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Opening Address

Emmet Stagg, T.D.
Minister of State

at the Department of Transport, Energy and Communications

Introduction
I would like to express my thanks to Dr Tom O'Flaherty, Chief Executive of the Radiological
Protection Institute and his staff for organising this timely Conference on Chernobyl - 10 years
after the horror of the world's worst environmental disaster in modern history struck the Northern
Hemisphere. The Conference neatly fits in with recent international Conferences held in Minsk in
Belarus and in Vienna to discuss the impact of the accident and the recent G7 Summit on nuclear
safety held in Moscow.

Effects of Chernobyl
As we all know, on this week in 1986, the nuclear industry was shaken from its complacency when
Reactor Unit 4 at Chernobyl in the Ukraine, suffered a major accident which was followed by a
prolonged release to the atmosphere of massive quantities of radioactive substances. Chernobyl
was not a once-off tragedy - it is an ongoing disaster. There was widespread distribution of
radioactivity throughout the northern hemisphere, mainly across Europe and stretching as far as
Ireland.

Radioactivity transported by the plume was measured not only in Northern and in Southern
Europe, but also in Canada, Japan and the United States. The total worldwide release of
radiologically important nuclides is now thought to have been two to three times more than what
was initially estimated for the former Soviet Union alone.

Subsequently, the Chernobyl catastrophe had and is still having serious radiological, health,
environmental and socio-economic consequences for the population of Belarus, Ukraine and
Western Russia, and they are still suffering from these consequences today. There has been a
substantial increase in reported cases of thyroid cancer in these countries, especially in children.
Countless villages now lie abandoned in Ukraine and Belarus, their occupants now permanent
refugees in their own country.

I see from media reports that scientists are now calling attention to a new health problem -
emotional and psychological disorders. Adi Roche in her vivid and shocking book "Children of
Chernobyl" has set out her own analysis of the human health and social cost of the accident. The
panel of speakers here today will of course be adding their own perspective on the consequences
of the accident and also examining the major radiological protection issues of significance for
this country arising from nuclear accidents.

At the beginning of this ongoing tragedy, the scale and severity was not foreseen and took by
surprise most national authorities responsible for public health and emergency preparedness. The
intervention procedures existing in most countries were not adequate for dealing with an accident
of such scale and provided little help in decision-making on the choice of protective measures.
This, of course, was also true of Ireland at that time. Through international conventions and EU



and national arrangements adopted since then, we are now better prepared for such emergencies.

The final session of today's Conference deals with Emergency Preparedness which I believe is an
appropriate subject to round off the Conference. There will be an important exercise to test
international emergency preparedness entitled INEX 2 which will be conducted under the
auspices of the OECD's Nuclear Energy Agency. This comprises a series of tests to take place in
1996 and 1997 and will involve 27 other countries. It will be a vital test of our own national
emergency plan arrangements and the effectiveness of international co-operation.

The Chernobyl accident also had the effect of increasing public awareness all over the world on
the very high risks associated with the use of nuclear energy. This is one of the reasons for the
renewed attention and effort devoted during the last decade to emergency preparedness, radiation
protection and nuclear safety studies by national authorities, the nuclear industry and
international organisations like the International Atomic Energy Agency. This also underlies the
continuing attention being paid to the present unsatisfactory situation at Chernobyl's two
remaining reactors, universally regarded as dangerous.

Indeed, I believe that Chernobyl blew the cover on the secrecy of the nuclear industry. Now
people know its potential for disaster and that we were not previously told the truth. National
governments, the nuclear industry and the international community must now come clean with the
people. If they want to know whether nuclear power, civilian or military is acceptable - let them
hold a poll or plebiscite.

In addition, ten years later, a massive steel and concrete structure which was erected as a very
temporary measure and which has encased the destroyed reactor since 1986 to provide some
form of confinement of the damage and to reduce the likelihood of further releases of
radioactivity, is now in danger of collapsing. It represents a further potential calamity at
Chernobyl.

If this concrete and steel covering were now to collapse, it not only would allow another
outpouring of radioactive material from Reactor Unit 4 but could well cause a chain reaction to
the other reactors in that area. The consequences can not be calculated. The countless tons of
nuclear waste in the 30-kilometre exclusion zone around Chernobyl also needs to be dealt with.

However, following the recent G7 Nuclear Summit in Moscow, I am hopeful that international
initiatives will provide a solution for the elimination of these sources of potential further disaster
at Chernobyl. The complete closure of Chernobyl is urgent and during our EU Presidency we
will progress those measures in the interests of worldwide safety from the nuclear menace.
Chernobyl has been left to fester for the past ten years. The people of the world cannot afford to
wait longer.

Global Nuclear Safety
Let me turn next to the general situation concerning the safety of nuclear power reactors in
Central and Eastern Europe and the former Soviet Union which is also a cause of great
environmental concern in Europe and indeed worldwide. Anxiety about nuclear safety is not
confined to countries in which nuclear plants are actually located - the trans-boundary impact of
Chernobyl has led to a worldwide awareness of the risks.



More recent knowledge about the unsafe nature of fifteen other Soviet-built Chernobyl-type
nuclear reactors still operating in Russia, Ukraine and Lithuania have led to calls for those reactors
to be closed down permanently. I support that call and do not support calls for the facilities to be
improved and upgraded. Other old reactors in Bulgaria and Slovakia are also a cause for serious
concern. This gives us a glimpse of the nightmare world of nuclear energy.

While I would urge all countries not to choose nuclear power as an energy source we must insist
that if they do, the highest standards are applied in order to protect public health and the
environment. It is also equally important that the concerns of neighbouring countries are fully
taken into account in decisions relating to nuclear power installations.

Western energy experts have agreed on the measures needed to prevent accidents at the
Chernobyl-type reactors, but the main message from Russia and Ukraine is that none of this can
be done effectively without massive international finance. The three countries operating the
plants, all in economic difficulty, say they cannot shut down the reactors because they depend on
them for electricity supplies. G7 cannot afford to refuse this funding.

Ireland's Position
Our nuclear policy objectives place a heavy emphasis on nuclear safety and radiological
protection. While recognising that certain countries have retained nuclear energy as an option for
power generation, Ireland has opposed any net expansion of this industry because serious
problems exist with nuclear safety, radioactive waste disposal, plant decommissioning, nuclear
proliferation and the ever present risk of a nuclear catastrophe.

The Government has conveyed its concern about the risks inherent in nuclear power at every
opportunity in all available fora, e.g. at European Union level, at the International Atomic Energy
Agency (IAEA), at the OECD and at other international fora such as the Oslo/Paris Convention
relating to marine pollution and the London Convention on dumping at sea. Through the West's
assistance programmes for the reform of the energy sectors of Central and Eastern Europe and
the former Soviet Union, Ireland will insist on the highest levels of nuclear safety and radiation
protection in the nuclear sector. Proven efforts to enhance safety and security in the nuclear field
must be a precondition of accession to the European Union for countries of Central and Eastern
Europe.

I will continue to press for the closure and dismantling of all unsafe reactors in Central and
Eastern Europe and will seek the necessary financial assistance to make this possible. As I have
already said, the complete closure of Chernobyl is urgent. Investment in non-nuclear projects,
alternative energy potential, demand site management and energy efficiency should be
investigated fully as a replacement for nuclear capacity in a region that has for far too long been
dependent on atomic energy. During our EU Presidency, we will actively pursue these matters.

It is my view that the International Atomic Energy Agency should play a more forceful role as
the global forum for the promotion of the highest levels of safety and security in the existing
nuclear industry. The Nuclear Safety Convention established under the International Atomic
Energy Agency in Vienna is a welcome legal advance in improving the safety culture of the
nuclear industry worldwide and I hope there will be early ratification by the many nuclear states
which it is essentially aimed at. I have initiated the arrangements for Ireland's ratification shortly.
During our EU Presidency we will be urging all States to accede to this Convention.



I also welcome preparatory work on the establishment of a separate sister IAEA Convention on
radioactive waste management. I will also use our EU Presidency in pursuing the objective of
rapidly achieving the establishment of such a Convention. My Department and the RPH in 1995
were actively involved in Brussels in the preparation of a revised Euratom Directive laying down
the basic safety standards for the health and safety of the general public and workers against the
dangers of ionising radiation.

The various EU Energy Research Programmes relating to nuclear fission safety, non-nuclear
energy and nuclear fusion got underway last year. In these programmes, I would like to see a
greater emphasis on energy conservation and renewables rather than on nuclear-related research.
Although Fusion research is being promoted as an "attractive inexhaustible environmentally-
friendly prospect" for the future with little adverse radiological effects (they told us that about
nuclear fission), it will not be commercially available until at least the middle of the next century
at the earliest.

Because I seriously question the value of such research, Ireland, along with some other EU States,
have proposed that an independent study be carried out into the management and progress of this
research and to assess its prospects including comparison with other types of energy generation,
including renewables.

UK Nuclear Concerns
Naturally, here in Ireland, the nuclear complex at Sellafield is a matter of more immediate and
obvious concern to the Government and to the Irish public because of its proximity, its complex
operations and its history. The THORP reprocessing plant, which began operations in 1994,
despite widespread opposition, is now an additional worry and it will result in increased
radioactive discharges into the Irish Sea. No matter how insignificant the risk to health from these
discharges, I believe that all radioactive emissions into the Irish Sea are objectionable and
unacceptable and should be prevented and eliminated.

Over the years, there has been a long litany of incidents at Sellafield and other nuclear
installations in Britain. Shortly after Sellafield opened in 1957, one of the two nuclear Windscale
Piles was destroyed by fire. This was Europe's worst accident in a nuclear reactor until
Chernobyl. The apparent endless stream of incidents has led me to the inevitable conclusion that
Sellafield and the aging and less safe Magnox reactors in Britain, many situated close to the Irish
Sea, should be closed down as soon as possible.

I have continuously been told that safety is of paramount importance for the UK's nuclear
industry and that a major accident like Chernobyl cannot happen there because of superior plant
design and very high levels of operational safety. However, I fear that if the nuclear industry
continues to overlook the universal human factor and passes off the Chernobyl accident as a
peculiar function of a particular reactor design, then it is increasing the likelihood of another
disaster. I believe no nuclear capacity should be built by the new privatised electricity industry
there.

Non-nuclear fuels like gas and renewables should be used for electricity generation and there are
plenty of them. I have made strenuous representations to the UK Government on safety issues
and earlier this year, following a number of reported incidents, I met with the British Ambassador
and reiterated my concerns about the safety aspects of Britain's nuclear industry.



In addition, last January I travelled to Cumbria, with a legal and technical team to tell a UK
Government Planning Inspector at a Public Inquiry that the planned development at Sellafield of
an underground rock laboratory was seen by this Government as the first step to a radioactive
waste dump in the area and that we resolutely opposed planning permission for this facility.

In my view, the potential effects of such a development, virtually at the edge of the Irish Sea and
opposite centres of population on Ireland's East coast, would represent a totally unacceptable
threat to the well-being of the Irish people. Copies of my submission to the Planning Inquiry
have been sent to the EU Commission. The Inspector's report and recommendation on the
planning application are not expected until near the end of this year. Pending the Inspector's
conclusions and the UK Secretary of State's decision, I am examining options for future action in
this matter. I am determined that a radioactive waste repository will not be built next to the Irish
Sea. I won't take no for an answer.

Any degree of radioactive contamination of marine or atmospheric environment by Sellafield's
activities is simply not acceptable to the Irish people. In particular, I object to the Irish Sea being
regarded as a safety device to dilute and disperse radioactive releases that the UK is not willing to
accommodate on its own land. Nuclear activities at Sellafield have been, and still remain, a
priority concern for me and these concerns will be highlighted and pursued in every possible
forum at every opportunity. A diplomatic offensive was launched last year by Irish ambassadors
in countries that send or are sending nuclear spent fuel to Sellafield. When contracts come up for
renewal, I hope that some states will stop sending their waste there. The question of taking legal
action, in addition to international and diplomatic pressure, is being constantly kept under review,
in consultation with the Attorney General.

Before concluding, I would like to repeat my call to Governments and the international
community for decisive action on Chernobyl and its attendant issues before it is too late.

I would like to enlist the support of the ordinary people here and abroad for my anti-nuclear
campaign. People power can move mountains and even, I believe, the nuclear industry.

I would also ask our M.E.P.s to use the fullest extent of their enhanced powers under the
Maastrict treaty to ensure that the dangers of nuclear power are constantly on the agenda of the
European Parliament.

If we can persist, if we believe in the correctness of our case, we will win this battle of our Planet.

Once again, I would like to thank the Institute for arranging this Conference and for their
ongoing advice and co-operation with my Department. I wish you well in your endeavours
today.
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Chernobyl: the health consequences

Dr Peter J. Waight
Canada, Consultant to World Health Organisation

This presentation will focus initially on selected aspects of the health impact of the accident, and
then go on to discuss some of the pitfalls involved in trying to assess the health detriment in
isolation and without regard for the context in which it occurs.

The accident on 26 April 1986 was unique. Two explosions, followed by a graphite fire in the
destroyed reactor, not only dispersed radionuclides high into the atmosphere, but the fire was
instrumental in ensuring the continued dispersion for about ten days. This prolonged discharge
into the atmosphere combined with changes in wind direction ensured that radionuclides were
widely distributed over Europe and were even detected throughout the Northern Hemisphere
(1,2). The actual ground deposition was very variable, depending on many factors such as
coincident rainfall during the passage of the plume, wind speed and direction, and the topography
of the terrain. The mosaic distribution of ground deposition became much more variable with
distance from the site, and is responsible for the wide range of individual doses that characterises
this accident.

Following the accident, a large number of people were involved in the clean-up of the site and
other contaminated areas. Within seven months of the accident an immense concrete structure,
known as the "Sarcophagus", was erected to envelope the ruined reactor.

I Dose Estimates
The main sources of exposure of the population were thyroid exposure from radioiodines inhaled
or ingested in food, and whole body exposure from externally and internally deposited
radiocaesiums. However, there were special groups whose exposure was higher than that of the
general public, and involved other radionuclides. Among these were:

a) The evacuees from the 30-km zone
Soon after the accident it became clear that doses in Pripyat and the area around the site would be
high and that evacuation was required. The next day about 49,000 people were hurriedly
evacuated from Pripyat, and during the next few weeks about another 75,000 were evacuated
from the 30-km zone. The average whole body dose of people evacuated from the Ukrainian
part of the 30-km zone (3) was estimated to be 15 mSv, but the range was extremely wide. The
collective dose was calculated to be 1300 person.sievert. The average thyroid doses of the Pripyat
evacuees ranged from about 70 mSv for those over 16 years, to 1.4 Sv for children up to the age
of three years. Table 1 summarises these doses. It was very clear, even at this early stage, that the
thyroid was the organ in the very young which was most exposed.

b) The early "Liquidators"
At the time of the accident, the initial responders at the site or those called in to combat the
immediate effects at the reactor numbered about 400 in all (1). Later in the accident clean-up,
many more individuals were recruited for decontamination and other activities. These people are
often referred to as "Liquidators", but it is convenient to divide them into two groups. The first



group consisted of the initial responders, and included the firemen and others involved in rescue
operations. These people were exposed to external gamma and beta radiation from exposure in
the plume, to core fragments scattered about the site, and to radioactive deposits on the skin and
clothing. They also inhaled radioactive gases and particles. The dosimeters used at the time were
too few and all were overexposed, so that they can not be used to establish dose levels. However,
biological indicators of dose in the persons hospitalised at the time showed that a large number of
people received very high doses. The thyroid dose for these workers tended to be high but very
variable, ranging from zero to 20 Gy, with the majority less than about 1 Gy. It was in this group
that all the major early health effects were seen.

Table 1
Doses to Evacuees in Ukraine

Thyroid

Whole Body

>16y

< 4 y

Individual Dose
(mSv)
70

1400

15

Collective Dose
(p.Sv)

2600

3300

1300

The second group of workers classified as "Liquidators" were those between the ages of 20 and 45
recruited from the Armed Forces and elsewhere to assist in the clean-up activities. The then
Soviet government established a national dose register, called the All-Union Dose Registry
(AUDR), in Obninsk in order to follow these and other highly exposed groups. The clean-up
activities continued for many years, and it is interesting to note that the average individual dose
fell from about 170 mSv for those recruited in 1986 to 130 mSv in 1987, 30 mSv in 1988 and to
15 mSv in 1989 (4). Since the break-up of the Soviet Union, each Republic has taken over the
responsibility for its own nationals in the AUDR. The result is a fragmentation of the data which
leads to difficulty in access, especially for foreigners. The most readily available data is in the
Russian National Medical Dosimetric Registry (RNMDR), which replaced the original AUDR (4).

c) People living in the contaminated regions
Early in the course of the accident, it became obvious that the radioiodines were contributing
significant thyroid doses (5), especially to children, and the Soviet authorities made every effort
not only to minimize doses, but also to record the thyroid doses as accurately as possible. The
results of this measured and reconstructive dosimetry indicated that some groups in the
population, notably children in the more contaminated regions, received high doses to their
thyroids, and that an increase in thyroid abnormalities including cancer was a very real possibility
in the future. WHO (6) reported that, in the Ukraine, most children received less than one gray to
the thyroid, although several thousand received more than two gray. Of this last group, a few
hundred children received doses of over 10 gray, and more than two hundred received a dose of
15 gray or more. In Belarus about 1,000 children received over 5 gray and several had doses in
the range of 30 to 40 gray. It was known from previous studies that an increase in thyroid
tumours tended to appear six to eight years following irradiation, and continue for more than
twenty years after exposure. At the same time, the current conventional wisdom is that internal
radioiodine exposure is less carcinogenic than external irradiation of the thyroid.



Although many hundreds of thousands of measurements of radioiodine in the thyroid were made,
there is considerable uncertainty about the early thyroid dose estimates. Some of the best
estimates come from later dose reconstruction, which confirmed the widespread belief that the
thyroid doses were high, especially in children. Again a wide variation in geographic distribution
of thyroid dose was clearly demonstrated. In Belarus, the collective dose to the thyroid in
children aged 0 - 1 4 years at the time of the accident has been estimated to be about 170,000
person.sievert and for the same age group in the Ukraine, about 60,000 person.sievert.

In the Ukraine (7), more than 150,000 examinations were conducted by special dosimetric teams,
and a realistic estimate of the collective thyroid dose of 64,000 person.gray has been made,
leading to a projection of 300 additional thyroid cancers. In the contaminated regions of Russia,
Bryansk, Tula and Orel, a collective thyroid dose of 105,000 person.sievert was estimated (8), with
a predicted excess cancer total of 349 in a population of 4.3 million. This represents an increase
of 3 - 6% above the spontaneous rate. Table 2 summarises this information.

Table 2
Collective dose to thyroid in contaminated areas (p.Sv)

RUSSIA

0- 14 y

Total Population

BELARUS
170,000

UKRAINE

60,000

200,000 100,000

For the whole Ukrainian population, the collective dose to the thyroid has been estimated to be
200,000 p.Sv, and 100,000 p.Sv for Russia. These are large collective thyroid doses and even with
the wide individual dose variation and the lack of accuracy of many of the dose estimates, it is
clear that the thyroid is the organ which is most likely to show effects.

Table 3 shows that of the approximately 270,000 people living in areas with contamination of >
555 kBq rrr2 ' "Cs, it has been estimated that the external collective dose amounted to 7,300 p.Sv
out of a total collective dose of 9,700 p.Sv.

Table 3
Doses to inhabitants of contaminated

areas > 555 kBq m-2 of i37Cs (1986 - 1989)

No of Persons External Total
Collective Dose (p.Sv) Collective Dose (p.Sv)

-270,000 7,300 9,700

However, Zvonova et al. (9) cast doubt on simplified models to convert ground deposition to
dose, when they failed to demonstrate any correlation between Cs whole-body content and Cs soil
contamination. This was attributed to a large variation in the Cs to plant transfer, dependent on
the soil characteristics. They also go on to point out that the public response to the suggested
countermeasures also influenced the whole body uptake of caesium. Where these tended to be
followed, body burdens of radiocaesium were 2 - 3 times lower than in those areas where the local



population did not heed the countermeasures and continued to eat locally grown produce. It is
also interesting to note that clean food became much less available due to the deterioration of the
economic situation in Russia, forcing dependence on local and forest products. This increased the
average whole-body content of Cs significantly, especially in Bryansk where in 1993, this
coincided with a bumper crop of wild mushrooms. During the period 1991 to 1994, the authors
estimate the internal dose to range from 0.1 to 2.4 mSv per year. This paper illustrates well the
influence of confounding physical and sociological factors in determining the dose from ingested
radionuclides.

d) Doses outside the Soviet Union
As the pattern of ground deposition of radionuclides in Europe followed a similar patchy
distribution, the resulting individual doses were extremely variable, with a wide range.
Nevertheless, the average dose in Europe was low. As shown in Table 4, the average 50 year
Committed Dose was estimated to be between 0.17 and 0.49 mSv. This may be compared with
the average dose from background of about 120 mSv over the same period.

Table 4
Comparison of average 50 y dose estimates in Europe

US Dept of Energy 0.49 mGy

UKAEA 0.21 mSv

CEC 0.17 mSv

UNSCEAR 0.38 mSv

Average background (50y) 120 mSv

While this may not accurately reflect the risk to specific individuals, the collective dose and its
corresponding risk to the population are very low. Outside Europe in the rest of the Northern
Hemisphere, the doses were so low as to be inconsequential. It should be remembered that the
major part of the dose inside and outside the former Soviet Union has already been received, and
that any effort to reduce it still further is unlikely to be cost effective.

II Health Effects
a) Acute
All the acute health effects occurred among the personnel of the plant, or in those persons
brought in for fire fighting and clean-up operations. Two immediate deaths were associated with
the accident. A third person died early the morning of the accident. Twenty-eight other persons
died later in the treatment centres, bringing the total to 31 deaths in the first weeks after the
accident (1,2).

Over 200 persons were placed in hospital within the first twenty-four hours. The severity and
rapidity of onset of their symptoms depended on their dose. The initial early signs and
symptoms of radiation sickness from high doses, included diarrhoea, vomiting, fever and
erythema. Patients were allocated to four categories of radiation sickness according to the severity
of their symptoms, signs and dose estimates. The differential white blood cell count showed
reduced circulating lymphocytes (lymphocytopenia) which was the initial indicator of the severity
of the exposure and became evident in the first 24-36 hours for those most severely irradiated.



DEGREE OF
RADIATION
SICKNESS
IV
III
II
I

Table 5
Outcome of treatment

NUMBER
OF
PATIENTS
21
21
55
140

DEATHS
20
7
1
0

ESTIMATED
DOSE
(GRAY)
6 - 16
4 - 6
2 - 4
1 - 2

Total 237 28

No members of the general public received such high whole body doses as to induce Acute
Radiation Sickness (2). Between May and June 1986, 11,600 people in Belarus were investigated
without the discovery of any cases of acute radiation sickness.

In the highest exposure group ( 6 - 1 6 Gy), the first symptom was nausea, followed by vomiting,
which usually occurred within 30 minutes of exposure. These patients were desperately ill; fever
and intoxication as well as diarrhoea and vomiting, were prominent features. Mucous membranes
were severely affected, becoming swollen, dry and ulcerated, making breathing and swallowing
extremely painful and difficult. Extensive burns due to beta radiation often complicated the
illness. Within the first two weeks white blood cells and platelets fell dramatically, indicating a very
high dose which had compromised the production of blood cells in the bone marrow, making it
virtually impossible for the patient to fight infection or to retain the natural clotting activity of the
blood. Nearly all the patients with such high doses died (20 of 2), in spite of the intensive
specialized medical treatment provided.

As the exposure decreased, the symptoms, signs and laboratory findings tended to improve.
Vomiting began later, platelet and white cell counts did not drop so precipitously and the fever
and toxaemia were less pronounced. Beta radiation burns to the skin were a major complicating
factor and mucous membrane damage was difficult to treat, but survival improved markedly as
the dose fell, so that no early deaths were noted in the 1 - 2 Gy exposure group.

b) Treatment
For high external radiation doses, treatment is directed at maintaining fluid and electrolyte
balance, avoiding and treating infection, and treating other complications as they occur.
Successful outcomes are dependent on maintaining life until the body recovers its own functions.
Where other injuries are present, such as thermal or beta radiation skin burns, they may tip the
scales against recovery unless vigorous supportive treatment is undertaken. The hospital
treatment following the accident included replacement therapy with blood constituents, fluids and
electrolytes; antibiotics; antifungal agents; barrier nursing and bone marrow transplantation.

The following are among the lessons learned in treating accidentally highly exposed patients:

1. Spontaneous haemorrhage was rare even when the platelet count fell below 1000
per (il.

2. Bone marrow transplantation is not as effective as expected in accidentally
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exposed persons.
3. The oro-pharyngeal syndrome was most distressing to patients and difficult to

treat.
4. The logistics of handling a large number of investigative tests and patients in

specialised facilities had to be planned carefully before an effective therapeutic
programme could be established.

c) Late Health Effects
While there have been reports of an increase in the incidence of some diseases as a result of the
Chernobyl accident, many of these reports can not be verified and often refer to diseases which
are not known to be associated with ionising radiation exposure. In the International Chernobyl
Project (10), field studies were undertaken in the latter half of 1990 of the continuous residents of
the rural settlements with a surface caesium contamination of greater than 555 kBq nv2, and
control settlements of 2,000 to 50,000 persons, using an age matched study design. Seven
contaminated and six control settlements were chosen by the medical team. Since all persons
could not be examined, representative samples were taken from various age groups. In all 1356
people were examined, and the aim was to examine about 250 from each of the larger settlements.
Three medical teams each spent two weeks conducting medical examinations to provide the data
for these assessments.

The medical examinations were quite comprehensive, and the general conclusions reached were
that there were no health abnormalities which could be attributed to radiation exposure, but that
there were significant non-radiation related health disorders which were similar in both
contaminated and control settlements. The accident had substantial negative psychological
consequences which were compounded by the socio-economic and political changes occurring in
the then USSR.

Thyroid Cancer
The situation soon after the accident pointed to the thyroid (5) as the organ most likely to show
radiation effects, especially for children and the authorities prepared as far as they could by
establishing as accurate as possible individual dose records, and by identifying the most highly
exposed groups in preparation for medical surveillance and epidemiological studies. It was felt
that the delay in the appearance of radiation effects (six plus years) would allow sufficient time
for the institution of a comprehensive diagnostic and therapeutic programme. What was not
expected was that thyroid abnormalities would become detectable about four years after the
accident.

The data that has been collected in Belarus is the most convincing and has been verified by
international experts. It is for these reasons that most emphasis will be placed on these findings.
In the course of this follow-up, it was noted latterly that the numbers of thyroid cancers in
children were increasing in some areas. For Belarus as a whole (11,12), there has been a
significantly increasing trend in childhood thyroid cancer incidence since 1990 (13). Moreover,
this increase is confined to regions in the Gomel and Brest oblasts, and no significant increase has
been noted in Mogilev, Minsk or Vitebsk where the radioiodine contamination is assessed to have
been lower. Over 50% of all the cases are from the Gomel oblast. This increase is graphically
illustrated in Fig. 1.
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Fig. 1. Cases of Childhood Thyroid
Cancer in Belarus
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For the twenty years prior to 1986, only 13 cases of childhood thyroid cancer were seen in Minsk,
which is the main Belarussian centre for thyroid cancer diagnosis and treatment in children.
From 1986 to 1989, 2 to 6 cases of thyroid cancer in children were seen annually in Minsk. In
1990, the number jumped to 29, to 55 in 1991, then to 67 in 1992. By the end of 1994 the total
had reached over 300 in Belarus.

The histology of the cancers since 1992 has shown that the vast majority were papillary
carcinomata, and that they often presented with local invasion and distant metastases, usually to
the lungs. This has made the treatment of these children extremely difficult, whether undertaken
in Minsk or specialized centres in Europe.

This increase was confirmed by the final report of a CEC Expert Panel (14) convened in 1992 to
investigate the reported data. These experts estimated that the incidence of childhood thyroid
cancer (0-14 y) was between 0 and 0.14/100,000/y in Belarus prior to the accident, and was
similar to that reported by other cancer registries in Europe and Scandinavia. This indicated that
the data collection in Belarus was of similar adequacy. They noted that it jumped to
2.25/100,000/y in 1991, about a twenty-fold increase. In 1992 the incidence of childhood
thyroid cancer in Belarus as a whole was estimated to be 2.77 per 100,000, whereas in the Gomel
and Brest Oblasts it was 8.8 and 4.76/100,000/y respectively. Other data from the Ukraine and
Russia show a similar, but not as dramatic, increase in the incidence of childhood thyroid cancer
since 1987. This increased incidence is not confined to children, as a larger number of adult
cases have been registered in Belarus and the Ukraine (15).

When this increase was first reported, it was very quickly pointed out (16) that any medical
surveillance programme introduced would apparently increase the incidence by revealing occult
disease and rectifying misdiagnoses. While this may account for a small proportion of the
increase (17), it cannot possibly be the sole cause, as the increase is so large and many of the
children presented not with occult disease, but with clinical evidence of thyroid and/or metastatic
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disease. In fact, only 12% of the childhood thyroid cancers were discovered by ultrasound
screening alone in Belarus (18). In addition, subsequent examination by serial section of the
thyroids of persons coming to autopsy in Belarus have confirmed that the occult thyroid cancer
incidence is similar to that found in other studies (19) and showed none of the aggressive
characteristics found in the childhood cancers presenting in life (20).

The most recent published rates of childhood thyroid cancer (21) show unequivocal increases as
seen in Table 6.

Table 6
Numbers and incidence of childhood thyroid cancer

AREA

Belarus
Gomel
Ukraine
Five North
Regions
Russia
Bryansk &
Kaluga Reg.

1981-5
NO
3
1
25

1

0

RATE
0.3
0.5
0.5

0.1

0

1986-90
NO
47
21
60

21

3

RATE
4
10.5
I.I

2

1.2

1991-4
NO
286
143
149

97

20

RATE
30.6
96.4
3.4

11.5

10

Rates are for childhood thyroid cancer (0-14y) incidence expressed as average values per million
children.

While there may be disquieting aspects of general data collection in the former Soviet Union,
there is a real, and large, increase in the incidence of childhood thyroid cancer in Belarus and the
Ukraine which is likely to be related to the Chernobyl accident. If this is so, one can expect the
incidence of childhood thyroid cancer (0-14y) to revert back to the previous low levels once 14
years have elapsed since the accident and this cohort has aged. It is also clear that, as this exposed
cohort ages, the incidence of adult thyroid cancer will continue to increase in it for the rest of its
lifespan.

In any event, surveillance of the population at risk must be maintained for the lifetime of the
exposed persons, and for this to be achieved, international support for surveillance and
therapeutic programmes will need to be continued for the foreseeable future.

d) Psychosocial effects
The Chernobyl accident had widespread psychological effects not only inside the Soviet Union
but also outside. I would like to concentrate on the effects within the Soviet Union, but the impact
in the rest of the world cannot be completely ignored. The psychological effects were most
pronounced in Europe where contamination was the highest. Here people reacted predictably,
but in what may be regarded as extreme ways. Travel plans were cancelled, "clean" food was
hoarded and abortions were sought, even when there was no scientific justification for these
actions. People were reacting just to be on the safe side. Anti-nuclear sentiment became more
prevalent (22), and official pronouncements mistrusted.
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Within the Soviet Union, similar factors were present (24,25,26,27), but additional economic,
social and political influences came into play. "Perestroika" and "Glaznost" had been introduced
to try and change the face of the Soviet system, which was viewed by the people as being too
autocratic, restrictive, centralised and oppressive, with no opportunity to voice a dissenting
opinion. The Soviet authorities were gradually lifting restrictions, people were freer to speak
more openly and even criticise the government, nationalism in the Republics was not repressed as
much as it had been, and a new life was slowly emerging with fewer constraints, but still within the
Communist system. This was the changing political scene when the accident happened, but the
authorities reacted in the time honoured Soviet way. Information was deliberately withheld, and
reassuring paternalistic advice was given when it was clearly inappropriate. The natural concerns
of the people were dismissed by some as "Radiophobia", giving the impression that their fears and
worries were somehow irrational. This of course, angered the population even more and polarised
their response. At the same time, a new type of politician, spawned by the changing political
circumstances, was emerging who capitalised on all the discontent and used it for his own ends
which were usually anti-Soviet. This was particularly true of the nationalistic and anti-nuclear
sentiments which appeared to coalesce around 1988 and 1989, so that all these elements had some
influence on the development of opinions and movements at that time.

As an example I would like to show you a slide of a badge that I obtained in Kiev in 1989. It
depicts an outline of the territory of the Ukraine, incorporating the colours of the national flag.
On the map, the nuclear power stations are marked with black crosses, reminiscent of graveyard
crosses and Chernobyl with a larger cross. The date of the accident is preceded by a funereal
black bow, and the date itself uses the Ukrainian word for April rather than the Russian. So here
is a subtle statement which embodies national fervour and independence, as well as nuclear
opposition and resentment towards the centralised government which imposed its will on
Ukrainians.



Another factor that enhanced the psychological effect of the accident was the difficulty people
had in assessing the risks from the radiation. Here was an unseen hazard, imposed from outside,
which polluted their land, their food and their person, which was very difficult to get rid of and
would remain a hazard to them and their children for many years to come. It is not surprising
that the people felt anxious and concerned, and that all their ills were due to radiation exposure.
Widespread restrictions on everyday activities affecting work, schooling, diet and recreation have
only served to reinforce their anxiety and stress.

The relocation of people whose families often have lived for generations in one small settlement
has destroyed many of the established family and social networks, thereby increasing the stress of
relocation itself. Relocation also produces home-sickness. This combined with economic
hardship, shortages and the reluctance of the host communities to accept them, serves to magnify
the stress of relocation. Such relocated people were sometimes viewed as contagious and avoided
by the indigenous population who also resented the compensation paid to these "victims" as they
were paying for it out of their tax money.

During times of stress the consumption of tobacco and alcohol increase, and this has been seen in
the contaminated regions. It should also be remembered that the excessive consumption of these
items carries with it well-established adverse health effects. The stress of relocation has been high
enough to prompt some people, mostly elderly, to return to their abandoned homes and give up
any benefits they might have obtained. The other side of the coin is illustrated by the polls which
showed that about 70% of people living in contaminated areas wanted to be relocated (10). Apart
from the avoidance of exposure, this may well have been prompted by the expected improvement
in life style.

In essence, the psychological effects of the accident in the former Soviet Union may well
constitute the greatest indirect health impact mediated through the induction of stress. I hope that
I have convinced you that, to understand these mechanisms, the situation must be viewed within
the context of the current political, social and economic conditions, and not in isolation. I will
return to this theme in the next part of this presentation.

Ill Difficulties
There are two extreme groups who would like to see their opinions adopted by society. On the
one hand, there are those organizations and groups who stand to gain from exaggerating the
effects of the accident. At the other extreme, there are the apologists for Nuclear Power who wish
to convince us that Chernobyl was a minor perturbation which should not influence the
development of nuclear power technology. Each of these protagonists will often, consciously or
unconsciously, present facts, usually incomplete or changed in emphasis, which are supportive of
their own point of view. I would like to discuss some of the areas where there is inherent danger
in the uncritical acceptance of conclusions and estimates which, at face value appear plausible,
especially when one is not too familiar with the field in question. I would like to suggest, and this
may appear to be excessively cynical, that you approach all reports, even those emanating from
apparently reputable scientists, with a healthy scepticism. And, Yes, I include this presentation in
that category, as most of us have some bias. Naturally, my bias is minimal!

a) Mortality and Morbidity Data
The methods of collection, collation and presentation of demographic data in the former Soviet
Union left much to be desired; so much so that it is often very difficult to accept the validity of



much of the early data. The International Chernobyl Report (10) noted that the comparison of
data from different registers was not likely to be very useful, since data collection methods,
verification, completeness, age/sex structure and social habits of the persons in the various
registers were different. It went on to say that a uniform methodology for all tumour registries
would be useful but that it would be difficult, if not impossible, to collect such data retrospectively
in a uniform fashion. This then was the assessment by an international team of the state of data
and data collection about four years after the accident. Nevertheless, even at this time it was noted
that there had been an increasing incidence of cancers over the previous decade which began
before the accident and continued after it. Thus any comparison of cancer incidence after the
accident in a contaminated area cannot be viewed in isolation and must be compared with the
increasing trend in the unexposed population.

What then, is happening to the disease morbidity and mortality incidence in the states of the
former Soviet Union? Ellman (27) has looked at the volatile demographic indicators in Russia
over the past few years. He notes that the crude death rate rose from a low of 10.4 per 1,000 in
1986 to 11.4 per 1,000 in 1991, an increase of some 9.6% in five years. Some of this rise was
due to an aging population, because as it ages, more people enter the age-groups at the upper end
of the lifespan and therefore are more likely to die. This effect can be eliminated by looking at
age-specific death rates. This was done and Table 7 shows the results.

Table 7
Increase in annual crude death rate in Russian men: 1986 - 1991

AGE

15
20
25
30
35

GROUP

-19
- 24
- 29
- 34
- 39

INCREASE

31%
23%
35%
36%
34%

Ellman also points out that male life expectancy in Russia dropped by 1.5 years between 1987
and 1991. This he attributes to an increase in deaths from "external" causes (accidents, homicides
etc.), often alcohol related, as these were markedly reduced in 1986 and 1987 during the anti-
alcohol campaign. In 1993 the life expectancy of a Russian male was provisionally estimated to
be 59 years. Further examination of mortality statistics in Russia since "Perestroika" shows that
the crude death rate rose from 11.4 per 1,000 in 1991 to 12.2 in 1992 and 14.4 per 1,000 in
1993. This he attributes to the rapid deterioration of economic indices leading to
impoverishment and poor quality food intake. He suggests that the social and economic changes
resulting from the break-up of the former Soviet Union have had an adverse effect on the general
health in Russia. Reduced funding for medical care, poor diet, stress and anxiety leading to
excessive alcohol consumption, and the need to work longer hours to make ends meet, have all
combined to reduce the general health and life expectancy of Russians. Ellman has adopted the
word "Katastroika" to describe this phenomenon!

In an analysis of time trends of cancer incidence in Ukraine, Prisyazhniuk (29) noted a generally
rising rate of cancer incidence which might be partly due to an actual increase or to an increased
ascertainment. There was an increase in leukemia, mainly Chronic Lymphatic Leukemia in the



oldest age group from 1987 to 1993. Since CLL is not associated with ionizing radiation
exposure and such an exposure would have been expected to increase leukemia in the younger
age groups and not the oldest, the accident can not be considered a cause of this increase.

Fig. 2 is re-drawn from the same author's data and shows the rising cancer incidence for men and
women. Linear regressions fitted to the data before and after the accident do not show any
significant difference in slope.

Fig. 2. Incidence Rate for all Cancers
in Areas of Strict Control
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Whatever the cause, this increase can not be attributed to radiation exposure. As has been
mentioned, only thyroid cancer has shown a statistically significant increase. Any apparent
increases in adverse health effects which might be attributed to the Chernobyl accident need to be
assessed against this volatile background of changing mortality and morbidity. Thus Tsyb and
Ivanov (30) conclude that the data in the Russian National Medical Dosimetric Registry shows no
excess cancer mortality among the Emergency Workers compared with controls. Having noted
this, the usual caveat should be added here: ten years is a little early to assess the incidence of
solid tumours, as the latent period for the appearance of these tumours can be considerably
longer than this.

b) Implications for Public Health
Demin (31) has used dosimetric data from the Bryansk region of Russia to compare the number
of cancer deaths predicted from the accident with the expected "spontaneous" number. Fig. 3 is
redrawn from this data and shows the expected annual number of "spontaneous" cancer deaths
at specific time intervals in a single population of 100,000 people aged >18 years at the time of
the accident, and the annual number of predicted cancer deaths in the same population had it
been exposed to the average dose in the Bryansk region.

It should be emphasized that this is a theoretical prediction, not an epidemiological study, of a
single cohort that is followed for the specified time. This explains why the expected annual
number of "spontaneous" cancer deaths is decreasing. It is clear that the annual number of
"spontaneous" cancers far exceeds the number predicted from the accident in this population,
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leading to the conclusion that the radiation induced cancers will be indiscernible against this
background.

Fig. 3.
in 100
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It has been suggested from time to time that the incidence of some diseases traditionally not
known to be associated with radiation exposure have increased due to the Chernobyl accident.
The more recent studies of the survivors of Hiroshima and Nagasaki are cited as convincing
evidence of an association between some diseases such as myocardial infarction and chronic liver
disease, and radiation exposure. However, closer examination of these allegations shows that this
correlation is at best, weak and for myocardial infarction only occurs at very high doses above 1.5
- 2 Gy (32). Fig. 4 illustrates the association of dose with myocardial infarction among the A-
Bomb survivors.
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I don't know about you, but I need more convincing correlation especially with the dose range
that we are concerned with in radiation protection. I should perhaps add that the evidence for a
correlation between exposure and the risk of uterine myomata is more convincing. What then are
the implications for public health ten years after the accident? What conclusions can be drawn?
What sort of questions should we be discussing?

We have noted that the health effects in the inhabited contaminated regions are expected to be
low, and that most of the dose has already been received, so that this cannot be influenced by
remedial measures. Likhtariov et al. (33) have estimated the effective doses due to external
irradiation of various population groups in the Ukraine. Their estimates, based on the ground
contamination by 137Cs, range from 1.7 uSv per kBq m-2 for young children to 4.4 |iSv per kBq
nr2 for agricultural workers. If an average population dose of 2 u.Sv is assumed, then the yearly
dose from this component in the more heavily contaminated regions (500 kBq nr2) amounts to
about 1 mSv. While this is not the full story of the total exposure, the external exposure accounts
for about 75% of the overall dose.

Data from (34), show the effects of decontamination on daily dose in Kirov (Belarus) in 1989. It
is interesting to note that decontamination measures actually increased the dose to Forest Workers
by about 13%. The most beneficial effect was on schoolchildren, where the dose was reduced by
about 35%. It is clear that the benefit of decontamination varies widely among different groups
within the population, but the average reduction from 4.8 to 4.4 mSv per year (about 8%) for the
total population, is, to say the least, disappointing, especially when one considers that this was the
result of the decontamination initiated when the dose was maximal. The structure of the exposed
population may have a significant influence on the type and extent of land decontamination
measures introduced in any future accident. Thus where the number of schoolchildren is
maximal and the forest workers a small minority, land decontamination may be a viable option.
As any further decontamination activities would only achieve minimal dose avoidance, is it
reasonable to continue to expend large sums of money on land decontamination?

Table 8
The effect of decontamination
on external dose (Kirov 1989)

MEASURED MEAN DAILY DOSE (aGy d-")

After Ratio

11.9 0.97

13.2 0.75

14.1 1.13

11.8 0.98
12.8 0.99

9.7 0.65

12.7 0.99

Cattle breeders

Field Workers

Forest Workers

Office Workers

Pensioners, Housewives

School Children

Tractor Drivers

Before
12.3

17.5

12.5

12.1

12.9

15.0

12.8

Average 13.2 12.1 0.92
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The Ukraine is said to be expending one sixth of its budget on Chernobyl related remedial
measures, and Belarus is also spending large amounts. Is this really cost-effective? Would this
money be better spent improving the minimal and rudimentary health care services to try and
reduce the impact of the real "spontaneous" cancer and other deaths, rather than the minimal
number of theoretically predicted radiogenic cancer deaths?

Have we been seduced by humanitarian motives into precipitate actions which, in the cold light of
day ten years later, may appear to be inappropriate and wasteful? Has the time come for a
fundamental re-appraisal? If so, can such a re-appraisal be made in today's political and
emotional environment?

I think it is the time to ask such questions. Whether there can be unbiased and unequivocal
answers to such questions is another matter, but they should be asked.
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Chernobyl related research and radiological protection activities in Ireland

Barbara Rafferty, Radioecology Research Group and
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Radiological Protection Institute of Ireland

A severe accident occurred at the Chernobyl nuclear power station in the Ukraine on April 26,
1986. Explosions first destroyed the core of the No 4 reactor and the roof of the building. The
result was the release over a period of ten days to the atmosphere of large quantities of radioactive
materials including fragments of fuel, aerosol particles and gases. It has been estimated that
100% of the core inventory gases (xenon and krypton) was released and about 50% of the iodine
inventory, 30-40% of the caesium radionuclides and about 3.5% of the total fuel inventory.

Much of the material released, especially the fuel fragments, was deposited within the former
Soviet Union. However, large quantities of radionuclides, notably the more volatile radionuclides
caesium, iodine and tellurium, were carried large distances by high altitude air currents and
deposited primarily with rainfall across vast areas of Europe. The pattern of deposition was very
irregular depending on the height of the plume, wind speed and direction, terrain features and the
amount of rainfall that occurred during the passage of the plume.

Ireland was affected by deposition from the plume during the period May 2-5 1986. The
principal radionuclides detected were iodine-13 l (m I ) , caesium-134 (134Cs) and caesium-137
C"Cs). The results of surveys of ground deposition showed considerable variation across Ireland
ranging from 3000-16,000 Bq/m213II and a mean total caesium (134Cs+l37Cs) deposition of about
5000 Bq/m2.

The relatively low level of fallout meant that external exposure from the Chernobyl plume or
deposited radioactivity and internal exposure due to inhalation of radionuclides were not
significant. There was, however, concern that the ingestion of contaminated foodstuffs might be a
significant pathway by which exposure of the Irish public could occur. A major monitoring
programme was undertaken with a view to identifying the potential risks to the public of the
ingestion pathways, and to determine any measures that should be put in place [Cunningham,
1987].

Monitoring was concentrated initially on I3II and l37Cs levels in milk and milk products from cows
grazing open pastures, on vegetables and fruits grown outdoors and on beef and lamb. The
summary findings were that radioiodine and radiocaesium were detected in all surveyed foods
almost immediately after deposition, but the maximum observed concentrations were below
European intervention levels of 600 Bq/kg. After an initial increase levels in milk quickly
dropped and by the beginning of June were undetectable. Caesium also declined rapidly in
vegetables but more slowly than in milk products; within 6 months caesium levels in vegetables
were almost undetectable. Samples of beef had lower caesium levels than sheep meat but neither
exceeded the intervention levels. A 10-fold decrease in meat caesium levels was observed by
October 1986.

Once the level of environmental contamination and the risk to the public in the immediate
aftermath of the Chernobyl accident had been established, attention was turned to addressing
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medium to long term tasks; these included dealing with issues such as the persistence of
contamination in the environment and management strategies which can be implemented to
minimise the dose risks while maintaining economic and social viability of the contaminated
areas. These questions are particularly relevant in countries which received a higher level of
contamination than Ireland.

To answer these questions requires a full understanding of the behaviour of the fallout in the
environment and all of the factors which influence its transfer to man. At the time of Chernobyl
some information was available in the scientific literature but it was quickly recognised that there
was a great need for new research to update this information and make it directly relevant to the
Chernobyl situation and to future accident scenarios. The information gained needed to be
applicable over the whole of Europe taking account of the wide variety of food production
systems used.

The EU responded to this need by supporting research programmes all over Europe, dealing with
all aspects of the behaviour of Chernobyl contamination in all types of environments - urban,
agricultural and semi-natural, and on the transfer of radionuclides to key components of the diet
such as dairy products.

The Institute succeeded in winning several of these contracts and initiated an active research
programme. Although the levels of contamination in Ireland were such that there was little cause
for concern the research carried out by the Institute could still make a valid contribution to the
European response to the Chernobyl accident, but at the same time every effort was made to
concentrate on issues relevant to Ireland.

The radionuclide l37Cs was the focus of most attention because of all of the Chernobyl
radionuclides it is of most widespread radiological significance. Its significance stems from the
fact that it has a long half-life, and it is readily incorporated into all biological systems.

The transfer of radiocaesium during food processing
The rapid transfer of radiocaesium to milk had already been identified but there was little
information about the fate of radiocaesium during milk processing. The objective was to identify
those dairy products which would be least affected and thereby, to provide the dairy industry with
some guidelines on how to maintain production in the event of severe contamination.

Table 1 gives values for the amount of l37Cs transferred to different milk products. As caesium is
soluble, 94% remains with the skim milk fraction, with only 6% in the cream or fatty fraction
[McEnri et ai, 1990]. Butter produced from the cream contained only about 1% of the caesium
of the original milk, and high protein products such as casein received even less. About 90% of
caesium in whole milk ends up in whey and thus is further concentrated in whey powder. Cheese
products also have reduced levels of radiocaesium compared to the original milk. Minor
modifications to the manufacturing process, such as reduction of the pH at which the curd
coagulates (Figure 1) or switching to an alternative cheese (Table 2) can greatly improve the
reduction factor for radiostrontium (EUR Report No. 16530).

These findings clearly indicate the alternative uses of milk in the event of contamination and what
is most important, these modified production systems enable the use of a contaminated raw
material to produce uncontaminated food, while maintaining the nutritional value of the product.
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Table 1
Mean and standard deviation (in brackets) percentage transfer

of l37Cs from whole milk to milk products

MILK PRODUCT TRANSFER

Skim milk
Skim milk Powder

Cheese Whey
Casein Whey
Whey Powder

Cream
Cheese
Butter
Butter milk

94 (35)
111 (52)

91 (33)
83 (39)
66 (38)

6(3)
7(2)
1 (not available)
4(2)

6.7 6.6 5.6 5.5

Coagulation pH

4.7 4.6 4.5

Figure 1
The percentage transfer of radiostrontium to cheese in relation to the pH at

which coagulation occurs
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Table 2
The reduction in the radiocaesium content of European and Ukrainian cheeses

produced by modified technologies

CHEESE TYPE % REDUCTION
Edam 59
Cheddar 8
Dutch 51
Susaninsky 89
Bryanza 89
Sulugini 81

Radiocaesium in Irish soils and its transfer to crops
During the period of 1987-1988 a project was undertaken to measure the transfer of radioactivity
from different soil types to a range of crops including grass, cereals, potatoes and other
vegetables. Eleven sites were selected to represent the principal soils used in Ireland for pasture
and tillage. This study clearly demonstrated the importance of soil composition and soil
chemistry in determining the amount of radiocaesium taken up by plants and the competition
between caesium and potassium ions in root uptake mechanisms [MacNeill et al., 1991].

Transfer of radiocaesium to crops was in all cases lower in clay soils because clay minerals
strongly fix the caesium ions rendering them unavailable for root uptake. Uptake by roots was
inversely related to soil pH and also inversely related to the availability of potassium in the soil.
These findings have been validated many times in other research programmes (for review see
Avery, 1996).

The low rate of transfer of caesium in clay soils compared to organic soils suggested that it would
be important to investigate further the role of organic soils in dose transfer to man. Such organic
soils are characteristic of upland areas of peat bog which are used for sheep grazing. They are
also found in forest ecosystems where the upper soil layers are almost purely organic. These
types of environments (which we refer to as semi-natural ecosystems) had previously been
thought to have little importance in transfer of radioactive dose to man. However, the low rates of
transfer in agricultural systems means that semi-natural ecosystems have been found to be
relatively important, warranting research attention.

Radiocaesium behaviour in Irish semi-natural ecosystems
In 1989 a radioecology research group was established to undertake research in semi-natural
ecosystems. The objectives of our research are two fold:

1. To evaluate distribution and behaviour of l37Cs in semi-natural ecosystems, namely upland
peatlands and forestry;

2. To identify pathways of dose transfer to man from these ecosystems and gain an
understanding of the environmental factors influencing dose transfer.

Deposition of Chernobyl radioactivity tended to be higher in both upland peatlands and forests,
compared to lowland agricultural areas. In upland areas this was because of the higher rainfall
and persistent occult precipitation which typifies these areas. In coniferous forests the canopy has
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a high interception capacity for airborne materials and as a result can receive up to 30% higher
deposition than adjacent open land [Bunzl and Kracke, 1988]. Recognition of such factors
influencing deposition patterns is of great value in a post-accident situation in identifying high
risk areas and helping to prioritise strategies for fallout assessment.

Peatland studies
In peatland areas investigations centred on assessing the transfer of radiocaesium from soil to
plants and on to grazing sheep. Intensive studies were carried out to determine the partitioning of
radiocaesium within the system and how that changed with time and season. Dietary studies of
the sheep flocks identified the important fodder plant species [Rafferty et al., 1993] and how the
radiocaesium content of these species compared and varied with season [Synnott, 1994]. In vivo
measurement of the radiocaesium content of the sheep flesh was carried out regularly and
temporal changes in different flocks were evaluated [Synnott, 1994].

In the peatland ecosystem the majority of the total radiocaesium deposition is located within the
soil (Figure 2) with less than 0.1% present in the grazing population. In the soil fraction the
majority of the deposited radionuclide is still in the top 10 cm. This finding was somewhat
surprising given the solubility of radiocaesium and the characteristics of peat soils. The retention
of radiocaesium in these top layers means that it is accessible to the roots of the vegetation
thereby resulting in relatively high root uptake by plants.

Vegetation
Soil 10-40 cm

25%

Sheep
<0.04%

Soil 0-10 cm
70%

Figure 2
Distribution of radiocaesium in a peatland ecosystem
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The extent of radiocaesium uptake by the different plant species varies considerably (Table 3).
The highest rate of uptake is by the heather Calluna vulgaris and the deer grass Scirpus
caespitosus. These species are favoured by sheep so are largely responsible for the transfer of
radiocaesium to sheep. Strong seasonal patterns in the extent of root uptake of radiocaesium by
these species has been identified.

Table 3
Maximum observed 137Cs concentrations in peatland plant species (Bq/kg)

SPECIES SAMPLED (Bq/kg)
Ericoids
Calluna vulgaris 3032
Erica tetralix 514
Vaccinium myrtillus 526
Graminoids
Scirpus caespitosus 231
Eriophorum vaginatum 611
Eriophorum angustifolium 625
Bryophytes/Lichens
Sphagnum cuspidatum 1137
Polytrichum commune 919
Cladonia impexa 1326

These seasonal patterns are then reflected in seasonal fluctuations in the flesh radiocaesium
concentrations of the grazing sheep (Figure 3). The peak body burden occurs in summer when
the plants are actively growing and taking up soil elements including radiocaesium, and the lowest
levels occur in winter when the plants are dormant.

The close relationship between the pattern of radiocaesium concentration in the plants and that in
the sheep illustrates how quickly the flesh responds to changes in the radiocaesium content of the
diet. The biological half-life of radiocaesium in sheep is less than 2 weeks [Howard et ai, 1987].
This means that when the sheep are removed to pasture which has low levels of radiocaesium
(such as lowland pasture) the flesh radiocaesium concentration decreases rapidly. Removal of
sheep to lowland grazing for a few weeks prior to slaughter is a normal practice in Ireland and,
since Chernobyl, has ensured that consumption of sheep meat is not a significant pathway of
radiocaesium transfer to man.

Continuous studies of individual sheep flocks since 1989 have revealed that there is a measurable
decline in the transfer of radiocaesium to sheep which exceeds the rate of physical decay of the
radionuclides [Synnott, 1994]. The pattern of decline (Figure 4) seems to have two phases: an
early, more rapid phase during which much of the deposited contamination migrated beyond the
rooting depth of some plant species; the second phase seems more stable and may be governed
by the recycling of radiocaesium between soil and plant. Further research is ongoing into the
likely future behaviour of radiocaesium in this system.
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Figure 3
Seasonal variability in flesh radiocaesium levels in ewes from a peatland site
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Decline in flesh radiocaesium levels in ewes from a peatland site: 1989 - 1995
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Forest studies
The forest research programme involved studies of coniferous forests in Ireland and in the
Ukraine. The data from the Ukrainian site showed that in areas of high contamination the forest
ecosystem constitutes a significant source of dose to man via both internal and external pathways
(EUR Report No. 16539). Internal pathways includes ingestion of fungi, and game animals
which graze on fungi.

Fungi are particularly important because they have a high affinity for radiocaesium and
accumulate radiocaesium to levels far in excess of plants growing in the same area [Byrne, 1988].
In Ireland wild fungi are not abundant and are not widely eaten, but in parts of eastern and
western Europe they are consumed in large quantities and can constitute a considerable ingested
dose.

The external dose risk stems from the fact that the contamination stays in the top layers of the
forest floor and on the tree surfaces for a relatively long time. A study carried out in 1993
comparing the distribution of radiocaesium in forests in the Ukraine and in Ireland showed that
the mobility and transfer to trees of the deposited radiocaesium is higher in the Irish forest
compared to the Ukrainian forest system (Figure 5). The higher bioavailablity and greater
mobility of radiocaesium in the Irish forest is due to the differences in form of deposition at
different distances from the accident site. The radiocaesium was deposited in Ireland in a soluble,
easily absorbed form whereas in the Ukrainian site the fallout was paniculate containing
fragments of fuel elements (EUR Report No. 16531).

As fallout particles are weathered they slowly release their radionuclides, thus prolonging the
period of transfer to biomass. In Ireland however, the radionuclides were immediately
bioavailable so the contamination is now moving like a pulse through the system.

The persistence of radiocaesium in the upper layers of the forest soil, just as in the peatland, was
not expected considering the highly organic nature and low pH of the soil material in these
layers. Our research findings indicate that fungi, resident in the soil and responsible for the
decomposition of fallen leaves etc., are instrumental in maintaining this pool of radiocaesium in
the forest floor [Dawson, 1995; Rafferty et al., in press]. This phenomenon is now under
investigation in the peatland site.

The complexity of semi-natural ecosystems, compared to agricultural systems, means that the
factors controlling the behaviour of radionuclides are more varied and more difficult to identify.
These systems represent a greater challenge to those people concerned with deciding how to
manage the environment after a nuclear accident.

Computer models have been developed in the framework of the Institute's research programme,
which describe the dynamics of radiocaesium in semi-natural ecosystems. These ecosystem
models aid in prediction of the future fate of radiocaesium in the environment. These long term
predictions provide a baseline against which rehabilitation strategies can be evaluated. Using
these models management strategies can be simulated and their impact assessed with respect to
season or time since the deposition.

In the 10 years since Chernobyl a lot of progress has been made in terms of understanding the
environmental behaviour of radionuclides. It must be realised that the Chernobyl accident
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scenario is not a template for future accidents; if such an accident occurs again, the situations
presented may be very different. But, as a result of the international effort to understand the
environmental consequences of the Chernobyl accident Europe is much better prepared than in
1986.

Present research efforts aim to evaluate the current state of knowledge and draw it together in a
way that will be accessible to non-specialists, that will be applicable to the wide range of
environments and food production systems all over Europe and that will cope with different levels
and types of contamination. In many cases, experience from the Chernobyl area shows that the
social and economic impact of the contamination are more severe than the radiological risk to
health. The challenge for now and the future is to develop a rehabilitation strategy for
contaminated lands which will minimise the radiation dose to man but will also respect the culture,
and economy as well as the ecology of the affected regions.

IRELAND
MINERAL SUB-SOIL

3 6 %

VEGETATION
' 8 %

ORGANIC TOP-SOIL
4 6 %

UKRAINE
MINERAL SUB-SOIL

1 4 %

VEGETATION
2 %

ORGANIC TOP-SOIL
8 4 %

Figure 5
Radiocaesium distributions in two forest ecosystems, in 1993

Ireland and Ukraine

32



REFERENCES
Avery, S.V., (1996). Fate of caesium in the environment: Distribution between the abiotic and
biotic components of aquatic and terrestrial ecosystems. Journal of Environmental Radioactivity,
30 (2) : 139-171.

Bunzl, K. and Kracke, W. (1988) Cumulative deposition of l37Cs, "9+24"Pu and 24lAm from global
fallout in soils from forest grassland and arable land in Bavaria (FRG). Journal of Environmental
Radioactivity, 8: 1-14.

Byrne, A.R., (1988). Radioactivity in fungi in Slovenia, Yugoslavia, following the Chernobyl
accident. Journal of Environmental Radioactivity, 6 : 177-183.

Cunningham, J.D., MacNeill, G. and Pollard, D, (1987). Chernobyl its effect on Ireland. Nuclear
Energy Board.

Dawson, D.E., (1995). The role of fungi in the immobilisation and translocation of l37Cs in the
organic horizons of a conifer forest in Ireland. M.Sc. Thesis, Trinity College Dublin.

EUR Report No 16530, (1996). Final Report of Experimental Collaborative Programme - 4.
Evaluation and development of decontamination strategies for a range of environmental situations
and evaluations of their efficacy and other impacts. Commission of the European Communities.

EUR Report No 16531, (1996). Final Report of Experimental Collaborative Programme - 5. The
behaviour of radionuclides in natural and semi-natural ecosystems. Commission of the European
Communities.

EUR Report No 16539, (1996). Final Report of Experimental Collaborative Programme -9.
Transfer of radionuclides to animals, their comparative importance under different agricultural
systems and appropriate countermeasures. Commission of the European Communities.

Howard, B.J., Beresford, N.A., Burrow, L., Shaw, P.V. and and Curtis, E.J.C., (1987). A
comparison of caesium 137 and 134 activity in sheep remaining on upland areas contaminated
by Chernobyl fallout with those removed to less active lowland pasture. Journal of the Society of
Radiological Protection, 7 : 7 1 .

McEnri, C , Mitchell, P.I. and Cunningham, J.D., (1990). Radiocaesium transfer from whole milk
to a range of milk products. Nuclear Energy Board.

MacNeill, G., Duffy, J.T., Coulter, B., Diamond, S., McAulay, I.R., Moran, D. and Cunningham,
J.D., (1991). Assessment of the radiocaesium levels in Irish soils and its transfer to crops.
Nuclear Energy Board.

Rafferty, B., McGee, E.J., Colgan, P.A. and Synnott, H.J., (1993). Dietary intake of radiocaesium
by free ranging mountain sheep. Journal of Environmental Radioactivity, 2J_: 33 - 46.

Rafferty, B, Dawson D.E. and A.Kliashtorin, (in press). Decomposition in two pine forests: The
mobilisition of '"Cs and K from forest litter, (accepted by Soil Biology and Biochemistry).

Synnott, H. (1994). '"Cs Persistence in vegetation from an Irish upland ecosystem. M.Sc. Thesis,
Trinity College Dublin.

3 3



IE9700005

The discharges from Sellafield - how big a risk to the Irish population?

Dr Tom O'Flaherty
Chief Executive
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Introduction
For a considerable number of years now there has been serious concern in Ireland, particularly on
the east coast, about the risk to people's health from the nuclear installation operated by British
Nuclear Fuels Ltd (BNFL) at Sellafield in Cumbria. This concern has been increased in the last
few years by the introduction at the site of the major new plant known as THORP.

Another paper at this conference considers the potential consequences for Ireland of a major
accident at Sellafield. This paper evaluates the detriment to this country caused by the continuous
routine discharge of radioactive waste into the Irish Sea and the atmosphere, as a result of
activities at the site. To do this it is necessary first to review briefly the history and purpose of the
installations at Sellafield.

Nuclear fuel reprocessing
The original purpose of Sellafield (which up to 1983 was called Windscale), when it was
established after World War II, was the production of plutonium for the manufacture of nuclear
weapons. The plutonium was extracted from nuclear fuel which had been irradiated in two
special-purpose nuclear reactors, known as the Windscale Piles. It was in one of these reactors that
a serious fire occurred in October 1957, resulting in significant radioactive contamination of the
surrounding environment. This event, the Windscale Fire, was one of the two most serious nuclear
accidents which have ever occurred outside the former Soviet Union, the other being at Three
Mile Island, in Pennsylvania, in 1979.

The extraction of plutonium from irradiated nuclear fuel led to the development of technology
for the extraction of re-usable materials from fuel which had been irradiated in civil nuclear
reactors. This is the procedure known as "reprocessing" of spent fuel, and it soon became the
dominant activity at the Windscale/Sellafield complex.

To understand what reprocessing involves, it is necessary to consider the basic principle of how a
nuclear reactor works. The fuel which it uses to produce heat, which in turn produces steam to
generate electricity, is uranium. After a period of two to three years in the reactor, the fuel has
outlived its usefulness and has to be replaced. The fuel which is removed is what is referred to as
"spent fuel".

One option is to treat this spent fuel simply as radioactive waste, requiring safe and secure storage
for a very long time. However, a large proportion (96%) of the spent fuel is still uranium, which
if it were separated has re-use potential as fuel; a further 1% is plutonium, which also has potential
for re-use as fuel, as well as military uses; and only 3% of the material is "absolute" waste, which
would have to be stored or disposed of.

A second option therefore is to extract the re-usable uranium, and the plutonium, from the spent
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fuel. In 1964 a large new commercial-scale plant was commissioned at Windscale to reprocess the
spent fuel from the nuclear power stations which were then planned or under construction at sites
around the UK. These stations use MAGNOX reactors (so called because their uranium fuel is
contained in cans made from magnesium oxide), and the reprocessing plant which was established
was suitable for spent fuel from this type of reactor only.

Discharges of waste to the Irish Sea
From the perspective of the early 1960s the decision to undertake reprocessing of spent fuel
would have been seen simply as a matter of committing a large investment in new plant for the
benefit of achieving major economies in the utilisation of nuclear fuel, i.e., as an economic
decision. Because of the lesser consciousness of environmental issues which prevailed at that time,
environmental considerations, while not ignored, would not have been seen as crucial. In
particular, the fact that reprocessing would involve the discharging of very large volumes of
radioactively-contaminated water into the Irish Sea was not seen as something which gave
significant grounds for concern.

Reprocessing of spent MAGNOX fuel therefore proceeded through the 1960s and into the 1970s
without attracting unfavourable attention to any significant degree.

Then in 1973 a problem arose, due to corrosion of the fuel canning material while fuel rods were
being stored under water. Radioactivity leaked through the corroded cans, resulting in a sharp
increase in the quantities of liquid waste being discharged to the Irish Sea, and very high
discharge rates continued over several following years. The significance of these discharges for
the exposure of people in Ireland is discussed later, but from about the mid-1970s onwards an
increasing consciousness developed in this country that the operations at Windscale posed some
degree of threat to people here.

Gradually steps were taken to reduce the quantities of waste being discharged. From about 1975
onwards the quantities discharged each year progressively decreased, and since about 1986 have
been at much lower levels than in the 1970s(Figures 1 and 2). However, these reductions did little
to diminish the severe disfavour in which the whole complex has come to be viewed by the Irish
public.

Why THORP was proposed
In the mid-1970s, notwithstanding the unplanned increase in discharges in 1973 and other plant
malfunctions which had occurred at Windscale, it was still the firmly-held view of the nuclear
industry that reprocessing of spent fuel was a technology which they should persevere with. A
need was therefore seen for a major new development at Windscale. The existing reprocessing
plant, as was pointed out above, could reprocess the fuel from MAGNOX reactors only. But
MAGNOX reactors were in 1970s being superseded by a second generation of UK-designed
reactors, called Advanced Gas-Cooled Reactors (AGRs). Besides, on the world scene, yet another
type, the Light Water Reactor (LWR), had gained wide acceptance.

Both the AGR and LWR use the same type of uranium oxide fuel. Therefore British Nuclear
Fuels Ltd (BNFL), the state-owned company which had been set up in 1971 to operate Windscale
and certain other nuclear sites in the UK as commercial operations, saw a major new commercial
opportunity in the reprocessing of the spent fuel from the AGRs (and later LWRs) in the UK, and
a world-wide business in reprocessing LWR fuel from around the world. It therefore sought
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approval to build a very large new reprocessing facility, the Thermal Oxide Reprocessing Plant, or
THORP.

A public inquiry lasting 100 days (the Parker Inquiry) was held, and in 1978 the Inquiry Report
recommended that the UK Government should approve the building of THORP, which it duly did
after prolonged parliamentary debates in Westminster. Sixteen years and about £3 billion later
many may ask how it managed to reach this decision. It is worth perhaps briefly setting out the
arguments used at the time to justify THORP, and how these arguments have stood the test of
time:

(i) The need to re-cycle uranium
In the mid 1970s it was anticipated that continuing rapid expansion of the use of nuclear
power throughout the world would cause uranium to become increasingly scarce and
expensive. Hence the recovery of uranium from spent fuel by reprocessing would yield
big economic dividends.

As it turned out, however, more uranium deposits were discovered, while the Three Mile
Island accident and later Chernobyl, as well as changed economic circumstances, caused
an almost total halt to expansion of nuclear power. Uranium, in consequence, is now both
plentiful and cheap.

(ii) Plutonium would become valuable
A large part of the case for reprocessing was centred around the expected development of
a new type of nuclear reactor, called the Fast Breeder Reactor (FBR). This reactor would
use as fuel the plutonium recovered from the reprocessing of spent fuel from
"conventional" reactors. Furthermore, its operation would also produce more plutonium,
thus resulting in huge economies in fuel use and assurance that nuclear power would be
capable of meeting the world's energy needs for long into the future.

In the 1970s it was confidently expected that the FBR would be in commercial operation
by the 1990s, providing a demand for the plutonium recovered from reprocessing. In the
event, the FBR has not become commercial, and indeed work on its development has been
effectively abandoned in most countries.

Plutonium does have a further use, in a mixture with uranium, as fuel for conventional
reactors ("mixed-oxide", or MOX fuel). However, there is little doubt that the drive for
production of plutonium derived its main thrust from the expected development of the
FBR, and the failure of the FBR has largely undermined this argument for reprocessing.

(iii) Waste would be easily dealt with
It was believed that the radioactive waste produced through reprocessing could be
satisfactorily managed and safely disposed of. In fact, no method has been agreed for
disposal of the high-level wastes arising from reprocessing, and it is argued by many that
it is preferable to store spent fuel for ultimate disposal rather than reprocess it.

Hence it is evident that the arguments upon which the case for reprocessing rested in 1978 have
since been to a great extent eroded. Certainly, the balance of advantage, as between reprocessing
spent fuel or storing it for ultimate disposal, has altered to such a degree that if the question of
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building THORP were to come up for consideration in the 1990s there must be considerable
doubt that approval to build the plant would be given, and indeed no little question as to whether
it would even be sought.

However, the real situation by 1993-94 was different. THORP had been built by BNFL at a cost
in the region of £3 billion. Furthermore, substantial and evidently lucrative contracts for
reprocessing of spent fuel by THORP were entered into, before the plant was built, by Japanese,
German and other foreign utilities, as well as UK power stations. Therefore BNFL clearly now
saw it as financially attractive to put the plant into operation and recoup, in whole or in part, the
huge investment they had made in it. Following the UK government's "go-ahead" decision in
December 1993, and the failure of Greenpeace/Lancashire County Council's subsequent court
action, THORP began operating in March 1994.

Effects of the discharges
The pattern of discharge of radioactivity from Sellafield into the Irish Sea over the years since
1970 is illustrated by the data in Figures 1 and 2. Figure 1 shows the rates of discharge of the
dominant radionuclide in the discharges, caesium-137, while Figure 2 shows the pattern of
discharge of alpha radioactivity, present in small quantities but capable of delivering higher
radiation doses if ingested. The sharp increase in discharges which occurred in the mid-1970s is
clearly seen.

The marine monitoring programme of the RPII is aimed at quantifying the effect of these
discharges by accurately measuring the concentrations of the relevant radionuclides in the
seawater, seaweeds, sediments and, most importantly, in fish and shellfish caught in the Irish Sea
and landed at the fishing ports of Clogherhead and Howth.

What ultimately matters, of course, is the degree of risk to health resulting from the presence of
this radioactive material in the environment. In this regard, it is well established that the dominant
pathway whereby people in Ireland can be affected by radioactivity from Sellafield is through the
consumption of Irish Sea fish, which have accumulated radionuclides in their tissue from the
surrounding seawater.

The person most affected by Sellafield will therefore be one who is a heavy consumer of seafood.
For the purposes of calculation, this is assumed to be a person who eats 200 g of fish and 20 g of
shellfish everyday. Based on this level of consumption, and using the results of measurement of
radioactivity concentrations in representative concentrations of fish and shellfish, it is possible to
calculate what is referred to as the "radiation dose" to the consumer in question.

The radiation dose, which is measured in units called microsieverts (u.Sv), represents the best
indicator of the risk of a serious health effect to the consumer resulting from the radiation to
which he or she has been exposed. The health effect which is of concern is of course the
occurrence of cancer later in the person's life.

The pattern of annual radiation dose to the heavy consumer of seafood in Ireland over the years
since 1968 is shown in Figure 3. The dose reached a peak of approximately 143 |iSv in 1976
[McGarry, 1993], and since then has dropped steadily to a figure of 1.8 \xSv in 1995 [Pollard et
ai, 1996]. To put these figures in perspective, they compare with the average annual radiation
dose to a person in Ireland of about 3000 |iSv, of which about 2700 u.Sv comes from natural
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sources. They compare also with the internationally accepted dose limit to a member of the
public from all controllable sources of radiation of 1000 ^Sv.

While, therefore, we in Ireland are fully entitled to view it as unacceptable that we should have to
suffer any added health risk due to Sellafield, the figures demonstrate that at present levels of
radioactivity in the Irish Sea such added risk is relatively small.

Impact of THORP
In 1994, revised discharge authorisations were introduced by the UK authorities which put new
upper legal limits on the quantities of radioactivity which can be discharged, from Sellafield as a
whole, to the marine environment and to the atmosphere. The principal reason for the new
authorisations was to provide for the coming into operation of THORP.

As it is only now in 1996 that THORP is coming close to operating at its full capacity, it will be
some time yet before the effect of the revised discharge authorisations will become apparent in
the levels of radioactivity present in the Irish Sea. In the meantime, therefore, it is possible only to
estimate the levels of radioactivity which will be found in fish in the Irish Sea assuming discharges
are at the maximum levels permitted by the new authorisations, and from this to determine what
the resulting radiation dose to people in Ireland will be. The estimate that is thereby arrived at,
for the annual dose to the heavy consumer of fish from the Irish Sea, is 11.8 u.Sv, which compares
with the measured figures of 5.2 îSv for 1991 [McGarry et ai, 1994], and 1.8 ^Sv for 1995, and
about 143 U.Sv during the peak period of discharges from the existing Sellafield plant in 1976.

In the light of the coming into operation of THORP, the RPII has expanded its marine monitoring
programme so as to obtain further data on radionuclides which will be discharged in greater
quantities into the Irish Sea under the new discharge authorisations. Already an increase has been
seen in levels of technetium-99 in seaweed collected on the east coast of Ireland [Pollard et al.,
1996].

Discharges to atmosphere
The above discussion relates solely to discharges of liquid radioactive waste from Sellafield to the
Irish Sea. There are also of course gaseous discharges to the atmosphere from the plant. Figures
are frequently quoted which indicate that the total quantity of radioactivity discharged from
Sellafield will be increased by as much as ten times after THORP comes into operation. Very
much the largest part of this increase will be accounted for by aerial discharges, and in particular
by one radionuclide called krypton-85.

Now, what is important in this connection is that the radiation dose to people in Ireland, and
indeed even to people living near the plant in Cumbria, resulting from the discharge of krypton-
85 to the atmosphere is only a very small fraction of the dose arising from the discharge of the
equivalent amount of radioactivity, in the form of caesium-137, to the sea. Therefore even in the
event of an increase in aerial discharges to the maximum limits authorised, calculations indicate
that the resulting dose to a person in Ireland will be less than 1 (iSv.

Nonetheless, strong Irish objection has been made to the large increase in emissions of krypton-
85 which will arise from the operation of THORP. In 1993, the RPII installed equipment to
measure the concentration of krypton-85 in the atmosphere in Dublin, so that any increase in this
concentration consequent on the operation of THORP will be detectable. So far no increase has
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been observed.

Conclusions
From Ireland's viewpoint, the significance of Sellafield, including THORP, may be summed up as
follows:

* the discharges from the site have caused, and will continue to cause, long-lasting
radioactive contamination of the Irish Sea; while any effects on health of this
contamination are small, the existence of such contamination is objectionable.

* there is a risk that due to a very severe accident at the site this country could be
contaminated to such an extent as to have serious consequences for health and for the
economy.

* the existence of the plant confers no compensating benefit on this country.

In addition, from a global perspective, the increase in plutonium stockpiles resulting from nuclear
fuel reprocessing at Sellafield contributes to the threat of nuclear weapons proliferation.

However, it is important to stress that unless a serious accident at the plant occurs, and provided
discharges from the site remain within authorised limits, then even following the coming into full
operation of THORP there will be no reason for people in Ireland to feel that because of
radioactivity in the Irish Sea they should reduce their consumption of fish or be deterred from the
use of beaches or from swimming in the sea.
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Natural radiation hazards : Radon in the home and the workplace

Dr James P Me Laughlin
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Introduction
Natural radiation has always been part of the human environment. Its main components are
cosmic and cosmogenic radiation, terrestrial gamma radiation from natural radionuclides in rocks
and soil, and natural radioactive substances in our diet and in the air we breathe. Until the end of
the 1970s the doses received by the vast majority of the general population from natural radiation
were considered to be "background" phenomena of little significance, and the average annual
dose was estimated to be about 1 mSv. (Here and throughout this paper the term dose refers to
effective dose.)

In the case of radon exposure special situations were, of course, known to exist. For example
uranium and other underground miners were, in many cases, subject to elevated cancer risks due
to prolonged exposure to high concentrations in air of the radioactive decay products of radon
(NRC 1988). Radon (Rn) is a naturally occurring radioactive noble gas which exists in several
isotopic forms. Only two of these isotopes occur in significant concentration in the general
environment: radon-222 (usually referred to as "radon"), a member of the radioactive decay chain
of uranium-238, and radon-220 (often referred to as "thoron"), a member of the decay chain of
thonum-232. Radon is the first and only gaseous and inert element of the radioactive chains, so
that it may leave its place of production (soil, rock and building material) and enter the indoor
air. The contribution made by thoron to human exposures in indoor environments is usually
small compared with that due to radon, due to the much shorter half-life of thoron (55 seconds
versus 3.82 days).

It should be noted that exposure to radon is not a new phenomenon and documentary evidence
from as far back as the 16th century indicates that elevated radon exposure was probably
responsible for excess lung cancer mortality of miners in some Central European mines, such as
the silver mines in Bohemia (see Jacobi 1993 for historical notes).

The view that natural radiation was of little radiological health significance for the general
population in most countries changed dramatically with the discovery in the 1970s and 1980s that
some homes in a number of countries had indoor radon levels present at concentrations of many
hundreds up to some thousands of Bq/m3 (Gunning and Scott 1982). For people in such houses
the doses are in the range of some tens of mSv per year and the associated risk for lung cancer is
estimated to be substantially higher than the general population risk for this disease. Surveys in
European countries (see Table 1) also reveal that even at typical average indoor radon levels of
about 50 Bq/m3 the dose is comparable to the dose of approximately 1 mSv per year from all
other natural sources (ICRP 1993, UNSCEAR 1993). It should also be noted that in EU countries
the average total dose to the population from artificial sources (excluding medical exposure)
amounts to about 0.01 mSv per year, or about 0.5 % of the average total dose from natural
sources of which radon is the major contributor to dose. Even the average committed dose to the
EU population resulting from the Chernobyl accident (i.e. the total dose that is delivered from the
time of the occurrence of the accident to the end of its effects) is about equal to the dose from
only 1 year of exposure to radon (UNSCEAR 1988, 1993).
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Table 1. Summary of radon surveys in dwellings*

Country/Region

(population size in

millons)

Australia
(17.31

Belgium
1111(11

Canada
(study pop.=7.X)

Czechoslovakia

(15.6)

Denmark

(5.2)

Finland

(5.(0

France

(56.9)

Germany
(77.4)

Greece
(10.2)

Hungary
(10.6)

Ireland
(3.5)

l laly
(56.X)

Japan
(123.9)

Luxembourg

(11.4)

Netherlands

(15.1)

Norway

(4.2)

Portugal

(10.31

Spain

(39.0)

Sweden
(X.4)

Switzerland

16 6)

UK

(57.(1)

USA

(249.0)

Number of

houses

sampled

3413

3(10

13457

I2IXI

496

3(174

I54X

(ongoing!

a. 60(10

b. 1500

571

122

1259

4X00

6300

2500

-1000

7525

4200

1555-2000

1360

1540

(ongoing)

2093

5694

Period

and duration of

exposure

1989-1990
1 year

1984-1990

3 months lo 1 year

summer 1977-1980
grub .sampling

1982

RnD grab sampling

I9K5-I986

6 mo (1/2 houses in

winter. 1/2 in

summer)

1990-1991

1 year

19X2-1991
~3 months (using open
alpha track detectors)

a. 197X1983
3 months

b. 1991-1993
1 year

19X7-1994
6 months

I9K5-I9K7
-2.5 years

19X5-19X9
6 months

1989-1993
1 year

19X5-1991
1 year

1991

19X2-19X4

1 year

19X7-19X9

6 months (spreaded

over all seasons)

19X9-1990

1-3 months

winter i l l I9K8-19X9
grab sampling

1991-1992
3 months in heating

season

19X2-1990

-3 month (mainly in

winter)

19X6-1987

1 year

19X9-1990

1 year

Sample

characteristics

stratified random

pop. based selected
acquaintances

restricted to 19 major

urban areas,

excluding apartments

random

random

biased

(not stratified)

random

acquaintances

preliminary .survey

random

stratified random

random in a selected

group (high school

teachers)

random

volunteers in a

selected group (high

school students)

random

random

biased

(not stratified)

random

.stratified random

Radon conc.[Bq/m-']

Average

I I

4X

33

140

47

(dwelling aver.)

53

(population aver.)

123

X5

50

92

55

60

77

29

29

51 (uncorr.)

W (corr. for exposure

period)

XI

X6

I0X

XII

(curr. for sample bias)

70

(con. for expo, period)

20.5 (corrected for the

pop. housing stock)

46

Geom.
Mean

X

37

15

29

K4

52

40

68

42
(median)

34

23
(median)

65

24

(median)

26

(uncorr.)

32

(corr.)

37

41-43

56

15

25

(median)

Geom.
Std.
Dev.

2.1

1.9

3.6

2.2

2.1

2.3

2.9

2.5

1.6

1.6

2.6-3.7

2.2

3.1

Percent

over

2(K)

Bq/m3

<0 . l%

1.7*

2 . 3 *

2.2%

12.3*

7 . 1 *

1.5-2.5%

3.3%

3.X»

5*

<0.4%

3.7%

(uncorr.)

5 *

(ciirr.)

8.6%

14-26%

5.0*

0.5%

-3 .5 *

Percent
over
400

Bq/rnJ

<0 .1 *

0.3*

0.6*

<0.4%

3.6%

2.3%

0.5-1.0%

1.4*

1.6*

1%

1.6%
(cwr.)

2.6%

4%

4.8-11%

0.2%

- 0 . 6 *

References

Langroo et al 1991

Potfjin 1993

McGregor et al 19X0
Letoumeau et al 19X4

UNSCEAR 1993

Ulbak et al 19X8

Castren 1993

Rannou el al 1992

a. Schmier and Wicke

1985

b. Lehmann 1993

Proukakis 1994

Szlanyik and Niki 1993

McLaughlin and
Wasiolek 1988

Bochicchio et al 1993.
1994

Kobayashi et al 1991

UNSCEAR 1993

Put et al 1994. 1995

UNSCEAR 1993

Strand ct al 1992

Slrand 1993

Faisca el al 1992

Quindosel al 1991b
UNSCEAR 1993

Swedjemark et al 1993

Surbeck et al 1991

Wrixon ct al I9XX

EPA 1992c

Marcinowski et al 1994

* (see Bocchicchio, McLaughlin and Piermattei 1995)

44



1. Sources
The main source of indoor air radon is radium-226, its immediate parent, in the ground subjacent
to the building and in the building materials (Nero 1988, 1989). In most situations it appears that
elevated indoor radon levels originate from radon produced in the underlying rocks and soils
(e.g. Castren et al. 1985). This radon may enter living spaces in dwellings by diffusion or
pressure driven flow if suitable pathways between the soil and living spaces are present. It should
be noted, however, that in a minority of cases elevated indoor radon levels may arise due to the
use of building materials containing high levels of radium-226. Examples of such materials, used
in some buildings, are by-product gypsum, alum shale and volcanic tuffs.

The United Nations Scientific Committee on the Effects of Atomic Radiations (UNSCEAR) has
made a simple model to try to estimate the relative contribution of these sources: for a "typical"
house, with a radon concentration of 50 Bq/m3 at ground floor, the contributions of soil, building
materials and outdoor air are, respectively, -60%, -20% and -20%, while for the upper floors in
high rise buildings where the radon concentration is estimated to be "typically" 20 Bq/m3, these
values become -0%, -50% and -50% (UNSCEAR 1993). Ambient air over oceans has very low
values (~0.1 Bq/m3) of radon concentration, due to the low concentration of radium in sea water
and the high solubility of radon in water at low temperatures. Therefore radon concentrations in
outdoor air of islands and coastal regions are generally lower than in continental countries, e.g.
Ireland, the United Kingdom and Japan have an average outdoor air value of - 5 Bq/m3.

2. Typical Concentrations
During the 1980s in many countries surveys of indoor radon levels have been carried out
(McLaughlin 1987). The surveys ranged in type from small localised short term screening
surveys to national surveys in which year long average indoor radon concentrations have been
determined in randomly chosen population weighted representative samples of national housing
stock, which is the recommended methodology (UNSCEAR 1993). National surveys which
approximate in character to this latter description have been carried out or are in progress in
many European countries - UK (Wrixon et al. 1988), Ireland (McLaughlin and Wasiolek 1988),
Finland (Castren 1994), Sweden (Swedjemark et al. 1993). The preferred method of
measurement in such long term surveys is to use passive alpha track detectors which record the
alpha activity from radon and its decay products.

Table I gives a summary of the principal results from a number of national and regional surveys
carried out in recent years in EU Member States, other European countries, North America, Japan
and Australia (Bochicchio et al 1995). Unless otherwise stated, the measuring technique in most
surveys was based on the use of some form of passive alpha track detector. The summary results
presented in Table 1 are not always directly comparable for a number of reasons. In some
surveys the dwellings were chosen in a random and representative fashion, while in others they
were chosen from a specially selected group of dwellings.

National surveys to date have shown that the average indoor radon concentration is in the 10 to
140 Bq/m3 range. Regional average values above this range have been found in some countries.
A good example of this is the UK which has a national average value of 21 Bq/m3 while Cornwall
in south-west England has an average value of about 170 Bq/m3. In Ireland the UCD population
weighted national survey, in the 1980s, yielded an average value of about 60 Bq/m3 while the
presently available data from the ongoing RPII geographically based survey suggests a somewhat
higher average value may be appropriate. In Ireland both surveys have located a small number of
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dwellings with radon levels in the 2000 to 4000 Bq/m3 range. Localised high radon areas, such as
Salthill, Co Galway, have also been found.

As far as the maximum indoor radon concentration likely to be present in any country is
concerned it is impossible to estimate its value. Concentrations greater than 100 000 Bq/m3 have
already been detected in individual dwellings in some countries. In most situations it appears that
elevated indoor radon levels originate from radon in the underlying rocks and soils.

2.1 Workplaces
All previous radon concentration values refer to dwellings, because people usually spend most of
their time there. However in the last few years, in some countries, there has been an increase in
the number of measurements being carried out in normal workplaces such as schools, offices, etc.
(e.g. Strand and Kolstad 1991, Gooding and Dixon 1992, Poffijn et al. 1992, SSI 1993). As
discussed in a later section on recommended and regulatory radon levels the International
Commission on Radiological Protection (ICRP) has recommended that the action level for
intervention in the workplace should be in the range 500 to 1500 Bq/m3 (ICRP 1993).

3 . Health Effects and Radon Risk Estimates
Radon is one of a very small number of substances which have been established to be human
carcinogens on the basis of human studies. As such it is a Group A carcinogen, according to the
classification used by the World Health Organisation (WHO/IARC 1988) and by the US
Environmental Protection Agency (EPA 1987), respectively. The principal adverse health effect
arising from the inhalation of radon and mainly its decay products is lung cancer. Recent
suggestions (Henshaw et al. 1990,1992) that exposure to elevated levels of indoor radon may be
implicated in the occurrence of other cancers such as childhood leukaemia have not yet been
scientifically verified.

The gas radon decays to produce a series of decay or daughter products. From a health
perspective the daughter products of most significance are the four short-lived ones, Polonium-
218 to Polonium-214 inclusive, which are referred to in various ways: radon daughters, radon
progeny, radon decay products. These elements shortly after their formation attach themselves to
aerosol particles; only a small fraction of them remain in unattached form, depending on aerosol
size and concentration and on ventilation (Nazaroff and Nero, 1988).

When radon and its short-lived products are inhaled the radiation dose to lung tissue is dominated
by the alpha particles emitted by the deposited decay products, which cause, especially those ones
attached to small size aerosols or in unattached form, damage to sensitive lung cells, thereby
increasing the probability of cancer developing.

It has to be underlined that the contribution to lung dose arising from the radon gas itself is small
in comparison, as very little radon is absorbed by lung tissue because it is an inert gas and in
addition unlike its decay products it cannot be deposited and adsorbed onto lung airway surfaces.
The principal role of radon is to carry itself and therefore its short-lived decay products from soil
and building material to the indoor air and finally to the lung.

Currently there are different approaches used to estimate the lung cancer risk arising from
exposure to radon decay products in air. These are : a) the dosimetric approach, in which the
radiation dose to lung tissues is estimated and from this the associated risk is evaluated using
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currently accepted dose/risk factors for ionising radiations; b) the miner epidemiology approach,
in which risk estimates for underground miners are modified and applied to the general
population c) the residential epidemiology approach, in which case-control studies of the general
population are used to estimate risk factors. The risk factors obtained using these three
approaches seem to be reasonably well in agreement.

Applying these risk/exposure factors to the typical average indoor radon concentrations in North
American and European countries, in a not insignificant fraction (typically of the order of 10%)
of total lung cancers radon exposure may be implicated. However, it should be strongly
emphasised that the majority of total lung cancers are due to smoking. For example, on the
island of Ireland with a population of approx 5.2 millions having a lung cancer lifetime risk of
3% (which is coincidentally the value assumed by ICRP for its "reference" population) we can
estimate that approx. 3 persons per 1000, may die because of lung cancer due to radon exposure.
This means that radon may be implicated in approximately 220 lung cancer deaths annually or
in about 10% of total lung cancer deaths. As in all estimates of this type involving the health
effects of ionising radiation it must be stressed that these estimates have large associated
uncertainties.

A synergistic effect seems to occur, to a greater or lesser degree, between radon and cigarette
smoking both in mines and dwellings, so that smokers exposed to radon have probably a higher
risk (6-10 times) than non-smokers (ICRP 1993, Pershagen et al. 1994). However the numerical
estimates of this synergism are still very uncertain.

The results of the dosimetric and miner epidemiology approaches could be considered to be
reasonably well in agreement. However, ICRP has decided, in 1993, to use only the miner
epidemiology approach as the best way to estimate the risk at present. To date only a small
number of general population epidemiological studies have been completed (e.g. Pershagen et al.
1992, 1994) and while no major conflict with the miner epidemiology has emerged, it is prudent
to await the outcome of the ongoing studies. A major radon epidemiological study of non-
smokers is scheduled to commence in Sweden in late 1996. Removal of the confounding factor
of smoking is expected to enhance the power of this study. The UCD Radon Group will
contribute to this Swedish study by making retrospective assessments of radon exposure of the
subjects.

4 . Remedial and Preventive Measures To Reduce Indoor Radon.
The actions to reduce indoor radon concentration are mainly oriented to limit the ingress of
radon from soil. This goal can be reached by removal of the source, diverting the radon before
entering the building and/or using barriers between the soil and the living space.

The main methods available to reduce the concentration of indoor radon can be summarised as
follows:

reduction of radon entry from the soil through depressurisation of subfloor spaces (radon
sumps etc) and/or the use of radon barrier membranes.

increasing the resistance of buildings to radon entry by sealing the floor (or the walls, in
case of building materials with high exhalation rate);

increasing the building ventilation rate with a consequent increase of radon removal.
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It is very difficult to give general rules applicable to every situation. Each house seems to
represent its own unique problem.

A large amount of work remains to be done in order to establish general criteria for old and for
new dwellings, to collect data on effectiveness and durability of remedies, to explore the best
predictors to identify radon prone areas, etc. The approaches to be followed are obviously
strongly dependent on building styles, construction regulations and on the use of buildings.

5 . Recommeded and Regulatory Radon Levels
As the current recommendations concerning exposure to most carcinogenic agents generally
require that exposure be contained at a level which will guarantee an "excess risk" of no more
than 10-5 or 1O6 cases per year, it is clear that if radon had to be treated in same way, the resulting
recommended levels would be very low. These levels might be generally unachievable in existing
buildings, but could perhaps be reached as targets for new buildings if appropriate preventive
measures are incorporated in the building codes and norms. It should also be realised that most
of the lung cancers in which radon exposure is implicated occur at average radon exposure levels.
As average radon levels in most EU countries are low (i.e below 100 Bq/m3 ) and cannot, in the
short term, effectively be reduced a central task for radiation protection authorities is to set a
practical radon action or reference level which is manageable and affords the most exposed
members of the community a socially acceptable degree of protection.

Some national and international authorities decided to use different values for existing and future
(also referred to as "new") dwellings and workplaces, as suggested by ICRP in 1984, because of
the greater difficulties in applying remedial action in existing buildings. Both levels, the action
level for existing buildings and "upper bounds" for future ones, are often referred to as "reference
levels". Generally all recommended reference values are to be considered annual radon
concentration averages. (Please note that in other fields of health and safety the term "reference
level" may have a different meaning.)

Up to the present in most countries the approach to dealing with indoor radon has been limited to
recommendations. It has proven to be very difficult to transform these into regulatory
requirements.
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Table 2 Reference Levels used in a number of countries and by some organisations.

Country/Organisation

Belgium

Canada

CEC

EPA (USA)

Finland

Germany

ICRP(1984)

ICRP(1993)

Ireland

Norway

Sweden

United Kingdom

WHO

Existing Dwellings

250

800

400

150

400

250

400

200 to 600

200

200

140 and 400

200

200

Future Dwellings

250

800

200

150

200

250

200

_

200

200

200

200

200

6 . Cost-effectiveness of Radon Exposure Controls
Up to the present a cost-benefit analysis of radon exposure reduction strategy options appropriate
to Irish conditions has not yet been carried out. While the absence of this type of analysis is not
unique to Ireland if available it would be a very useful instrument for policymakers with
responsibility for public health in the sphere of exposure to ionising radiation. Such an analysis,
however, is non-trivial as it involves many interactive socio-economic variables. Even a simple
analysis of the recommendations and regulations that can be introduced to reduce indoor radon
levels, however, indicates that they can be quite cost effective in comparison with other forms of
radiation protection and with general safety standards in society.

As a simple "back of an envelope" example (to be used with caution!) let us assume a £1000 cost
to permanently reduce the radon level in a dwelling from 1000 Bq/m3 to 100 Bq/m3 (i.e below the
reference level of 200 Bq/m3). In terms of current knowledge this may result in a reduction in
annual effective dose to exposed occupants of between 15 and 20 mSv. If the applied radon
reduction technique remains effective then a lifetime (75 year) dose reduction of between 1 100
and 1500 mSv may be achieved for each exposed person. This corresponds to a cost per Sievert
reduced or averted in a lifetime of between £670 to £900. This admittedly is an oversimplistic
analysis but indicates that radon controls are cost effective when compared to many other forms
of radiation protection.

In the U.S. very detailed cost-effectiveness analyses of various national health and safety
programmes are regularly carried out by agencies such as the USEPA (US Environmental
Protection Agency). The result of a recent USEPA cost-effectiveness comparison of US radon
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testing and mitigation programmes with some other US safety programmes is given in Table 3. As
all humans eventually die perhaps a term like "death due to a specific hazard being averted" might
be more appropriate than the term "life saved". The radon programmes appear quite cost-effective
in this table. It must, however, be stressed that the analysis which generated Table 3 was made in
terms of the socio-economic conditions in the US and cannot be directly applied to Irish
conditions.

Table 3

US SAFETY PROGRAMME

Radon Action Level set at 148 Bq/m3

Radon Action Level set at 740 Bq/m3

Medical screening/care

Highway safety

Air transportation safety

Occupational safety

Cost per "life saved" (US$ 1000s)

500
700

63-510

100- 3300

100- 1600

100- 7400

(Source of table: World Health Organisation Report EUR/ICP/CEH 108(A)1996.
Rapporteur: J.P. Me Laughlin)

In using tables, such as Table 3, as a guide to the cost effectiveness of a safety measure the
avoidance of monetary loss to society due to a premature death is one benefit that can be set
against the expenditure needed to achieve a "life saved". The annual monetary value to society of
the average contemporary Irish citizen is not easy to estimate but as an initial crude approach we
can use the current national GNP of about £ 35 x 109 and divide it by our total population of 3.6
x 106 thereby yielding an annual figure of about £10000. As the average number of years of life
lost due to a lung cancer death is about 13 years then such a death in the above crude terms
represents a monetary loss of at least about £130000 to society. These crude estimates are only
tentatively presented here in an attempt to help stimulate in Ireland a serious cost-benefit analysis
approach to radiation protection which is long overdue.

Conclusions
At present environmental radiation exposures of the Irish population are dominated by those
arising from the inhalation of radon decay products. Unlike artificial environmental radioactive
contamination, mainly originating from sources outside the State, population doses from radon
can be effectively reduced. Previous and ongoing radon surveys have helped to identify high
radon areas in Ireland and together with appropriate changes in building codes and regulations it
can be expected than potentially high radon exposure situations in future buildings can be
successfully avoided.
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Introduction
Ionising radiation is widely used in medicine, industry and education. Most people are familiar
with medical applications for diagnosis and treatment of disease. However the public at large is
probably not aware just how commonly it is used in industry. Such uses include: the
measurement and control of various processes e.g. - liquid levels in bottling and canning plants
and the thickness and density of a wide range of materials, the examination of metallic structures
for defects, the radiation treatment of plastics to change their properties and the sterilisation of
medical products. Educational applications range from demonstrating the basic laws of radiation
physics to sophisticated studies of chemical and biological processes using chemical compounds
which have been labelled with suitable radioisotopes. Furthermore many pieces of laboratory
equipment, for example X-ray diffractometers and X-ray fluorescence analyzers, incorporate a
source of radiation.

The safety record of the use of radiation, when compared with many other processes, is generally
good. However, serious accidents can and have occurred. While most accidents involve small
numbers of people, a few have had widespread consequences. These include accidents where
large numbers of patients undergoing radiotherapy received the incorrect dose and where the
inadvertent disposal and scrapping of radiation sources led to widespread contamination of
persons, property and the environment.

This paper will discuss the hazards associated with particular applications and outline the causative
factors which have been identified. These include, equipment faults, simple but serious errors in
dose calculations and loss or incorrect disposal of radioactive sources. The lessons that have, or
should have been learned, from the past events will also be considered.

The paper will also describe briefly the regulatory system in Ireland for controlling the use of
radiation in medicine, industry and education. The description will show how regulations are
established within the framework of European Commission Directives on radiation protection.
Other initiatives, particularly those emanating from the International Atomic Energy Agency to
ensure that all countries have at least basic infrastructures to ensure the safe use of radiation, will
also be discussed.

The main hazards associated with the more common applications of ionising radiation may be
summarised as follows:

Medical Applications
The use of radiation in medicine is the largest contributor to population dose from man-made
sources. A small reduction in the population dose from medical applications would have the
same effect as eliminating the dose from, for example, routine discharges of radioactive waste
from the nuclear industry. It therefore behoves doctors and paramedical staff who have
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responsibility for medical exposures to ensure that doses are kept as low as reasonably achievable.
Doses received as a result of medical procedures may be optimised by ensuring that:

ionising radiation is used only when the need is clinically indicated, for example,
if the same diagnostic information can be obtained from an ultrasound scan then
ultrasound should be used instead of X-rays.

equipment including image processing equipment is kept in good condition. This
reduces the need for repeat examinations.

only equipment which meets up-to-date standards of design and performance is
used. For example, it has been shown that modern dental X-ray equipment
delivers a significantly lower skin dose than older units [Fenton, 1994]. It is for
this reason, as well as for reasons associated with safety generally that, from 1 st
January 1995, the Radiological Protection Institute of Ireland licenses only those
dental X-ray units which meet certain minimum standards of design and
performance [RPII, 1996].

carefully keeping and making available X-ray films and the reports thereon. This
reduces the need for repeat examinations. Moreover the advent of computerised
storage and electronic transfer of images, should in principle reduce the need for
repeat examinations, particularly where a patient is referred or voluntarily goes
from one hospital to another. However, it will be many years before this facility is
available in all but the largest hospitals.

1. Major causes of incidents/accidents - equipment faults
The most serious radiation accident to date in Ireland, involved a brand new X-ray unit on
which the timer had been inadvertently bypassed, so that as soon as the machine was
connected to the mains supply, it started to produce X-rays. While it was not possible to
estimate the doses to the dentist and his assistant with any certainty [Malone and Hone, in
press], it may have been significant and resulted in both the dentist and his assistant being
awarded substantial damages. Timer faults on radiotherapy equipment can obviously
have catastrophic implications for the patient and for this reason all radiotherapy
equipment must now be fitted with some form of back up timer which terminates the
exposure if the main timer fails.

A particular hazard associated with radiotherapy equipment is the selection of the
incorrect radiation type/target combination on accelerators which produce both X-ray and
electron beams. If an X-ray beam is selected without the X-ray production target in place
the patient will be exposed to lethal doses, from the electron beam (due to the inefficiency
of the X-ray production process a small fraction only of the electron beam is converted to
X-rays in the X-ray target).

In the case of diagnostic equipment, the selection of incorrect target material and/or beam
filters will obviously not have the same dramatic consequences. However, the use of
underfiltered beams will result in an increased skin dose and in mammography, in
particular, the X-ray target material and filter combination must be carefully selected to
optimise image quality.
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The above are examples of the more obvious faults that may occur. There are of course a
whole range of things that can go wrong with medical irradiating apparatus, and in the
case of diagnostic applications, with detection and image forming systems, as well.
However, a discussion of these potential faults lies outside the scope of this paper.

2. Calibration Errors
In radiotherapy doses to the patient should be within 3% of the prescribed value.
Accidents have occurred where large numbers of patients have been significantly over or
under exposed due to incorrect calibration of radiotherapy equipment. Errors in
calibration include simple arithmetic errors in calculating dose rates and, for example,
applying correction factors twice. The investigation of such accidents has led to a call for
stringent quality control procedures in radiotherapy.

3. Patient specific incidents/accidents
These include:

the wrong patient being exposed

incorrect procedures (e.g. irradiating the wrong part of the body)

the dose not as prescribed by the doctor

the patient being pregnant (unknowingly)

For diagnostic applications, while such an incident is clearly highly undesirable, the risk to
an individual patient, in terms of radiation effects, is in most cases, insignificant - except
perhaps where a pregnant patient undergoes a high dose diagnostic procedure involving
exposure to the abdomen.

Obviously the most serious consequence of subjecting the wrong patient to a radiological
examination, or the incorrect examination, is that he or she will not receive the appropriate
follow up treatment. On the other hand in radiotherapy the consequences of such an
incident may be catastrophic. In this regard it might be asked how can such a basic
accident happen. The answer is in busy radiotherapy departments - all too easily,
particularly if there are linguistic difficulties between patients and staff and/or where
patients have little idea of what type of treatment to expect. The potential for accidents of
this type underlines the need for quality control in all aspects of radiotherapy practice.

Hazards with radioactive sources
These range from minor spills of radiopharmaceuticals which can usually be cleaned up easily to
the loss and. in some cases, breaking up of sealed sources. Due to their small physical size radium
and caesium tubes and needles which are used for radiotherapy, are easily lost. While most lost
sources have probably ended up buried in municipal refuse dumps where they will not constitute
a hazard, they may end up being inadvertently stored close to persons. This can happen, for
example, if a patient is inadvertently discharged from hospital with a source, or sources, still in
situ. Patients to whom therapeutic doses of unsealed radionuclides have been administered, also
constitute a potential hazard. The external radiation dose rate as well as the radioactivity levels in
their excreta, will be significant in the first few days following treatment.
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The most serious accident involving radiotherapy sources is where a large source used in an
external beam machine is inadvertently scrapped. This happened in Mexico and in Brazil. In the
case of the Brazilian accident four people received fatal radiation doses and large areas of land
and many houses were severely contaminated [IAEA, 1988].

Industrial Applications
On site industrial radiography is often carried out in locations which are not readily amenable to
the enforcement of good practice and regulatory controls, e.g. on oil rigs, in pipe trenches etc.

Particular hazards include:

Source loss. Although the sources used in industrial radiography are not as large
as those involved in the accidents referred to above involving medical external
beam equipment, they can still cause fatal doses and/or significant contamination
if improperly handled. Source loss is also a risk in the case of gauge sources
where plant may be scrapped with the gauge containing the source still attached.
An Irish steel making plant inadvertently melted down a gauge source concealed
in a consignment of imported scrap [O'Grady et al, 1996]. While the source
involved was too small to produce hazardous radiation levels at the plant, it
resulted in an expensive clean up operation.

Failure to evacuate persons from controlled areas during on-site radiography.
Since it may not be practical to erect physical barriers to prevent the ingress of
persons, exclusion must be based on the use of warning notices, lights, tapes and
ropes.

In the case of the much higher dose rates used in radiation sterilisation and other industrial
radiation procedures, e.g. changing the properties of plastics, exclusion from the controlled area
must involve shielded walls and a sophisticated system of interlocks, as the dose rates involved in
these procedures will result in a lethal dose in a matter of minutes [IAEA, 1990(a)]. Fatal doses
have been received as a result of operation of such plants, as a result of:

intentionally bypassing the interlock system (the operators were unaware of the
hazards)

believing the source to be "off" or in the safe position when it was not

interlock failure.

Responsible manufacturers of sterilisers continually review the safety systems on their equipment.
For example, for sources that are stored in water there is now a requirement to place a detector at
the bottom of the pool to verify that the source has fully returned to its shielded position rather
than relying on a detector on the source lowering mechanism.

Other hazards associated with industrial applications include:

sources getting stuck in guide tubes. This can happen as a result of a vehicle or
other heavy object squashing the tube in which an industrial radiography source
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travels from its shielded container to the exposing position.

shutters sticking - this may happen on measurement gauges and is usually the
result of corrosion from lack of maintenance.

gauges becoming detached from machinery and being inadvertently disposed of.

radiation warning notices becoming illegible or their significance not being
understood. Where gauges are used in dirty environments the radiation warning
symbol may become illegible. Likewise it is important that the trefoil radiation
warning symbol be accompanied by a warning notice in a language which is
understood by those whom it concerns.

inadequate training. Industrial radiography is often carried out by small
workshops/factories which do not have any formal training system for their
radiographers. Much work remains to be done at, for example, European Union
level on formulating and promulgating training programmes for industrial
radiographers. Also general mechanics may attempt to repair equipment
containing sources without them being aware of the hazards involved.

Teaching and Research
Potential accidents include :

Source loss. Fortunately sources used in teaching are relatively small compared
with those used in the applications referred to above. However, for example, a
student may remove a source from a laboratory and bring it home as a prank.

Contamination of workers. Serious contamination incidents are rare due to the
small radioactive content of the sources usually used in research. However, serious
internal contamination may occur in iodination procedures and in handling
certain biologically active labelled compounds e.g. thymidine which is
incorporated into DNA, if proper procedures are not followed.

Inadequate training and/or supervision. Research students often use ionising
radiation for a small part only of their overall research programme. Under these
circumstances it is often hard to convince both them and their supervisors of the
need for training. Also elderly, and sometimes not so elderly university
professors see the need for training and care as interfering unreasonably with their
research!

National and international initiatives to minimise radiation hazards
All developed countries have a system of regulatory control in place, to minimise the hazards
associated with all peaceful applications of ionising radiation.

In Ireland all activities, except those involving very small and essentially innocuous sources,
require a licence from the RPII (SI No 151) [Ireland, 1993]. The RPII will issue a licence only if
satisfied that:
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the application is justified

the source of radiation and the facility in which it will be used and/or stored meet
the appropriate standards of design and performance

administrative and organisational arrangements for radiation protection are in
place. These include the appointment of a Radiological Protection Officer

the operators are trained.

The RPII carries out inspections to check compliance with licence conditions and regulations
pertaining to the use of ionising radiation. Penalties for non compliance include withdrawal of
licence and prosecution.

There are also international agreements on the transport by air, land and sea of radioactive
sources. These are all based on regulations from the IAEA [IAEA, 1990(b)]. The European
Union has produced Directives which must be enforced through national legislation in Member
States on, for example, the protection of the public and radiation workers, the protection of the
patient and the movement of radioactive waste [EU, 1980, 1984, 1992].

The International Atomic Energy Agency [IAEA, 1994] has produced a book of Basic Safety
Standards (BSS) to reflect the latest recommendations of the International Commission on
Radiological Protection [ICRP, 1991]. The IAEA remain concerned however that more than 50
countries worldwide have been identified as having an inadequate radiation protection
infrastructure. To remedy this situation it has developed a Model Action Plan. This plan is
designed to ensure that every country has the infrastructure to implement the requirements of the
BSS including:

a legal framework

enforcement mechanisms i.e. - notification, registration, licensing and inspection
procedures

technical base e.g. personal and environmental monitoring capabilities

emergency plan.

It is clear that only by having an adequate radiation protection infrastructure will the risk of
incidents and accidents as discussed in this paper be minimised and the potential benefits of
ionising radiation fully realised.
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Introduction
All countries, even those without nuclear installations, but especially those in the northern
hemisphere are vulnerable to the effects of severe nuclear accidents The purpose of this paper is
to examine Ireland's vulnerability to damage from accidents at civil nuclear installations and draw
some conclusions.

The Threat
Ireland is threatened in two ways: firstly, by accidents and, secondly, by the day to day chronic
leakages of small amounts of activity (often referred to as routine discharges) from nuclear
installations. This paper focuses on the threat from accidents. The effect of routine discharges is
the subject of a separate paper at this seminar.

One of the many lessons learnt from the Chernobyl accident was the need to report accidents
promptly. This need led to the establishment of "The International Nuclear Event Scale" which
could be used in an effective and unambiguous way to communicate promptly the gravity of an
accident. The scale is illustrated in Figure 1. It will be seen that accidents at levels 5, 6 and 7,
often referred to as "severe accidents" are by definition the only ones by which we in Ireland
could be affected.

During the 50 years, or so, history of nuclear power there have been four accidents at these levels
(see Figure 2) two of which have been at civil nuclear installations, the reactors at Chernobyl and
Three Mile Island, and two at military nuclear installations namely, the Windscale Pile (1957) and
Kysthym Storage Tank (1957). Accidents at lower levels are relatively common but decrease with
increasing level on the scale. For example in 1995, 17 events were reported at level 1 of the scale,
8 at level 2, 1 at level 3 and none at the higher levels. Using reported figures for events at levels,
1, 2 and 3 over the past years it is easy to forecast with confidence their frequency in years ahead.
This cannot be done, in the case of severe accidents because they are rare events, however
alternative methods of forecasting their frequency exist which will be discussed later.

In order to assess the threat it is necessary to determine both the probability and the consequence
of severe accidents and then take into consideration both distance of the accident from Ireland
and the probability of unfavourable weather conditions carrying the radioactive material to
Ireland. The following simplified mathematical expression may help understanding:

T a Ps.Pw.Q.D-

Where T is the threat of nuclear damage
Ps is the probability of a severe accident
Pw is the probability of unfavourable weather

60



Q is the size and character of the accidental release of radioactivity
D is the distance from the accident
n is exponent which depends on weather, height of release, particle size and

other factors

The Importance of Distance
The above expression may be used to help indicate those reactors which present the greatest threat
to Ireland. The main question to be answered is are the reactors of Eastern Europe and beyond a
greater threat than the safer reactors of Western Europe, particularly those in the UK?

The Eastern reactors are believed to be less safe than nearby UK reactors by a factor of about ten.
So by inserting some typical figures in the above expression and using Tuk and Tee to represent
the threat from UK and Eastern European reactors respectively one gets

Tuk l Q - s x l 0 " ' x Q x 2 0 Q - c u
T^— = 1 1 ~ = 1.5 when n=l
1 ^ 10"4 x lO" 1 x Q x 3 0 0 0 "

The values for Pw and Q are assumed to be the same in both cases. The result is very much
dependant on the value of n which lies generally between 1 and 2. Assuming a value of 1, the UK
reactors, at approximately 200 kilometres distance, present the greater threat but only just:
however, as the value of n increases towards 2 so also does the threat from the UK reactors.

Sources of Threat
Having defined the threat and emphasised the importance of distance it is now necessary to
identify the types of nuclear installations which are the source of the threat. By definition a civil
nuclear installation means any installation in the civil nuclear fuel cycle (see Figure 3). This
consists of three parts: that before the reactor known as the "front end", the reactor itself and lastly
the "back end". The front end is not a likely source of severe accidents because the processes
involved do not entail high working temperatures and pressures and the uranium itself is not very
radiotoxic - the finished product can be safely handled with gloved hands. Moreover, there is no
history of severe accidents at these plants.

The reactor itself and the on-site interim storage of spent fuel are clearly sources of threat but so
also are parts of the "back end" such as spent fuel storages at reprocessing plants, the plants
themselves, and the on-site high level liquid waste storage tanks. The radioactive material in this
part of the fuel cycle is highly radiotoxic and continues to produce heat which must be removed
if safety is to be maintained.

Measuring the Threat
Having identified severe accidents at nuclear installations in the back end of the nuclear fuel cycle
as the source of threat the next step is to consider how the probability and consequence of such
accidents can be measured.

It has long been recognised that accidents, whether they be initiated by man or nature, seem to
obey a certain relationship between frequency and consequence i.e. high frequency accompanies
low consequences and vice versa (see Figure 4). In the 1960s Professor Farmer of the UKAEA
proposed a safety criterion for regulators which recognised this relationship and declared a limit
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for the frequency of accidental releases of radioactive material from reactors. At the time this was
accepted as good theory but not practical because of the difficulty of measuring the likelihood of
occurrence of large releases.

In the 1970s much effort was put into the development of methods of measuring the probability
of nuclear accidents involving large releases of radioactive materials into the environment - i.e.
rare events. This work was most advanced in the UK and the US where the WASH-1400 Report
[USNRC, 1975] (or "Rasmussen Report" by which it is more commonly known) on the safety of
nuclear reactors, published in 1975, used a method then called Probability Risk Assessment (PRA)
to estimate the frequency and consequences of severe accidents. The report estimated the
frequency of core melting in US pressurised water reactors (PWRs) and boiling water reactors
(BWRs) at about 10" per reactor year. The accident in 1979 at TMI was such an accident but
happened earlier than Rasmussen predicted. Nevertheless, his method had identified the type of
accident and was accurate within a factor of about three on frequency.

The PRA method now known (more optimistically) as Probability Safety Assessment (PSA) is
widely used not only by nuclear regulators but also by designers and operators of nuclear and
large chemical plants. It is, however, a very time consuming and expensive process which needs
access to fine detail of plant design and to component reliability data banks. It is not therefore a
matter of picking up an instrument and measuring an effect - which can be done in the case of
routine discharges - rather it is a tool that can be only used by those with large resources and an
intimate knowledge of the plant in question. The US has led the world in the application of PSA
both at the design and operational stages of reactor life with Western Europe not far behind,
however, details of such studies are not readily available. In the absence of such information for
UK installations there is little alternative but to revert to the regulator's criterion mentioned
previously and proposed for use by UK regulators in the Royal Commission's Report on
Environmental Pollution [RCEP, 1976]. Figure 5, taken from the Commission's Report, illustrates
the criterion which indicates those nuclear risks which are not acceptable and those which are
tolerable. It is the basis of the principles used today by the Nuclear Installations Inspectorate
(Nil) in their treatment of severe accidents in the regulatory process [HSE, 1992].

For the purpose of this paper two accidents, one supposedly at Calder Hall (a Magnox type
reactor on the Sellafield site) and another at one of the Advanced Gas Reactors at Heysham are
chosen with frequencies and releases of radioactive iodine and other radioisotopes to the
environment which are considered tolerable by the criterion. Their positions on the diagram are
(Figure 5) are indicated. Although the criterion illustrated is for reactors, similar criteria exist for
other sources of hazard in the nuclear fuel cycle where radioactive iodine is not the primary
radiotoxicant. The third supposed accident is at a high level liquid waste storage tank at Sellafield
reprocessing plant. The expected frequency and associated release of radioactive material to the
environment is again in accordance with the idea of "tolerable risk". It has a higher consequence
and a lower probability than the other two.

The Guinea Pig Installations
The particulars of the nearby nuclear installations chosen for the purpose of determining the
consequences/damage in Ireland in the event of severe accidents in the UK are:

Calder Hall Unit A, an early Magnox type nuclear reactor at Sellafield, 39 years old, 60
Mega watts electrical power, 205 km distant from Dundalk, 220 km from Dublin;
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Heysham 2, unit A, Advanced Gas Reactor (AGR) at Heysham, Lancashire, 7 years old,
680 Mega watts electrical power, 235 km distant from Dundalk and Dublin;

High Active Waste Tanks at Sellafield, the oldest are about 25 years, each hold about 140
m3 of concentrated high active liquid waste from about 15 reactors cores. There are about
20 tanks some of which are kept empty on standby, ready to receive the contents of a
faulty tank. Distances to Dundalk and Dublin are 205 and 220 km respectively.

Calculation of Atmospheric Dispersion
The pathway to Ireland of releases from nuclear accidents will be in the atmosphere rather than
the sea as is the case for most routine discharges. Large releases into the aquatic environment are
not considered in this report because the likely effect on Ireland would be small in comparison
with atmospheric releases and the probability of large aquatic release is very much lower.

The material released into the atmosphere will be both gaseous and solid: the latter will be in very
fine particulate form with maximum dimension of a few millionths of a metre (microns). The
solid material will eventually come down to earth; in the long term in the form of a dry deposit or
in the shorter term as a wet deposit, "washed" out of the atmosphere by precipitation. The gases
will mix intimately in the atmosphere and remain there until they decay into non-radioactive solid
substances and eventually come down to earth also (see Figure 6). Dispersion is difficult to
model. Existing models have large uncertainties and results therefore must be treated with
caution. A computer code has been used to calculate the doses to the most exposed members of
the public under the most unfavourable weather conditions i.e. those giving the largest doses.
When these raw results are tempered by:

a. comparison with the actual effects of the 1957 accident at Windscale [Crick and
Linsley, 1982] in the UK (it released 33% more radioactive material than that
assumed in this case for Calder Hall).

b. giving credit for emergency response in Ireland and "accident management" in
the UK.

c. uncertainties in modelling.

d. a degree of technical judgement.

It is concluded that the accident at Calder Hall with a probability of about 6.6 x 10 5 per year
would cause less harm in Ireland than did Chernobyl [Cunningham et al., 1987], while the
Heysham supposed accident would be approximately the same (the probability in this case being
about 106 per year). Finally, the supposed accident in the storage tanks at Sellafield would be
expected to exceed the harmful effects of Chernobyl (the probability being less than about 107

per year). No deaths would be expected in the immediate aftermath of the accident however an
increase in cancers over a period of about 25 years or so would be expected assuming that present
day models for the effects of low level radiation are valid. The probabilities of the three supposed
accidents might be described as being highly unlikely, improbable and highly improbable
respectively. Unfortunately, however, they cannot be described as being impossible just as a
meteor strike on this country killing 10 people cannot be ruled out - it is calculated to be as
probable as the supposed accident at the Calder Hall Reactor.
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The threat to Ireland is real and necessitates the maintenance of an emergency response system.
This is actively encouraged by international agencies and is a requirement for parties to the
Nuclear Safety Convention including those, like Ireland, without nuclear programmes.

Conclus ions
1. The dominant threat to Ireland from the civil nuclear power programme worldwide is due

to potential atmospheric releases from nearby installations in the UK despite the fact that
reactors in Central Europe and further east are less safe. The main focus therefore of our
emergency preparedness must be directed at the UK installations because of their
proximity.

2. Accidents at INES levels 1, 2, 3 and 4 will not affect Ireland.

3. Severe accidents at UK installations would not cause deaths in Ireland in the immediate
aftermath of the accident nor would evacuation be necessary.

4. Doses in excess of those experienced in the aftermath of Chernobyl accident could be
suffered: they could exceed 1 mSv in the year following initial exposure i.e. they could
exceed the annual dose limit for members of the public.

5. Favourable weather conditions and/or distance from a severe nuclear accident may mean
that Ireland would avoid any effects. Winds are mainly from the north to south west
sector and are frequently strong: both factors help to preserve Ireland from atmospheric
contamination originating from the east.
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Long-lived radioactive waste and nuclear plant decommissioning -
a legacy to future generations

/ R McAulay
Associate Professor of Physics

Trinity College, Dublin

Radioactive waste is an inevitable consequence of almost all uses of radioactivity. In addition to
the well known sources of high level waste which are the by-product of the reprocessing of spent
fuel elements from nuclear reactors, there are many large sources used for industrial purposes
such as sterilisation of surgical materials and radiation treatment of foodstuffs. There are also
hundreds of thousands of smaller sources which are used for industrial radiography, for thickness
and level gauges, and for other practical applications, and which frequently become waste after
the end of their useful life. Much of the structural and other material used in the construction of
nuclear facilities will also become slightly radioactive during the operation of the facilities and
this material, too, must be considered for appropriate disposal or re-utilisation when the plant is
decommissioned.

Natural radioactivity can become concentrated by various industrial processes and is then known
as technologically enhanced natural radioactivity. In the oil industry for example, strong
concentrations of uranium series isotopes have been reported in the scale formed in oil pipes and
these then constitute radioactive waste.

The options available for the safe storage or disposal of radioactive waste are several, although a
number have been ruled out by international agreement, at least for some forms of waste.

To begin with, it is necessary to state the various ways in which radioactive waste can be classified.
In the early 1980's, the International Atomic Energy Agency (IAEA) proposed a qualitative
classification as follows:

High-level waste: conditioned waste produced during the initial extraction cycle of the
reprocessing process; spent fuel when declared a waste; other waste of similar activity level.

Medium-level waste: all radioactive waste which is not included in the HLW or LLW categories.

Low-level waste: waste which does not require shielding for handling and transportation, because
of its low radionuclide content.

Differentiation is also recommended by the IAEA within the MLW and LLW categories. Such
differentiation is to distinguish between short and long lived radioactive substances and between
waste which contains alpha emitters and that which does not. These definitions are useful in
practice, but do not have any legal status and are sometimes extended or restricted for particular
purposes.. For example in the management of waste at the site of production it may it may useful
from the point of view of local control of the sorting, treatment or medium term storage of waste
to classify specific wastes in slightly different ways.

These classifications are often most useful in general scientific discussions and indeed in public
debate but should not be applied too rigorously to specific cases. High level waste containing a
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single isotope, 60Co for example, is clearly not in the same category as a mixed isotope waste
containing long lived alpha emitting isotopes.

Public concern is most often centred on high-level waste which originates as a by-product of
nuclear reprocessing. To consider this in context, it is necessary to look at the numbers of
operating nuclear power plants in the world and at the likely pattern in the future as plants under
construction come into operation, as plants are decommissioned and as future orders are placed.
Tables 1 and 2 are taken from the IAEA's news briefing publication for 1995 and indicate (Table
1) the number of power reactors in operation or on order at present and (Table 2) high and low
predictions for operational reactors during the next 20 years. All of these plants will produce
HLW for the future and it is essential to plan in a methodical and safe way for the disposal of this
waste.

While the radioactive content of waste originating in nuclear installations is governed by the half
lives of the various component isotopes, the main concerns regarding disposal relate to the long
lived components which have half lives of thousands of years which implies that facilities for the
storage of the waste and for its isolation from the external environment need to be planned for
periods of tens of thousands of years and perhaps up to more than a million years.

A number of options have been proposed for waste disposal. However, some of these are
currently impractical, such as the use of rockets to dispose of material into the sun or into outer
space.

This leaves the options of disposal at sea, shallow disposal on land, or deep disposal in engineered
repositories in geologically stable structures.

The possibility of disposal at sea is not currently under consideration in the case of high level
wastes and has been effectively discontinued for low and medium level wastes by a number of
International conventions. The Contracting Parties to the London Dumping Convention agreed to
suspend sea dumping of radioactive waste in 1983 pending further scientific studies and no
further reported dumping has taken place since then, although some may have taken place in
waters near to the former USSR. The first sea disposal of radioactive waste took place in 1946 at
a site about 80 km off the coast of California. Various amounts of low level waste have been
disposed of at about 50 sites in the Atlantic and Pacific oceans since then with the last known
occurring in 1982 about 500 km off the European continental shelf. While low and intermediate
level wastes are not currently disposed of at sea, there remains the possibility that this may in fact
be the best option for certain types of radioactive waste. Clearly, objective scientific criteria would
need to be prepared in considerable detail if the option of marine disposal is to be again
considered for quantities of packaged waste.

Shallow disposal on land is currently practised by many countries for low level waste and to a
lesser degree for medium level waste. If it decided that material from the decommissioning of
nuclear facilities is unsuitable for recycling, than it is almost certain that shallow waste disposal
will be the most appropriate method for long term disposal of the large quantities of material
involved. There are many sites within Europe which are used either for the disposal of medium
level waste or for the temporary storage of high level waste pending the availability of suitable
permanent disposal facilities. Table 3 shows the types of radioactive waste relevant to the Member
States of the European Union.
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Deep disposal in suitable geological strata is not at present practised for high level radioactive
waste but a number of countries are likely to bring facilities into operation in the next century.

A considerable degree of planning is required for a deep disposal facility and of course much
preliminary scientific evaluation is required before a suitable site can be selected. It is of interest
to note that there a number of areas in Ireland which appear at first sight to be appropriate for
usage as deep disposal facilities, should we ever require such an area for the disposal of our
radioactive waste. Such an eventuality might come about as a result of political considerations,
for example.

Decommissioning of nuclear installations
As was clear from Table 1, there are currently a large number of nuclear plants in operation
around the world and Europe obtains almost one third of its electricity from such plants. Some
of these reactors will be reaching the end of their useful life in the next few years and increasing
numbers will reach this position in the early years of next century. The problems of
decommissioning such installations and disposing or recycling large quantities of valuable
materials such as steel will need to be dealt with in a planned scientific way. The European
Commission has established Working groups which have considered various aspects of the
problem and have made recommendations of the optimum strategies for tackling potential
difficulties.

Large volumes of concrete and significant quantities of steels are used in the construction of
nuclear facilities. Depending on its radioactivity, concrete may be recycled, disposed of in landfill,
or disposed of in a radioactive repository. Steels and other metals may have a considerable scrap
value and there is therefore an economic and practical incentive for recycling such materials.

For a 1000 MWe PWR there would be approximately 10,000 tonnes of steel in the areas of high
radiation and radioactivity; a 600 MWe AGR would have a similar amount of steel, and the steel
pressure vessel for a Magnox reactor would be about 13,000 tonnes of which about one third
would have a potential for recycling. Other nuclear facilities such as reprocessing plants and fuel
enrichment plants will also have large quantities of potentially valuable metal for recycling or
disposal at the end of their useful life.

It is clear that there will be several millions of tonnes of steel resulting from the decommissioning
of existing nuclear reactors and other installations. The remainder of this paper will look at the
radiation protection implications for recycling this material.

Since the unrestricted use of steel items which contain recycled steel originating in nuclear
installations implies that there may be a dose to individuals or groups resulting from the
radioactive content of the items, it is necessary to apply restrictions to the radioactivity permitted
to be present at the time when regulatory control is relinquished. These restrictions are termed
clearance levels in the context of releasing materials into general circulation. Because there must
be no restrictions on the circulation of goods and materials within the European Union, it is
important that there should be agreement between the Member States of the EU on appropriate
values for these clearance levels.

In the context of removing radioactive material from control, it may be helpful to consider what
criteria should be used for the protection of individuals and groups who are not occupationally
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exposed to radiation.

Table 4 shows the annual doses, collective and individual, received in Ireland from natural and
other sources of radiation.

The IAEA publication "Principles for the Exemption of Radiation Sources and Practices from
Regulatory Control" suggests two basic criteria which can be used to decide if recycled steel is
suitable for general release.

(a) Individual risks must be sufficiently low as not to warrant regulatory concern.
(b) Radiation protection, including the cost of regulatory control, must be optimised.

The first of these criteria implies that individual doses should not exceed a few tens of
microsievert (for which the annual level of individual risk of death is a few per million).

The second criterion is used by the IAEA to suggest that if a study indicates that the collective
dose commitment resulting from one year of the unregulated practice is less than about one man-
sievert, it may be concluded that the total detriment is low enough to permit exemption without
detailed examination of other options.

The 1990 Recommendations of the International Commission on Radiological Protection
recognise the concept of exemption of a practice from control, but do not recommend figures for
collective or individual doses in connection with such exemptions. They do however suggest that
optimisation studies would be useful in deciding the basis for any exemption.

The recently approved but not yet published European Union Directive on Basic Standards of
Radiation Protection for Workers and Members of the Public against the Hazards of Ionizing
Radiation is relevant to criteria for exemption from regulatory control of any materials to be
considered for recycling.

In 1988, the Commission of the European Communities published a report consisting of
recommendations on Radiological Protection Criteria for the recycling of materials from the
dismantling of Nuclear Installations.

In attempting to forecast doses which might result from the use of recycled steel, it is important to
consider a number of scenarios which could involve collective or individual doses.

On the basis of a total activity concentration of 1 Bq/gramme in steel scrap released from
regulatory control, the report concluded that consequent doses would comply with the
recommendations both of the IAEA and of other bodies such as the ICRP.

A partial list of the scenarios considered is given below.

• Use of recycled steel as reinforcement of concrete used in buildings
• Use of slag in concrete
• Use of furniture made with recycled steel
• Driving a car made with recycled steel
• Re-use of discrete items such as tools, storage tanks and electric motors

71



The individual doses which might result from the scenarios were calculated and it was found that
all maximal individual doses based on the scenarios were less than 10 microsievert per year. The
collective dose to the population resulting from the recycling of 10,000 tonnes of steel in a year
was calculated to be about 1 man-sievert. The individual doses would not increase for recycling of
greater amounts of steel although the collective doses would increase linearly with the quantity of
steel recycled in a given year.

The Working Party which produced these criteria has been reconstituted following the
commencement of work to revise the EU radiation protection Directive and has completed a new
report to ensure that its recommendations comply with the changing requirements of the
Directive. The new recycling report has considered a wider and more elaborate range of
scenarios and has produced radionuclide specific reference levels relating to release from
regulatory control, with the requirement for summation of the fractional reference levels for each
nuclide present to be less than one. This report should be published within the next year and will
ensure that the necessary protection criteria remain in line with the requirements of the Directive
and are conservative to an appropriate degree. The levels recommended are in fact considerably
lower than the levels of natural radionuclides present in soil in many parts of Ireland and the
burial of scrap materials contaminated right up to the reference levels would reduce the overall
exposure of the local population in such areas of high natural radioactivity.

Many metals which will be made available when most nuclear power reactors and other facilities
are decommissioned will have a high intrinsic scrap value and it will be prudent and economically
justifiable to recycle these materials whenever possible. It is important to ensure that commercial
products made from such recycled materials should present negligible risk to members of the
public either individually or collectively. Consideration of a number of scenarios for exposure
lead to the conclusion that it is possible to establish reference levels for specific radioactive
isotopes present in steel containing recycled material such that the necessary radiation protection
standards can be maintained. It should be stressed that such recycling of materials from
decommissioned nuclear facilities does not as yet take place and that the evaluations referred to
are made on a conservative basis and doses resulting from any future recycling are likely to be
considerably lower than those referred to here.
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Table 1

Nuclear power plants worldwide

Argentina
Belgium
Brazil
Bulgaria
Canada
China
Czech Republic

Finland
France
Germany
Hungary
India
Iran, Islamic Rep
Japan
Kazakhstan

Operational
2
7
1

•6
22
3
4

4
56
21
4
9

49
1

Being built
1

1

2

4

5
2
5

Korea, Rep of
Lithuania
Mexico
Netherlands
Pakistan
Romania
Russian Federat
South Africa
Slovak Republic
Slovenia
Spain
Sweden
Siuitzerland
United Kingdom
Ukraine
United States

Operational
10
2
2
2
1

29
2
4
1
9

12
5

34
15

109

Being built
6

1
5
4

4

1
6
1

/\f year-end 1994, total in operation: 432; under construction: 48.
Note: The total includes Taiwan, China, inhere six reactors are in operation.



Table 2

Year

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Total Net Capacity MW(e)

Low

340,347

345,153

349,398

355,936

362,737

364,760

366,729

368,844

374,087

377,362

379,780

382,444

383,913

385,586

387,768

389,460

391,036

394,159

392,393

383,273

377,847

368,671

High
340,347

346,103

352,019

359,186

364,520

368,396

375,242

381,803

391,618

399,606

406,531

415,888

427,527

438,759

448,497

459,525

475,535

483,337

493,005

502,447

509,231

515,539



Table 3.
EU Member States, Nuclear Power and radioactive waste facilities required

Country

Austria

Belgium

Denmark

Finland

France

Germany

Greece

Ireland

Italy

The Netherlands

Portugal

Spain

Sweden

United Kingdom

Nuclear power

_

.

V

V

V
-

-

V

V

.

V

V

V

Low/medium waste

V

V

V

V

V

V

V

V

V

V

V

V

V

High-level waste

V

V
*

-

-

*

-

*

V

V

Spent fuel

V

_

_

V
-

V

-

_

V

V

V

* Planned



Table 4.

RADIATION DOSES IN IRELAND.

Average annual individual dose received in Ireland
= 3 .0 millisievert approximately

Collective dose to the population of the Republic of Ireland
= 1 0 , 5 0 0 man-sievert approximately

About 5 5 % from radon.

About 1 0 % from cosmic radiation.

About 1 0 % from what we eat and drink.

About 1 2 % from environmental gamma radiation.

About 1 2 % from medical usage of radiation.

About 0 . 3 % from fallout.

About 0 . 1 % or less from discharges from nuclear
installations.

The remainder is from occupational exposure, consumer
products, air travel, and miscellaneous sources.
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The response to a worst-case scenario -
The National Emergency Plan for Nuclear Accidents

John D Cunningham
Assistant Chief Executive

Radiological Protection Institute of Ireland

Introduction
The 1986 Chernobyl accident highlighted the lack of adequate preparedness of Governments and
organisations to deal with the consequences of a nuclear accident involving the release of large
quantities of radionuclides and widespread contamination of the environment. It also
demonstrated the necessity for each country to have a well integrated national plan capable of
providing a rapid response to any emergency.

An emergency plan must have sufficient flexibility to deal with a major or minor crisis, either
foreseen or unforeseen, whatever the cause. It must be assumed for planning purposes that the
accident will have consequences beyond a design basis accident and, indeed, beyond the effects of
the Chernobyl accident.

Ireland was not prepared to respond to the Chernobyl accident. The country lacked a national
radiation laboratory. There were few monitoring arrangements in place and there were no plans
to co-ordinate the activities and resources of national authorities. At the international level, there
were no early warning systems in operation. However, the significance of the accident for Ireland
was quickly recognised and the Nuclear Energy Board with the assistance of national authorities
reacted quickly to assess the levels of contamination and, more importantly, the potential
exposure of the public.

There was a total lack of information about the Chernobyl accident itself and this caused great
uncertainty and considerable confusion. National authorities were faced with making decisions
without adequate information. The results were major differences in the responses adopted by
countries. This added to the public confusion and generated major public concerns.

The information issued by the former Soviet authorities about the Chernobyl accident was
minimal. There was a statement on April 26 that measures were being taken to investigate the
consequences of an accident at Chernobyl. On May 1, it was stated that radiation levels were
falling and that there was no problem with water. It was admitted on May 3 that some damage
had been caused to a reactor and, a few days later, it was stated that there were no grounds for
panic or undue concern. It was only on May 8, almost two weeks after the accident, that the first
radiation measurement value was issued, a peak dose rate of 15 mR h 1 at the plant. It was also
stated that there was no danger outside the safety zone. All these statements were intended to
soothe public concerns.

The Chernobyl accident demonstrated the need to provide information to the public. There must
be no secrecy and information and advice must be provided with clarity and honesty. There
should be no attempts to gloss over situations. All information, good or bad, must be presented
so that people can make up their own minds. Any other approach will result in lack of trust and
is likely to cause great stress and worry.
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The Irish Government quickly recognised that the existing national monitoring and laboratory
facilities were totally inadequate. The Nuclear Energy Board was provided with additional
resources to cope in the short term with the very large demand for monitoring.

It was also recognised that Ireland had no emergency plan at the time of the Chernobyl accident.
An emergency plan based on the Chernobyl accident was drafted in 1987, amended after
consultations, approved by Government and published in 1992. Certain features of the plan were
implemented from 1987 onwards notably the clarification of responsibilities and the installation
of a national continuous radiation monitoring system which was a key element of the plan. In the
longer term, a new national radiation laboratory was provided and the Board was formally
replaced by the Radiological Protection Institute of Ireland.

The Minister for Transport, Energy & Communications has overall responsibility for emergency
planning in Ireland and for ensuring the co-ordination of the responsibilities and functions of the
relevant national authorities. The Institute was given statutory responsibility to monitor radiation
levels, to advise measures to be taken for the protection of the public and to provide information
to the public, functions which had not been provided for in the previous legislation. Government
Departments and statutory organisations have responsibilities to establish appropriate procedures
to implement measures within their particular fields of competence.

Planning Objectives
The aim of the National Emergency Plan for Nuclear Accidents is to provide flexible
management arrangements for handling a nuclear emergency. Specific plans designed to cope
with specific circumstances can at best be of very limited value and may even be useless. The
main objectives are to provide a rapid and effective response to the accident and to integrate
nuclear emergency management arrangements with existing major emergency plans,
organisational responsibilities and management structures. The ultimate objective is the
protection of Irish people and trade interests. Whilst it was designed for response to overseas
nuclear accidents, it is also used to provide a response to a domestic accident involving radiation.

Nuclear Threats to Ireland
There are no nuclear installations in Ireland. The nuclear power plants and fuel reprocessing
plants in our neighbouring countries are considered to be the most serious threat. Nuclear
powered military vessels, ships and aircraft, provide a further threat. In addition to these, nuclear
powered satellites and activities involving the transport and use of radioactive materials represent
some risk for accidents with radiological consequences.

Nuclear Accident Alert
First information on the occurrence of an accident at a nuclear installation overseas should be
obtained either through the international notification procedures established since the Chernobyl
accident or from the national monitoring system operated by the Radiological Protection
Institute.

The International Atomic Energy Agency (IAEA) has established a Convention on Early
Notification of a Nuclear Accident and the European Community has adopted a Decision on the
rapid exchange of information in the event of a nuclear accident. Both provide for early warning
of an accident and for the exchange of information through the rapid transmission of data to a
designated national contact point which in Ireland is the Garda Communications Control Centre.
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On receiving notification of a nuclear accident, the Garda will immediately contact the RPII Duty
Officer, who is a senior official of the RPII.

A further source of early information about an accident in the United Kingdom is the
information provided under the bilateral arrangement between Ireland and the United Kingdom.

Since the Chernobyl accident, Ireland has installed a national continuous gamma dose rate
monitoring system. If the international notification arrangements should fail, this system will
independently detect any increases in radiation levels in Ireland. There are twelve monitoring
stations distributed over the country, mainly at Met Eireann weather stations. The system is
highly automated and will activate an alarm in the event of a high level of radiation being
detected. In the event of a high level alarm being activated, the RPII Duty Officer will be
informed immediately.

With regard to shipping accidents, there is an arrangement in place whereby the Irish Marine
Emergency Service (IMES) will notify the RPII Duty Officer of an accident involving a ship
carrying radioactive materials. The IMES has responsibility for handling marine emergencies.

Nuclear Accident Response
The RPII Duty Officer, on being informed about an accident, has the responsibility to make an
initial assessment of the available information in terms of its potential consequences for Ireland, to
decide the initial actions to be taken and to recommend any protective actions which should be
put in place immediately. The need for immediate protective actions will, of course, depend on
the gravity of the situation and the time available to implement the protective action. Assistance
from Met Eireann will be of crucial importance in determining this through the provision of
predictions of radioactive cloud movement from the latest worldwide meteorological data.

It is the responsibility of the Radiological Protection Institute to advise the Government, the
Minister for Energy who has responsibility for nuclear emergency planning, the Ministers of State
of the Government and the public on measures for the protection of individuals in the State from
radiological hazards. The Institute also has responsibility to assist in the planning and
implementation of measures to deal with radiological emergencies. Implementation of measures
would be carried out by the appropriate national authorities through ordinary channels of
command. Each Department, local authority and Health Board is responsible for its emergency
preparedness within their own field of responsibility.

The urgent protective actions which might need to be recommended quickly to minimise
radiation exposure of people are those of evacuation, sheltering and iodine prophylaxis. It is
highly unlikely that evacuation of people would be required as a result of an accident at a nuclear
installation overseas but it is possible that some degree of sheltering might be advisable. Whilst
stable iodine can be effective in averting doses of the thyroid from intake of radioiodine, the
protective action of sheltering has the advantage of averting doses from all radionuclides and
from both inhalation and external exposure pathways. The Department of Health has provided
stocks of stable iodine to the Health Boards for subsequent distribution should the situation
warrant it.

Immediate emergency response decisions often must be made with incomplete and ambiguous
information. It is very important, therefore, that the decision-making process enables decisions to
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be made promptly in situations of uncertainty. It is equally important to consider decisions
relating to the long term response as early as possible. The less urgent actions may involve the
placing of restrictions on the use of contaminated foodstuffs, early and late agricultural
countermeasures and general decontamination procedures. Agricultural countermeasures may
include reducing the transfer of radionuclides from soils to crops by the use of fertilisers,
ploughing or changing the use of land, reducing the transfer from plants to animals by the use of
fodder additives and the processing of contaminated crops and milk to yield a less contaminated
product.

Protective actions should be justified and result in a net benefit to man, i.e. they must do more
good than harm. It is also essential to implement protective actions to obtain the maximum
benefit. This includes evaluating the effectiveness of protective actions in terms of their
practicability, social and monetary cost and considering the length of time for which they should
be applied.

In the event of an accident having the potential to affect Ireland, the RPII Duty Officer will
request the Garda Communications Centre to convene the Emergency Response Co-ordination
Committee (ERCC) and to notify the Duty Officers of key Government Departments, thereby
placing the country on the alert. The functions of this Committee are essentially to assist in the
provision of a co-ordinated and integrated response among national authorities and to ensure
integration with the regional and county major emergency plans.

The Chairman of the Committee would be a senior officer for the Department of Energy and its
members would include responsible officers for key Government Departments and radiation
protection experts. Its principal functions are:

to consider the technical assessment from the Institute of the
consequences of the accident and its advice on what protective
actions should be taken to minimise the radiation exposure to the
public;

to provide advice to the Minister for Energy and the Government
on the implications and practical problems associated with the
recommendations of the RPII concerning any protective actions;

to co-ordinate the implementation of protective actions by the
relevant Government Departments and other national authorities;

to co-ordinate the provision of information to the public.

Public Information
The provision of accurate, specific and detailed information to the public is vital in the response
to any form of nuclear accident. The public must be kept informed about the accident and its
consequences and given advice and guidance about any control measures which should be taken
to minimise exposure to radiation. The information provided must be up-to-date and available
on a regular and continuous basis so that the public may understand clearly the potential effects
of any accident.
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In addition to the public, the Government and its Departments, local authorities, Health Boards,
and other relevant agencies such as farming organisations, medical services, etc. must be provided
with information about the accident and its consequences.

The information about the accident should include:-

• details about the accident;

• the parts of the country which might be affected;

• the potential consequences;

• the levels of risk involved;

• the nature of the protective actions recommended;

• the manner in which protective actions should be implemented;

• general advice and guidance to the public.

The information and advice will be distributed by means of press releases and announcements on
radio and television including bulletins on AERTEL. Information will be provided to
Government Departments, local authorities, Health Boards, etc. to enable them to deal with
enquiries in accordance with their responsibilities.

Environmental Monitoring
The immediate task in a situation involving contamination will be to collect and evaluate data on
environmental radioactivity levels. A national monitoring system has been put in place to enable
this to be achieved as rapidly as possible. Apart from the continuous radiation gamma dose rate
monitoring system, its main features include

the national radiation laboratory of the Institute at Clonskeagh

a network of air and rainwater sampling stations

the measurement of gamma dose rates by the Observer Corps of the
Army based on a network of locations around the country using
portable radiation monitoring instruments.

the Civil Defense organisations of local authorities supported by the
Civil Defence School, have 32 trained mobile teams to undertake
further gamma dose rate measurements with portable radiation
monitoring instruments and to collect grass, leafy vegetables, soils and
other samples for analysis at the RPII laboratory. Those teams are at
strategic locations across the country and can be supported by further
Civil Defense personnel.

Department of Agriculture, Food and Forestry officers will collect
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milk samples from creameries, dairies and farms for analysis at the
RPII and in the longer term, monitor live animals in their habitats and
at points of slaughter.

Department of the Marine officers will assist with the monitoring of
the marine environment notably with collection of fish and shellfish
samples.

Local authorities will provide samples from public water supplies.

Environmental Health officers will collect food samples from points
of distribution.

Customs and Excise officials can exercise control over food imports.

Personal Monitoring
If it is necessary to monitor people for contamination, initial screening can be carried out at a
number of Irish hospitals using measuring equipment normally held in hospitals. Since the
Chernobyl accident a whole body monitoring unit for measuring internal contamination has been
installed at St Vincent's Hospital in Dublin. If the initial screening indicated the need for a more
accurate measurement, this would be done using the whole body counter.

Conclusions
The risks to health and the environment posed by a severe nuclear accident means that we must be
continually vigilant. We are better prepared now than at the time of the Chernobyl accident.
There is a nuclear emergency plan in place which will provide for a rapid and effective response
to a nuclear accident affecting Ireland. The consequences of a severe nuclear accident could be
serious but measures can be put in place to mitigate these consequences.
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