usual surrounding
environmental checks must then largely be replaced by targeted radioecological
research where the measurements are not intended to check the level of the radioactive
substances in air, water, plants and animals but to check that the assumptions on which
the decisions for permitted emissions are based are correct.

These were important conclusions and formed the basis for the radiation protection policy that would
apply to nuclear plants for the remainder of the century. The next radiation protection work took place
in contact with the industry’s experts. These emphasised the significance of operational experience
before commitment to technical solutions for the purpose of complying with the new principles. We at
the Radiation Protection Institute found this to be reasonable, bearing in mind that the actual emissions
had been very low. It was deemed to be beneficial from the radiation protection point of view to wait
until the international standards work (on which Sweden had a considerable influence) and principle
discussions with the other Nordic countries were finished before designing the new Swedish regulations.

The report said the following about the level of radioactive substances in the air in mines:

It has become apparent that the level of these substances is heavily dependent on the
ventilation and that, in some cases, the situation cannot be adequately considered from
the health point of view. The situation does not involve a new problem - radioactive
substances have always occurred in mines. However, we have not previously been
aware that the presence thereof could lead to health problems other than in mines for
mining minerals containing uranium and thorium.

The experts finally apologised for the information problems:

The experts finally discussed the difficulty in disseminating information on levels of
radiation and risks of radiation in such a way that the public does not gain a misleading
picture of the problems. It is an unfortunate development that the high level of caution
in radiation protection activities, as well as the consideration which is shown for risks
which are usually not observed at all as regards other types of environmental
contamination, lead to the perception that radiation and radioactivity involve
particularly substantial problems. It is understandable that the way in which radiation
protection activities report all the different types of risk that they want to take into
account may seem like a scary catalogue of risks by the side of the unawareness of
similar risks which mean that other activities apparently seem to be free from risks.

In the radiation protection activities, the development of quantitative risk
assessments has come a long way. However, society has hardly been prepared to take a
stand on which risks can be seen as acceptable under different circumstances. At the
meeting, a hope was expressed that the development would lead to better possibilities
of observing the overall risk to which the individual is exposed from all different risk
sources.

4.29. Two engineers

When I worked with low-activity measurements in the 1960s, I had the privilege of receiving
assistance from two very competent engineers, Jorma Suomela and Nils Hagberg. Jorma was a chemist
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and cooperated with John Hursh when John spent a sabbatical year at the Radiation Protection Institute
in the 1960s. He also cooperated with Sven Lofveberg in developing a rapid analysis method for
strontium-90. He unfortunately died as early as 1998. Nils Hagberg was employed in 1962. To start with
he helped me with measurements of caesium-137 in milk and other foods which had been contaminated
due to the nuclear weapons testing, and he was later given the responsibility for radon measurements
where he took part in the international standardisation work. Nils knew where he was with electronics
and was very much esteemed for his ability and helpfulness. He was missed by many when he died in
2009 after 47 years at the same workplace (albeit one that had changed its name).
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5.1.  The Nordic Radiation Protection cooperation — review of the meeting in 1970

On 11 January I was able to send my colleagues in neighbouring countries a proposed report from
the meeting of 19-20 November in Stockholm. It was proposed that the recipients should state the
publication date they wanted, and I wrote that the last of these proposals should apply; the date ended
up being 15 February.

The report was approved by everyone and signed by Juel Henningsen, Aulis Isola, Reidar Eker and
Bo Lindell. It was sent to ‘the healthcare authorities in the Nordic countries’. As agreed, reference was
made to the fact that the Icelandic experts, who had unfortunately not been able to take part in the
meeting, shared the points of view put forward.

5.2. ‘Radiant Environment’

During the year, the first edition of the book called ‘Radiant Environment’ was published, written by
Kurt Lidén, S6ren Mattsson and Bertil Persson. It went on to be published as a second, extended edition
which concentrated more on the radiation protection problems of nuclear power. Kurt Lidén sent me a
copy of the first edition for which I thanked him on 15 January with the following words:

Thank you for ‘Radiant Environment’ compendium which I received today. It is
really enjoyable, easy to read, comprehensible and the pictures are extremely
illustrative.

The opinion applies to a greater extent to the second edition, which also became course literature for
a 10-point course on environmental protection.

5.3.  Relaxing the formalities

‘The formalities were not relaxed suddenly, but gradually over a period of maybe five years. This
was started in Sweden by the new head of the Medical Board, Bror Rexed, inviting all staff in 1967 to
call him by his first name because he wanted to ‘get on more familiar terms’ with his personnel. At the
Radiation Protection Institute, people generally also suddenly stopped using titles, but not until 1971.
Dan Beninson told me that at around the same time, most people had started to address one another using
first names rather than ‘Dr Xxx’ in Argentina, which was another strange harmony between our two
countries. Relaxing the formalities did much to increase the sense of affinity and make life easier. The
more recent tendency towards returning to enjoying the use of titles is unfortunate.

Sven Lofveberg and I had discussed various options for the general dropping of titles at the Radiation
Protection Institute when addressing someone. Nothing could be expected to take place of its own
accord. The Institute had grown up from Rolf Sievert’s radiophysics institute where Sievert’s principle
was to drop the use of titles with academics and where no-one was expected to start being less formal
with women, and the women did not dare to take the initiative since women were not expected to take
initiative either. As for me, I would never have dared to take the initiative of dropping the titles with the
stern Nurse Ingeborg, although I always was on first-name terms with all men since Sievert had dropped
the titles in addressing me.
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In the end, we thought that a big office party would offer the right opportunity. We thought a dinner
on board a ship ought to give the right environment. The efficient Sven got to work, assisted by the
practised Kerstin Lundmark. Kerstin’s memory of this is:

Regarding the boat party, Sven Lofveberg and I were the ones who arranged it (I
don’t think anyone else was involved). The boat, M/S S:t Erik, lay still at Strandvégen.
The date of the party was Friday 29 January 1971.

We had a very enjoyable time and ate steamboat steak. Sven and I had made a small
box for all participants with a sign telling them to drop the titles and use first names,
and a colourful serpentine, serviette, toothpick, headache tablet, etc. Everyone was also
given a song sheet of boating songs.

Per Einar Kjelle had to leave the party to go to the maternity ward.

5.4. Continuing work with the ‘Flag Book’

On 4 February I confirmed decisions made during many phone conversations regarding the continued
work with the ‘Flag Book’ in a circular and stated places and times for the impending task group
meetings. In Stockholm on 2 February we had completed a report on our meeting in Stockholm on 16-
18 November. It had been written by Birgitta Olofsson in consultation with Sven Lofveberg and Ingvar
Lundéhn.

On 4 June in early summer I wrote a reminder, which started by saying:

With my own conscience not 100 % clear and just before summer starts in earnest, I
would like to remind you of our agreement that every task group should send me a
manuscript of its section as early as possible in the autumn so that we at the Radiation
Protection Institute can start editing the document on which we will give a final opinion.

We were hoping that the results of the meetings held during the spring could be
circulated within each group so that the groups could agree their respective
contributions. Our general workload means that this has not yet taken place except for
a few groups, but should hopefully take place before late autumn.

5.5. Information meeting in Misterhult

In February, the County Administrative Board in the county of Kalmar in consultation with the
Radiation Protection Institute and the Swedish Environmental Protection Agency called an information
meeting concerning the Oskarshamn plant. The meeting was to be held in the municipal hall in
Misterhult, 25 km north of Oskarshamn, on Sunday the 21 February. The local population had been
invited, primarily fishermen from the region, but also news media and critical groups, primarily the task
group against nuclear injuries (AMA) which was represented by engineer Rune Jonsson.”

Before the meeting I received an anxious letter from the nuclear power plant’s information manager
Staffan Timal, who was worried because Oskarshamns-Tidningen had written about Rune Jonsson,
calling him an ‘expert’.

The meeting attracted many people, approx. 250 people according to one newspaper, while others
said there were 40 and 400 respectively. The municipal hall was not big enough. The vicar then kindly
offered us Misterhult Church as a place to meet. Stellan Andersson of Goteborgs-Posten wrote the
following about the meeting on 22 February:

Much has been said about the risks that a nuclear power plant involves but the task
group against nuclear injuries has felt the threat to a significantly greater extent than the
people in the archipelago around Simpevar[p].

* The group sometimes also called itself ‘the action group against nuclear power’.
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When they left their church this afternoon they were really none the wiser as regards
the matter. A Professor from the National Radiation Protection Institute and experts
from the County Administrative Board, Oskarshamns Kraftgrupp and the State
Environmental Protection Agency led the debate and it is extremely difficult to give
concrete information about the risks in contexts such as these.

When County Governor [Erik] Westerlind gave everyone the opportunity to speak,
none of the residents took the opportunity — not that they get to hear much of what the
experts had to say because the loud speaker that had been connected up was not working
and the experts’ assurances that there was no need to feel seriously threatened by the
nuclear power plant drowned beneath the arch of the big church. This led to increasing
numbers of residents getting up and leaving after having sat for a few hours for the
pleasure of learning nothing.

“You might as well go home and have a coffee if you still can’t hear anything,” said
one of the old fishermen as he, equipped with the flyer from the task group against
nuclear injuries, left to walk home.

Oskarshamns-Tidningen, which Staffan Timal had been worried about, was not on the warpath:

Sunday’s nuclear power information in Misterhult, which was arranged by the
County Administrative Board, the National Radiation Protection Institute and the State
Environmental Protection Agency, turned into a fairly quiet and chivalrous battle
between experts Professor Bo Lindell of the Radiation Protection Institute and Assistant
professor Ulf Grimés of the Swedish Environmental Protection Agency on the one hand
and the Task Group against Nuclear Injuries (AMA), which evidently has a number of
converts among the population of the Misterhult archipelago, on the other.

There was no compromise on objectivity by either side. On the contrary, Chair of
the meeting County Governor Eric Westerlind’s original intentions of attempting to
limit the discussion to local level did not hold to since the AMA representatives, led by
engineer Rune Jonsson from Stockholm, really wanted to generally discuss the overall
justification for the existence of nuclear power.

It must then of course be ascertained that the fight between the experts and the AMA
was won by the former by a wide margin. All kinds of claims from the AMA
representatives about harmful effects from nuclear power plants in America and Canada
were all objectively countered and dismissed by Messrs. Lindén [!] and Grimas, who
were never nonplussed however harsh their attackers seemed to be.

Professor Lindell pointed out that radiation protectionists were ahead of other
environmental protectionists because they always worked with a long-term perspective.
There is no reason, thought the Professor, to be afraid of the nuclear power plants
because the safety provisions were enormous and stricter than for any other industry.
He also said that fish could scarcely become so radioactive that they could not be eaten.
The only food that could be was milk.

I do not believe I said ‘enormous’ - I tend to try and avoid superlatives. However, the task of giving information
to a heterogeneous group, in this case experts and local population, is almost impossible. If you talk in a way
which satisfies the experts you are talking over the heads of laypeople. If you talk in a way that, in this case,
fishermen and farmers will relate to what you are saying, the experts think you have simplified things too far and
left things out. No-one is satisfied.

There were plenty of us there from the Radiation Protection Institute and our economists had
calculated that the cheapest mode of transport was to hire a limousine with a chauffeur. Our journey
caused a sensation when our long, four-door vehicle slipped past other travellers and never seemed to
stop. We probably constituted a traffic risk in causing other car drivers to lose concentration. Life is full
of risks.
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5.6.  Rune Jonsson and wind power

The leader of the AMA, Rune Jonsson, was a great advocate of wind power. The following stood in
the ‘flyer” which was disseminated at the information meeting in Misterhult:

Nuclear power is to nations as narcotics are to people — initially it works well although it is
expensive and seemingly solves some needs, but the longer it is used, the greater the problems

become.

WIND POWER - the forgotten source of power — IS AN ALTERNATIVE TO
NUCLEAR POWER and is fully competitive in economic terms — non-finite and self-
regenerating but, due to the technicians’ nuclear power psychosis of being ‘in’, wind
power has been overshadowed. Nuclear power is a child of the war and the delegation
of the production of plutonium which is war material.

BENEFITS OF WIND POWER:

CONVERTED DIRECTLY INTO ELECTRICITY — NO HEAT PROBLEMS.

DEFINITELY ENVIRONMENTALLY-FRIENDLY — NO INJURIES TO HUMANS!
EXCELLENT SUPPLEMENT TO WATER POWER.

SELF-REGENERERATING AND AN INDIRECT FORM OF SOLAR ENERGY'!

CREATES MANY WORK OPPORTUNITIES FOR SWEDISH INDUSTRY.

FREE - NOT DEPENDENT ON IMPORTATION — DECENTRALISED.

CAN BE USED DIRECTLY OR COMBINED WITH PUMPED STORAGE POWER PLANTS.

Pumped storage power plant means that water must run from a higher level to a lower level
where the power-generating turbines are located, which are then able to use supplied power to
pump the water back to the higher level.

5.7.  Expertise in the ‘radiac centres’

By 1968 I was already concerned that the Civil Defence’s radiac centres lacked competent personnel.
At the same time, I had found out that many radiation protection experts had been stationed as medical
physicists without having sufficient competence for this task. Since then, a number of surveys had been
carried out and the Civil Defence Board sent out a circular on 29 January 1971 showing the following:

In the Civil Defence Board’s letter 0o 25/5/1970, case no. 3300/70, 15/40, the civilian
commanders and the County Administrative Boards received the names of proposed
people with radiation protection training who were suitable to be stationed in radiac
centres.

If it has not been possible to station the named person, the Civil Defence Board
intends to do another survey of access to suitable people in consultation with the
National Radiation Protection Institute and the FOA.

The Civil Defence Board therefore has to request information before 15/2 as to
whether it has been possible to station the people named in the list or whether there was
an obstacle to prevent this.

In the light of information received, where there is a vacancy the Civil Defence
Board will consult with the Radiation Protection Institute to propose new names of
people suitable for stationing in radiac centres.

On 24 February, the Swedish National Board of Health and Welfare stated which of the Radiation
Protection Institute’s personnel would be placed ‘at [their] disposal to be stationed with [them]’. The list
included Kaleb Andersson, Hedgran, Helde, Stig David Johansson, Lindell, Lorentzon, Léfveberg, Snihs
and Walstam.

On 3 February, I, Kay Edvarson and Gunnar Lindblom from the FOA met to agree a proposal for a
radiac preparedness training timetable. A 10-day course for radiac protection personnel was held at
Rosersberg in March. It was followed by a 2-day course with emphasis on information regarding
radiation protection issues. Roughly 30 people took part in each course.

On 12 March, the Civil Defence Board sent the Radiation Protection Institute a list of expert radiation
protection personnel who, owing to the board’s circular of 29 January, had been proposed for stationing
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in the radiac centres. Six of those proposed could not be stationed there because they were stationed
elsewhere. The Radiation Protection Institute was asked to come up with proposals for suitable
replacements.

On the same day I wrote to Senior Administrative Officer John Ingman of the Civil Defence Board
and gave a requested account of conceivable risks in the event of a reactor accident. I am reproducing
the letter because it summarises knowledge and views of the accidents at the time.

Here are some of the promised articles. The subject actually lends itself much better
to a discussion and we would welcome a small delegation from the Civil Defence Board
for a debate at a suitable time.

I would like to repeat that only one reactor accident has occurred which has affected
the surroundings to the extent of necessitating catastrophe measures. No person came
to any harm. This was the Windscale accident of 1957 ....

It is also important to remember that a reactor accident does not include a disastrous
explosion. If an explosion — a boiler explosion — occurs, the effects are limited to the
actual plant. The harmful effects of the reactor accident on the surroundings arise owing
to the distribution of the radioactive substances that are released if the reactor overheats
and fuel element’s capsule is destroyed. This releases the substances which are in gas
form and are the most volatile substances. Above all, the iodine isotopes constitute the
primary threat.

The immediate risk is in the form of irradiation from the y-emitting substances in
the radioactive gases which could be emitted. Then there is the additional risk of the
radioactive substances being inhaled. In the slightly longer term we have the risk of
irradiation from radioactive fallout and the risk of foods being contaminated.

The element of risk initially arising (if you imagine increasingly serious accidents)
is the risk of high radiation doses to the thyroid gland in infants who drink milk from
cows which have grazed on land with radioactive fallout. The other abovementioned
risks will occur only with more serious accidents (none of which have occurred so far).
The consequences of a very serious hypothetical accident were calculated by a physicist
at the Brookhaven Laboratory in 1957 and these calculations are largely still valid. ...
Because the risks are radiological rather than mechanical or from heat radiation, the
description of consequences and countermeasures are always fairly abstract ....

I would also refer you to the separate letter which we are in the process of sending
out and which invites assistance with the formulation of a brochure containing advice
and instructions for the County Administrative Boards and an account of the
preparedness organisation.

Another course for radiac protection personnel was arranged by the Civil Defence Board at the end
of September, also at Rosersberg, again for approximately thirty people.

It should be added that we at the Radiation Protection Institute grinned slightly at the military’s and
the Civil Defence Board’s use of the abbreviation ‘radiac’ for ‘radioactive fallout’, but the abbreviation
was effective.

5.8.  The British Radiological Protection Associations symposium

On 23 March, the British Radiological Protection Association held an important symposium at
Imperial College in London. I had been invited by Professor J. H. Martin of the University of Dundee to
give a talk on the cost-benefit analysis. Other people giving presentations included Lord Richie-Calder,
Robin Mole, H. J. Evans, Donald Gould (science journalist for the New Statesman), Craig Sinclair and
R. Howells - a small crowd of such significant people that I felt completely out of my element.

I was initially confused by the fact that Martin wrote on stationery marked with ‘The Society for
Radiological Protection’, but this was one of several associations that were part of the Society.

Mole talked about somatic effects and Evans about genetic effects of radiation. Lord Richie Calder’s
presentation was entitled Unsafe at any dose and Donald Gould talked about the public’s ‘attitude to the
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atom’. Craig Sinclair talked about the cost-benefit analysis for hazards other than radiation. Finally,
Howells talked about legal points of view. The cost-benefit analysis for the optimisation of radiation
protection had gained a foothold among those with influence.

During the visit to London I stayed with David Sowby, who now had an extremely modern apartment
by Victoria Station and Buckingham Palace.

5.9. ICRP in London

The ICRP Committees met at Birkbeck College in London on 15-23 April.

A Report of the 1971 meeting of ICRP was published on pp. 615-616 of Health Physics Journal
number 21.

So, ICRP Committee 3 met during the same period with me as Chair, Eric Smith as Deputy Chair and
Lars-Eric Larsson as Secretary. Dr. E. E. Kovalev from Moscow took part for the first time.

Since the Committee’s previous meeting (April 1970), three ICRP documents within the Committee’s
area had been published, namely:

Publication 13: Radiation protection in schools for pupils up to the age of 18.
Publication 15: Protection against ionizing radiation from external sources.
Publication 16: Protection of the patient in x-ray diagnosis.

Of these, Publication 15 was the most important document, the Committee’s main assignment and
the paper which Lars-Eric Larsson and I had done the final editing work on one night in Oxford in 1969
with a bottle whisky on the table.

The main thing that was relevant now was a supplement to Publication 15 containing tables and
diagrams for use in its application, the document which was to be published as ICRP Publication 21 in
1973. Here, some of the radiation protectionists from the old Radiological Protection Service had
produced a first draft. A task group was set up consisting of these experts and with Eric Smith as Chair.

The opinion was that it would be good to supplement Publication 16 with a parallel document on the
protection of patients during radiation treatment. Such a document was not to be a radiation treatment
textbook and nor was it to give dose planning recommendations. On the other hand, it should give
instructions on how to reduce the irradiation outside the treatment area. It should also give critical points
of view on inappropriate use of radiation treatment. A group was set up to look at whether drawing up
such a document was an important task for the Committee. If so, a task group would be set up with me
as Chair. This never happened. Such a document did not come into existence until 1985 (Publication
44).

The Main Commission discussed whether ICRP ought to take up the problems with non-ionising
radiation such as microwaves, radars, lasers and ultrasounds. A vote among the members showed 4 in
favour, 4 against and 1 abstention. It was known that there were national limits for the intensity of
microwaves, e.g., in the USA it was 10 mW/cm? (in industry and 5 mW/cm? in Federal proposals), and
in the Soviet Union 1 mW/cm?. International organisations such as TAEA and ENEA did not seem
interested whereas WHO considered doing something. The Commission agreed to make a statement that
it did not intend to take up the matter, but realised how important it was and hoped that another
organisation would apply itself.

We stayed at the Imperial Hotel in Russell Square in London. It was not a comfortable experience
and afterwards I wrote to the hotel, complaining about how the guests were pushed around in the dining
room when they were going to eat breakfast. The hotel director apologised in response, writing ‘we are
in the process of making changes to improve the situation’. It left me with a bad conscience in case I had
helped someone to lose his or her job.
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5.10. The NSfMR’s 31st Congress in Reykjavik

In 1971, the Nordic Society for Medical Radiology held its 31%* Congress in Reykjavik with Chief
physician Asmundur Brekkan as President. Brekkan was also the person who did almost all of the
arranging and correspondence. 428 radiologists took part despite the higher travel expenses. Even the
Faroe Islands were represented this time.

The Congress was held in Hagaskoli. Iceland’s President Dr. Kristjan Eldjarn and the university’s
Vice-Chancellor and the city’s Mayor took part in the opening session. The following can be quoted
from the 60" yearbook (Unné¢, 1984):

The big subject was ‘Radiotherapy clinics — Oncological centres’. Following an
introduction by L. G. Larsson, E. Poppe gave an account of the way the treatment of
cancer was organised in Norway, followed by H. Hst on Norway’s Radiumhospitalet’s
expansion plans.

J. Einhorn stated in the discussion that an estimation of the frequency of cancers in
Sweden has shown that 25 % of the men and 27 % of the women, i.e., approximately
one quarter of the population, will have cancer in the future. The catchment area for an
oncology centre ought to have 1-2 million inhabitants and at least 2000 new cases of
cancer per year.

R. Walstam thought that the need for radiophysicists in Sweden should be 5 per 1
million inhabitants. In the UK the frequency is 8, in Norway 2.2 and in the USA approx.
2. C. Nystrom talked about the need for psychological rehabilitation. K. Vikterlof
(physicist) said that an oncologist should also be a radiotherapist, as well as a good
clinician.

L. Feigenberg stated psychological points of view on the organisation of oncological
care He said that cancers have far-reaching social and psychological aspects for both
the patient and the doctor. Of key significance to the experience of a really serious
disease is the anxiety — the fear, which leads the patient to the doctor or prevents him
from going to a doctor. The anxiety, the fear, is therefore what needs to be dealt with.

5.11. UNSCEAR’s 215 session

UNSCEAR’s 21% session took place in New York from 14-25 June. At this session I was Chair of
the Committee with Franz Sobels as Deputy Chair instead of Vladimir Zeleny, who had been chosen by
the Committee but who for unknown reasons did not come to the meeting. Zeleny’s absence naturally
aroused indignation and anger among delegates. However, this was not taken out on the new Czech
delegate, Dr. Klimek, who was quiet but noticeably uneasy. Sobels from the Netherlands represented
Belgium as a continuation of the previous arrangement. The Benelux countries cooperated and the
Netherlands had several experts in the field. This time, respective Chairmen of the biology and physics
sub-groups were Gordon Butler from Canada and Don Stevens from Australia. Sobels was Chair of the
genetics sub-sub-group. The Committee had sent greetings to Ralph Bunche who was very ill (he died
during the year). Dr. Bunche acknowledged the good wishes with thanks.

Alongside me, the Swedish delegation consisted of Arne Nelson as deputy and Kay Edvarson, K. G.
Liining and Jan Olof Snihs as advisers.

The Committee continued its work with the extensive report which was intended for submission to
the General Assembly in 1972. Of particular interest this time was the thorough review of the radiation
doses to the population which the peaceful use of atomic energy could be expected to cause.

The Committee also approved the report which had been drawn up on its behalf for the 1972 UN
conference on the human environment, and maintained that the principles which were discussed in the
report ought also to be of value when applied to problems concerning the identification of and protection

" from the Greek onko = tumour
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against other forms of environmental contamination. It ought to be possible to base the protection against
genotoxic substances and radioactive substances on the same principles.

Marrit and Karin were with me on the trip. We had come via Reykjavik and returned via Paris. We
also visited John Hursh and his wife Lydia for an excursion to the Adirondack Mountains where we
walked over the hills. This gave us an insight into the local pest, the black flies which, unlike leisurely
Swedish horseflies, dive-bomb against the skin causing painful bites before you have time to protect
yourself.

5.12. TAEA consultancy meeting

On 21-22 June, an initial consultancy meeting was held at [AEA in Vienna regarding an information
letter on Nuclear Power and the Environment. Another consultancy meeting was held from 10-14
January 1972, but with some other consultants. Karl Morgan and A. W. Kenny were ‘special consultants’
for WHO. The book was published in 1973 by IAEA and WHO jointly. The cover showed a colour
picture of the Oskarshamn nuclear power plant.

5.13. The Berlin Collective

Our West-German colleagues had established an annual ‘Berlin colloquium’ to which a number of
radiation protectionists had been invited to discuss radiation protection issues. Arne Hedgran had taken
part the previous year. Presentations and discussions were held in German. Hedgran had now received
a new invitation to the 1971 colloquium for 30 June until 2 July. Arne had answered that he was no
longer at the Radiation Protection Institute but was now manager of the delegation for Atomic Energy
Issues. He advised Professor Stieve, who had sent the invitation, to contact me in order to obtain a
deputy. I proposed Bernhard Tribukait, who was both knowledgeable and spoke German.

The list of invited participants included Grande for Denmark, Koren for Norway, Minder and
Hunzinger for Switzerland, Zakovsky for Austria, Vic Bond for the USA and Jan Miiller for Canada, all
of them well-known names.

5.14. The Nordic Society for Radiation Protection in Copenhagen

The Nordic Society for Radiation Protection was to meet in Copenhagen on 18-20 August. A
preliminary programme was sent out in April. The Chair of the meeting was the Chief physician at the
Board of Health, Eigil Juel Henningsen, Per Grande’s boss."

A complication had arisen in that the Society’s board decided to invite Ernest Sternglass to speak at
the meeting and was anticipating criticism regarding its decision since Sternglass was not considered to
be well-informed. I was asked by Secretary of the Society Ole Berg to propose what Juel Henningsen
could say to counter the criticism in advance. Juel Henningsen took up my proposal and wrote the
following to those taking part in the meeting:

As you will be aware, Professor Sternglass has taken part in the debates of recent
years regarding radiation risks by providing a series of articles. In these he has
maintained that radiation which already exists in various contexts has caused a
considerable increase in infant mortality and cancer frequency. Sternglass’ points of
view have been heavily criticised and the general opinion is that it is not possible to

* Juel Henningsen has already come up several times in my account and was an important man in the Nordic radiation protection work. He
had cooperated closely with Rolf Sievert and we were on very good terms with one another. The Danish use of names is worth a comment.
If a Danish man has two first names, the surname is often not used on its own but alongside the middle name so that a Swedish person
might think the surname was a double-barrelled name. This usage sometimes also comes up in England and the USA and leads to the same
uncertainty among Swedes, e.g., regarding the names R. Scott Russell and E. Dale Trout.
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draw the conclusions that he has drawn on the basis of the data he has presented. See
also the enclosed photocopy from vol. 68 of Swedish Ldkartidningen, no. 24, 1971.

Professor Sternglass is to take part in a meeting concerning contamination problems
in Trondheim at the end of August. In this connection he has looked at the option of
coming to speak in other Nordic countries through engineer Rune Jonsson of Stockholm
(member of the Task Group against Nuclear Injuries) and our meeting in Copenhagen
has come to his attention.

Given that Sternglass is a controversial person whose points of view have attracted
great attention among the public, the board of the N.S.F.S. has assumed that many of
the company’s members will be interested in having the opportunity to listen to him.
From an objective point of view, it should also be interesting to hear Sternglass’ claims
expressed and discussed in such a way for each of us to be able to form an independent
opinion of the extent to which what he is claiming is reasonable.

Ole Berg also sent me a list of the supposed participants in a round table conference on radiation
protection for patients:

Professor Bo Lindell, Sweden (opening speaker and mediator)
Professor Jerz[y] Einhorn, Sweden.

Professor Mogens Faber, Denmark

Head of Department and cand. real. Jon Flatby, Norway.
Chief physician Hans-Henrik Jacobsen, Denmark.

1* house officer and Dr. of Medicine Lars Jacobsen, Denmark.
Physician Gudmundur S. Jonsson, Iceland.

Assistant professor Bertil Nosslin, Sweden.

The meeting took place in August as planned. It attracted 131 participants, 30 of whom were from
other organisations, which meant that 101 members of the Society took part, i.e., 35 % of the total
number of members.

Sternglass gave his presentation and, as expected, met with heavy criticism. He showed diagrams of
the unanimity of the activity emissions. The whole was a textbook example of how a scientist who is not
self-critical chooses the factors which support his hypothesis and turns a blind eye to everything that
contradicts it. In the book written by Sven Lofveberg and 1, Nuclear Power, Mankind and Safety we
write about Sternglass’ conduct in Copenhagen. I quote how Sternglass viewed infant mortality
concerning the Indian Point nuclear power plant on the Hudson River:

We had the opportunity to discuss this with Professor Sternglass when he visited
Copenhagen in August 1971 and put forward his points of view in a presentation before
the Nordic Society for Radiation Protection. We asked him how he could consider it to
be reasonable to compare a supposed radiation impact in the direction of the wind from
the reactor with the discharge of radioactive substances in the river water. We also asked
how he wished to explain that infant mortality in 1968 and 1969 was back to the low
values although, according to his diagram, the activity emissions had not fallen.

Sternglass’ answer to the latter question was that the emissions certainly had not
fallen but that they had changed in composition.

Anyone who has had the slightest training in scientific methodology will realise that
Sternglass’ method is far from that which is admissible. You cannot ‘fabricate’ an
explanation by selecting a combination of circumstances that suit your objective. There
are always many different factors which you can vary affer an observation to find an
explanation. Scientific methodology requires you to start by setting up a hypothesis and
then go on to test whether it is viable. Sternglass consistently works in the opposite way
and is thereby always able to find a suitable hypothesis. However, a hypothesis is not
proven just because it suits - it has to undergo impartial testing first.

The first question to Sternglass asked whether it would not have been more
reasonable to see whether the activity emissions in the air looked as though they were
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associated with infant mortality in the direction of the wind. The discharges to the
Hudson River could scarcely harm infants in a community up there inland, least of all
because the river water was not used as drinking water. Had Sternglass not also had
access to information on emissions to air?

Yes, was Sternglass’ response, but the values did not provide such a good link (!).

From the 1971 congress dinner in Copenhagen of the Nordic Society for Radiation Protection.

The speaker in the middle is Eigil Juel Henningsen, head of division at the Danish Board of Health, the
foremost Nordic leading figure after Rolf Sievert’s demise. The Norwegian head of radiological protection,
Kristian Koren, is sitting to the right of him. The whitehaired man at Henningsen’s left side is the Finnish head
of radiological protection, Kauno Salimiki, who regrettably died in the same year. With spectacles, sitting on
the other side of the table, the Norwegian head of defence research Thorleif Hvinden, a forceful participant in
the Nordic collaboration on radiological protection.

Arne Hedgran and I contributed a presentation entitled ‘Points of view on standards for the limitation
of activity emissions from nuclear power plants’. We discussed radiation protection optimisation on the
basis of a reasonable cost of 200 $ per man-rem. Based on ICRP’s expectation that the population dose
from all artificial sources of radiation, with the exception of medical sources, would not exceed 5 rem
per generation”, we wrote:

ICRP has clarified that it does not expect the radiation dose to come close to this
value this century and that the radioactive environmental contaminations are unlikely to
lead to more than 1 rem over a forthcoming 30-year period, i.e., rise to approx. 30 mrem
per year. We considered it unlikely that the nuclear power industry, for the whole fuel

* The population dose is actually a collective dose which was stated in the measurement of the time, the man-rem. When we stated it here
in rem we were referring to the dose per caput of the population, i.e., the average dose to the individual.
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cycle, i.e., reprocessing plants as well, would cause more than 10 mrem per year at the
start of the noughties. This means 100,000 man-rem per year for 10 million people. The
Swedish electrical energy consumption is not expected to exceed 100,000 MW at the
start of the noughties. So, if the nuclear power plants are extended at such a rate that it
is possible to calculate a dose commitment which is less than 1 man-rem per MWyear
(electricity) on average [actually per MW and year], this protects you against surprises
owing to the accumulation of the long-lived substances or an overlay of the effect
between many sources of radiation. The average value of the annual radiation dose from
the nuclear power industry in the year 2000 will [then] be below 10 mrem.

The others holding presentations included Gun Astri Swedjemark, who talked about non-action levels
for contaminated foods, Bengt Pettersson who talked about radioactive ID cards, Anneli Salo who talked
about a questionnaire on ways of life, etc. among the population around the nuclear power plant in
Lovisa, Tua Rahola and Jorma K. Miettinen who talked about the uptake of radiocaesium in Finnish
Saami, Knud Kristensen who talked about radioactive medicines, Klaus Ennow who talked about patient
dosimetry in nuclear medicine, Jon Flatby who talked about patient radiation protection in x-ray
diagnostics and Per Oftedal who talked about biological points of view on the location of nuclear power
plants.

5.15. Lars Ehrenberg and the Wallenberg Laboratory

Radiation biologist Lars Ehrenberg was an important and eccentric scientist, a ‘right old Professor’.
He may best be remembered for his unconventional idea of stating the risks from chemical mutagens
with the assistance of the equivalent dose of ionising radiation which generates an equal risk.

As early as 1959, Lars and the Professor of Botany Ake Gustafsson drew the Medical Board’s
attention to the risk of cancer and hereditary injuries from mutagenic environmental contaminations,
which had already been noted on an international level before the start of big environmental debate
introduced by Rachel Carson’s book Silent Spring.

Lars was in close contact with us radiation protectionists. He realised that the environmental problems
had to be discussed on a multidisciplinary basis. He, along with other scientists, therefore took the
initiative of proposing a multidisciplinary research laboratory in 1960. Five of his colleagues (Gunnar
Ahnstrom, Mats Harms-Ringdahl, Séren Jensen, Claes Ramel and Carl Axel Wachtmeister) wrote about
this in his obituary in summer 2005:

Lars Ehrenberg maintained that [the environmental issues] required cooperation
between several scientific disciplines and in 1960, together with his research colleagues,
he proposed that an Institute for Physical Biology should be built up for this purpose
with expertise in chemistry, radiation biology, physics, genetics and mathematics.

Following action by King Gustaf VI Adolf and Swedish Marshall of the Realm von
Steyern who was Deputy Chair of the Knut and Alice Wallenberg Foundation, the
Foundation decided to reserve funds for an Institute of the type outlined by Lars
Ehrenberg, also to keep Ehrenberg in Sweden.

Following many rounds of bureaucracy, the new Wallenberg Laboratory was
complete by 1971 and ready for Lars Ehrenberg’s group of researchers to move into
along with groups of researchers within environmental toxicology, environmental
chemistry and immunobiology. The Wallenberg Laboratory became a creative and
stimulating research environment, particularly tanks to Lars Ehrenberg’s achievements.

The Laboratory’s first head of department was a chemist, Professor Carl Axel Wachtmeister.

5.16. The press discusses the 1970 accident at Radiumhemmet

In September-October, the press returned to the 1969 radiation accident at Radiumhemmet (see
Chapter 3). A police report was now finished but the liability issue was open. As is fairly often the case,
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some newspapers had not been accurate with the details. This was also the case in Svenska Dagbladet”,
which caused the chief editor to write a letter of apology to the head of Radiumhemmet chef, Jerzy
Einhorn:

On behalf of Svenska Dagbladet, 1 would very much like to apologise that the
reference to the police report regarding the ‘radiation scandal’ at Radiumhemmet which
we published on 25 September contained direct inaccuracies. At the same time, I am
anxious to inform the Professor that the article was not written by the editor Henning
Osterberg. The freedom of the press prevents me from mentioning the name of the
author. Editor Osterberg will write a clarification article which he is anxious to submit
to the Professor prior to publication.

5.17. Herbert Parker retires

There were six old-school American radiation protection pioneers, men who had taken part in the
Manhattan Project. There were three on the east coast - Failla in New York and Taylor and Wyckoff in
Washington DC. There was Karl Morgan in Oak Ridge in Tennessee. On the west coast there was Stone
in San Francisco and Parker in Richland (the Hanford Site). All of them are now dead. Stone died as
early as 1966. I have given information about them in ‘The Labours of Hercules’.

In 1971, Herbert Parker (1910-1984) retired and his friends around the globe were asked to write a
few lines as a book of memories. I wrote that he was one of the first to write his name in Sievert’s guest
book, on 19 July 1938, and that in my eyes he represented History, and that it was difficult to comprehend
how someone who was still so vigorous and active had been involved in so many pioneering
achievements. Herb’s response was that he was not really retiring - he intended to continue working, but
now as a consultant to Batelle. He then wrote:

You refer to the fact that my name is in your guest book for 19 July 1938. It was
when L. H. Gray and Parker spent a month’s holiday in Scandinavia, including an
extremely fascinating walking trip in the Jotunheimen mountains area in Norway. If the
guest book had been continued from the old Radiumhemmet, it would have revealed that
one of the greatest joys and satisfactions of my earlier professional career was spending
six weeks there with Dr. Sievert and his colleagues from January 1933.

5.18. ' WHO has no ‘ICRP’ for non-ionising radiation

The following can be quoted from the Swedish investigation report on non-ionising radiation’ (page
36), which unfortunately constitutes one enormous 80-word sentence:

The problems with protection against harmful effects of non-ionising radiation have
been noted by WHO, and in a 1971 report on the subject from its task group it was
ascertained that the ICRP formulation of guidelines for definitions and for radiation
doses which were acceptable from the health point of view had been of fundamental
importance to the development of the protection against ionising radiation, and it was
thought that a similar body for non-ionising radiation was most definitely called for.

At the initiative of WHO but with the assistance of IRPA, such a body came into existence in 1977,
i.e., initially the INIRC as a Committee under IRPA, which then became the International Commission
on Non-Ionising Radiation Protection (ICNIRP) in 1992.

* “The Swedish Daily’, a well-reputed conservative broadsheet newspaper.
T See Chapter 6 (1972)
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5.19. WHO course in ‘The Hills’

In August 1971, WHO arranged a radiation protection course in ‘The Hills’ (Backerne) outside
Copenhagen, organised by Per Grande. I was invited to give a presentation. The participants were mainly
from exotic countries. | remember that there were plenty of wasps. Kristian Koren, who was also giving
a presentation, was stung by a wasp on his skull and became quite befuddled. I advised him to contact a
doctor, which he did not want to do. I then gave him antihistamine tablets which I took for hay fever.
This helped him and he was very grateful.

An equivalent course was held in 1972 (see Section 7.6). A new Atoms for Peace Conference was
held in Geneva in September.

5.20. Information in Likartidningen

In November 1970 I had been contacted by the chief editor of Léikartidningen, Sven Forsse, who
wanted an information article about the radiation protection issues surrounding nuclear power. I tackled
the work along with Bernhard Tribukait, whom was in charge of the Swedish Radiation Protection
Institute’s radiation protection medical department at the time. Our other work assignments meant that
the work took a long time and when we had finished writing we had created new problems for ourselves.
I wrote to Forsse about this on 4 June:

I have now finally compiled something along with Assistant professor Bernhard
Tribukait at our medical radiation protection department, but it has given us a dilemma.
We need information for more interested parties than Ldkartidningen and we do not
have time to write new versions on each occasion. We have therefore had to take a brief
look at the need to put together something that is generally adequate from the
information point of view, and this has meant that there is more material than we would
have wanted considering the space available: 35 pages of text is too long for a newspaper
article, but we do not want to delete anything because we have taken a great deal of
trouble to obtain the balance that we now think the paper has.

I have spoken to Gunnar Birke", who thinks Léikartidningen might want to publish
the material in two sections. We have tried to divide it into two but there is no natural
dividing point; on the other hand, it can very reasonably be divided into three
consecutive sections.

And so three sections it was (Lind, 1971), which we also published in the Swedish Radiation
Protection Institute’s annual report and could use in the authority’s information activities. They
contained an early discussion on population doses and dose commitment.

5.21. Swedish nuclear power

In June 1971, Krister Wickman was succeeded by the practised Rune (‘Bagarn [the Baker]’)
Johansson as Minister of Industry. In 1971, the situation with the Swedish nuclear reactors was as
follows: Agesta heat and power plant was underway as were the R2 and R2-0 research reactors in
Studsvik. Of the power plant reactors, Oskarshamn 1 was commissioned during the year. Four reactors
were in the process of being built: Oskarshamn 2, Ringhals 1 and 2 and Barsebick 1.

* Professor Gunnar Birke was medical editor of Léikartidningen.
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5.22. Radiac preparedness in times of peace

Sievert had made a stalwart effort faced with the threat from the Soviet ‘superbomb tests’ in 1960
and 1961." He was worried about the lack of preparedness against continued atmospheric nuclear
weapons testing but also against major reactor accidents. In 1960 he had initiated the Commission for
Adpvice in the event of Nuclear Accidents (KRA). When he died in December 1966, he was compiling a
preparedness plan which he never managed to finish. In 1971, the major nuclear power plants were
becoming a reality. At the Radiation Protection Institute, we felt a responsibility to fulfil Sievert’s
intentions. When it came to civil preparedness in times of war, I had already taken a number of initiatives
by 1968 (see Section 2.15). But the ‘radiac’ preparedness (the military terms are infectious) had still not
been settled, and it was now high time that it was.

We realised that radiation protection preparedness in times of peace involved a number of cooperation
problems. We therefore intended to start drawing up a draft of a brochure called ‘Radiac preparedness
in times of peace’. With that available we would be able to discuss the matter with the many who were
involved.

The draft that Sven Lofveberg and I rapidly produced fitted into a 32-page AS brochure. The table of
contents included:

INTRODUCTION

ORGANISATION

AUTHORITIES

The National Radiation Protection Institute

The Commission for Advice in the event of Nuclear Accidents
The Atomic Energy delegation and the Reactor Location Committee
The County Administrative Boards

Police

Fire brigade

The Swedish National Board of Health and Welfare

The National Veterinary Board

LAWS AND REGULATIONS

The Radiation Protection Act

The Atomic Energy Act

The Nuclear Protection Act

The Nuclear Liability Act

RADIOACTIVITY AND RADIATION

POTENTIAL SOURCES OF RADIATION

RADIOACTIVE FALLOUT

RADIATION DOSES AND PROTECTION STANDARDS
IF THE ACCIDENT OCCURS

Alarms and advice

Medical preparedness

The Swedish Radiation Protection Institute’s instructions to the County
Administrative Boards

However, as we had feared, cooperating was tough. The Radiation Protection Institute did not have a
really clear mandate to act and laws and organisations were changing so quickly. The Swedish Nuclear
Power Inspectorate appeared in 1974. The Radiation Protection Act was changed in 1976 and the
Radiation Protection Institute then gained a stronger position regarding cooperation matters. However,
this then meant that the original initiative was inadequate, but the Harrisburg reactor accident which
occurred in 1979 brought forth resources for a comprehensive preparedness report which the government
requested from the Radiation Protection Institute in the same year.

* See chapter 16 of ‘The Labours of Hercules’.
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The development also increased the interest in research surrounding risks. An early example is that
RIFO held a seminar about risks on 11 November.

5.23. Lauriston Taylor writes a piece of history

In June, I received a letter from Laurie Taylor in which he asked me to review a manuscript of a paper
on the history of radiation protection, which I was happy to do since I had considered writing something
similar myself. In a letter of 13 December he thanked for my comments and sent me his recently-printed
report on radiation protection and standards as a thank you. He apologised that it had not been well
checked over and asked me to review the text ‘not just for typos but anything [I] thought [was] an error.
Since I intend to do much more comprehensive work, any suggestion you might like to give me would
be very valuable. I am much more concerned about the accuracy than my own personal feelings, so
please do not hesitate to say what you think’.

The ‘much more comprehensive work’ turned into a book in four volumes, 10 cm thick (!), entitled
Organization for Radiation Protection, Activities of the ICRP and NCRP 1928-1974. 1t was published
in 1979 and I received a copy from Taylor in 1980. It weighed 5 kilos. I could make a pun about a
heavyweight contribution, but it was worth taking seriously. Not only that, to do so would be like
throwing stones in a glass house - my own four volumes will weigh just as much®.

* This was actually true for the original Swedish hardcover edition!
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6.1. Computed tomography

Doing a tomography, i.e., taking (x-ray) images of specific layers of the body, is an early concept. A
Frenchman by the name of Bocage had already applied for a patent concerning x-ray images on a moving
plate in 1921. He described how, by moving an x-ray camera and x-ray image so that the image becomes
just sharp enough for a specific depth in the body, it was possible to obtain a slice image for this particular
depth. Unfortunately, the image was disturbed by the overlying, blurred images from other depths.
Another disadvantage was that a large part of the body was irradiated in addition to the depicted layer.

Progress was made in 1938 when Hungarian J. Frank introduced the method of transverse
tomography. This irradiated only the particular layer that was to be depicted, but from the side rather
than perpendicular to the layer. The x rays were delimited through a narrow slit so that tissues above and
below the layer were not irradiated. The x-ray image of the layer then became just a narrow band. Taking
several images while gradually rotating the examined body and simultaneously gradually moving the x-
ray plate upwards meant that you obtained an accumulated x-ray image of the layer from different angles,
known as a sinogram. The sinogram contained enough information for the reconstruction of an x-ray
image of the whole of the irradiated layer as if it had been viewed at right angles, but a fair amount of
time passed until computers became available to enable the necessary calculations. Optical
reconstruction methods were attempted in the absence of sufficiently-advanced computers. The Japanese
radiologist Shinji Takahashi, who later became a member of ICRP, made important achievements in this
regard.

However, calculation formulae (‘reconstruction algorithms’) were available early on. The first, the
Radon Transform, had already been introduced by 1917 by the Austrian mathematician Johann Radon
(1887-1956). However, it was not intended for medical diagnostics. Radon’s problem consisted of
equations which explained gravitational fields, but his transformation ended up forming the basis for the
reconstruction methods of transverse tomography. However, in Radon’s time the computer power
needed for the calculations was still unavailable.

The next step was taken in 1964 when the South African radiophysicist Alan McLeod Cormack (1924-
1998) in Cape Town reported an experiment in which he had exposed an inhomogeneous phantom to a
series of x-ray beams at different angles. He stated the necessary reconstruction algorithm for
transforming the primary results into a cross-sectional x-ray image. Although in doing so he had
provided a working computed tomography recipe, the time was still not right — computers were still not
powerful enough for the method to be used in diagnostic practice.

Unaware of Cormack’s publication, Godfrey Hounsfield (1919-2004) took out a patent on a
reconstruction method for transverse tomography in 1967. He was employed at British Electrical &
Musical Industries Ltd (EMI). In 1968, Hounsfield did an experiment where he exposed a box filled with
different objects to extremely delimited gamma radiation from an americium preparation. The strength
of the outgoing radiation on the far side of the box was registered using a scintillation detector. After
each registration, the source of radiation was moved 3 mm to the side and the procedure was then
repeated so as to ‘scan’ the whole of the object under examination. After 80 exposures where the source
of radiation had been moved 25 cm, the procedure was repeated in the opposite direction, but now so
that the new exposures took place in between the first, which meant a total of 160 exposures. The drawer
was then turned 1 degree at a time for a total of 180 degrees and the procedure was repeated for every
angle with 160 exposures distributed over the same slice of the drawer. Because the radioactive source
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was not very strong, it initially took nine days to complete the irradiation at every angle, which is why
it was necessary to strongly increase the strength of the preparation. In the end, the reconstruction into a
tomographic image took two and a half hours using the most powerful computer available.

Regarding the computerisation, the examined slice can be seen as being constructed of a large number
of small volume elements, voxels (cf. the structure of digital images with pixels, i.e., picture elements).
It is assumed that each voxel weakens the radiation to a given extent, determined by the attenuation
value of the voxel, which makes it necessary to use monochromatic radiation as far as possible. During
the scan, the total weakening of the radiation through the voxels that the beam passes is registered for
each beam. The total information on the weakening at the different angles of incidence makes it possible
to calculate the attenuation value for each voxel. The final results can be presented as a digital image in
which every pixel represents a corresponding voxel.

When the feasibility (but not yet the practical application) had been demonstrated, the next
experiment was carried out on a cross section of a brain that was known to have a tumour. This could be
discerned, and also calcifications in the tumour. It was now obvious that the method was of clinical
value.

The next stage was to examine patients using a prototype of a tomography scanner. For this,
Hounsfield cooperated with a radiologist, James Ambrose, at the Atkinson Morley Hospital in London.
No computer had yet been linked to the scanner. The readings therefore had to be transferred to a
magnetic tape which was sent to the EMI factory to be computerised.

In April 1972, 70 patients had been examined and it was possible to publicise the method. This can
therefore be seen as the year in which the transmission computed tomography (CT) was born, an
invention which many see as the most important within diagnostic radiology since Rontgen discovered
x rays. Godfrey Hounsfield and Alan Cormack were rewarded for the invention with the Nobel Prize in
Medicine in 1979.

EMI marketed its first computer tomograph, the Mark I ‘EMI scanner’, early on but it was quickly
followed by new models. The first model was designed to examine the head. Later models were intended
for the whole body. In order to reduce the examination time, they changed from using narrow beams to
diverging beams so that scanning became unnecessary. This was made possible by the emergence of
new detectors so that the information from the divergent beam could be registered by a gamma camera,
i.e., a circular sector-shaped row of a large number of small detectors. It became possible to reduce the
measurement time from several minutes to a few seconds.

The first computer tomograph in Sweden, a Mark I EMI, was installed at Karolinska Sjukhuset in
October 1973. By March 1977, each of the Swedish university hospitals had had an EMI scanner
installed, and from November 1977, only computer tomographs for the whole body were installed,
starting with Akademiska Sjukhuset in Uppsala and Karolinska Sjukhuset. The computed tomography
(CT) was well established by then.

6.2.  Swedish report on non-ionising radiation

The Radiation Protection Institute’s, SSI’s, letter to the Swedish Government in 1970 proposing a
non-ionising radiation report was referred for consideration by the Swedish Board of Occupational
Safety and Health and the Swedish National Board of Health and Welfare in 1971. The result was that
on 4 February 1972, the Swedish Government asked the Institute to cooperate with the Swedish Board
of Occupational Safety and Health, the Swedish National Board of Health and Welfare, the Swedish
Defence Research Establishment and the Medical Board of the Defence Forces in investigating the
existing problems.

Therefore, on 25 February, the Radiation Protection Institute’s board decided to set up a committee
with Surgeon General Carl-Johan Clemedson as Chair. The Radiation Protection Institute provided
radiation protection inspector Enn Kivisékk as Secretary with assistance from the recently-employed
Monica Carlson. Other members were
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Matts Helde, the Swedish Radiation Protection Institute (SSI)

Lennart Hellstrom, the Medical Board of the Defence Forces

Anders Holmqvist, the Swedish National Board of Health and Welfare
Bengt Kleman, the Swedish Defence Research Establishment

Per Erik Ljung, the Swedish Defence Research Establishment

Gosta Sylwan, the Swedish Board of Occupational Safety and Health

Unfortunately, Gosta Sylwan died during that year and was replaced by Sven Linnander from the
Swedish Board of Occupational Safety and Health. As proposed by the Committee, Bjorn Tengroth, then
temporary Professor at the University of Gothenburg, and Jan Sverne, Senior Administrative Officer of
the Medical Board of the Defence Forces, were added as experts during the summer. The final person to
come, in March 1974, was the Radiation Protection Institute’s lawyer, Carl-Gosta Hesser. During the
work, the primary contributions noted were those by the dynamic Tengroth, who took part in
consultations with other committees, including one regarding the ‘Biological effect of electromagnetic
fields’ set up by the Royal Swedish Academy of Engineering Sciences.

The committee submitted its report on 31 July 1974 (see Chapter 8).

6.3. ICRP in Ottawa

The ICRP Main Commission met on 6-10 March 1972 in Ottawa at the head office of Atomic Energy
of Canada Ltd. Conditions in Canada were very wintry. On the postcard home I wrote: ‘Ottawa, Saturday
4 March. I made it safely ... It’s really cold out here and there’s a load of snow’, and ‘Monday 6 March:
I’ve now had a rest and taken a long walk. It’s sunny, cold, there’s a lot of snow and very slushy on the
roads. I’'m now waiting for David [Sowby] to arrive’.

6.4. UNSCEAR’s 22nd session

Postcard home:

New York, Saturday 11 March (Roger Smith Hotel, Lexington Ave on 47th St.):
I’ve now arrived safely at the hotel in New York and the ICRP meeting in Ottawa is
over. ... Here at the moment it is +7° out and there is no snow. In Ottawa there was
almost a metre of snow and it was between -10° and -20 °C”’.

UNSCEAR held its 22" session in New York from 13-24 March. The Chair this time was Professor
L. R. Caldas from Brazil with Professor Sobels as Deputy Chair and Arne Nelson as rapporteur. Gordon
Butler and Don Stevens continued as Chair of the biological and the physics sub-group respectively. The
Swedish delegation was the same as it was in the previous year: I was the Swedish representative, Arne
Nelson was my deputy and Kay Edvarson, K. G. Liining and Jan Olof Snihs advisers.

This time, the Committee completed its work on the extensive Appendices that were to be
published at the same time as the annual report to the General Assembly. Owing to a lack of resources,
the Committee had decided to submit the report without Appendices. These were to be published as a
separate UN publication and, when it came to the English version, this would be published in conjunction
with submitting the report. Our Swedish delegation’s report to the Ministry for Foreign Affairs was
concluded with the following two paragraphs:

The western powers proposed that the Committee should not meet again until 1974.
However, because the Committee was asked to report on an annual basis in accordance
with General Assembly Resolution 913 (X) and the nuclear weapons testing continued
and new problems have arisen in connection with the peaceful use of atomic energy, the
Soviet Union representative, Professor Kuzin, supported by several other
representatives, proposed that the Committee meet in 1973 and that Vienna should be
the place for the next session with IAEA as host. The IAEA delegate also confirmed
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that IAEA was willing to act as host. The Committee decided to meet before the end of
1973.

The Committee worked in the same scientific and amicable spirit as always and the
significance of its scientific integrity was emphasised in different contexts. However,
according to private information, persistent forces appear to be working to incorporate
the Committee into either IAEA’s work or the UN’s disarmament department. This
would seriously impair the balance and the relative independence of ulterior motives
which have characterised the Committee’s activity so far.

It is interesting to know that the head of the UN’s disarmament department at this time was former
FOA physicist Rolf Bjornerstedt, who had close relations with UNSCEAR’s Secretary Francesco Sella.

Postcard:

Friday 17 March (St. Patrick’s Day) Tomorrow morning I’m flying to Washington
DC for Saturday-Sunday. - - I’'m now going with Nelson and Snihs to La Paloma
(Mexican restaurant) for dinner.

Sunday 19 March: I’'m now back safely from Washington. This morning I walked
from the Cosmos Club past the White House and Lincoln Memorial and across the
bridge over the Potomac River to Kennedy’s grave. I then took a taxi to the airport.
It was warm and the Dogwood and Magnolia flowers were just starting to come out.

6.5. The European Organisation for Nuclear Research (CERN)

The European Organisation for Nuclear Research (CERN) (Conseil Européen pour la Recherche
Nucléaire), the European research station for particle physics, was formed after the Second World War
to try and persuade European scientists not to emigrate to the USA. CERN came about in 1953 at the
initiative of prominent physicists like Eduardo Amaldi, Pierre Auger and Isaac Rabi with support from
UNESCO. The research station was built in Geneva, close to (and now also over) the border with France.
It uses very powerful accelerators for protons, electrons and positrons where the biggest storage ring
(the acceleration path) now has a circumference of 27 kilometres! Thousands of scientists from all over
the world are working at CERN. The activities are expensive; in 1996, Sweden’s contribution was 144
million Swedish kronor.

Lars Persson was the manager’s assistant at CERN from 1971-1974 and cooperated with the head of
radiation protection, the Norwegian Johan Baarli

6.6. ICRP Committee 3 in Dubna and Moscow

ICRP Committee 3, of which I was now Chair and Lars-Erik Larsson was Secretary, had received an
invitation through our Russian member, the nuclear physicist Eugene Kovalev, from the Soviet Union’s
‘NCRP’ (National Committee on Radiation Protection) to hold its next meeting in Russia - in Dubna to
be more specific.

Dubna is a research facility 130 km north of Moscow by where the Moscow Canal joins the Volga.
The town was the headquarters of the JINR (Joint Institute for Nuclear Research). It was a research
organisation that was created in 1956 with participants from the Soviet Union and a number of Eastern
states, and its laboratories were placed in Dubna, which does still have a good reputation as a nuclear
research centre.

A visit to Russia in 1972, where Leonid Brezhnev was in power and Stalin had been dead for only
nineteen years, was no ordinary, everyday occurrence. We knew very little about Russia and had
preconceived ideas that did not always correspond with reality.

Anyway, one spring day we arrived in Russia, starting off in Moscow where we were met by Eugene
and his sophisticated wife and driven to an enormous hotel where we were ceremoniously checked in.
Lars-Eric and I were allocated a shared room, which led Lars-Eric to suspect that we were bugged and
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that there would not be many Swedish-speaking listeners. As was the case at most Russian hotels, there
was always an elderly lady on each floor to ensure that the peace and quiet was not disturbed.

Our first meal at the hotel was hosted by Mr and Mrs Kovalev. The table was laid with various types
of hors-d’oeuvre. | was next to Mrs Kovaleva, who spoke fluent English (they used to live in London).
I hesitated before taking any hors-d ’oeuvres and asked what I should begin with.

“You’re not on Mars,’ said Mrs Kovaleva reproachfully. ‘We’re a civilised society. Eat as you would
normally!’

We were transported to Dubna in big, black limousines that travelled at high speed on roads which
were deep in mud. The chauffeurs completely ignored the country folk who were standing by the edge
of the road being sprayed with mud.

In Dubna, we had the privilege of using a large conference room and were able to devote ourselves
to ICRP matters. Pierre Pellerin, the bane of every Chair due to his stubbornness, spoke heatedly about
the need to strengthen patient radiation protection. He gave an account of how his authority in Paris had
dealt with the problem and, as he had on many previous occasions, declared his gratitude to Rolf Sievert
who had inspired him. Pellerin wanted a statement on the patient protection problem, and this was duly
granted. In 1973, an ICRP paper in the British Journal of Radiology stated that the radiation doses given
to patients from diagnostic X-rays were a problem.

However, the most relevant work assignment was to examine the materials that should be included
in ICRP Publication 21, which was intended to supplement Publication 15 on protection against external
radiation. Those who were mostly involved in this respect were the unlikely pair of big Charlie Meinhold
and little Ralph Thomas.

When not in meetings, we walked along the sandy beaches of the River Volga. We asked our Russian
hosts which communities we could see the contours of on the other side of the river, but they said they
did not know. To begin with I thought they did not dare to say anything about the topography, but I later
came to understand that they were completely disinterested in their surroundings, maybe as a
consequence of long-term surveillance. I found it easy enough to go into a book shop in Moscow and
buy a street map of the whole of the Soviet Union without problems or questions.

So, we had a productive meeting with the Russian NCRP. Several of the members appeared to be
very clever and knowledgeable. As was usual in Russia, where age was respected, the Russians were
relatively old and understood no English, but did understand German and French. We knew no Russian.
Mrs Kovaleva offered to interpret and opened the meeting by describing organisations and authority
functions. ‘In this country,’ she said, ‘you should be aware that everything is forbidden.’

At first we were astonished. Was this a bold political statement? After all, it was what many people
outside the Soviet Union did actually believe. But it then became clear to us that it was serious and did
describe the legal situation without any irony at all. The comparison we were able to make was in the
form of the Swedish Hunting Act, Section 3 of which is categorically introduced by ‘Game is protected’,
continuing with the exemption that ‘and may be hunted only if done so in accordance with this Act’.
You have to know the exemptions to be able to follow the rule.

We were also invited to dinner with the NCRP. We sat at a very long table, maybe thirty people in
all. The Chairs of both Committees sat at either end of the table. A while later, a request was heard:
‘Prafjessor Lindell, first speech!” And I was obliged to give a speech, whereupon we all toasted each
other with vodka. But the requirement did not stop with me. Everyone around the table had to take turns
to give a speech and raise a toast. We, the guests, cheated to survival, but several of the Russians took
the drinking seriously. When the whole of the table had completed the round of speeches, a new voice
spoke: ‘Prafjessor Lindell, second speech!!!” And the toasts continued around the table.

You sometimes hear the phrase ‘drinking someone under the table’, but I had never experienced it
literally until the NCRP’s dinner. A few Russians were actually under the table. I thought it appropriate
to break up the meeting and was supported in this by my committee. Lars-Eric found an excuse that
made people take notice:

‘It’s the ice hockey World Championships and Sweden’s playing Russia! We must go back to our
rooms and watch the coverage on TV. Anyone who’s interested is welcome to join us.’
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Back at my room we ended up with three Russians in tow, my room being the largest since I was the
Chair (equality evidently didn’t stretch to all situations). When we had sat down in front of the TV, Lars-
Eric pulled a bottle of vodka out of a cupboard and said:

‘Maybe a little vodka wouldn’t go amiss while we’re watching!!’

This hit the Russians like a bolt of lightning. Their faces took on a green hue - at least that’s what I
thought - and they mumbled ‘Excuse us!” and rushed out, whereupon Lars-Eric put the bottle back,
saying ‘Now, as it’s just you and I, I don’t somehow think we need any more vodka!’

The Soviets won 5-3. And that was the end of our first visit to the secretive Soviet Union.

6.7. IRPA in Budapest

Immediately after our visit to Dubna there was time still for a visit to an eastern state; IRPA held its
Congress in Budapest. Marrit came with me this time. We stayed at the Royal Hotel on the Lenin ring
road. We found that people who were in charge of something, right down to the man behind the hotel
reception counter, appeared to be sulky and suspicious whereas the people on the streets and in
restaurants appeared to be happy and friendly. What particularly surprised us was the spontaneous
happiness which seemed to inspire those taking part in a full-blown May Day parade on Dozsa Gyorgy.
But the buildings still had gunshot damage to the walls and bullet holes in the windows following the
Russian intervention against the freedom fighters sixteen years previously, and Soviet soldiers were still
on guard on the Buda side of the River Donau.

There is not much to say about the Congress other than the fact that the amicable little Laszl6 Bozoki
acted as proud host, also at the Congress dinner at the Gellért Hotel on Friday 5 May. Following the
Congress, the Society’s board decided to meet at Lake Balaton where Bozdki, John Horan, Lindell’s,
Greg Marley, Karl Morgan, Yasushi Nishiwaki, Claire Palmiter, Carlo Polvani and Walter Snyder took
part. Courvoisier, Feige, Gopal-Ayengar and Jammet were unable to attend. Karl Morgan, Marrit and I
bathed in a warm spring at Keszthely at the western end of the lake. John Horan achieved the tour de
force of guiding us around a real Abbey on the Tihany Peninsula.

A Programme Committee meeting for IRPA’s 1973 Congress in Washington DC was held in
connection with the Congress. I was Chair of the Committee, which met in the ‘CLUB’ room at the
Hungarian Academy of Science. The group otherwise consisted of M. Gras, Julian Liniecki, Brian Lister,
Art Marko, Zwanette Nooteboom-Beekman, Claire Palmiter and David Sowby. Secretary of the
Committee John Villforth did not attend. The group decided to recommend to the IRPA board that the
traditional form of meeting with a large number of presentations and few discussions ought to be
abandoned. Instead, we recommended a few presentations but otherwise posters which would be the
subject of discussion.

One detail which would lead to conflicting feelings during the Congress concerned the requirement
regarding the slides that were shown. The Committee had become tired of people holding presentations
and showing images containing text that could not be read. The text on the images to be projected had
to be readable at a distance of 30 centimetres.

6.8.  Nuclear Power, Mankind and Safety

In my discussions with Sven Lofveberg, it became clear that Swedish radiation protection needed
reference literature from which it was possible to obtain answers to the most common questions that the
Radiation Protection Institute used to receive. There was little such literature in Swedish. Our board
agreed to our using the Institute’s resources to create a suitable book. In return we would accept no
authorship fee. The board also agreed to promise the publishers a financial guarantee that the publication
would not lose them money.

And so we got down to writing. I wrote the first draft since I had the best access to the information
that was needed. Sven continued by removing the worst of the blunders and editing the language. We
did our best to make the book easy to read. Its title was Kdrnkraften, méinniskan och séikerheten (Nuclear
Power, Mankind and Safety).
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We called our foreword the ‘declaration of contents’ and quoted from Paul Valéry: Everything simple
is false. Everything which is complex is unusable. 1 quote from the foreword:

We have ... reserved the right to present our personal views and our personal
interpretation of the radiation protection problems.

In this way we hope to have safeguarded our own integrity and that of the Radiation
Protection Institute. We have not allowed ourselves to be affected by anyone and we are
not presenting anyone’s case, only our personal conviction. The Radiation Protection
Institute has no responsibility for what is said here, but does have an interest in having
the material published.

However, this does not mean that we are trotting out strange and not very
representative views and interpretations. What we are saying is largely typical of the
way that those in Sweden who work with radiation protection issues think. We have
taken the trouble to ask the advice of others and we have taken advice from most of
those in this country who are actively dealing with issues concerning the effects of
radiation and radiation protection. We are very grateful to them but prefer not to mention
anyone’s name here. We do not wish to deflect any part of the responsibility from
ourselves.

Those who advocate nuclear power and those who oppose it may be disappointed
with what we write. We have criticisms both ways. We therefore also dissociate
ourselves from every out-of-context quotation from what we have written. There are so
many different arguments that only the complete issue can provide an acceptable
balance.

Many readers may be scared by numbers, calculations and statistics. They should be
aware that we have not lost sight of the humanity attached to these numbers. Numbers
and calculations can never become inhuman per se. They become inhuman only if you
forget the purpose for which you are using them.

The book was benevolently received but was not reviewed in the big press. Dagens Nyheter
mentioned it in a news report but that does not constitute a review. It became reference literature in many
important contexts. The nuclear power opponents received it fairly amicably and respectfully but we
received a lot of criticism regarding one point where we might have been clumsy in expressing ourselves.
It concerned a chapter which we had called ‘ignorance and misunderstanding’.

Our introduction to the chapter was not what you would call controversial. We wrote:

In our contact with many anxious or critical or annoyed people who are chewing
over the radiation risks we have tried to see the matter from both sides. We understand
the individual Swede who by inheritance and habit is angry at, or at least mistrustful of,
people in authority and who has read or heard that things are not at all the way the
experts make it out to be. How is he supposed to be able to weigh up the reliability of a
Swedish authority expert against an American Nobel Prize winner?

And we also understand our colleagues — not without a touch of self-pity — --- who,
after having done their best under circumstances of great pressure and heavy
responsibility, are subjected to questions and criticism which often appears terribly
unenlightened. We empathise with those who think it is more important to set about the
research or radiation protection work rather than spending a great deal of time, since it
does take time, on having discussions with people who either remain stubbornly
unconvinced or are not fully capable of comprehending it better.

We still believe that such discussions are worthwhile for all parties. The seed of
knowledge brings good harvests in the long term and if, in the adverse wind, any such
seeds are blown onto ourselves, it is our job to give them the opportunity to take root.

We have seen how many radiation protection experts and scientists from all over the
world react almost mechanically to criticism and we think this a short-sighted reaction.
If we are asked silly questions or are criticised by someone who lacks knowledge, it is
not a matter of private differences between us and the person criticising, provided we
are in a responsible position. Many anxious and interested people hear the question or
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the criticism and listen to the answer in order to try and form a perception for themselves
of what is right. If the answer is ‘Fool!” it is not a very strong argument and sheds little
light for the person who is listening.

Further on in the chapter we may have been clumsy. We attempted to identify the critical groups and
stated a list:

e  The anxious — those who are afraid of the unknown due to ignorance and lack
of information.

e The fanatics — those who for obscure reasons have an almost religiously
fanatical attitude to the radiation as being something which is evil in itself.

® The calculating — those who use the fear of radiation as a means to combat
something else which is their actual goal.

o The political — those who out of concern for the future or for immediate

political reasons see the increase in energy consumption to be a bad thing
and therefore oppose nuclear power plants.

® The paranoid — the pathologically disturbed and distrustful, although these
usually concentrate their suspicion on x-ray devices and the radioactive
substances in their proximity.

® The distrustful — those who draw parallels with society’s omissions and
incapacity to deal with other environmental contaminations and assume that the
authority has never given the radiation protection problems any particular
thought.

e  The cautious — those who have greater knowledge than the anxious but who are
afraid of this knowledge because it is incomplete or because they judge the
radiation risks without finding out about the risks that they would be running in
choosing alternative, radiation-free technical solutions.

e  The indignant — those who, rightly or wrongly, think that the authorities use
erroneous methods.

e  Those affected — those who are personally affected by something such as a
power plant.

®  Those who are hungry for publicity — those who succumb to the temptation of
representing a popular view without being personally committed and thereby
gaining publicity or an authorship fee.

We added two paragraphs which our critics do not seem to have read when they accused us of seeing
them as paranoid,

Many more groups can doubtless be formed and several names can often apply at
once. As we can see,, the motive expands from the crassest to the most noble. However,
in our experience, the majority and the most active of critics and people who ask
questions have very respectable motives. And, like everything else in this world, it is
not a question of seeing things as black or white.

There are few critics whose criticism is never right in any regard. And what would
then be wrong in following Thorild’s motto and remembering that nothing is done for
the sake of its errors — it is done for the sake of its value. No authority and no expert is
superior to the usefulness of self-examination and attempting to see things from
different angles. We therefore take a positive view of the criticism, even where we do
not subscribe to the views that are put forward.

We added a footnote to the second edition of our book (1975):

The examples of critical groups were written in 1972 before the Swedish nuclear
power debate had begun in earnest. The problems at the time were fear of radiation.
The nuclear power debate includes a good number of new groups and often concerns
the energy society as such. Strangely enough, those who have quoted our group division
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have assumed that we have placed them in the paranoid group and have failed to quote
the two sections after counting up groups.

Dinner with the Gillberg couple

After our book had just been released, I was invited to dinner with Marianne and Bjorn Gillberg in
Uppsala, which was a little surprising given my biting criticism of Bjorn in Dagens Nyheter. 1 drove on
the new motorway from Stockholm, E4, for the first time. Arthur Tamplin and Dean Abrahamson were
also at the Gillbergs’. The two American nuclear power opponents assumed the bitter distrust in the USA
between nuclear power critics and authorities, primarily the Atomic Energy Commission (AEC) also
existed in Sweden. They assumed that the authorities in Sweden were withholding essential information
from the public. I was able to show them our book which gave a clear account of the risks. Tamplin was
too tarred by the American debate not to continue to be distrustful, but Dean Abrahamson thought that
Sweden was unique.

Marianne and Bjorn were very friendly and showed honest concern about my journey back to
Stockholm. ‘Remember that elks can come onto the motorway!’ they said. ‘Drive carefully - the road is
new and they haven’t had time to get used to it.’

6.9. Richard Matz

In the early 1970s, Sven Lofveberg and I were in close contact with Rune Jonsson and Richard Matz.
We respected their diverging views and criticism of authorities and politicians and wanted to assure
ourselves that it was unjustified. Many letters were exchanged with Richard Matz in particular.

Matz reviewed our recently-published book, Kdrmkraften, mdnniskan och sdkerheten (Nuclear
Power, Mankind and Safety), in an article in Land (a weekly journal aimed primarily at rural readers).
Matz was surprisingly obliging and positive bearing in mind that he represented an organisation that was
critical of the authorities.

Matz still thought that we were biased about atomic energy, partly because we did not criticise the
nuclear power advocates as heavily as we criticised some of atomic power critics, and partly because he
thought we had omitted some information which would be to the detriment of nuclear power. Our
response was:

Now, in fact nuclear power advocates are principally from within the developing
industry whose representatives are usually so well trained that they are not guilty of
making claims that are completely technically or scientifically incorrect. It must be
remembered, and Birgitta Hambraeus has also said a good number of times, that there
is not really any disagreement regarding technical or scientific issues. The disagreement
concerns the political conclusions. We are not politicians and should therefore beware
of drawing the conclusions when considering the protection. On the other hand, the
factual mistakes and ignorance should be criticised so that they do not distort the
discussion. People should not draw the conclusion that we are advocates of nuclear
power just because the ignorance has mainly been among those who have not been
trained in the technical matters. It would of course be overwhelmingly easier from the
radiation protection point of view if there were no nuclear power plants. The only thing
that binds us to nuclear power is that we cannot assume the responsibility of maintaining
that other alternatives are better for society. Our lack of knowledge forbids this, but we
also have an inkling that the critics have not seriously reviewed the realistic aspects of
alternative solutions.

* Well-known anti-nuclear member of Parliament
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On 15 November I received a letter from Matz in which he recommended that we at the Radiation
Protection Institute read a West-German book, Die Wissenschaft und die gefihrdete Welt by Friedrich
Wagner. Matz wrote:

The book contains an historical retrospective view of the way in which the spirit of
science has developed over time. There is particular emphasis on Bacon, but even more
so on Galilei, the latter as the actual origin of the quantifying mentality within science,
which differentiates between primary and secondary qualities, thereby more or less
glossing over the human being.

In my response I thanked him for the information on the book, which ‘I [was] even more interested
in since I [was] in the process of writing a similar book myself’. I continued:

I am also interested in the reference to Galilei and ‘the quantitative mentality’ but I
think it is a misunderstanding to believe that ‘quantifying’ glosses over the human being.
Unfortunately, anyone who refuses to tackle the quantitative aspects of different
problems is instead actually giving human life the value of zero!

This has been criticised by the editor of Teknisk Tidskrift, civ. eng. Bertil Haard,
using traffic safety planning as an example. In refusing to attribute quantitative values
to human life, the planners have taken into account only pure economic losses such as
loss of paid income as the costs of a traffic accident. You then have such crazy results
like a road traffic death ‘costs’ less than an accident where someone is disabled and has
to be taken care of by society! Not until you start taking into account that a human life
as such does also have a value which must be included in the calculations (as was made
in ‘Road Plan 70”) will you realise that it is actually no more reasonable to build roads
that kill than it is to build roads that harm without killing. Only when you do not accept
that human life must be given a value do you gloss over the human being because the
value of human life is then not part of the calculations.

You may well attribute a high value to human life! Then you may realise that much
of the development is more than we can afford and that war is something that we should
never be able to afford. But you have empty words unless you think in quantitative
terms.

I received a long reply in which Matz thought ‘they were friendly words to someone who was so hard
on you’. He continued with his thoughts, which I thought were agreeable although muddled. They were
in line with the ideology of the 1970s, the ideology described by Goran Hégg in his book Vilfirdsdren
[The Welfare Years] (Hagg, 2005):

In the meantime, the intellectual debate had concentrated increasingly on the
environment. People talked about ‘the green wave’, which involved a move back to the
countryside in a return to nature, preferably as a collective, and living in a politically as
well as ecologically orthodox way. The thoughts that were first taken up by the cultural
left took root in Sweden where the legacy from the end of the last century’s dreams of
wholesome peasant life and Sorgdrden harmony and consensus has always remained.

Underneath everything, there was also the strong influence of Rousseau and the
dreams of nature as a source of kindness and happiness, which had been popular in
Sweden ever since the Romantic era...

Matz wrote:

I may now be tiring you out, which is what I usually do to my addressees - but I have
so bloody much to say and still something so bloody simple.

In his next letter he wrote:
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A proper catastrophe may be needed to get people to wake up. It may be that an
authority like the Radiation Protection Institute with all its ‘standards’ is of no use at all
in terms of the environment, with standards instead giving people an altogether
unjustified sense of security. The result of your work may be expected to lead to the
noose being tightened so slowly that people are always within the ‘tolerable’ limit.

But thus follows the catastrophe! This criticism was very common. The nuclear power critics did not
like the fact that the protection was kept at such a level that it became difficult to criticise. Yet at the
same time there was a grain of truth in this very criticism. But in his next letter of 15 December, Matz
wrote:

Finally, I would like to vouch for my great satisfaction at being able to stay in contact
with the people at the Radiation Protection Institute. Thank you! For although we think
differently where the conclusions are concerned, the practical social and production-
related ones, we can presumably agree that it is the job of the human race to take good
and long-term care of the planet on which he happened to be born. Not without reason,
the atom is rather surprised at being able to turn up as a person ‘to study itself’.

The reader might think that I am taking up too much space with letters that were exchanged with
Matz and Rune Jonsson. However, in the 1970s there was significant opposition to nuclear power in
Sweden. It brought the Centre Party to power and subsequently toppled the Félldin government. It is
very relevant to hear the arguments of the nuclear power opponents and our reactions at the Radiation
Protection Institute.

6.10. The Oskarshamn Plant is inaugurated

The Oskarshamn Plant was opened by the King on Thursday 18 May 1972 following an opening
address by the Chair of OKG’s board Sune Wetterlundh and a speech by MD Olle Gimstedt.

6.11. Nordic contact meeting in Oslo

On 10 June, a Nordic contact meeting was held in Oslo to prepare for the Nordic conference which
was to be held in September. Those from Denmark taking part included Juel Henningsen, Schultz-Larsen
and Per Grande, from Finland Isola, from Sweden Lindell and from Norway Eker, Hvinden, Oftedal,
Stedje and Aamlid who also acted as Secretary.

6.12. The UN’s Environmental Protection Conference

The UN’s first environmental conference was held in Stockholm on 5-16 June with the Minister of
Agriculture Ingemund Bengtsson as Chair and the Canadian Maurice Strong as Secretary. 113 countries
were represented at the conference. The conference would end up being very important to the
international environmental policy. One tangible result was that the UN’s General Assembly established
the UNEP (United Nations Environment Programme) later that same year with its headquarters in
Nairobi, Kenya. In summer 1992, the conference was followed by another global environmental
conference in Rio de Janeiro, now with 181 countries participating, which led to Agenda 21 with an
action programme for the 2000s.

UNSCEAR’s contribution was presented at the Stockholm conference (see Section 4:21). Both Dan
Beninson and I took part in the conference, which led to our submitting a joint proposal from Argentina
and Sweden implying that, when deciding on a location for plants within the nuclear power fuel chain,
long transportation distances should be avoided if possible. One African delegate wanted to supplement
the proposal by saying that uranium mines should also be located in suitable places with a view to the
transportation problems. We tried to explain that people usually had to accept that the mines were located
where the uranium ore was situated. Delegates from other African states indignantly said that this was
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an example of the arrogance of the industrial countries. We realised that, in political contexts, it was not
just a matter of discussing things objectively, but also with extreme caution.

Jan Martensson sought the assistance of cycling students to transport material and letters between the
conference’s different premises in the city. This drastically affected my daughter’s future life. When in
the late summer the Radiation Protection Institute’s personnel manager Svea Forss had a shortage of
summer temps and found out that Karin worked for the environmental conference, she asked whether
Karin might also be willing to enlist as a temp at the Institute’s secretariat. So, this is how Karin came
to the Swedish Radiation Protection Institute, with no input from me, where she stayed for the rest of
her professional life.

6.13. The alternative conference

At the same time as the UN’s Environmental Protection Conference, an alternative conference was
arranged in Stockholm with Hannes Alfvén as key speaker. He talked animatedly about the hazards of
nuclear power and said that there were serious waste problems bearing in mind that some radionuclides
were very long-lived. In the discussion that followed I said that that certainly was true but that other non-
radioactive, environmentally-hazardous substances such as arsenic were even longer-lived — they never
decayed.

I pointed out that arsenic was also the most dangerous. It still did not attract any attention or concern
that Ronnskarsverken in Skelleftehamn had emitted tonnes of arsenic to air since 1930 through what was
once the world’s tallest chimney (145 m) and had also discharged incredible quantities of arsenic into
the Gulf of Bothnia. Why did that not cause any protests? Arsenic never decays.

Hannes Alfvén was confident that arsenic was converted into non-hazardous forms and thus became
inaccessible. Maybe it had only been considered to be dangerous if it were emitted from a nuclear power
plant?

6.14. The units of radiophysics

The introduction of the International System of Units (‘SI”) had begun. In a letter to the Swedish
Society for Radiation Physics in August 1972 Gunnar Bengtsson, Bo Lindell and Rune Walstam wrote:

The International System of Units and Measurements (SI) will be gradually
introduced in Sweden so that the changeover is essentially completed by 1 January 1976.
Schedules and other general information are given in SIS handbook 103, edition 2, May
1972. There have been discussions within clinical physiology and clinical chemistry
regarding a coordinated changeover around 1974. There have not yet been any major
discussions within the field of radiology. Some points of view have been stated in
Strdlskyddsnytt [Radiation Protection News] year 7, no. 5, pp. 40-41 (1972). The
international situation is still uncertain. It ought now to be time for us in Sweden to
consider our position regarding a changeover and, following discussions, state our
points of view, initially to the ICRU.

It seems likely that the special radiological units rad, R, rem and Ci will be dispensed
with on an international basis. For example, there is already a law in Germany stating
that this shall take place no later than 1 January 1977. If we in Sweden cannot find
substantial grounds for retaining them, we should concentrate our discussion on what
we shall have instead.

6.15. The BEIR reports

In 1956, at the request of the Atomic Energy Commission (AEC), the American Academy of Science
had already set up a Committee which published reports on the Biological Effects of Atomic Radiations
(‘BEAR’). In 1972, the reports, called BEIR I and BEIR 1II, were given the more suitable name of the
Biological Effects of Ionising Radiation. They contained risk estimates based on the assumption of a no-
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threshold, linear dose-response relationship. This meant that the number of deaths from cancer from a
specific radiation dose to the American population was estimated and gave the highest and lowest values.
The lowest value was differentiated from zero, which aroused considerable criticism. The next BEIR
report, BEIR III, came in 1980.

6.16. Boat excursion with Richard Matz, Rune Jonsson and Mrs. Westman

Out of the many early opponents of the nuclear power industry, Rune Jonsson and Richard Matz,
whom I have already introduced, are the most eccentric people. Sven Lofveberg, in his capacity as the
Swedish Radiation Protection Institute’s information manager, and I put a great deal of effort into
discussions with these opponents who represented the AMA, the action group against nuclear power.
This surprised them and was appreciated. One example is the following letter to me from Richard Matz
of 13 September.

Thank you for yesterday! However, in retrospect there is one thing that I would now
like to emphasise. Most of our views may clash in that what you and your thinkers
perceive to be a catastrophe (i.e., the collapse of industrial production), I see as the
escape, or possible escape, namely from the dead end to which the ever-increasing
plundering of planet Earth will lead.

However, this was not I was going to talk about, but about the surprising fact that
you actually take the time to sit and explain things to, and listen to, people whose views
are so different from those that are accepted within the establishment. In relation to the
positions in which - as I see it — you have become pretty much locked, you show an
openness that is exceedingly unusual among people in your position. Nothing similar
would be at all conceivable as regards the Professors of History at Stockholm
University, for example, or those in psychology; they adhere so exclusively to their
mechanistic way of ‘maximising findings’ that there never would be any exchange of
views; they would never be willing to waste a full day on such puerility as listening to
debates on the justification for the activity to which they devote their lives. That is pure
‘metaphysics’.

So, on behalf of AMA and FORUM HUMANUM, I would like to convince you of
my appreciation of your desire and capacity to debate with us. We are exceedingly
anxious to remain on speaking terms with the authorities.

Rune Jonsson was a totally different personality. I have already mentioned that he represented the
action group against nuclear power (AMA). The other members of the AMA who made their voices
heard were Richard Matz and agriculturist Ann-Marie Westman (1920-2005). Rune Jonsson was a
psychological conundrum. His behaviour was normally calm and level-headed, even in nuclear power
discussions, provided they were taking place in a small circle. However, when placed before an
auditorium, he turned into a vehement speaker who became increasingly enthused by his own voice,
nevertheless remaining soft-spoken. As an engineer, Rune’s hobbyhorse was wind power which he was
happy to talk about for long periods. Time gave him a late redress in the noughties.

One weekend, Sven Lofveberg and I were invited by Rune to accompany him on a trip in the
archipelago with his houseboat. I do not remember where it was moored, but we were transported out to
the houseboat in a minuscule dinghy. Richard Matz and Ann-Marie Westman also came on the journey.

Ann-Marie Westman is worthy of a more detailed description. She was born in Turku (Abo). Her
parents were Professor of History Per Olov von Térne and Ellan von Born. She was christened Ellan
Maria Academica, the latter-mentioned name for her father’s joy at being given the first Professorship
in History when the Abo Academy was opened. Understandably enough, she chose another first name,
Ann-Marie, and moved to Sweden after the war where she married the book-keeper and later estate
manager Anders Westman at Barsebdck manor where, in 1970, she had an earth-shattering experience
when she found that her section of beach had been blocked off for the construction of the nuclear power
plant. She then became a nuclear power opponent, a member of the AMA and an eager debater in nuclear
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power issues. She was doubtless glad that she was able to experience the closure of the Barsebédck
Nuclear Power Plant’s last reactor shortly before her death.

In our discussions with Mrs. Westman, she was asked how Sweden could cope without nuclear power
in the long run. Her lilting Finland-Swedish response was: ‘In Finland we manage on 3/4 of Sweden’s
energy consumption per inhabitant and we live well.” It’s all very well Finnish girls of noble birth having
a good standard of living, we thought, but that probably does not solve our problems.

Rune Jonsson’s houseboat consisted of what looked like a garden shed positioned on a raft which was driven
by an outboard motor. Irritatingly, the exhaust gases blew into the shed where we were sitting, but that was of no
concern to the friends of the environment. We had long discussions until we finally came ashore somewhere where
Richard Matz explained that there were mushrooms. Indeed, he returned after a while with a big cep mushroom
which he passed over to me.

‘I should actually give you a poisonous fungus!” he said, ‘but you are nice in spite of everything, so enjoy
that!’

6.17. ICRP Committee 4 in Oslo

After the UN conference in Stockholm, ICRP Committee 4 held a meeting in Oslo. I had been a member of
the Committee from 1962-1965 but was going to take part as an observer for the Main Commission of which I
was now Deputy Chair. I intended to drive to Oslo and offered to give Dan and his wife and colleague Ambretta
a lift.

‘We might see some elk,’ said I, ‘as there are three or four hundred thousand of them in Sweden.’ Elk
were not an unusual subject of conversation. My ICRP colleagues used to say that I was stubborn as a
moose” (as the American expression had it, compared to the British ‘stubborn as a mule’) and same was
said about Jan Olof Snihs.

We stayed overnight at the Hogfjéll Hotel in Sélen and took a trip to the Kdar river where Dan
explained that the mosquitos were the biggest he had ever seen.

When we left Sweden the next day we were given a convincing demonstration of the difference
between Swedish and Norwegian tobacco habits. Where we stopped for a cup of coffee, the smoke in
the premises was dense. But it was not just the smoke that was interesting - in one cafeteria there was an
elk’s head on the wall. Dan never ceased to remind me that when we did finally see an elk, it was
Norwegian. Not only that, it was taxidermised.

Committee 4 met at Holmenkollen. One of the main points of the discussion was the question of what
to call that which is now known as the collective dose. John Dunster was in favour of ‘population dose’
or ‘community dose’. It was obvious that he considered the population dose to be associated with a
specific population. I thought it ought to be source-related and be called the ‘collective dose’, and include
all individuals who had been exposed to the radiation.

The difference of opinion was an early example of the difference between the individual-orientated and source-
related approaches. The viewing perspectives were different. John saw the irradiation from the point of view of a
specific population where the only relevant collective dose was the one received by that particular population. I
saw the irradiation from the point of view of the source manager. It was then a matter of investigating the total
damage caused by the source and the total collective dose was needed to do this. This conflict regarding the most
relevant viewpoint continued for the rest of the century.

Life at the hotel was not without its dramas. Henri Jammet, who could not swim, had got into the
deep end of the swimming pool and would probably have drowned if John Dunster had not noticed the
situation he was in and saved him. Even the breakfasts had their dramas. We could choose between
coffee with no rolls and a bigger breakfast. Emile Wallauschek had agreed to have coffee on its own,
but could not resist the temptation of snapping up a bit of roll for himself. This was observed by the
strict canteen supervisor who then kept a stern eye on him. The whole thing developed into a battle of

*In America, an ‘elk’ is a ‘moose’ and ‘elk’ means red deer.
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prestige where Emile sometimes succeeded in avoiding the supervision and nicking a piece. The battle
was followed with interest by the rest of us at the breakfast tables.

6.18. Sven Benner pitches in

In the work with the ‘Flag Book’ I was now being assisted by Birgitta Olofsson and also by Sven
Benner who conscientiously helped with the editing. This is shown by a letter which I wrote to Benner
on 25 August, the beginning of which I quote here:

I have just returned from my holidays and found your letter in which you ask for a
plastic folder of Birgitta Olofsson’s correspondence as regards group B. I enclose it
here.

I also enclose a copy of Birgitta’s proposed table of contents. It is in one the folders
you already have, but [ was thinking of our previous telephone discussions in which you
seemed slightly doubtful about which arrangement ought to be followed. I suggest that
we follow her ‘New table of contents’ since it reflects what was decided at the meeting
in Stockholm when ADS was discussed.

Generally speaking, I do not think you will need to be pessimistic about the lack of
decisions in many respects, €.g., when there are different alternatives to choose from.
Since the groups have already had such long discussions, it must now be down to the
Swedish editors, i.e., you and me, to make comparatively arbitrary proposals for the
next meeting.

Y ou mentioned that Koren had spoken about a further drafting meeting before being
able to agree on the final the text. I will be happy to do what I can to avoid this. I say
this with the experience of our previous meetings. I believe that we now know quite
well which are the real wishes in our neighbouring countries and in the majority of the
task groups. Attempting to continue ‘writing text’ as a large group will probably end up
with it grinding to a slow pace and delaying our timetable. In my opinion, the
neighbouring countries are willing to accept a text proposed by us on the basis of the
material we have plus that which we can get the task groups to cough up directly. I will
speak to Koren in mid-September and think I can probably get him to agree to this.

6.19. Nordic meeting at Voksenisen

A Nordic authority meeting took place at Voksendsen in Oslo in September 1972 at which the ‘Flag
Book’ was discussed, primarily its chapter on the limitation of emissions of radioactive substances from
nuclear power plants. The task group which had been set up to write this chapter met in Stockholm in
August and December 1972 and then wrote a draft which was discussed in Helsinki in November 1973.

Information was given on the expansion plans for nuclear power in Denmark, Finland, Norway and
Sweden (all four countries had expansion plans at this time!). Information was also given on the waste
issue, by Ragnar Boge among others. I talked about standards for the limitation of emissions of
radioactive substances; the subject was now relevant to the cooperation regarding the ‘Flag Book’. Erik
Jansson from the delegation for Atomic Energy Issues (which would become the Nuclear Power
Inspectorate in 1974) talked about NARS, the Nordic Task Group for Reactor Safety, of which he was
Chair (see Section 23.16). Stig Bergstrom talked about reactor location (the Urban Siting Commission’s
report would come in 1974).

Since the meeting was an authority meeting, which could involve a few delimitation problems, I had
given a reminder of the problem in the invitation to Swedish participants as was the case at the previous
meeting in 1970:

The last meeting of this type was held in Stockholm in November 1970, at which the

principles for the limitation of [...] activity emissions from nuclear power plants was
one of the subjects discussed.
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The next meeting will take place on 21-22 September 1972 in Oslo. The subject for
discussion this time will be the safety issues of nuclear power in the broadest sense, both
emission issues and safeguarding against accidents.

If the same practice as before is to be followed, the participants should be limited to
experts who, through affiliation to a responsible authority, are responsible for the safety
issues concerned. Independent scientists from university institutions have thus not taken
part and nor have industry representatives. However, if a scientist is affiliated to a
responsible authority as a consultant or a board member, he has had the possibility of
participating through the authority if this was thought desirable. Through its many
assignments and reports within the radiation protection field, the atomic energy
company has been counted in the same category as the responsible authorities. This has
also concerned some officials at the Swedish Defence Research Agency, FOA, perhaps
primarily through their affiliation to the Expert Commission for Advice in Atomic
Accidents, KRA. It does not appear unreasonable that the power plants’ central
operational management’s environmental group could be seen to be official enough to
be able to be represented at this type of meeting, but this matter is slightly sensitive and
should be checked with the neighbouring countries so that Sweden is not alone in
deviating from previous practice. I hope to be able to provide clearer information about
this at the end of June.

We are keen to maintain the same informal feeling as before. I therefore hope that
the recipients of this letter comprehend the delineation difficulties.

Reading this now, I get a feeling of mystery-making and cover-up, but we did not see it like that. It
was actually a foregone conclusion that the unrestricted academic research would avoid being dragged
into something that could be seen as not being independent.

6.20. TAEA in Mexico City

In autumn 1972, the IAEA General Conference was to be held in Mexico City. Sigvard Eklund, who
had been Director General of IAEA since 1961, had noted the Nordic discussions on collective doses
and the limitation of emissions and discharges and invited me to come to the conference and give a brief
lecture. At the same time, he approached the Ministry for Foreign Affairs and asked them to pay for my
journey. This was in the years when Eklund does not appear to have been too popular at the Ministry for
Foreign Affairs . It cannot be reasonable, they said, as might well be expected, to send Lindell to Mexico
to speak for only ten minutes. But Eklund was stubborn and I was able to go away — at the Ministry for
Foreign Affairs’ expense.

In Mexico City I stayed at the Camino Rea Hotel where a letter from the Ministry for Foreign Affairs
official and later ambassador, Per Olof Forshell (1928-1991) was awaiting me. He wrote:

Welcome to Mexico - hope you had a good journey. Petri [Ambassador Lennart Petri
in Vienna] Alf Larsson, Bjorn Skala [born in 1940, later ambassador in Vienna] and I
are staying at this hotel.

Tomorrow, Sunday, we plan to go to a Charro festival which the Mexican
government is arranging for the IAEA people. You are welcome if you have nothing
else to do. We are thinking of leaving the hotel at approx. 10.30 and estimate that we
will probably be back around 4.

In the evening we are invited to dinner with ambassador Swartz and his wife [Carl
and Ulla] — intend to leave the hotel at approx. 19.45. You are very welcome to join us
if you have no other plans.

" See chapter 14 of “The Labours of Hercules’ and the reference to Lennart Petri’s memoirs.
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When you receive this letter I will be at dinner with [Nils] Revelius (former
Secretary of the Embassy here). I would be grateful if you would call me on xxx-xx-xx
and let me know what you would like to do.

Sincerely,
Pelle Forshell

I was embarrassingly aware that my only assignment in Mexico was to speak for ten minutes and that
the rest was high-level tourism. I really was not used to such luxury and it gnawed at my conscience
somewhat. The bull fighting was bloodless - it concerned capturing small bulls and wrestling them down.

The next day I was to give my ten-minute speech, but this was after lunch. Lunch was enormous,
outside with thousands of guests. There was a great deal of food and plenty of wine and the meal
probably lasted three hours. I was to give my presentation just after lunch. I found the auditorium was
very sleepy after lunch. The head of Argentina’s Atomic Energy Commission, Admiral Oscar Quihillalt,
was one of the listeners. He told Dan Beninson afterwards: ‘I did not hear what that Lindell bloke said.
I was asleep.’

6.21. Birgitta Hambraeus starts the nuclear power debate

On Wednesday 25 October, the Swedish nuclear power debate started in earnest with an interpellation
by Birgitta Hambraeus in Swedish Parliament. Mrs Hambraeus, who explained that she based her
statement on the book called Kdrnkraften, mdnniskan och sdkerheten (Nuclear Power, Mankind and
Safety) which Sven Lofveberg and I had just published, said among other things (address no. 59):

Scientists and authorities have been aware from the word go that the risks associated
with nuclear fission are of a different type and magnitude than anything else undertaken
by mankind. The safety provisions are also extremely rigorous, and huge efforts and
care have been put into environmental protection by the nuclear power plants. However,
scientists all over the world are starting to question whether it is possible to master the
safety problems to which nuclear power leads. And, as Hannes Alfven has pointed out,
it does not matter how much you try if a problem is impossible to solve — it will remain
unsolved.

Professor Bo Lindell of the National Radiation Protection Institute says the
following in his excellent, explanatory book: ‘This long-term storage of the radioactive
waste obviously leads to expenses for an indefinite future, but it is easy to calculate the
capital that is needed for the interest to cover the annual expenses for the storage and
control. These expenses must of course be included in the calculation when discussing
the advantages and disadvantages of nuclear power plants. Either that or we push over
the expenses to future generations. We must then decide whether the improved
technology and a better standard of living which we pass on as inheritance are values
that can balance our unpaid debts’.

How would it be possible for us to pay all future generations for their work with our
radioactive waste? We are dealing with a concept of time here which we are not used
to. No payment system works for ever. No human culture is eternal.

With reference to that which has been stated, permission is requested of the House
to ask Minister of Industry the following questions:

1. Does the Cabinet Minister think the fact that government and the economy have
invested a great deal of money in nuclear energy prevents us from objectively discussing
advantages and disadvantages of continued expansion of nuclear power plants in
Sweden?

2. Does the Cabinet Minister think it is morally defensible to produce substances
that must be monitored and dealt with by future generations using complicated technical
methods for the indefinite future and which would irreparably harm the biosphere were
this care to cease?

127



The Toil of Sisyphus

3. Does the Cabinet Minister think that the increasing quantities of radioactive waste
from the nuclear power plants’ spent fuel elements constitutes enough of a problem to
warrant the referral of the matter of the future nuclear power expansion in Sweden to
Swedish Parliament for a decision?

Mrs Hambraeus’ interpellation was answered by the Minister of Industry, Cabinet Minister Rune
Johansson. He started by describing the energy problem in Sweden. Water power had been expanded
almost as far as it could be and the other available energy sources, oil and coal, were unattractive. They
were expensive and dirty and led to a dependence on foreign suppliers. Despite the many problems of
nuclear power it had been found to be the best of the alternatives. There was a substantial and rapidly
increasing need for energy.

In response to Mrs. Hambraeus’ first question, the Cabinet Minister said that the continued
development in the nuclear power field must obviously be closely monitored with regard to the risk
factors and to the alternative production methods that were available.

In his response to the second question, the Cabinet Minister explained that he would shortly propose
that experts be called in to investigate the matter of treatment and storage of radioactive waste (it became
the Radioactive Waste Committee which was set up in December).

As regards Mrs. Hambraeus’ third question, the Cabinet Minister’s response was that in his opinion,
the issue of storing the highly-active waste did not warrant any reconsideration of the Swedish nuclear
power programme.

And this was the start of the long-term debate regarding Swedish nuclear power.

6.22. The letter to Reveman

On 24 November I wrote to Helmer Reveman (1916-1999) who started as Managing Director of the
Ytong company in 1971. The Radiation Protection Institute was still not authorised to ban the undesirable
radioactive gas concrete. Application provisions for the building ordinance were issued by the National
Board of Physical Planning and Building”, which had still not realised the scope of the problem. At the
Radiation Protection Institute we hoped that industry would voluntarily close down the production of
Ytong if we made it clear that future outlooks were dismal. Since I had started by describing the problem
and the development of events, I ended the letter with an estimate of the possible extra risk of cancer in
typical Ytong houses and then summarised as follows:

It is unlikely that this will be considered to constitute reasonable grounds to declare
an existing residential building to be unsuitable. On the other hand, it is conceivable that
these numbers do constitute a reason to assess the building material as unsuitable for
continued use if less active material is available.

Equivalent questions have been debated in a number of countries in recent years.
The Radiation Protection Institute has recently found out that both the UK and the Soviet
Union have drawn up standards for the assessment of the suitability of a building
material from the radiation protection point of view. If these standards were applied in
Sweden, this slate-based light concrete would be deemed unsuitable in accordance with
both the British and the Russian standards. The British standards are still only in the
form of recommendations; according to information, the Russian standards are more
binding.

In the face of this development, the Radiation Protection Institute has once again
taken up the matter of assessing the suitability of different building materials from the
radiation protection point of view and intends to submit a proposal to the Swedish
Government at the start of 1975 for an opinion. The OECD’s atomic energy authority,
the NEA, has also taken up the matter of the permissible level of radium in building

* The National Board of Physical Planning and Building was formed in 1967 and merged with the Housing Board to become the Swedish
National Board of Housing, Building and Planning in 1988.
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material. It is possible that Sweden should wait for the OECD’s report, and the Radiation
Protection Institute emphasises the great importance of consulting the authorities in the
other Nordic countries. However, this consultation can probably be initiated in
December.

The Radiation Protection Institute has also started to survey different types of
building material and will carry out broader surveys of the level of activity in these
materials.

With regard to the fact that restrictions on radioactive building material may initially
apply to the slate-based light concrete and [that] any restrictions may have considerable
economic consequences for those who manufacture and sell these materials, at this early
stage, before any decision has been made, the Radiation Protection Institute has chosen
to inform the Yfong company of said plans. Information and points of view which may
be of significance to the discussion of the matter should be submitted to the Radiation
Protection Institute as early as possible in the company’s own interests. The Radiation
Protection Institute would also like to suggest that the company appoint a technically-
competent contact person for forthcoming discussions.

Copies of this letter were also given to some officials within the Ministry of Health
and Social Affairs and the Ministry of Industry and the radiation protection institutes in
the other Nordic countries for information.

It was still the gamma radiation rather than the radon that was causing the concern.

6.23. Swedish nuclear power

In February, the Oskarshamn 1 reactor and thereby Sweden’s first commercial nuclear power plant
was commissioned. In October, Central Operational Management (CDL) published a forecast according
to which Sweden would need 24 nuclear power units.

In 1972, Ringhals was one of Sweden’s largest construction sites with a total of 2700 people working
there. The construction of Ringhals 3 and Ringhals 4 had begun. Both of these reactors were pressurised
water reactors from Westinghouse, each with two turbines from Stal-Laval. The reactor tank for Ringhals
1 was shipped in from Videberg Harbour in April. The tank weighed 650 tonnes and was shipped on a
special rail. It took seven days to travel one kilometre!

6.24. The Radioactive Waste Committee

In December 1972, The Radioactive Waste Committee was set up by Minister of Industry Rune
Johansson. A description of the Committee’s members, experts, etc. was given in the introduction to the
Committee’s report:

In December 1972, the Minister of Industry issued directions for a Committee on
highly-active waste from nuclear power plants and sent for County Governor Gosta
Netzén at the start of 1973 to act as Chair.

Specialists who have been part of the Committee since 1 May 1973 include County
Governor Gosta Netzén, Members of Parliament Jan Bergqvist, Einar Larsson, Anders
Wijkman and Nils Erik Waag, Professor Lars-Gunnar Larsson and head of department
Arne Westlin. Committee experts from the same period include Ph. Lic Ake Hultgren,
civil engineer Alf Larsson, Professor Bo Lindell, Director Erik Svenke and, from 1 July
1973, Director General Gunnar Ekevérn.

On 1 January 1974, Members of Parliament John Takman and Rune Angstrom
joined the Committee as specialists and Senior Administrative Officer Lennart Lindgren
as an expert. Experts from 15 March 1974 also included BSc Leif Hjarne and from 1
July 1974, engineer Bertil Mandahl. Planning Director Philip Moding has been
Secretary of the Committee since 1 June 1973 and Senior Administrative Officer Hans
Fransson Deputy Secretary since 1 May 1974. The Secretariat is in Malmo.
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On 10 May 1974, the Minister of Industry used a special supplementary directive to
expand the Committee’s assignment to include also the issues concerning the handling
and storage of low-activity and medium-activity waste. Owing to the supplementary
directive, the previous name, ‘The Committee on highly-active waste from nuclear
power plants’, has been changed to ‘The Committee on radioactive waste’, abbreviated
to The Radioactive Waste Committee.

The report submitted a situation report on highly-active waste from nuclear power (Ds I 1974:6) and
a situation report on the low-activity and medium-activity waste (Ds I 1975:8). The main report consisted
of two sections. Section I (SOU 1976:30) contained a summary, considerations and proposals. Section
IT (SOU 1976:31) contained bedrock documentation. An English summary of the report was published
as SOU 1976:32.

The value of the report was the in-depth study of the problems and the account of interesting factual
material rather than the actions that were proposed. Where the highly-active waste is concerned, the
latter have been superseded by the proposals and measures which came up in the work carried out by
Svensk Kdrnbrdnslehantering AB (SKB, the Swedish Nuclear Fuel and Waste Management Co). See
also Sections 7.18 and 9.15.

6.25. SKBF, SKB and KBS

SKBF stands for AB Svensk Kdrnbrdnsleférsérjning, which was formed by the power companies in
1972. It was a forerunner of SKB, Svensk Kdrnbrinslehantering AB (the Swedish Nuclear Fuel and
Waste Management Co), which is a company that has been owned by the Swedish nuclear power
companies since 1984 and whose task has been to deal with radioactive waste. SKB operates a final
repository for operational radioactive waste (SFR) and a central interim storage installation for spent
nuclear fuel (Clab). However, SKB’s major project, begun already at the SKBF time, is the ‘KBS’
(originally an abbreviation of KdrnBrdnsleSdkerhet (Nuclear Fuel Safety) but is now interpreted as
Treatment and Final Disposal of Nuclear Waste. The KBS project came about owing to the requirement
that nuclear reactors should be started only if the owner had either concluded a spent nuclear fuel
reprocessing agreement and shown that an ‘entirely safe’ disposal was possible, or had shown that spent
but not reprocessed nuclear fuel could be disposed of ‘entirely safely’ (‘The Stipulation Act’ - see 11:04).
The KBS work has been accounted for in three reports. SKB’s continued programme is based largely on
the proposals in ‘KBS-3’ (see Section 18.11).

6.26. The IOMP’s 34 Congress in Gothenburg

‘IOMP’ means International Organisation for Medical Physics. Its establishment, purpose and
activity were described in Stralskyddsnytt (Radiation Protection News) no. 4 in 1994 by Rune Walstam,
who was Secretary General of the organisation from 1976-1982. The IOMP was initiated at the
International Congress of Radiology in Munich in 1959. Following an investigation led by Sven Benner,
it was agreed in 1962 that the IOMP should be formed, which it was on 1 January 1963 with four national
members: Canada, the UK, Sweden and the USA. A more fixed structure was created at an initial
Congress in Harrogate in England in 1965 with Professor Val Mayneord as President. There, the bye-
laws were established and the Swede Berndt Waldeskog was appointed as Secretary General.

Following a second Congress in the USA in 1969, the third International Congress for IOMP was
held in Gothenburg in 1972.

6.27. The Nordic Congress of Radiology in Bergen

The Nordic Society for Medical Radiology held its 32" Congress in Bergen in June 1972. It was
attended by 550 participants. 93 presentations were held there, 2/3 of which within a diagnostics section
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and 1/3 within a therapy section. The emphasis of the Congress was a symposium on urinary bladder
and prostate cancer.

The Secretary of the Swedish Society, Curt Lagergren, had written to me the year before the Congress
because the board had discussed a proposal that the Nordic Society set up a Radiation Protection
Committee. Curt had been requested to ask my advice. My response was:

Every proposal for new Committees should be viewed with maximum scepticism
and caution. Not only has Committee work been stealing more and more useful time,
there is greater confusion if many Committees submit changing proposals regarding
similar matters, so this means you scarcely suggest that yet another Committee is
appropriate until you know which need (other than that of the initiators) it is intended
to fulfil and what its proposed objective is. Radiation protection measures are proposed
at an international level by ICRP. Any competition there would create major confusion.
ICRP is also the Radiology Congresses’ own Committee. Radiation risks are being
investigated by the ICRP Committees and by the UN’s Radiation Committee
[UNSCEAR]. The application of [the ICRP] recommendations will be discussed by the
ISO and IEC and by national authorities. We have Swedish associations for radiology,
radiophysics, nuclear medicine and radiation protection, which are in turn affiliated to
international conferences and societies.

6.28. ICRP at Great Fosters

The ICRP Main Commission met from 11-13 November 1972 at Great Fosters in Egham. We
discussed two task group reports and a proposal from the NEA. John Dunster had obtained a portable
computer, the first I had ever seen. John had it on the table in front of him. The departure from normal
behaviour irritated Bill Pochin, whose facial colour alternated between normal and violet. In the big park
there was a tiger which they explained was tame but which hungrily eyed up Henri Jammet who was the
one who discovered the exotic pet. He had difficulty convincing the rest of us that there really had been
a tiger.

Bill’s angry outburst and changes of facial colour have been described by David Sowby in his
memoirs, Man ages. | quote:

Whether because of early potty training, lengthy incarceration in English private
schools or what, he had developed a quick temper. This tendency not to suffer fools
gladly was at odds with his training as an English gentleman, which had taught him to
be patient and polite to others. His education told him that anyone who had come, for
whatever reason, to a gathering at which he was present must be as intelligent as himself;
but his heart informed him that this particular person was a fool who needed to be put
down.

He could usually get his own way at a meeting by cowing most of the participants
with a display of his temper. A dramatic change would occur in the colour of his face,
which first went scarlet and then changed to purple, then green and finally white, and
was accompanied by a noisy display of him breaking pencils. He kept a supply of rather
old, fairly short pencils, which could be brought into use during these histrionic displays.

6.29. Nuclear explosions for peaceful purposes

At the end of November, a conference on the peaceful use of nuclear explosions was held at [AEA in
Vienna. I took part along with FOA experts Ulf Ericsson (then at the Ministry of Foreign Affairs) and
Kay Edvarson, who was temporary head of department at the FOA at the time since Torsten Magnusson
had been promoted to Director General in 1968. Otherwise, a bit surprisingly, there were no names that
we knew on the list of participants. We got the impression that it concerned a collection of clueless
enthusiasts and we were horrified by some of the presentations. For example, there were plans to use
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nuclear charges to join the Orinoco and Rio Negro rivers in Venezuela. Bearing in mind that the Orinoco
is the third largest river in South America and the Rio Negro is one of the River Amazon’s main sources,
it is little wonder that people had doubts about the project. Luckily it never came to pass.
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7. THE YEAR 1973

7.1.  SKBF: Svensk Kéarnbrinsleforsorjning AB

Svensk Kdrnbrdnsleforsorjning AB (SKBF, Swedish Nuclear Fuel Supply Ltd) was formed in January
by the power companies Vattenfall, Oskarshamnsverkets Krafigrupp AB (OKG) and Sydkraft AB to
procure nuclear fuel on behalf of the members.

7.2.  Visiting the Norwegian Atomic Energy Association

On 30-31 January, Sven Lofveberg and I were in Norway at the invitation of the Norwegian Atomic
Energy Association. We visited Kjeller, where Sven talked about the information problems in connection
with the nuclear power expansion and we both answered questions in connection with our book, ‘Nuclear
Power, Mankind and Safety’. Our host was Chief Engineer Rolf Lingjcerde.

7.3.  ICRP in Brighton

In April 1973, ICRP and its Committees met at the Bedford Hotel in Brighton. At this meeting the
Commission was voting on the new composition of members and on the Chairs of the Committees.
Owing to an unfortunate choice of voting procedure, Karl Morgan was voted out of ICRP. This led to a
serious crisis which could have severely damaged the Commission. I later had cause to compile a
summary of the letters that were exchanged following the meeting (Sowby was Secretary of ICRP, the
Canadian Gordon Stewart Chair and I Deputy Chair). The letters are so illuminating as regards ICRP’s
problems and policy at the start of the 1970s that I have decided to show most them.

On 24 April 1973, the following letter, marked ACTION was sent to the members of the Commission
together with a ballot paper (‘I do/do not confirm the selection of the following eight members: C. G.
Stewart, D. J. Beninson, J. Liniecki, A. S. McLean, Y. I. Moskalev, H. B. Newcombe, E. E. Pochin, E.
Windeyer’):

The Commission’s Officers have discussed the voting procedure that was used when
electing the new the Commission in Brighton. The Commission first decided to choose
the four Committee Chairmen (A. C. Upton, J. Vennart, B. Lindell, H. Jammet). Before
the election of the remaining nine members began, the Commission confirmed its
tradition of that votes from seven of the members present would be required for a
decision. In the two first series of votes, this decision resulted in two members (O. Hug
and R. H. Morgan) losing their places. The Commission then continued to elect a
diagnostic radiologist (Professor Takahashi).

The next step was to elect two new candidates (J. Liniecki and L. Rogers). When
these had been elected, the Commission continued to eliminate two names from a list
containing the two new candidates along with the eight remaining members of the
current Commission. At that stage, the Commission agreed that upon each round of
voting, the candidate who received the highest number of no votes, provided that this
number was at least three, would be eliminated.

Looking back, we realise that this procedure was not the equivalent of the procedure
that was applied in the first two rounds of voting since a member could be excluded on
the basis of as few as three votes.
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Under these circumstances, the Commission’s Officers believe that a confirmation
of the decision on the last eight members would be reasonable. The members are
therefore asked to fill in the enclosed ballot paper.

C. G. STEWART

B. LINDELL

F.D. SOWBY

Bl o

From ICRP in Brighton 1973.
‘Bill’ Pochin and the head of NRPB, Andrew McLean.

What had happened was that the controversial Karl Morgan had been voted out, which was scarcely
what the majority of members would have wanted. The requirement of three no votes was an
unreasonably low one for exclusion, particularly since only the British had more than three members.
The final vote had concerned eight places because Jammet and Lindell had already been elected as
Committee Chairs, Hug and Russel Morgan had been voted out, and Loutit had not wanted to be re-
elected, and there should be a total of thirteen members.

After having received this letter, Bill Pochin wrote to David Sowby on 2 May with copies to Gordon
Stewart and me. Bill was angry:

Dear David,

I have received the ballot paper dated 24 April and see 