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For what purpose do | want to use the Food Handbook?
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Planning

Go to Section 4
“Planning in
advance”

Consider customising
handbook for local
conditions (e.g. land
use) using a
stakeholder
engagement process

Response
Go to Section 5
“Constructing a management
strategy”

Follow the 8-step process:

Identify contaminated
production system

\/

Consult selection table of
management options for the
production system

Check applicability of
management options for
radionuclides released

ELIMINATE OPTIONS

Check key constraints of
management options

ELIMINATE OPTIONS

Check effectiveness of
management option

ELIMINATE OPTIONS

Check for incremental
doses and production of

waste

ELIMINATE OPTIONS

Go to Section 3 “Datasheets”
for detailed information on
the remaining options

Use selection table to select
and combine options and
build management strategy

Training — new user
Go to all Sections
Section 1 "Introduction”
Section 2 “Factors
influencing
implementation of
management options”

Section 3 “Datasheets”

Section 4 “Planning in
advance”

Section 5 “Constructing a
management strategy”

Section 6 “Worked
examples”

Consult Appendices for
supporting information if

required

Training — refresher

Go to Section 6
“Worked examples”

This goes through the 8-
step process for two
examples: an incident
involving ™|
contamination of milk
following the Windscale
fire; an accident at a
PWR in Belgium
releasing noble gases,
radioiodine and
radiocaesium.
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1 INTRODUCTION TO THE FOOD HANDBOOK

The Handbook for Food Production Systems, or Food Handbook in short, has been
developed as a result of a series of European and, in particular, UK initiatives which
started in the early 1990s. It has been produced with financial support from the
European Commission as part of an integrated project ‘EURANOS’. The overall aim of
the project is to increase the coherence of emergency preparedness and management
in Europe, following accidental or deliberate releases of radionuclides to the
environment. This handbook focuses on food production systems. Two other
complementary handbooks consider contamination of inhabited areas and drinking
water supplies (http://www.euranos.fzk.de). A full account of the history of development
of the Food Handbook is given in Appendix A. The Food Handbook should be regarded
as a living document which requires updating from time to time to remain state-of-the-
art.

Contaminated food production systems — what’s the problem?
Following a radiation incident, large areas of agricultural land may be affected by
Government restrictions on the sale of contaminated foodstuffs. As a consequence,
large volumes of produce may require disposal. Farmers need to know what they
should do with any waste arisings and what steps they should take to ensure
production of uncontaminated foodstuffs in the future. Livelihoods of producers could
be put at risk unless actions are taken to limit the impact of the incident.

How can the Food Handbook help?
The Food Handbook provides decision makers and other stakeholders with guidance
on how to manage the many facets of a radiation incident. It contains scientific and
technical information on what to do during the emergency, as well as tools to assist in
the selection of a recovery strategy taking into account the wide range of influencing
factors. The Food Handbook is also helpful for contingency planning.

1.1 Objectives of the Food Handbook

The Food Handbook has been developed to meet several inter-related objectives:

) to provide up-to-date information on management options for reducing the
consequences of contamination of the foodchain;

. to outline the many factors that influence the implementation of these options;

o to provide guidance on planning for recovery in advance of an incident;

o to illustrate how to select and combine management options and hence build a

recovery strategy.

The Food Handbook also has a series of secondary aims:

) to generate awareness in emergency preparedness and management of the
foodchain;
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¢ to promote constructive dialogue between all stakeholders;

¢ to identify under non-crisis conditions specific problems that could arise, including
the setting up of working groups to find practical solutions;

¢ to elaborate plans and/or frameworks for the management of contaminated food
production systems at the local, national or regional level.

1.2 Audience
The handbook is specifically targeted at:

= national and local authorities

= central government departments and agencies

= experts in radiation protection

= representatives from agriculture and food production sectors

= other stakeholders who may be affected or concerned, depending on the
situation.

Some examples of the types of stakeholders from Government and non-Government
organisations who participated in the development of the handbook are: various food
standards agencies, ministries of agriculture, health, trade and industry, environment
agencies, radiological protection advisers, agriculture advisers, farming unions, food
industry, retail trade, consumers, water industry, waste managers and
environmentalists.

1.3 Application

The Food Handbook can be considered solely as a reference document containing well
focused and generic state-of-the-art information on scientific, technical and societal
aspects relevant to the management of contaminated food production systems.
However, when used in isolation (i.e. not as part of a project involving a participatory
process), the full potential of the Food Handbook cannot be realised. In the same way
that this Handbook was developed through a process of stakeholder participation, it is
intended to be applied using a similar participatory approach. Examples of the most
likely applications of this Handbook are:

. in the preparation phase, under non-crisis conditions to engage stakeholders and
to develop local, regional and national plans/framework/tools

. in the post-accident phases by local and national stakeholders as part of the
decision-aiding process

. for training purposes

. in preparation for and during emergency exercises.

1.4 Context

The primary focus of the Food Handbook is radiological protection, i.e. reducing
exposure of humans to radiation. However, experience from past contamination events,
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particularly the accident at the Chernobyl nuclear power plant, has shown that the
consequences of widespread and long-lasting contamination are complex and multi-
dimensional. Radiological protection should be considered as only one aspect of the
situation, especially where agricultural production and food supply is concerned. It has
been recognised that, to be efficient and sustainable, the management of consequences
of radioactive contamination must take into account other dimensions of living
conditions, such as economic, social, cultural and ethical issues. Therefore this
Handbook also addresses aspects that go beyond those of radiological protection (see
especially Section 2). The handbook is built on the premise that those living and working
in the contaminated areas still wish to do so following a nuclear accident or radiological
incident. This depends in part on the support provided by the authorities.

1.5 Scope

The sources of contamination considered in the Food Handbook are from a nuclear site
or weapons’ transport accident. However many of the management options described
will also be relevant to other radiation incidents e.g. an improvised terrorist device, even
though the pattern of contamination would be different. A list of the radionuclides
considered in this Handbook is given in Table 1.1. The phases covered by this
Handbook are the pre-deposition to post-accident phases, with emphasis on recovery in
the post-accident phase. The production systems covered by this Handbook include
agricultural and domestic food production, including the gathering of free foods from the
wild (see Section 1.7).

1.6 Structure of the Food Handbook

The overall structure of the Food Handbook is illustrated in the top segment of Figure
1.1. Supporting and background information is provided in the five Appendices.
Section 1 sets the context, scope, audience of the Handbook, its application and how
existing legislation would influence the marketing of food products in contaminated
areas. Factors influencing the implementation of management options in contaminated
areas are described in Section 2, whilst datasheets for individual management options
are presented in Section 3. Information on the planning for recovery in advance of an
incident is given in Section 4. The main decision aiding framework, including a worked
example is included in Section 5 and Section 6, respectively. As noted in Section 1.3,
the Food Handbook should be used as part of a participatory process involving local and
national stakeholders in the development of a recovery strategy (i.e. lower segment of

Figure 1.1).
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Table 1.1 Radionuclides considered in the Food Handbook

Radionuclide

Symbol Name Dominant radiation type  Radioactive half-life
®Co Cobalt-60 ~ Gamma 527y
®se Selenium-75 ~ Gamma 119.8d
Ogr Strontium-90 _Beta 29.12y
*Nb Niobium-95 ~ Gamma 35.15d
%zr Zirconium-95 ~ Gamma 63.98 d
®Mo +*™Tc  Molybdenum-99 + Gamma 66 h
Technetium-99m
"Ru Ruthenium-103 ~ Gamma 39.28d
""Ru Ruthenium-106 Gamma 368.2d
""Ag Silver-110 ~ Gamma 249.9d
¥Te Tellurium-132 Gamma 78.2h
hl lodine-131 ~ Gamma 8.04 d
¥cs Caesium-134 Gamma 2.062y
¥cs Caesium-137 ~ Gamma 30y
“Ba Barium-140 Gamma 12.74 d
*'Ce Cerium-141 ~ Beta/gamma 32.5d
e Cerium-144 ~ Beta/lgamma 284.3d
"**Yb Ytterbium-169 ~ Gamma 32.01d
92 Iridium-192 Gamma 74.02 d
26Ra Radium-226 ~Alpha 1.610°%y
25y Uranium-235 ~ Gamma/ alpha 7.0410%y
8py, Plutonium-238 _Alpha 87.74y
#9py Plutonium-239 Alpha 2410%y
1Am Americium-241 ~ Gammal/ alpha 4322y
2t Californium-252 Gamma/ alpha 2.638y

Version 2
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Figure 1.1 Structure and audience for the Food Handbook
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1.7 Food production systems included in the Food Handbook

The diversity of land use, land management practices, climatic conditions and
geomorphology lead to a wide range of food production systems in the European Union.
Table 1.2, Table 1.3 and Table 1.4 give an overview of the types of food products for
which the Food Handbook can be applied to develop a management strategy. ‘Food
product’ is a generic term for categories of foods that can be derived from several
sources. For example milk is a generic product that can be derived from cows, sheep
and goats. Domestic food production includes all food that is produced by individuals in
private or kitchen gardens or allotments; free foods are those that are collected from the
wild.

Table 1.2 Classification of agricultural food production systems

Food product

Sources/examples

Milk and other dairy
products

Dairy cow, sheep, goat

Meat Grazing livestock: beef cattle, sheep and lamb, reindeer/deer, horse
Free range: pig, poultry (chicken, turkey, geese and duck)

Eggs Hens

Cereal Wheat, barley, oats, oil seed rape, rye, maize

Vegetables and
horticultural crops

Root crops (carrots, parsnips), tubers (potatoes), onions, legumes (peas, beans)
brassicas (Brussel sprouts, cabbage, broccoli, cauliflower), salad (lettuce)

Industrial crops

Oil seeds, pulses, sugar beet, hops

Fodder plants Silage, hay, root vegetables

Fruit Orchard (apples, pears, plums, citrus, olives), bush (blackberry, gooseberry),
canes (raspberry), herbaceous (strawberry), vines (grapes)

Honey Commercial beehive

Fish (salt and Fish farm (salmon and trout), marine fish, wild salmon, freshwater fish

freshwater)

Table 1.3 Classification of domestic food production

Food product

Sources/examples

Meat

Domesticated livestock & fowl such as cow, sheep, goat, pig, duck, goose,
turkey, guinea fowl, quail, chicken

Milk

Domesticated livestock such as cow, sheep, goat

Vegetables, herbs,
edible flowers, fruit,
berries

Berries such as strawberry, gooseberry
Fruits such as apple, plum, cherry
Vegetables such as carrots, courgettes, lettuce

Edible flowers such as elderflower, nasturtium

Herbs Mint, fennel

Nuts Garden production of nuts such as hazelnut, chestnut, walnut, beech nut
Freshwater fish Private lake

Honey Private beehive

Eggs Domesticated fowl such as duck, goose, quail, hen, peahen
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Table 1.4 Classification of free foods

Food product

Sources/examples

Meat Waterfowl, wildfowl, game fowl such as pheasant, partridge, grouse, goose, duck,
shipe, woodcock
Ground game such as hare, rabbit and deer
Pests such as grey squirrel and pigeon

Mushrooms Forageable mushrooms such as field mushrooms, chanterelle, puffball and oyster

Fruit, berries, herbs,
edible flowers, aquatic
plants

Forageable wild berries such as elderberry, blackberry and rosehips
Fruits such as apple, damson and sloe

Wild vegetables/herbs such as horseradish, dandelion root, nettle
Edible flowers such as elderflower

Forageable wild aquatic plants such as seaweed, watercress

Nuts

Forageable nuts such as hazelnut, chestnut, walnut, beech nut

Marine fish and shellfish

Fish such as cod, haddock, plaice, herring, mackerel

Shellfish such as clam, scallop, oyster, cockle, mussel, winkle, crab, lobster, prawn,
shrimp

Freshwater fish and
shellfish

Fish such as trout, carp, eel, grayling, perch, pike, salmon
Shellfish such as crayfish

Honey

Feral beehive

The prevalence of these food production systems varies between Member States (e.g.
reindeer in northern Europe and goats in southern Europe). In some countries (e.g.
Belgium) production is carried out intensively (e.g. livestock at high density), whilst in
others (e.g. France) there are more extensive systems (e.g. lower density of livestock,
less fertiliser inputs). Domestically produced food in gardens and allotments is common
throughout Europe as is the gathering of ‘free’ foods from the wild.

1.8 Food production systems excluded from the Food Handbook

There are a few types of products and production systems that are currently not
explicitly included in this handbook: organic farming, other farm certification schemes
(e.g. free-range systems), drinking water for animals. Information on drinking water for
human consumption can be found in a separate Handbook on Drinking Water Supplies.

1.9 Radiological protection criteria for food

1.9.1 Maximum permitted activity concentrations in foodstuffs
The Council of the European Communities has issued a number of Regulations
concerning contamination levels in food that apply for accidents (CEC, 1989a, 1989b,
1990). These Regulations are intended to ensure uniformity of standards across the
European Union (EU) and would become legally binding in the countries of the EU
following an accident anywhere in the world. The Regulations specify maximum
permitted activity concentrations in marketed foods, termed CFILs (Council Food
Intervention Levels). The CFILs represent an EU judgement on the optimum balance
between the beneficial and harmful consequences of introducing food restrictions in the
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EU. In case the CFILs should prove inappropriate under the specific circumstances of a
future accident, provision has been made within the Regulations for the CFILs to be
revised shortly after an accident. Such a revision depends on a qualified majority
agreement by the Member States.

The CFILs are listed in Table 1.5. Twenty of the CFILs are for foods (CEC, 19893,
1989b), and three are for animal feeds (CEC, 1990). The CFILs for foods are divided
into four groups of radionuclides (radiostrontium, radioiodine, alpha-emitting
radionuclides, and other radionuclides with relatively long half-lives) and five food
categories (baby foods, dairy foods, other major foods, minor foods and liquid foods.
The CFILs for animal feeds apply to radioisotopes of caesium only, and are specified for
feed intended for three categories of animal: pigs; poultry, lamb and calves and other.
By using these groupings, the CFILs are kept to a manageable number, while, at the
same time, important differences in the behaviour of radionuclides and people’s dietary
habits are taken into account.

Table 1.5 Council Food Intervention Levels (CFILs) for foods and animal feeds

Intervention levels (Bq kg'1)

Radionuclide Baby foods Dairy produce® Minor foods Other foods Liquid foods
Isotopes of strontium (*Sr,*°sr) 75 125 7,500 750 125
Isotopes of iodine (**'l) 150 500 20,000 2,000 500
Alpha-emitting isotopes of 1 20 800 80 20
plutonium and transplutonium

elements® ] ]

All other radionuclides of half-life 400 1,000 12,500 1,250 1,000
greater than 10 days®

Animal feed intended for Intervention levels® (Bq kg'1)

Pigs 1,250

Poultry, lambs and calves _2,500

Other 5,000

2This category includes Z°Pu and ?*'Am

® This category includes *°Co, "*Se, ®*Nb, *zr, "®Ru, '®Ru, """Ag, '®sb, *'Cs, ¥Cs,*'Ce, "**Ce, "*°Yb, "*Ir, **Ra
and *°U. ™C, ®H and “°K are not included in this group

137,

¢ Intervention levels are for **Cs and "*'Cs only

¢ Milk and cream only

Within each radionuclide and food group it is the sum of the activity concentrations of all
the specified radionuclides in that food which is to be compared with the CFIL. For
example, if both "**Cs and "*"Cs are present within a consignment of meat, then the
activity concentrations of the individual radionuclides should be added together before
comparison with the CFIL of 1,250 Bq kg'1.

The CFILs are intended to be applied independently of one another; if the combined
activity concentration level for one radionuclide group in a given food category is
exceeded, then restrictions on food will be imposed, regardless of the concentration of
other radionuclides in that food, or of the concentration of radionuclides from that group
in other foods. Similarly, if the summed contributions of radionuclides within each of two
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groups were both more than 50% (but less than 100%) of the CFIL given for each
group, then the food will not be subject to restrictions.

The relationship between CFILs and the resultant individual doses is complex and
difficult to calculate generically. These doses depend on the sources and composition of
an individual’'s diet and the variation of radionuclide concentrations within the food as a
function of time. If it is assumed that 10% of each food was contaminated at the CFILs
throughout the year the doses from consuming each food would range between a few
hundredths of a millisievert and about half a millisievert in a year (NRPB, 1994). Except
in very extreme circumstances, individuals would receive very much lower doses than
these, because activity concentrations in foods vary during the year and between
production locations. Since these doses were calculated for critical group intake rates, it
is inappropriate to sum the doses over all the foods listed to obtain a likely total dose
from ingestion.

1.10 General radiological protection principles and criteria

The International Commission on Radiological Protection (ICRP) is the primary
international body for recommending radiological protection standards. After a
consultation process lasting several years, in 2007 the ICRP published new
recommendations for a system of radiological protection in Publication 103 (ICRP 2007).
These recommendations replace the previous recommendations published in 1991 as
the 1990 Recommendations (ICRP 1991a). However, it will take several years before
Publication 103 becomes incorporated into national legislation.

1.10.1 Practices and Intervention
The 1990 Recommendations distinguishes two situations for which the system of
radiological protection applies, ‘practices’ and ‘interventions’.

1.10.1.1 Practices

Practices are situations that are under control and that lead to increases in the exposure
of individuals such as during the operation of nuclear power stations. Emphasis is on
the control of the source of exposure and this can generally be planned for before
commencing the practice. ICRP's principles of protection for practices are:

o no practice involving exposures to radiation should be adopted unless it produces
sufficient benefit to the exposed individuals or to society to offset the radiation
detriment it causes. This is known as the justification of a practice

) in relation to any particular source within a practice, the magnitude of individual
doses, the number of people exposed, and the likelihood of incurring exposures
where these are not certain to be received should all be kept as low as reasonably
achievable, economic and social factors being taken into account. This procedure
should be constrained by restrictions on the doses to individuals (dose
constraints), or the risks to individuals in the case of potential exposures (risk
constraints), so as to limit the inequity likely to result from the inherent economic
and social judgements. This is known as the optimisation of protection

) the exposure of individuals resulting from the combination of all the relevant
practices should be subject to dose limits, or to some control of risk in the case of
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potential exposures. These are aimed at ensuring that no individual is exposed to
radiation risks that are judged to be unacceptable from these practices in any
normal circumstances.

In simpler terms, these principles may be phrased as follows: radiation can cause harm
and therefore any intended use should be worthwhile (justification) and, this being the
case, all reasonable steps should be taken to reduce exposures from a single source
below predefined constraints (optimisation). Doses and risks to an individual from all
relevant sources of radiation should be kept within pre-defined limits (dose and risk
limitation).

1.10.1.2 Intervention

Interventions are situations where the sources, pathways and exposed individuals are
already in place when a decision on control has to be taken such as during actions
taken to reduce existing radon exposures. In such situations, protection can only be
achieved by removing or modifying existing sources or pathways, or reducing the
numbers of people exposed. ICRP (ICRP, 1991b) have recommended the following
general principles governing the system of radiological protection for intervention:

. countermeasures should be introduced if they are expected to achieve more good
than harm. This is known as the justification of intervention
. the quantitative criteria used for the introduction and withdrawal of

countermeasures should be such that the protection of the public is optimised.
This is known as the optimisation of intervention

. serious deterministic health effects should be avoided by introducing
countermeasures to keep doses to individuals to levels below the thresholds for
these effects.

In most cases, intervention cannot be applied to the source of the exposure and has to
be applied in the environment and, particularly in the case of accidents, to an individual's
freedom of action. Thus a programme of intervention will always have some
disadvantages but should always be justified in the sense that it does more good than
harm. It follows that the use of dose limits, or constraints, specified for practices as the
basis for deciding on a level at which intervention is invoked might involve measures
that would be out of proportion to the benefit obtained and, therefore, would conflict with
the principle of justification. Thus, dose limits for practices (and, by inference, dose
constraints) do not determine whether or not intervention should be undertaken. There
will, of course, be some level of dose approaching that which would cause serious
deterministic effects, where some form of intervention will be almost always required.
Since the thresholds for deterministic effects vary to some extent between individuals
and circumstances, it is helpful, for emergency planning and response purposes, to
adopt robust threshold values that are lower than the known biological thresholds.

Clearly, intervention aims to avoid or avert exposure to radiation. Hence one important
quantity in taking decisions on intervention is the level of dose averted by taking the
remedial action (avertable dose). However, for actions undertaken during the recovery
phase, it should be recognised that an equally important aim is to promote an early
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return to ‘normal living'. Thus decision makers should consider, not only the expected
consequences of implementing the strategy (e.g. the avertable dose, the costs,
resources required, likely duration, level of disruption etc), but also how implementing
this strategy will contribute to the re-establishment of ‘normality’, including, specifically,
the criteria on which protective measures will be considered successful (and so can be
terminated).

For situations requiring intervention, the concept of a level of dose, or directly
measurable quantity, above which action should be taken, can be useful. Such criteria
are termed action levels (ALs). Generic ALs may be developed before an accident (e.g.
those adopted for food) or in the event of an accident, taking account of the specific
circumstances.

1.10.1.3 Which system of protection for the recovery phase?

The systems of protection for both practices and intervention are relevant for the
recovery phase. The system of protection for intervention would be used in the process
of deciding on the form and scale of the actions taken to recover from contamination of
the environment from accidental releases of radioactivity. However, the workers
undertaking any of the actions would be potentially being introduced to an additional
source of radiation so their exposure would be controlled under the system of protection
for practices. Similarly, the handling and disposal (away from the contaminated area) of
any wastes produced during the recovery actions would be controlled under the system
of protection for practices.

1.10.2 Key features of the new 2007 Recommendations relating to the
recovery phase

The fundamental principles of radiological protection — justification, optimisation and

application of dose limits, remain the same and the dose limits are unchanged from the

1990 Recommendations. ICRP has, however, made some changes to the structure of

the system of protection in order to improve clarity.

In the 2007 Recommendations ICRP has divided exposure situations into three types,
which encompass the entire range of plausible exposure situations: planned exposure
situations which involve the deliberate legitimate introduction and operation of sources;
existing exposure situations which are situations where exposures already exist when a
decision on protection has to be taken; and emergency exposure situations which
require urgent action to avoid or reduce undesirable exposures. Within the framework
described in the 2007 Recommendations, emergency response and its aftermath will
evolve through two types of exposure situations: emergency exposure situations and
existing exposure situations. ICRP uses the categorisation of exposure situations to
highlight differences in the way the situations are managed: there may not be clear cut
boundaries between the physical attributes of the exposures themselves. The
management of the emergency exposure situations is characterised by recognition that
the situation is ‘abnormal’ and that actions are required to protect people and to help
restore the situation to ‘normal’. Emergency response management is therefore
concerned with initiating and managing change on a short timescale. Existing exposure
situations resulting from emergencies, on the other hand, are situations where the on-
going radiation risks are tolerable, even with only limited, or no, further protective
actions, although the environmental contamination and potential exposures are

Version 2



Version 2

INTRODUCTION TO THE FOOD HANDBOOK

recognised as being higher than would be accepted for planned situations. In short it is
recognised that the impact of significant further environmental remediation on the
people affected and on society more generally would outweigh any expected benefits.
Thus a new normality can be established and which requires sustaining. The
management of existing exposure situations is therefore characterised by enabling and
promoting normal living in an area recognised as having higher potential exposures than
other areas. This may involve continuing less disruptive protective actions, such as
regular environmental monitoring, but the focus of management would be on the
maintenance of normal living, not a change to normal living. The Food Handbook is
likely to be applicable to both emergency exposure situations and existing exposure
situations, although emergency countermeasures such as sheltering, evacuation and
stable iodine prophylaxis have been deliberately excluded.

1.1 Terminology

11141 Management options

Actions intended to reduce or avert radioactive contamination of food, agricultural or
forestry products before they reach consumers are commonly referred to as agricultural
countermeasures (IAEA, 1994). The term ‘countermeasure’, although widely
encountered, was not well received by the stakeholder panels engaged in the European
FARMING network (Nisbet et al., 2005). Various stakeholders, especially from the
agricultural field, expressed their concern that adopting this term might prove
inadequate for a number of reasons. One main objection was that, in common verbal
usage, a countermeasure is often perceived as being a rather negative action, which in
fact is taken to offset some preceding action. Those not acquainted with radiation
protection nomenclature found that countermeasures for contamination could be
confused with measurements of contamination. Others deemed the term was
misleading in the sense that, a countermeasure may be perceived as an action taken to
accomplish zero levels of radioactivity. They also suggested the term was mainly
focused on technical aspects of the actions and did not accentuate their strategic
dimension. In preparing this Handbook, these reservations were taken into account and
the term “management option” has been adopted instead, to encompass interventions
aimed at reducing or averting the contamination or the likelihood of contamination of
food production systems.

1.11.2 Timescales for implementing management options

It will be necessary to implement management options following a nuclear or
radiological accident involving an atmospheric release of radioactivity. The timescales
for implementation cover the period before the release and extend over the weeks,
months or even years after the event. There is no universal terminology used to
describe these phases, so for the purposes of this Handbook, they are subdivided as
follows:

. the pre-deposition phase with a time scale of hours/days, starting when a
substantial risk of contamination is identified and ending when either a release
occurs or the source is brought back under control. During this pre-deposition
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phase management options would be introduced on a precautionary basis to
ensure that appropriate protection is in place. During this period, some initial
estimates on the severity and consequences of the expected deposition would be
possible and arrangements for managing the accident response should be
activated

. the early phase, with a time scale of hours/days, lasting for as long as the release
is in progress. This phase will require prompt implementation of management
options. Relatively few measurements will be available and decisions will be
based primarily on predictions of the radiological situation in the environment

. the medium-term phase, which extends from weeks to months after deposition.
During this phase, monitoring programmes will be in place and sufficient data will
be gathered over time. In the medium term, decisions to cease early-phase
management actions or introduce additional ones will be based on a reasonably
complete picture of activity levels and affected areas

. the late phase, with a time scale of several months up to more than a year. During
this phase, an optimisation of strategies should be possible, aiming to reduce
radiation levels in the environment, permit long-term management of agricultural
production and pursue the rehabilitation of the living conditions in the affected
area, including concerns about health, economic, societal, cultural, ethical issues.

It is important to note that the duration of these phases is not always clear-cut and that
different phases may overlap depending on the type of the release and the evolution of
contamination from a temporal and spatial perspective.

It is recognized among organisations responsible for emergency and long-term
management that planning and preparing in advance of a nuclear or radiological
accident is essential if the response requirements are to be satisfied. The practical goal
of this preparedness phase is to “ensure that arrangements are in place for a timely,
managed, controlled, co-ordinated and effective response at the scene, and at the local,
regional, national and international level, to any nuclear or radiological emergency”
(IAEA, 2002). One of the most important features of the preparations is that they should
be integrated among the different stakeholders involved, establishing a common
platform for actions and drawing clear lines of responsibility and authority.
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The 58 management options described in this Handbook encompass many types of
action that can be carried out in food production systems to reduce the impact of
radioactive contamination. They can be implemented at different phases of the response
extending from the pre-deposition stage and continuing for the days, weeks, months and
even years after the accident. The management options are designed to target
particular media and contamination pathways including soil, crops, livestock and other
animal products. They are not only aimed at addressing health concerns but also a
wide range of other issues at stake such as the local economy, societal and ethical
concerns and disposal of wastes. Table 2.1 provides a list of all the management
options considered in the Food Handbook: a distinction is made between those options
that may be implemented at the pre-deposition stage and those implemented in the
early, medium-term and late phases following an incident. The options in the latter
category are further subdivided according to the specific purposes for which they were
designed. Section 3 provides a comprehensive set of datasheets for each management
option which take into account most of the criteria that decision makers might wish to
consider when evaluating different options.

The implementation of these management options is not trivial. There are a number of
complex factors that need to be taken into account when developing a good
management strategy and this is further complicated by the complexity of the decision-
making process itself. This chapter identifies the most important criteria although
decision-makers, implementers and other stakeholders may identify additional ones.
The illustration presented in Figure 2.1 gives an overview of the key criteria that might
need to be considered, broken down into their main components.
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Table 2.1 List of management options for food production systems

Pre-deposition phase

Closure of air intake systems to minimise the contamination of food processing plants
and foodstuffs within them

Closure of irrigation systems

Covering of standing crops

Prevention of contamination of greenhouse crops

Protection of harvested crops from deposition

Short-term sheltering of dairy animals

Early to late phase

General applicability

Dilution

Feeding of animals with crops/milk in excess of intervention levels

Leaching of horticultural peat

Prevention of fire in forests, shrubland and other sensitive areas

Restriction on the entry of food into the foodchain (food ban)

Selection of alternative land use

Soils/crops/grassland

Application of lime to arable soils and grassland

Application of potassium fertilisers to arable soils and grassland

Deep ploughing

Early removal of crops

Land improvement

Processing of crops for subsequent consumption

Pruning/defoliation of fruit trees and vines

Selection of edible crop that can be processed

Shallow ploughing

Skim and burial ploughing

Topsoil removal

Livestock and animal products

Addition of AFCF to concentrate ration

Addition of calcium to concentrate ration

Administration of AFCF boli to ruminants

Administration of clay minerals to feed

Change of hunting season

Clean feeding

Decontamination techniques for milk

Distribution of saltlicks containing AFCF

Live monitoring

Manipulation of slaughter times

Processing of milk for subsequent human consumption

Salting of meat

Selective grazing regime

Slaughtering of dairy livestock
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Suppression of lactation before slaughter

Societal

Compensation scheme

Dietary advice

Food labelling

Local provision of monitoring equipment

No active implementation of management options (do nothing)

Processing and/or storage prior to consumption

Raising of intervention limits

Restrictions on gathering wildfoods

Waste disposal

Biological treatment (digestion) of crops

Biological treatment (digestion) of milk

Burial of carcasses

Burning of carcasses

Composting

Disposal of contaminated milk to sea

Incineration

Landfill

Landspreading of milk and/or slurry

Ploughing in of a standing crop

Processing and storage of milk products for disposal

Rendering
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Figure 2.1 Diagram showing some of the factors that might influence the selection of management options
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21 Temporal and spatial factors

The characteristics of the radionuclides deposited into the environment from an event,
as well as the type of land that is affected by the contamination and what it is used for,
have a significant influence on the selection of management options. Such a selection
should also take account of issues relating to time (e.g. when the incident happened,
time since it happened, variation of activity concentrations of radionuclides over time,
movement of radionuclides through the foodchain over time (Appendix B) and space
(e.g. area affected, contamination zones based on deposited activity, and how these
change over time).

Time and space related issues are discussed in the following sections in relation to the
characteristics of the event and the management options. The information provided is
based on Nisbet et al, 2006.

The dynamics of an event strongly depend on the kind of facility that is involved (e.g. a
nuclear reactor with a cooling problem, a fire in a fuel factory, a weapons transport
accident). For the purposes of the Handbook the timescales over which management
options can be implemented have been divided into four phases: pre-deposition
(including pre-release), early phase, medium and late phases.

Pre-deposition phase

There may be a considerable delay between the initiating event and the beginning of the
release due to the presence of a containment building, (e.g. the accident at the Three
Mile Island nuclear power plant in 1979). In other cases, the initiating event and the
release may be almost simultaneous. Examples are the accidents that occurred at the
Chernobyl nuclear power plant and Tokai-Mura.

The timing of the alert does not necessarily precede the release. In the case of very fast
events, alerts are only given after the release has started. If the alert comes too late, it
will not be possible to implement precautionary measures such as closing ventilation
systems in greenhouses.

Generally speaking, the arrival time of the plume and, therefore, the time available to
prepare actions depend strongly on the distance from the release point and the
meteorological conditions (wind speed and wind direction). There may be no time
available at all before the plume arrives.

Early phase

During the passage of the plume, radionuclides are deposited on different surfaces such
as soil, vegetation and buildings. In general levels of contamination diminish with
distance and time. However, if it rains during the release enhanced deposition levels
can be found in places subject to the heaviest rainfall during the passage of the plume.

After the release has stopped there is no further deposition of radionuclides and
average activity concentrations on surfaces generally diminish over time. This is due to
radioactive decay and to other processes such as migration of radioactivity through the
soil and transfer of radionuclides from tree leaves to soil during rainfall. The role played
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by the various processes depends on the vegetation, topography, meteorological
conditions, soil composition, and other factors (see Appendix B).

Medium to late phases

In the medium to late phases the largest source of radionuclides is the soil. According to
Alexakhin and Krouglov (2001), the main physical, chemical and biological processes
that govern the behaviour of radionuclides in soil are:

° processes that define the physico-chemical state of radionuclides which are
mainly responsible for determining the mobility and bioavailability, for example,
sorption/desorption, fixation and assimilation by soil microbiota

. processes that regulate vertical transfer of radionuclides in soil, for example,
advection, diffusion of free and exchangeable adsorbed ions, transfer by plant root
systems, redistribution due to activity of soil animals (bioturbation)

. processes that lead to radionuclide transport in lateral direction, such as run off,
resuspension and erosion

When selecting management options, it is helpful to consider them according to the
timescale of their implementation. In the short term, prompt actions are necessary, for
example, if at the time of deposition, dairy cattle are grazing outdoors, leafy green
vegetables are ready for harvest and mushrooms and berries are available for
gathering. However, many actions take time to organise and prepare (e.g. clean feeding,
distribution of feed additives). For less urgent situations (e.g. livestock not ready for
slaughter, immature crops in the field) several weeks are available in which to decide on
and implement appropriate management options. Some situations may require rather
drastic or irreversible actions such as change of land use, deep ploughing. In such
situations, stakeholder dialogue and consultation will be essential and sufficient time
must be allowed (i.e. months) for the process to be fully implemented.

Management options also need to be selected on the basis of the levels of
contamination present and land use. Typically there will be areas where contamination
levels are very high and priority has to be given to the direct protection of the population
(e.g. by sheltering and evacuation). In these areas, protective measures for agricultural
production should be considered as a low priority. In other areas not subject to
emergency countermeasures, restrictions on the entry of food into the foodchain may be
required. Levels of contamination in food products in these areas can be reduced by
implementing a suitable set of management options. Finally, there will be other areas
not contaminated at all (e.g. regions adjacent to contaminated areas) which could still be
affected indirectly. In this case there would be a requirement for extra monitoring to
maintain consumer confidence.

211 Management options that are applicable in the pre-deposition phase

A decision on whether to implement management options that have to be implemented
prior to deposition has to be taken quickly. There is little time for discussion, and the
areas involved may not be well defined. An approach often followed in that case is to
define a zone for implementation based mainly upon model predictions (see
Appendix C), taking into account a margin of uncertainty. The zones defined initially can
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be rather large and will normally be reduced in size when more precise measurement
information becomes available.

21.2 Management options that are applicable in the early phase

After the passage of the plume, more information will be available to determine the
activity deposited on soil and vegetation and the severity of the event. Monitoring will
provide data to determine the extent of the contaminated areas, the radionuclide
composition, zones with enhanced contamination due to rainfall or the influence of the
morphology. Initial monitoring will concentrate on measurements of dose rates, activity
concentrations in air and deposition on soil. These measurements will be a valuable
input to model calculations to aid the selection of management options. Operational
intervention levels are an important tool to delimit the zones for management strategies
in this phase.

Decisions on implementing management options have to be made quickly for sensitive
food products. For leafy vegetables contaminated at harvest time, the problem is
immediate as there is a risk that the edible parts of the plant will be contaminated in all
regions where the plume has passed. For grazing dairy livestock, the delay between
deposition on to grass and contamination of milk is of the order of a day. For meat,
there is less urgency to act than for milk, because the slaughter time is relatively flexible
(can be delayed for days, weeks, even months).

213 Management options that are applicable in the medium term to late
phase

If the composition of the deposited material consists of mainly short-lived radionuclides,
or if activity concentrations of the radionuclides are low, management options may only
need to be implemented in the early phase. However, if long-lived radionuclides are
present, it may be necessary to consider longer-term management options. As there is
more time available, it is recommended to plan for stakeholder involvement at this
stage, and to base the decisions mainly upon accurate measurements both in the
environment and in the products grown in the affected areas. At some point in time, it
may be necessary to intervene irreversibly, for example, by making changes to land use,
deep ploughing etc., to restore some form of agricultural activity in contaminated areas.
These actions cannot be considered separately from a broader discussion on the
rehabilitation of living conditions.

2.2 Effectiveness

The primary aim of most of the management options considered in this Handbook is to
reduce the doses from the consumption of contaminated foodstuffs. In this context

effectiveness of a management option is expressed as the percentage reduction
in the activity concentration in the target medium (i.e. soil, crop, or animal

products) after implementing the option.
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There are some management options, however, which may be considered more as
supporting measures (e.g. provision of monitoring equipment and live monitoring).
These can increase the effectiveness of other options as well as providing reassurance;
they may not directly reduce doses

For food waste disposal options, where the objective is not dose reduction,
effectiveness may be considered from a different perspective. In this case

effectiveness of disposal options for waste food products is expressed as the
proportion of contaminated produce that can be removed from the foodchain by

any one disposal route.

The effectiveness of management options is influenced by technical and societal
criteria, some of which are very specific to one or two options. Comprehensive
guidance on effectiveness is provided on individual datasheets (see Section 3). Generic
non-exhaustive information on some of the more commonly encountered factors that
affect effectiveness is listed below.

221 Technical factors

Technical factors tend to be those that can be easily quantified at the time of the event
and do not depend on judgement or societal issues (see Section 2.2.2). They have been
subdivided in Table 2.2 below into factors that are generally applicable to most
management options and those that are related to soil, crop, livestock, animal product
and waste product.

Table 2.2 Technical factors affecting effectiveness of management options

Factors affecting the effectiveness of most options

Availability of staff, equipment, transport, resources
Duration of treatment and application rates

Properties of the radionuclide i.e. physical and chemical form, half-life, biological half-life.

Factors affecting the effectiveness of options directed at soll

Soil type, texture, fertility and pH
Radionuclide distribution in soil profile

Rooting depths of crops

Factors affecting the effectiveness of options directed at crops

Growing stage
Leaf area index and biomass present
Texture of plant surface

Soil-to-plant transfer factor

Factors affecting the effectiveness of options directed at livestock

Stage of lactation

Nutritional status

Factors affecting the effectiveness of options directed at animal products

Type of decontamination technique
Fat content of milk

Concentration of salt solution

Factors affecting the effectiveness of waste disposal options
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Moisture content

Energy value

Physical form, size and volume

Biochemical oxygen demand

222 Societal factors

Societal factors arise from people’s behaviours, attitudes and perceptions. Unlike
technical factors, the impact of societal factors on the effectiveness of management
options is difficult to quantify and may depend on the acceptability of the option, based
on judgement. Societal factors are summarised in Table 2.3 below.

Table 2.3 Societal factors affecting effectiveness of management options

Timeliness of decision-making and implementation

Acceptability and compliance with procedures (implementers)

Divergence from standard practice and willingness to adapt to new procedures

Market for end products

Expertise and training in new technology

Acceptability to consumers, environmentalists

Willingness of privately owned facilities to accept wastes

Willingness of local populations to accept wastes.

2.3 Incremental doses

An important criterion when assessing the practicability of a management option is the
incremental dose received by the people implementing it. Incremental dose is defined as
the additional dose that is incurred as a result of carrying out an operation that is not
part of the normal practice, such as the dose a farmer receives while gathering cattle
and carrying out live monitoring for reassurance purposes as this is not part of the usual
farming practice.

A number of factors influence the doses people receive as a consequence of
implementing management options (see Figure 2.2). The most important factors to
consider are the radionuclides released into the environment and the type of medium
that is contaminated (e.g. arable soil, crops, grassland, livestock or milk).

When implementing a management option the major exposure pathways to consider are
external irradiation, inhalation of re-suspended material and inadvertent ingestion of
contaminated material; in a few instances external irradiation of the skin is also
important. The magnitude of the doses from the different pathways largely depends on
the radionuclides present. For example, when ploughing arable soils contaminated with
B/y-emitting radionuclides the highest dose is generally due to external exposure to soil,
whereas for some a-emitting radionuclides the highest dose is due to the inhalation of
re-suspended material.

The estimation of incremental dose depends on the exposure time while implementing
an option. This time depends on the area of land requiring treatment or the volume of
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waste requiring disposal, and the machinery and manpower available, which affect the
work rate.

It is also important to note that some management options generate secondary/tertiary
wastes that require disposal (e.g. topsoil removal), which may result in operatives at
waste management facilities receiving incremental doses. In some cases members of
the public might also receive an incremental dose depending on the final disposal site
for the treated waste (e.g. application of contaminated sewage sludge to land following
anaerobic digestion of waste milk).

Incremental doses and factors relevant to their assessment have been investigated by
Hesketh, et al., 2006. The report provides a simple illustrative methodology for
calculating incremental dose including data for the incremental doses that may be
received following implementation of management options in food production systems.
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Figure 2.2 Diagram illustrating some of the key factors to be considered when calculating incremental doses
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24 Waste disposal issues

241 Generation of waste

Agricultural produce and food from domestic gardens may become contaminated as a
consequence of releases of radioactivity into the environment. Depending on the
transfer of radionuclides to the animal or plant products affected (see Appendix B),
some or all of this produce may contain activity concentrations of radionuclides in
excess of Council Food Intervention Levels (Table 1.4). According to international
radiation protection standards these products cannot enter the foodchain and, therefore,
restrictions must be placed on the marketing of these foodstuffs. As the food products
cannot be used for the purpose for which they were grown, they can be classified as
waste. Depending on the specific situation and the type of produce affected, various
options exist for the management of such wastes:

. no action is taken (e.g. if the radionuclide has short half-life and/or crop is
immature, or livestock not ready for slaughter)

. contamination from the food product can be removed using established
techniques and the food production is re-introduced into the foodchain

. the food product is diverted to animal feeding

. the food product is disposed of as waste.

Factors affecting the suitability of these options are presented in Figure 2.3.

242 Disposal of waste

Considerable volumes of biodegradable waste can arise if restrictions are placed on the
entry of contaminated foodstuffs into the foodchain. Waste may also arise as a
by-product of some of the other management options designed to reduce the
subsequent transfer of radionuclides through the foodchain.

The types of produce that might require disposal include:

. crops and by-products from processing
. grass products (fresh grass, silage, hay)
. milk and by-products from processing

. whole animal carcasses and meat

. soil.

Twelve options have been identified for the disposal of these wastes. Comprehensive
guidance on these options is given in the individual datasheets (see Section 3). They
have been classified according to whether the waste would be typically treated in situ or
transported to an off-site treatment or disposal facility (see Table 2.4). Seven important
criteria need to be considered in the selection of the most appropriate disposal options:

. characteristics of the waste

. legislation concerning disposal routes for the waste
. capacity of disposal facilities

. agricultural impact following disposal

. environmental impact following disposal
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. radiological impact during and after disposal

. societal/ethical issues.

Each of these criteria is influenced by site-specific information, which has
summarised in more detail in Figure 2.4.

Table 2.4 Management options giving rise to waste

been

Management option

Waste produced

Clean feeding

Cut grass, slurry

Decontamination techniques for milk

Resins

Early removal of crops

Crops

Processing of crops for subsequent consumption

Wastewater during processing, crop by-products

Processing of milk for subsequent human consumption

Milk products (e.g. butter, cheese), milk by-
products (e.g. whey), waste water

Pruning/defoliation of fruit trees and vines

Cut branches, leaves

Restriction on the entry of food into the foodchain (food
ban)

Crops, milk and meat

Salting of meat

Wastewater during processing

Selection of edible crop that can be processed

Wastewater during processing, crop by-products

Slaughtering of dairy livestock

Animal carcasses

Topsoil removal

Soil

Table 2.5 Classification of waste disposal options

In situ

Target medium

Composting®

Crops, cut grass

Landspreading of milk and/or slurry®

Milk

Ploughing in of a standing crop

Crops, pasture

Off-site

Target medium

Biological treatment (digestion) of crops

Crops

Biological treatment (digestion) of milk

Milk

Burial of carcasses

Animal carcasses

Burning of carcasses

Animal carcasses

Disposal of contaminated milk to sea

Milk

Incineration Crops, grass and grass products, meat, animal carcasses,
dried milk, by-products from processing
Landfill Soil, crops, grass and grass products, meat, solid by-

products from processing

Processing and storage of milk products for
disposal

Milk

Rendering

Animal carcasses

& Can also be carried out off-site
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Figure 2.3 Diagram illustrating factors influencing management of waste food
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Food, feedingstuff and agriculture

Figure 2.4 Diagram illustrating some of the main waste disposal issues to be considered when constructing a strategy of management options

Aesthetic effects of disposal to
atmosphere, land and sea

'Dilute and disperse' vs
‘concentrate and contain'

Nuclear safety

Willingness of other

Freshwater resources

Nature conservation

non-radiation workers

Legal constraints Handling issues

Willingness of farmers

Societal and ethical aspects

Disruption

Level of contamination

Type
Volume

Loss of wildlife habitat

Marine Change in perception of

Site-specific an area
Loss of amenity

Impact on populations
living near disposal sites

Incremental dose to workers
Requirements for protective
equipment

Radiological impact

Characteristics of

Waste disposal

the waste . . .
issues Production of con_tamlnated
secondary and tertiary wastes
Soil erosion Soil fertility (increase or decrease)
. Agricultural impact
Reduction in

Soil

Atmosphere i
Surface water and ground water Pollution

(run-off, pathogens)

biodiversity

Subseguent land use
rganic production

Availability of transport

Environmental impact

Location of sites and

Seawater

Z UOISIaN

facilities

Retrievability of contamination Capacity

Capacity

Interim storage

MOO49AdNVYH dOOo4



FACTORS INFLUENCING IMPLEMENTATION OF MANAGEMENT OPTIONS

2.5 Societal and ethical factors

The consequences of a radiological event raise not only technical, health-related and
radiological problems, but also societal and ethical issues. Radiological contamination
on a large scale has an impact on living conditions at an individual and community level
(i.e. on health, economy, agriculture and environment) and can affect relationships
within families, with neighbours and with the surrounding countryside. The event can
also affect the relationships between those living inside and outside the contaminated
area, especially if the area or population living there become stigmatised in some way.
The information provided in this section is based on Nisbet et al, 2006.

2.51 Management of the contamination

Societal and ethical factors are also relevant to the management of the contaminated
areas, for example, when deciding which management option should be carried out it is
important to understand the implication of any actions on the population, to take into
account individual and community concerns and to recognise the need to involve local
stakeholders in the identification of problems and their solution.

Societal and ethical aspects must also form part of the decision-making process.
Decision-makers should define the strategy not only according to technical criteria, but
also to cultural and ethical points of view. For example, two potential strategies for
managing milk considered unfit for the foodchain consist of spreading the contaminated
milk back on land or transporting it to storage facilities for subsequent decontamination
and disposal. The former is a relatively straightforward and inexpensive option already
used for other types of contaminant but it could be perceived as diluting and dispersing
radionuclides in the environment. The latter option is complex, expensive and has
limited capacity but serves to concentrate and contain the contaminant.

251.1 An overview of criteria affecting societal and ethical aspects

Figure 2.5 resents an overview of some of the main societal and ethical factors
associated with a radiological event and its management. This diagram is not meant to
be exhaustive or prescriptive, but rather to illustrate the multidimensional and complex
nature of the issues at stake. Many criteria are interrelated (e.g. compliance may
depend on the perceived disruption) and may produce knock-on effects (e.g. inequitable
distribution of costs and benefits can produce stigma).

In practice, the choice of management option will almost always involve a balance or
trade-off between health, economic and social consequences, as well as trade-offs
between the interests of different stakeholders and communities of stakeholders. Such
complexity means that it is difficult, if not impossible, to predict the way in which these
factors may impact on the situation. A process involving discussion of all the issues at
stake with the people affected form a necessary part of any management strategy.

In this respect a variety of tools and procedures can be used to help initiate a discussion
of societal and ethical aspects. Such processes need to be open, transparent and
inclusive, and directed towards both citizens and technical experts (see Section 2.9).
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Figure 2.5 Diagram illustrating some of the main societal and ethical factors to be considered when constructing a strategy of management
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2.6 Environmental impact

Agricultural and domestic food production is closely linked with the environment. In the
context of this Handbook the term “environment” refers to natural environments that
surround all living beings (i.e. air, soil, water, as well as natural habitats and ecosystems
such as forests, moorlands). Each environment has a diversity of uses for different
stakeholders (i.e. those involved in farming, recreation and leisure, study, ecologists). In
the event of radioactive contamination, these environments and the relationships people
develop with them are affected, in a complex way. The implementation of management
options often requires changes in agricultural practices and management, such as
tillage, fertilisation, animal husbandry, which can affect the environment. All of these
impacts are highly dependent on the characteristics of the environment in which the
management options are applied (e.g. sensitivity to contamination, soil properties,
topography, climate, historical and current management practices) and to the historical
and current management of these environment. For example they could cause changes
in the quality of water, air and soil or in the conservation or amenity values of the area.
It is important therefore to give serious consideration to environmental issues at the time
when a management strategy is being developed in the contaminated areas, as these
have an impact on the acceptability of the overall management. Further information on
the secondary effects of implementing management options can be found in the report
by Salt and Rafferty (2001).

2.6.1 Direct and indirect environmental impacts of management options
Management options that have a direct impact have been grouped according to the
target medium to which they are directed, specific options are given in parentheses
(Table 2.6). Management options also have indirect impacts on the environment which
have societal consequences (Table 2.7).

41



FOOD HANDBOOK

42

Table 2.6 Direct environmental impact of management options

Options directed at mechanical and chemical treatment of the soil

Changes in nutrient status and thus plant and animal diversity, with possible changes in landscape, especially
for grasslands (potassium and lime applications, land improvement)

Change in mineralization of organic matter (potassium and lime applications, ploughing, land improvement)

Changes in bioavailability and mobility of nutrients and pollutants may lead on to effects on water quality
(potassium and lime applications, ploughing, land improvement)

Soil fertility destroyed (topsoil removal, deep ploughing)

Long-term changes in soil structure (topsoil removal, deep ploughing, and for undisturbed land all forms of
ploughing)

Soil erosion (topsoil removal, ploughing operations, early removal of crops)

Changes in landscape

Options directed at crops

Soil erosion (early removal of crops)

Changes in bioavailability and mobility of nutrients and pollutants may lead on to effects on water quality
(ploughing in of a standing crop, in situ composting of crops)

Loss of wildlife habitat (ploughing in of a standing crop)

Options directed at livestock

Housing of livestock in summer could lead to high levels of ammonia in buildings (clean feeding)

Inappropriate disposal of slurry or contaminated milk from housed livestock (clean feeding, landspreading of
milk) could lead to pollution of water courses and re-distribution of radionuclides

Changes in grazing pressure could cause changes to landscape and increases in biodiversity (manipulation of
slaughtering time, selective grazing)

Options directed at changing land use

Change in ecosystem and biodiversity (select alternative land use, e.g. to non-food products)

Table 2.7 Indirect environmental impact of management options having societal
consequences

Impact on the conservation of species

Changes in the status of natural habitats and communities

Symbolic changes where environments that are usually seen as “natural” and “clean”, could be seen as “dirty”
and “dangerous” places

Changes in the utility of the environment where leisure pursuits can no longer be followed (e.g. gathering of wild
foods, hunting)

Feeling of loss of a healthy environment which according to the gravity of the contamination, could also apply in
relation to passing down a polluted or changed landscape to future generations

Changes in the accessibility of environments for agriculture and other economic activities

Restrictions in freedom to carry out traditional activities and ways of living with nature

2.7 Economic cost

Predicting the economic cost of implementing management options is a time consuming
and difficult process. There will be direct costs such as those incurred through loss of
production, implementation of management options (Table 2.8), handling of wastes
(Table 2.9), as well as indirect costs such as those incurred through impact on the
environment and loss of market share (Table 2.10). The magnitude of these direct and
indirect costs will depend on many factors such as the date of the event, since an event
occurring in the late spring has larger consequences for food production systems than
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one occurring in the late autumn; the period of time over which a management option is
implemented; the scale of the event as costs are proportional to the area of land
affected; land use, given that direct economic costs in areas of intensive agricultural
production are likely to be much larger than when only marginal agricultural activity is
present; and finally the availability of equipment and consumables. A discussion of the
general categories of loss that can occur can be found in the COCO-2 report (Higgins et
al, 2008), which also provides details of how such losses may be combined.

Table 2.8 Direct economic cost of implementing management option

Labour: salaries for the workforce involved (may need to be supplemented for work being undertaken),
protection cost such as dosimetry or medical follow-up, overhead costs to organise the work, requirement for
additional staff to be brought in

Consumables: specific products (e.g. ammonium ferric hexacyanoferrate (AFCF) or other additives)

Specific equipment: some management options (e.g. live monitoring of livestock) require dedicated equipment
that may have to be hired or purchased (investment cost) and subsequently maintained and possibly
decontaminated

Communication: information for the general public (guidance on behaviour, information for transparency and
reassurance, etc.), and for special groups such as the people implementing the options

Support from abroad (e.g. civil protection, police, military, overseas consultants’, etc.), leading to extra costs for
travelling and subsistence, fees or salaries, etc

Transportation

Verification of laboratory analyses or screening techniques

Table 2.9 Direct economic costs of handling waste products

Labour

Special consumables for interim storage and processing of by-products after the intervention

Dedicated equipment: special containers etc

The design of a short-, medium- or long-term storage facility

Decontamination of the equipment and clean-up

Transportation: distances to suitable disposal/treatment facilities may be significant

Research and small scale testing of waste management options

Biodegradability of food products may impose special requirements on their storage
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Table 2.10 Indirect costs

There will be indirect loss down the supply chain when production is stopped, as particular supplies and services
will no longer be required

The implementation of management options to restore or conserve both the agricultural potential of an area and
also the broader environment may cause changes in soil structure (e.g. in the case of deep ploughing) or acidity,
and pollution of surface water (not only radiological, but also biological or chemical)

The loss of market share. Even if the food products originating from the affected area comply with the CFILs,
customers, and consequently, the retail industry may refuse to buy the products even when the situation has
returned to normality from a radiological point of view. Products from other regions will be imported to the market
of the affected area, and this loss of market share in the affected area may last for a much longer time than the
radiological crisis

Regional impact. Consumers may refuse to buy products from a much larger area than that directly affected (e.g.
county, province, even national levels)

Side effects of management options such as reduction in fertility of soils and yields in the first few years after
intervention

Restrictions on subsequent land use. Land may be used for non-food production requiring investment of
resources in alternative seed stocks, expertise, new markets (e.g. processing industry) and marketing

Impact on social and economic fabric, such as tourism but also on the whole economy of the region (if, for
example the management option chosen is the alternative land use one)

2.8 European legislation

It is likely that in the case of long term contamination, European, national and local
legislation will be modified, according to the scale of the event. Laws affecting
agricultural production are most likely to change because of the importance of market
forces and food safety.

Regulations from the Council of the European Communities specify intervention levels
for radioactive contamination in marketed foods and animal feeds (Council Food
Intervention Levels, CFILs). These CFILs will be legally binding in the European Union
in the event of a future event, although provision has been made for Member States to
agree revisions to the CFILs shortly after the event. CFILs lead to the placing of
restrictions on the entry of contaminated food into the foodchain. The imposition of these
food restrictions has to be followed by an action either to reduce activity concentrations
below the relevant intervention level and/or to select a suitable waste management
strategy. These actions are themselves subject to other forms of European and national
legislation to protect, for example, animal welfare, the environment, wildlife, etc. This
legislation will impact on whether particular management options can be implemented.
The datasheets presented in Section 3 contain information on relevant European
legislation for each management option. A non-exhaustive summary of key legislation
applicable to the management of food production systems is presented in Table 2.11.
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Table 2.11 Non-exhaustive summary of key legislation applicable to the management of food production systems

EC legislation

Management options affected by
legislation

Nuclear safety

Council Directive 96/29/Euratom of 13 May 1996 laying down basic safety standards for the protection of the health of workers and the general
public against the dangers arising from ionizing radiation. Official Journal No L 159, 29/06/1996 P. 0001-0018

Council Directive 89/618/Euratom of 27 November 1989 on informing the general public about health protection measures to be applied and
steps to be taken in the event of a radiological emergency

Council Decision 87/600/Euratom of 14 December 1987 on Community arrangements for the early exchange of information in the event of a
radiological emergency

Convention on Early Notification of a Nuclear Accident (Notification Convention

All management options

Most waste disposal options

Food, animal feed and agriculture

Directive 2002/32/EC of the European Parliament and of the Council on undesirable substances in animal feed. Official Journal No L 140/10,
30/05/2002 P. 0001-0005

Regulation (EC) No 183/2005 of the European Parliament and of the Council of 12 January 2005 laying down the requirements for feed hygiene.
Official Journal No L 35/1, 08/02/2005 P. 0001-0012

Commission Regulation (EC) No 2013/2001 of 12 October 2001 concerning the provisional authorisation of a new additive use and the
permanent authorisation of an additive in feedingstuffs. Official Journal No L 272, 13/10/2001 P. 0024-0028

Corrigendum to Regulation (EC) No 882/2004 of the European parliament and of the Council of 29 April 2004 on official controls performed to
ensure the verification of compliance with feed and food law, animal health and animal welfare rules. Official Journal No L 191/1, 28/05/2004 P.
0001-0038

Council Regulation (Euratom) No 3954/87 of 22 December 1987 laying down maximum permitted levels of radioactive contamination of
foodstuffs and of feedingstuffs following a nuclear accident or any other case of radiological emergency. Official Journal No L 371, 30/12/1987
P.0011-0013

Council Regulation (Euratom) No 2218/89 of 18 July 1989 amending Regulation 87/3954/EURATOM laying down maximum permitted levels of
radioactive contamination of foodstuffs and of feedingstuffs following a nuclear accident or any other case of radiological emergency. Official
Journal No L 211, 22/07/1989 P. 0001-0003

Regulation (EC) No 1774/2002 of the European Parliament and of the Council of 3 October 2002 laying down health rules concerning animal by-
products not intended for human consumption. Official Journal No L 273, 10/10/2002 P. 0001-0018

Short term sheltering of dairy animals
Clean feeding

Clean feeding for domestic livestock
Addition of AFCF to concentrate ration
Addition of calcium to concentrate ration

Administration of AFCF boli to
ruminants

Administration of clay minerals to feed
Distribution of saltlicks containing AFCF

Feeding of animals with crops/milk in
excess of intervention levels

Restriction on the entry of food into the
foodchain

Live monitoring
Manipulation of slaughter time
Slaughtering of dairy livestock

Suppression of lactation before
slaughter

Raising of intervention levels

Nature conservation and terrestrial living resources

SNOILdO LNIWIOVNVYIN 4O NOILVLNIWITdNI ONIONINTANI SHOLOVS



17

Z UoIsIap

Table 2.11 Non-exhaustive summary of key legislation applicable to the management of food production systems

EC legislation

Management options affected by
legislation

Convention Concerning the Protection of the World Cultural and Natural Heritage (World Heritage Convention)
Convention on Biological Diversity (CBD)

Convention on the Conservation of Migratory Species of Wild Animals (Bonn Convention)

Convention on the Conservation of European Wildlife and Natural Habitats (Bern Convention)

Convention on Wetlands of International Importance especially as Waterfowl Habitat (Ramsar Convention)
Convention on the conservation of European wildlife and natural habitats

Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora
Council Directive 79/409/EEC of 2 April 1979 on the conservation of wild birds

Select alternative land use

Application of lime to arable soils and
grassland

Application of potassium fertilisers to
arable soils and grassland

Deep ploughing

Skim and burial ploughing

Land improvement

Topsoil removal

Selective grazing regime

Clean feeding

Clean feeding for domestic livestock
Pruning/defoliation of fruit trees

Restrictions during hunting and fishing
seasons

Restrictions on gathering wild foods

Disposal of contaminated milk to sea

Freshwater resources

Council Directive 91/676/EEC of 12 December 1991 concerning the protection of waters against pollution caused by nitrates from agricultural
sources

Council Directive 91/271/EEC (Urban Waster Water Directive) of 21 May 1991 concerning urban waste water treatment

Council Directive 80/68/EEC (Groundwater Directive) of 17 December 1979 on the protection of groundwater against pollution caused by certain
dangerous substances

Select alternative landuse

Application of lime to arable soils and
grasslamd

Application of potassium fertilisers to
arable soils and grassland

Biological treatment of milk

Burial of carcasses

Composting

Disposal of contaminated milk to sea
Landfill

Landspreading of milk

Leaching of horticultural peat
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Table 2.11 Non-exhaustive summary of key legislation applicable to the management of food production systems

EC legislation Management options affected by
legislation
Ploughing in of a standing crop
Processing and storage of milk products
for disposal

Marine

Convention for the Protection of the Marine Environment of the North East Atlantic (Oslo and Paris Convention [OSPAR])

Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter (London Convention 1972)

Disposal of contaminated milk to sea

Waste

Council Directive 96/61/EC (Integrated Pollution Prevention and Control Directive) of 24 September 1996 concerning integrated pollution
prevention and control

Council Directive 86/278/EEC (Sewage Sludge Directive) of 12 June 1986 on the protection of the environment, and in particular of the soil,
when sewage sludge is used in agriculture

Council Directive 75/442/EEC (EC Framework Directive on Waste) of 15 July 1975 as amended by Council Directive 91/EEC and adapted by
Council Directive 96/350/EC

Animal By-Products Regulations 2003, which enforce Regulation (EC) No. 1774/2002 made under the European Communities Act 1972
Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste

The Euratom Treaty Article 37 (1957) on the provision of general data on the disposal of radioactive waste

Council Directive 2000/76/EC (Waste Incineration Directive) of 4 December 2000 on the incineration of waste

Council Directive 90/667/EEC (Animal Waste Directive) of 27 November 1990 laying down the veterinary rules for the disposal and processing
of animal waste

Council Directive 91/689/EEC of 12 December 1991 on hazardous waste

Biological treatment of milk

Burial of carcasses

Composting

Disposal of contaminated milk to sea
Incineration

Landfill

Landspreading of milk

Processing and storage of milk products
for disposal

Processing of milk for subsequent
human consumption

Rendering
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2.9 Information and communication issues

In situations involving radioactive contamination of the environment, information and
communication issues are likely to be very important, whatever the scale of the release.
The provision of information and how that information is communicated will have a
significant influence on how the authorities tackle the situation, on the response of
society to the event and on the overall success of the management strategy. It is
particularly important for situations involving foodchain contamination, as whole
agricultural sectors can be severely affected by an inappropriate response.

The following sections taken from Nisbet et al, 2006, describe some of the
communication and information issues that authorities and other stakeholders should
consider when developing their management strategy and mechanisms which can be
used to disseminate this information. They are not meant to be an exhaustive analysis
of the topic.

291 Levels of dissemination and communication

29.1.1 National and local level

Most countries have an emergency information policy, together with guidelines for who
bears responsibility for providing information, including procedures to ensure that
relevant authorities communicate with each other before the release of press
statements. Over time, many other stakeholders from public and private bodies at the
national and local level will contribute to information collection, dissemination and
communication.

29.1.2 Trans-national level

If the event is expected to have trans-boundary consequences, then countries are
obliged to provide information under the Council Decision on Community arrangements
for the early exchange of information in the event of a radiological emergency
(87/600/Euratom, 4 December 1987, http://ec.europa.eu/index en.htm) and the
Convention on Early Notification of a Nuclear Accident (Notification Convention,
http://www.iaea.org/).

29.13 European level

Even if the event does not have trans-boundary consequences, other member states
will probably have information and communication requirements. European bodies will
facilitate communication within the European Union and with countries outside Europe.
Moreover, the requirement to provide information is also covered by European
legislation, including Council Directive on Informing the General Public about Health
Protection Measures to be applied and steps to be taken in the event of a Radiological
Emergency (89/618/Euratom, 27 November 1989, http://ec.europa.eu/index _en.htm).

2.9.2 Types of information to be communicated over time
Information is required about the event itself and subsequently about the management
strategy for dealing with its consequences.
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29.2.1 Dissemination and communication of general information about the event
Information and communication is necessary from the pre-deposition phase onwards.
The pre-deposition and early phases are characterised by a lack of information about
the event, so there will be much reliance on predictions about the scale and impact of
the contamination and the expected consequences. Information will be required about
what is being done to deal with and mitigate the situation, and advice on what citizens
themselves can do. The authorities will be the main communicators of information in the
early phase.

As the situation evolves, the sources of information (specialised institutions,
associations, intermediate communicators such as teachers and health workers) and
the routes for dissemination will grow rapidly (e.g. media, Internet, leaflets). This could
lead to a multitude of contradictory information. The authorities will need to cope with
this situation and be in a position to provide information on the types of management
options that have been applied, those that have been excluded, the reasons for these
choices, and the likely timescale for further actions.

29.2.2 Dissemination and communication of information about management
options

In the early phase after an event, management options for food production systems will
be directed at the placing of restrictions on the movement and sale of contaminated or
potentially contaminated foodstuffs, and the provision of dietary advice. A well-focused
communication strategy and dialogue is required with affected populations and other
stakeholders, especially those involved in agriculture and food production. There is a
need to provide information on what the management options are, why they have been
chosen, how they work, how they can be applied and by whom, any side-effects due to
environmental or radiological impact as well as societal, ethical and economic
consequences.

As the situation evolves over time, there may be dissent among affected populations
regarding differences in the distribution of costs and benefits in the community from
implementing the various management options. It is essential that every opportunity for
dialogue and debate about appropriate management strategies is taken to pre-empt
these situations as much as possible.

293 Mechanisms for communication and dissemination

293.1 Objectives

One of the main challenges for the communication and dissemination of information is
the maintenance of the public’s trust in the competence of the authorities and other
organisations to deal with the situation. Trust is fragile, easy to lose and notoriously
difficult to develop or regain once lost. Because knowledge will be limited in the early
phase of an accident or release, information should properly reflect such uncertainties,
and any advice should err on the side of caution. In most cases, people also need
information and advice on what they can do personally to reduce exposure, particularly
with respect to their children. As far as agricultural issues are concerned, maintaining
public confidence in the safety of food products is paramount. Experience of other kinds
of crisis affecting the foodchain, such as bovine spongiform encephalitis (BSE), shows
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that without a properly developed and targeted communication strategy, a crisis could
lead to a long-term collapse of part of the agricultural sector.

29.3.2 Developing a communication framework

Feedback following the Chernobyl accident has highlighted the importance of
developing a framework for information and communication strategies under non-crisis
conditions. This should be set up in the planning phase and be dynamic to fit with the
evolution of the situation and problems through time and space. There are a few key
points to consider:

o the development of a communication framework should ideally include
stakeholder involvement due to the complexity of the issues, the wide range of
people likely to be affected and uncertainties about characteristics of potential
future accidents or incidents

o the type of information disseminated should be tailored to meet the needs of a
variety of people (i.e. those inside and outside the affected area, those involved in
implementing actions, those affected by the actions)

) the form of communication should be adapted to different levels of understanding,
to reflect the circumstances under which people live and to address the specific
issues at stake and problems being faced

) the framework for information and communication should be considered in parallel
with the development of management strategies
o at all stages of the response, authorities should not understate the constant need

for information, and the need to consult different stakeholders, including experts
and lay people, to learn about the needs and expectations of communities, what
they know and what they do not know, what the uncertainties are and other
issues.
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DATASHEETS OF MANAGEMENT OPTIONS

3.1 The datasheet template

This handbook considers 58 management options that may be implemented in food
production systems in the event of a nuclear accident or incident; 12 of these focus
specifically on waste disposal. There is a large amount of information on each of these
management options, which needs to be considered before a decision can be made on
the most appropriate option(s) to select. A datasheet template was designed to
systematically record information in a standardised format, taking into account most of
the criteria that decision-makers might wish to consider when evaluating different
options. The template includes a short description of the option, its key attributes,
constraints, effectiveness, feasibility, the waste generated, the types of incremental
doses incurred, costs, side effects, and a summary of practical experience of
implementing the option. Table 3.1 presents the template with a brief summary of the
information that appears under each heading.
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Table 3.1 Datasheet template*

Name of management option

Objective

Primary aim of the option (e.g. reduction of external or internal dose).

Other benefits

Secondary aims of the action (if any). For instance, the primary objective may
be reduction of internal dose, whereas an additional benefit may be a limited
reduction in external dose.

Management option description

Short description of how to carry out the management option.

Target

Type of object, on/to which the option is to be applied (e.g. soil, crop, animal).

Targeted radionuclides

Radionuclide(s) that the option is aimed at. Radionuclides considered within
the EURANOS project have been attributed to one of three categories:

Known applicability: Radionuclides for which there is evidence that the
option will be effective.

Probable applicability: Radionuclides for which there is no direct evidence
the option will be effective but for which it could be expected to be so.

Not applicable: Radionuclides for which there is evidence that the option will
not be effective. Reasons for this are given.

Scale of application

An indication of whether the option can be applied on a small or large scale.

Contamination pathway

The step in the contamination pathway at which the option acts (e.g. soil to
plant, plant to animal) if appropriate.

Exposure pathway pre-intervention

The pathway(s) through which people may be exposed as a result of the
contamination, prior to implementation of the option (e.g. inhalation, ingestion,
external exposure).

Time of application

Time relative to the accident/incident when the option is applied. Can be pre-
deposition (i.e. measures which can be implemented when a potential
contamination risk has been identified but before passage of the contaminated air-
mass), early phase (days), medium-term phase (weeks-months), or late phase
(months-years).

An indication of the frequency of application is given where appropriate (e.g.
annually etc.).

Constraints

Provides information on the various types of restrictions that
have to be considered before applying the management option.

Legal constraints

Laws referring to, for example, regulation of foodstuffs, nature protection,
animal welfare and cultural heritage protection.

Social constraints

Social constraints include the acceptability of the option to the affected
population or to workers responsible for implementing it.

Environmental constraints

Constraints of a physical nature in the environment, such as snow, frost, soil
type, slope and structure of land.

Effectiveness

Provides information on the effectiveness of the management
option and factors affecting effectiveness.

Management option effectiveness

Effectiveness is the reduction in activity concentration in the target (e.g. crop
or animal product or surface in the environment).

Factors influencing effectiveness of
procedure

Technical (e.g. climate, soil fertility, fat content of milk) and social factors (e.g.
is the method fully understood by workers, are there markets for alternative
produce) that may, under different circumstances, influence the effectiveness
of the method.

Feasibility

Provides information on all of the equipment and facilities
required to carry out the management option.

Required specific equipment

Primary equipment for carrying out the option.

Required ancillary equipment

Secondary equipment that may be required to implement the option (e.g.
monitoring equipment, tankers).

Required utilities and infrastructure

Utilities (e.g. water and power supplies) and infrastructure (e.g. building and
manufacturing plants) which may be required to implement the option.

Required consumables

Consumables which may be required to implement the option (e.g. fertiliser,
and sorbents).
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Required skills

Skills which may be required to implement the option, necessitating the
training of operators.

Required safety precautions

Safety precautions which may be necessary before the operative can
implement the option.

Other limitations

Feasibility limitations that are not covered under other headings (e.g.
capacity).

Waste

Some management options create waste, the management of
which must be carefully considered at the time the option is
selected.

Amount and type

Nature and volume of waste (e.g. number of livestock carcasses, volume of
milk, amount of soil). Also, indication of whether waste is contaminated and, if
so, to what level compared with the original material. STRATEGY produced
datasheets for a number of waste options, which were updated as part of
NRPB (now HPA-RPD) report W58 (Nisbet et al., 2004) — these are referred to
here with hyperlink(s) to appropriate waste datasheet(s).

storage routes

Possible transport, treatment and

Type of vehicle required to transport waste. Requirement to treat waste in situ
or at an off site facility. Options for storage if no direct disposal option.

Factors influencing waste issues

Factors that may influence the way that wastes are dealt with (e.g. public
acceptability and legal feasibility of the waste treatment /storage route).

Doses

Provides information on how the management option leads to
changes in the distribution of dose to individuals and
populations.

Incremental dose

Incremental doses that may be received by individuals in connection with the
implementation of the option (e.g. operators, members of the public). This
dose is influenced by procedures (if any) adopted to protect operators. The
inclusion of a pathway in the datasheets means that it needs to be considered;
it may not be important in particular circumstances.

Intervention Costs

Provides information on the direct costs that may be incurred
from implementing the management option.

Equipment

Cost of the primary equipment.

Consumables

Cost of the consumables.

Operator time

Time required to carry out the option per unit of the target that is treated.

Factors influencing costs

Size and accessibility of target to be treated. Seasonality. Availability of
equipment and consumables within the contaminated area. Requirement for
additional manpower. Wage level in the area.

Compensation costs

Cost of lost production, loss of use.

Waste cost

Cost of managing any wastes arising, including final disposal. Refer and link
to waste datasheet(s) as appropriate.

Assumptions

Any other assumptions which might significantly influence the intervention
costs.

Communication needs

Identification of possible communication needs, mechanisms and recipients.

Side-effect evaluation

Provides information on side-effects incurred following
implementation of the management option.

Ethical considerations

Possible positive and/or negative ethical aspects (e.g. promotion of self-help,
requirement for informed consent of workers, distribution of costs and
benefits).

Environmental impact

Impact that an option may have on the environment (e.g. with respect to
biodiversity or wildlife reserves, pollution).

Agricultural impact

Impact that an option may have on the future suitability of land for agricultural
use (e.g. after reductions in soil fertility).

Social impact

Impact that an option may have on behaviour and on society’s trust in
institutions.

Other side effects

Some options may have other side effects (e.g. maintain farm income, help
communities affected by overproduction by encouraging diversification,
promotion of self-help, distribution of costs and benefits).

Version 2

55




FOOD HANDBOOK

FARMING Network stakeholder
opinion

Summarises opinion, where available, from the FARMING Network
stakeholder panels in France, the UK, Finland and Greece.

Practical experience

State-of-the-art experience in carrying out the management option. Some
options have only been tested on a limited scale, whilst others are standard
agricultural practices.

Key references

References to key publications leading to other sources of information.

Comments

Any further comments not covered by the above.

* adapted from Nisbet et al., 2004; location of hyperlinks to more detailed documentation are highlighted by underlined text.
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3.2 The datasheets

The datasheets are both comprehensive and concise and intended to be generally
applicable across Europe. The format and content of the datasheets are based largely
on similar documents developed initially in the STRATEGY project (Nisbet et al., 2004),
and more recently within the EURANOS project itself (Beresford et al., 2006; Nisbet et
al., 2006). Some additional minor changes have been made to the datasheets
presented here to improve consistency and compatibility with the handbook: for
example, links within the datasheets have been refined.

3.21 References

Beresford NA, Barnett CL, Howard BJ, Rantavaara A, Rissanen K, Reales N, Gallay F,
Papachristodoulou C, loannides K, Nisbet AF, Brown J, Hesketh N, Hammond D, Oatway W,
Oughton D, Bay | and Smith JT (2006). Compendium of countermeasures for the management of
food production systems, drinking waters and forests. The compendium can be accessed via the
STRATEGY http://www.strategy-ec.org.uk/EURANOS/euranos.htm or EURANOS
http://www.euranos.fzk.de websites.

Nisbet AF, Mercer JA, Hesketh N, Liland A, Tharring H, Bergan T, Beresford NA, Howard BJ, Hunt J,
Oughton DH (2004). Datasheets on countermeasures and waste disposal options for the
management of food production systems contaminated following a nuclear accident. NRPB-W58
(http://www.hpa.org.uk/radiation/publications/w_series_reports/2004/nrpb_w58.htm)

Nisbet AF, Rice H, Jones A, Jullien T, Pupin V, Ollagnon H, Hardeman F, Carlé B, Turcanu C,
Papachristodoulou C, loannides K, Hanninen R, Rantavaara A, Solatie D, Kostiainen E and
Oughton D (2006). Generic handbook for assisting in the management of contaminated food
productions systems in Europe following a radiological emergency, EURANOS(CAT1)-TN(06)-06,
December 2006. (http://www.euranos.fzk.de).
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Table 3.2 Index of all management options, with hyperlinks to datasheets

No. Name Page no.

MANAGEMENT OPTIONS

Pre-deposition phase

1 Closure of air intake systems to minimise the contamination of food processing plants 60

and foodstuffs within them

2z Closure of irrigation systems 64
3 Covering of standing crops 67
BT Prevention of contamination of greenhouse crops n

5 Protection of harvested crops from deposition 74

6 Short-term sheltering of dairy animals 77

Early to late phase

General applicability

7 Dilution 81
B Feeding of animals with crops/milk in excess of intervention levels &8
9 Leaching of horticultural peat %
A Prevention of fire in forests. shrubland and other sensitive areas T

1M Restriction on the entry of food into the foodchain (food ban) 100

12 Selection of alternative land use 104

Soil/crops/grassland
a3 Application of ime to arable soils and grassland 108

14 Application of potassium fertilisers to arable soils and grassland 112
A5 Deep ploughing ms
16 Early removal of crops 1me
A Land improvement 122

18 Processing of crops for subsequent consumption 126
A9 Pruning/defoliation of fruit rees and vines B0
2 Selection of edible crop that can be processed 134
2 Shallow ploughing 18

22 Skim and burial ploughing 142

23 Topsoil removal 146

Livestock and animal products
24 Addition of AFCF to concentrate ration 150

25 Addition of calcium to concentrate ration 154

26 Administration of AFCF boli to ruminants

) Administration of clay minerals to feed

_ Change of hunting season

29 Clean feeding
_ Decontamination techniques for milk

. Distribution of saltlicks containing AFCF

..... 32 ... Livemonitoring
33 Manipulation of slaughter times 187
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Table 3.2 Index of all management options, with hyperlinks to datasheets

No. Name Page no.
MANAGEMENT OPTIONS
) Processing of milk for subsequent human consumption
35 Saingofmeat 97
36 Selective grazingregime 200
7 Slaughtering of dairy lvestock 208
38 Suppression of lactation before slaughter 207
Societal
38 Compensation scheme ... 241
40 Dietory advice ... @000 24
M Food labelling 28
42 Local provision of monitoring equipment 21
43 No active implementation of management options (do nothing) 24

Processing and/or storage prior to consumption

Raising of intervention limits

46 Restrictions on gathering wildfoods 233
WASTE DISPOSAL OPTIONS
47 _ Biological treatment (digestion) of crops 236
48 Biological treatment (digestiony of mik == 240
49 Burial of carcasses 245
5 Buming of carcasses . 249
51 ~ Composting 253
2 Disposal of contaminated miktosea == 27
8 Incineration ... 21
- S legft . 266
55 ~ Landspreading of milk and/or slurry 270
56 Ploughing inof astandingerp 1
sr Processing and storage of milk products for dispesal | 26
58 Rendering 279
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1 Closure of air intake systems to minimise the contamination

of food processing plants and foodstuffs within them

Objective To reduce:
(1) contamination of foodstuffs from unfiltered air used in processing,
and
(2) contamination of food processing facilities.
In the following text these objectives are referred to as (1) and (2) where
comments are specific.

Other benefits Maintain the credibility of safe food production systems to consumers

(1,2).

Reduce inhalation of contaminated indoor air in industrial buildings and
external dose to workers in contaminated industrial plants after the
passage of a radioactive plume (2).

Management option description

In food industries relatively large volumes of air are used for drying,
roasting and pneumatic transport of food products. Outdoor air may be
used directly or after purification with filters (e.g. EU filter categories 3 to
10). Due to large air volumes, sufficient filtering is not always possible.

Contamination of foodstuffs can be prevented by halting those processes
at risk before and during the passage of the plume (1). For protection of
facilities in general, intake rates of air into buildings can be reduced to a
minimum or stopped (2).

The measures are precautionary, and only useful if implemented before
the passage of the radioactive plume. Normal operation should be able to
be resumed soon after the passage of the plume. Time available for
stopping industrial processes and closing air intake systems varies
according to the conditions of atmospheric transport of the radioactive
material and the distance from the source of release. The duration of
closure would depend upon the duration of the release and local
contamination of air.

Target

1. Industrial food processes: milling, roasting, drying, dairy or meat
plants, bakery and catering industries etc. Predominantly targeted at food
processes involving powdered foodstuffs.

2. All facilities of food processing industry.

Targeted radionuclides

Known applicability: All
Probable applicability: -
Not applicable: -

Scale of application

Potentially large scale.

Contamination pathway

From air to foodstuffs.

Exposure pathway pre intervention

Ingestion (1)

Ingestion of contaminated foodstuffs (external and inhalation) (2)

Time of application

Pre-deposition phase.

Constraints

Legal constraints

Requirement to consider radiation protection if there is a risk of operators
being exposed to contaminated air-masses (i.e. if time were short).

Instructions for shutdown of a process or ventilation system must be
followed.

Social constraints

Resistance of operators to carry out procedure.

Resistance of supporting industries; e.g. willingness to enter the affected
area to collect products.

Environmental constraints

None.

Effectiveness

Management option effectiveness

1. For batch processes that are completed and stopped before passage
of the plume the effectiveness should be circa 100% assuming that
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processing is not restarted until air concentrations are reduced to close to
background levels.

2. Prevention of contamination of industrial plants through closure of air
intakes will result in substantial reductions. However, this will not result in
air tight buildings, so effectiveness cannot be expected to be 100%.

Factors influencing effectiveness of
procedure

Incomplete or erroneous timing of the measures may substantially reduce
their effectiveness.

Sufficient time is needed to stop any existing processing prior to passage
of the plume (1). The ability/possibility to make plants air-tight will vary
(2). Minimal time needed if processes can be shutdown via a central
control panel. Closing air intakes of an industrial plant can be more
complicated.

Availability of suitably trained personnel. Depending on the time and
labour required, operators may be reluctant to be outside while there is a
risk of contamination. This is likely to be exacerbated if the measure
coincides with public sheltering advice or evacuation.

Although the effectiveness of this measure is independent of weather
conditions, airborne radionuclide activity concentrations will be lower
under conditions of wet deposition.

Contamination risk varies with the particle size distribution of a foodstuff
and the volume of air used per unit quantity of foodstuff.

Feasibility
Required specific equipment None.
Required ancillary equipment None

Required utilities and
infrastructure

Access to air intake systems in industrial buildings and facilities.

Required consumables

None for the actual implementation of the measure.

After passage of the plume the air filters will need to be changed and
disposed of (see EURANOS Urban datasheet Filter removal from
industrial areas).

Required skills

Capabilities will exist on site. Competent persons would need to be
available and may have to be called on to implement the management
option out of hours.

Required safety precautions

There may be a risk that operators may be exposed to contaminated air
mass (an effective system of communication must be in place).

Otherwise none for implementation of the actual measure.

To maintain an uncontaminated status, staff will need instruction and
surveillance may be needed (2).

Other limitations

Delayed implementation may result if the measure is not sufficiently well
known to the key persons in advance. Only competent staff members
with the right to stop a process in an actual threat situation will be able to
implement the measure (unless otherwise stated in emergency handbook
prepared for a particular site).

Requirement for well informed pre-warning may make this measure more
applicable to sites far away from the source.

A decision on implementation will have to consider the (potentially
unknown) technical consequences of a sudden shutdown of some
industrial processes.

Waste

Amount and type

No waste will be generated from the measure (1).

Filters in air ventilation systems will require disposal (2).

Possible transport, treatment and storage n/a
routes
Factors influencing waste issues n/a
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Doses

Incremental dose

No additional doses to operators from the actual measure, although there
may be additional doses associated with waste issues associated with
disposal of contaminated air filters.

Intervention Costs

Equipment

None.

Consumables

Air filters have to be changed.

Operator time

Additional staff/ extra work/ overtime may be required.

Factors influencing costs

Potential for spoilage of food products if processes are shutdown.

Compensation costs

Industry may need compensation if:
e production is lost as a consequence of unnecessary shutdown
e plant subsequently fails because of shutdown

e large quantities of food are contaminated in the event that the
information provided regarding the timing of the management option
was incorrect

Waste cost

Disposal of ventilation system air filters.

Assumptions

None.

Communication needs

As the measure would have to be implemented prior to the arrival of
contaminated air mass — rapid and comprehensive instructions to plant
operators would be required. Depending upon time of day information on
risks would need to be communicated to workers prior to their leaving
home.

Clear and readily available instructions should be provided in the
processing plants’ existing emergency handbook.

Information must be updated regularly to ensure operators are not
exposed to contaminated air mass. Cost of communicating the
management option and its objectives to operators and the industry;
multiple channels may be necessary (e.g. advisory centre, leaflets,
internet).

Provision of information to consumers on the rationale of the
management option and evidence of its effectiveness would be
important.

Responsibilities regarding compensation may need to be defined.

Side-effect evaluation

Ethical considerations

As this measure is precautionary authorities are unlikely to loose public
trust even if with hindsight measures are proved to have been
unnecessary.

Self-help if carried out by facility owners.

Redistribution of dose from consumers to operators/owners. Informed
consent, a there is a risk that operators may be exposed to contaminated
air mass.

Environmental impact

None.

Agricultural impact

None.

Social impact

As the measure is preventative, with little risk to consumers, it is likely to
help maintain public confidence in the safety of food products and
promote trust in authorities.

Other side effects

If properly communicated and implemented by competent operators, no
negative side-effects are expected from shutting the processing facility
although non radiological food risks will need to be considered (1).

A review of different types of food processing plants could reveal
potential risks from complete closure of air-intake systems (2) at
specialised technical facilities.
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FARMING Network stakeholder opinion Not considered by FARMING Network.

Practical experience An assessment of the potential contamination risks to milled products
from contaminated air was carried out during a training session for cereal
based industry in 1996. The case initiated a research project (see key
references).

No experience of implementation in accidental situations has been found.
Food contamination from processed air containing harmful microbes or
heavy metals has been considered by the food industry.

Key references Valmari T, Rantavaara A and Hanninen R (2004). Transfer of
radionuclides from outdoor air to foodstuffs under industrial processing
during passage of radioactive plume. STUK-A 209, Helsinki: Radiation
and Nuclear Safety Authority. 50pp. + appendix 1p. (in Finnish with
English summary).

Comments In discussions during emergency training of the food industry the
management option has mostly been evaluated as useful (Finland).

As for all pre-contamination management options the time between
notification and deposition is critical and this may limit the feasibility of
this option.

Management option may also be relevant for food storage facilities — non
radiological food safety issues may preclude use under some food
storage systems.

Document History STRATEGY originator: n/a

STRATEGY contributors: n/a

STRATEGY peer reviewer(s): n/a

EURANOS originator: STUK (Rantavaara, A).

EURANOS contributors: UMB (Oughton D and Bay ) initiated social,
ethical and communication inputs; CEH (Beresford NA, Barnett CL and
Howard BJ) and HPA-RPD (Nisbet AF) provided general comments.

EURANOS peer reviewer(s): Vandecasteele C (Federal Agency for
Nuclear Control, Belgium); Mustonen | and Latvio E (Finnish Food and
Drink Industries Federation).
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2 Closure of irrigation systems

Objective

To reduce contamination of soil, and surface and ground waters,
following dry deposit and interception by standing crops.

Other benefits

Management option description

Foliar interception is sometimes greater if deposition is dry than wet. Arial
irrigation would solubilise radionuclides deposited on plant surfaces
which may increase foliar absorption and also remove intercepted
radionuclides to the ground.

Closing aerial irrigation systems prior to the passage of the contaminated
air mass would avoid further contamination of water networks and land.
This measure is precautionary, and only useful if implemented before the
passage of the radioactive plume. To be effective it must be combined
with implementation of early harvesting of contaminated standing crops.

Target

Irrigated standing crops. (Agricultural irrigation is a significant user of
water in Europe, accounting for around 30% of total water use in the
north, and 60% in the south).

Targeted radionuclides

Known applicability: All
Probable applicability: -
Not applicable: -

Scale of application

Large.

Contamination pathway

Plant to soil (and later soil to plant); foliar absorption (and subsequent
transfer to edible parts).

Exposure pathway pre intervention

Ingestion of contaminated food.

Time of application

Pre-deposition.

Constraints

Legal constraints

Regulations on water management.

Protection of workers.

Social constraints

Depending on the time and labour required, farmers may be reluctant to
be outside while there is a risk of contamination. This is likely to be
exacerbated if the measure coincides with advice on subsequent public
sheltering or evacuation.

Environmental constraints

Only effective if it does not rain before implementation of associated
early harvesting management options.

Effectiveness

Management option effectiveness

Difficult to quantify - only impacts on intercepted deposit. Effectiveness
therefore dependent upon the degree of interception.

Factors influencing effectiveness of
procedure

Sufficient time between notification and deposition.

Time between deposition and implementation of associated
management option early harvesting of contaminated standing crop.

Irrigation system must have regulation mechanism.

Compliance/resistance of farmers/agricultural workers to carry out
procedure.

Feasibility
Required specific equipment None.
Required ancillary equipment None.

Required utilities and infrastructure

Method of stopping irrigation system.

Required consumables

None.

Required skills

Required skills likely to be present in farming community.

Required safety precautions

Especially if being conducted in the near field, operators have to vacate
area prior to deposition/passage of contaminated air mass (effective
system of communication must be in place).
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Other limitations

Requirement for well informed pre-warning may make this measure more
applicable to sites far away from the source.

Waste

Amount and type

None directly from this management option but contaminated wastes
would be generated as a consequence of implementation of the
associated management option 16 Early removal of crops.

Possible transport, treatment and storage n/a
routes
Factors influencing waste issues n/a

Doses

Incremental dose

No additional dose during the operation if people shelter before arrival of
contamination.

Intervention Costs

Equipment

None.

Consumables

None.

Operator time

That associated with closing irrigation systems.

Factors influencing costs

Compensation costs

For crops with a low yield or of insufficient quality for sale (especially if
water supply stopped to crops which are subsequently found to have
been in areas receiving comparatively low levels of deposition).

Waste cost

See datasheet for associated management option — 16 Early removal of
crops.

Assumptions

None.

Communication needs

Provision of information to farmers and agricultural workers on correct
application of the procedure in advance.

Information must be provided quickly and updated regularly to ensure
operators are not exposed to contaminated air mass.

Side-effect evaluation

Ethical considerations

As this measure is precautionary authorities are unlikely to loose public
trust even if with hindsight measures are proved to have been
unnecessary.

Self-help if carried out by farmers.

There is a risk that operators may be exposed to contaminated air mass.

Environmental impact

None.

Agricultural impact

Crops to which irrigation water was stopped as a precautionary measure
in areas subsequently determined to have received low deposition may
be low yielding or of poor quality.

Social impact

Prevention of water contamination likely to be of a positive impact,
helping to maintain public confidence.

Other side effects

The prolonged dryness of the ground may increase resuspension of
radionuclides.

FARMING Network stakeholder opinion

Not considered by FARMING Network.

Practical experience

In France this practice is routinely applied in agriculture to limit water
consumption in dry summers.

Key references

Willrodt C (1993). Agrotechnical countermeasures to be applied before
and during deposition of radioactive fallout. Science of Total
Environment, 137, 21-29.
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Comments

Closing of irrigation systems is intended to be a pre-deposition
management option to reduce contamination of the ground and water in
the case of a dry deposit. There will be a requirement for the
implementation of further rehabilitation actions and 16 Early removal of
Crops.

The main objective is not to limit contamination level of fruit (leaf — fruit
transfer) but of soil. Consequently, the fruits cropped the year of the
accident may be in excess of the Council for Food Intervention Limits.

The management option may increase re-suspension and future leaching
of radionuclides.

As for all pre deposition management options the time between
notification and deposition is critical and this may limit the feasibility of
this option.

Document History

STRATEGY originator: n/a

STRATEGY contributors: n/a

STRATEGY peer reviewer(s): n/a

EURANOS originators: (IRSN) Reales, N. and Gallay, F.

EURANOS contributors: UMB (Oughton D and Bay I) initiated social,
ethical and communication inputs; CEH (Beresford NA, Barnett CL and
Howard BJ), HPA-RPD (Nisbet AF) and Uol (Papachristodoulou C and
loannides K) provided general comments.

EURANOS peer reviewer: Carini F (Universita Cattolica del Sacro
Cuore).
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3 Covering of standing crops

Objective To prevent contamination of above ground plant parts.

Other benefits Reduces the amount of potential contaminated waste.
Prevents the contamination of soil.

Management option description Covering plants with plastic sheets or waterproof tarpaulin for a limited
period of time until deposition has ceased (for a maximum of a few days).
Management option most effective for dry deposition; in the case of dry
deposition horticultural fleece could be used. The management option is
precautionary, and only useful if implemented before the passage of the
radioactive plume.
Largely applicable for self-help but could be used for larger areas (e.g. to
protect high value crops).

Target Predominately kitchen garden vegetables, soft fruit and high value crops
close to harvest.

Targeted radionuclides Known applicability: All
Probable applicability: -
Not applicable: -

Scale of application Large scale if being used as self help measure; small scale if being used
for commercially produced crops.

Contamination pathway pre intervention Direct deposition (later soil to plant).

Exposure pathway Ingestion of contaminated crops.

Time of application Pre-deposition phase.

Constraints

Legal constraints Requirement to consider radiation protection if there is a risk of personnel
being exposed to contaminated air-masses (i.e. if time were short) and
also those workers subsequently removing contaminated protective
covering.

Social constraints Personnel may be reluctant to be outside while there is a risk of
contamination. This is likely to be exacerbated if the measure coincides
with public sheltering advice or evacuation.

Resistance of supporting industries; e.g. willingness to enter the affected
area to collect crops.

Resistance of consumers/food industry to accept produce — provision for
monitoring of foodstuffs may be required.

Resistance of farmers etc. regarding the selection process for areas
where the management option is applied.

Environmental constraints If machinery required for application, slope and access may be a
constraint for some crops (e.g. terraced grape vines).

Would be difficult to implement in high winds.

Effectiveness

Management option effectiveness Up to 100%.
Factors influencing effectiveness of Incomplete or erroneous timing of the management option may
procedure substantially reduce its effectiveness.

Appropriate selection of priority areas and crops.
Compliance of personnel to carry out procedure.

Availability of covering materials. Horticultural fleece may provide an
alternative to plastic, waterproof tarpaulins. Whilst it is not waterproof it
will protect crops from dry deposition and reduce particulate fractions of
wet deposition. Its advantages include being a breathable fabric and
bespoke machinery may be available to apply it to comparatively large
areas.
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Factors influencing effectiveness of
procedure (continued)

If target area is comparatively large and an un-mechanised application is
used, then manpower resources may be limiting.

If the covering requires jointing or is damaged its effectiveness will be
greater for dry deposition than wet.

Low growing crops easier to cover than taller crops/fruit trees.
The management option may have to be implemented out of hours.

If puddles of contaminated water run off the protective sheet as it is
removed and onto crop or soil then effectiveness will be reduced.

Feasibility

Required specific equipment

Plastic sheeting/waterproof tarpaulin and/or horticultural fleece.

Methods of securing covering material (e.g. pegs, ropes, rocks).

Required ancillary equipment

Machinery if applicable.

Required utilities and infrastructure

None

Required consumables

None

Required skills

Skill likely to be present within community — including those required to
apply mechanically.

Required safety precautions

Ensure personnel are removed from field prior to deposition/passage of
contaminated air mass, (effective system of communication must be in
place).

Other limitations

Requirement for well informed pre-warning may make this measure more
applicable to sites far away from the source.

Waste

Amount and type

Covering material dependant upon area treated.

Possible transport, treatment and storage
routes

53 Incineration or 54 Landfill.

Existing organised routes of disposal of agricultural plastic wastes, (e.g.
silage bale wrapping) will be inappropriate if it is usually recycled.

If suggested as self help measure collection of covering materials by local
authorities should be considered.

Factors influencing waste issues

Radionuclide composition of deposit (e.g. if predominately short lived
isotopes no long term waste issues).

Crop covering is unlikely to be biodegradable.

Landfill operators are reluctant to accept large quantities of plastic waste
as it works its way to the surface and causes drainage problems. There
are limits on radioactive wastes that can be disposed of to landfill.

Doses

Incremental dose

Incremental doses to personnel applying coverings should be minimal as
long as the procedures are completed before the arrival of the
contaminated air mass.

Dose to personnel handling contaminated coverings.

Intervention Costs

Equipment

Cost of covering and securing materials.

Consumables

None.

Operator time

Not known but likely to be highly variable.

Factors influencing costs

Size of each area treated relative to size of available covering materials,
crop type and nature of covering material.

Compensation costs

Possible if crop is damaged.

Waste cost

Transport and disposal of covering materials.

Crops may require disposal if damaged.

Assumptions

None.
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Communication needs

Cost of communicating the management option and its objectives to those
likely to be affected (e.g. gardeners and commercial producers); multiple
channels may be necessary (e.g. media broadcasts, advisory centre,
leaflets, internet).

Advice on handling waste.

Provision of information to consumers on the rationale of the management
option and evidence of its effectiveness would be important. Information
must be provided quickly and updated regularly to ensure operators are
not exposed to contaminated air mass and that management option is not
applied post deposition.

This is largely a self-help, and therefore optional, management option. In
the post deposition phase differing advise would need to be given to
gardeners who had implemented the measure (e.g. how and when to
remove covering, disposal routes etc.) and to those who had not (e.g.
potential need to wash or dispose of their produce). This could lead to
considerable confusion.

Side effect evaluation

Ethical considerations

As this measure is precautionary authorities are unlikely to loose public
trust even if with hindsight measures are proved to have been
unnecessary.

Self-help if carried out by owners.
Risk that operators may be exposed to contaminated air mass.

The short time available may preclude extensive stakeholder consultation,
thus making it difficult to satisfy conditions of informed consent from
owners and operators.

Environmental impact

Issues associated with disposal of waste plastics.

Environmental impact of covering ground with plastic for short periods is
minimal.

Agricultural impact

If covering is required for a prolonged period then crop spoilage due to
increased humidity/temperature may occur (especially under warm
weather conditions).

Social impact

May impact on public confidence i.e.:

. Loss of confidence that farm produce and derivative products from
affected areas is ‘safe’ (resulting in loss of employment in local
‘cottage’ industries or growth of a black market).

. Increased public confidence that the problem of contamination is
being effectively managed.

. As the measure is preventative, with little risk to consumers, it is
likely to help maintain public confidence in the safety of food
products and promote trust in authorities.

Other side effects

As a consequence of reducing deposition to ground, crops grown in
subsequent years will be less contaminated.

FARMING Network stakeholder opinion

Not considered by FARMING Network

Practical experience

Widespread usage of cloches/polytunnels in production of (predominantly)
soft fruit and salad crops but debatable how useful this would be in
emergency.

Agricultural machinery is available to cover large areas of productive land
with fleece — but it is unlikely to be available in the time period required
and would need adaptation to dispense different materials.

Key references

Comments

As for all pre contamination management options the time between
notification and deposition is critical and this may limit the feasibility of this
option.

Potential for run-off from covering materials to result in comparatively high
activity concentrations in soil at edge.

Document History

STRATEGY originator: n/a
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4  Prevention of contamination of greenhouse crops

Objective To stop contaminated air or water getting into greenhouse and/or
polytunnels thus preventing or minimising the contamination of crops
and growing media within them.

Other benefits Reduces the amount of potential contaminated waste.

Management option description

Switch off ventilation systems during passage of plume and close all
windows, doors and vents.

The management option is precautionary, and only useful if
implemented before the passage of the radioactive plume. Normal
operation should be able to be resumed soon after the passage of the
plume.

Target

Greenhouse and/or polytunnel crops.

Targeted radionuclides

Known applicability: All
Probable applicability: -
Not applicable: -

Scale of application

Potentially large scale.

Contamination pathway

Direct deposition (later soil to plant).

Exposure pathway pre intervention

Ingestion of contaminated crops.

Time of application

Pre-deposition phase.

Constraints

Legal constraints

Requirement to consider radiation protection if there is a risk of
personnel being exposed to contaminated air-masses.

Social constraints

Resistance of farmers/operators to carry out procedure.

Environmental constraints

None.

Effectiveness

Management option effectiveness

Potentially 100% depending upon radionuclide.

Radionuclides in gaseous form (e.g. a fraction of radioiodine would still
be found inside after implementation of the management option).

Factors influencing effectiveness of
procedure

Incomplete or erroneous timing of the measures may substantially
reduce their effectiveness.

Depending on the time before arrival of the plume, operators may be
reluctant to be outside while there is a risk of contamination. This is
likely to be exacerbated if the measure coincides with public sheltering
advice or evacuation.

Compliance of farmers/operators to carry out procedure.
Personnel may have to implement the management option out of hours.
Type and condition of greenhouse and/or polytunnel.

Availability of alternative water supplies if rainwater normally collected
although this method of irrigation is unlikely to be used by large scale
producers or in southern climates due to the limited volumes of water
likely to be collected. If it was to be collected again after deposition the
roof would have to be cleaned or suitable period elapsed between
deposition and collection in the case of short lived radionuclides.

Feasibility
Required specific equipment None
Required ancillary equipment None

Required utilities and infrastructure

Alternative water supply if rainfall normally used.

Required consumables

None

Required skills

Skills are present within horticultural community.

Required safety precautions

Ensure operators are removed prior to deposition/passage of
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contaminated air mass (effective system of communication must be in
place).

Other limitations

Requirement for well informed pre-warning may make this measure
more applicable to sites far away from the source.

Waste

Amount and type None. However, rainwater collected during deposition should not
subsequently be used to irrigate greenhouse crops.

Possible transport, treatment and storage n/a

routes

Factors influencing waste issues n/a

Doses

Incremental dose

Incremental doses to operators should be minimal as long as the
procedures are completed before the arrival of the contaminated air
mass.

Intervention Costs

Equipment None
Consumables None
Operator time Minimal
Factors influencing costs n/a

Compensation costs

Potential costs if crops spoilt as consequence of measure.

Waste cost

Potentially transport and disposal of rainwater.

Crops may require disposal if damaged — but contamination level
should be minimal.

Assumptions

None.

Communication needs

Cost of communicating the management option and its objectives to
those likely to be affected (e.g. gardeners and commercial producers);
multiple channels may be necessary (e.g. media broadcasts, advisory
centre, leaflets, internet). Information must be provided quickly and
updated regularly to ensure operators are not exposed to contaminated
air mass and that management option is not applied post deposition.
The short time available may preclude extensive consultation, thus
making it difficult to satisfy conditions of informed consent from
operators.

Provision of information to consumers on the rationale of the
management option and evidence of its effectiveness would be
important.

Whilst the management option is likely to help maintain consumer
confidence, it may be necessary for monitoring of foodstuffs to ensure
acceptability of produce.

Side-effect evaluation

Ethical considerations

As this measure is precautionary authorities are unlikely to loose public
trust even if with hindsight measures are proved to have been
unnecessary.

Self-help if carried out by owners.

Redistribution of dose from consumers to operators/owners. Informed
consent, a there is a risk that operators may be exposed to
contaminated air mass.

Environmental impact

None

Agricultural impact

Potential spoilage of crop due to lack of ventilation.

Social impact

Should help maintain public confidence regarding the quality of food
products and trust in authorities, however food originating from the
contaminated area could be rejected by consumers and this may
generate mistrust and a loss in value of produce. This could lead to
disruption in farming practice and inequitable distribution of benefits
and harms.
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May result in growth of a ‘black market’.

Other side effects Avoids contamination of growing medium.

FARMING Network stakeholder opinion Not considered by FARMING Network.

Practical experience

Key references

Comments As for all pre contamination management options the time between
notification and deposition is critical and this may limit the feasibility of
this option.

Document History STRATEGY originator: n/a

STRATEGY Contributors: n/a

STRATEGY peer reviewer(s): n/a

EURANOS originator: CEH (Beresford NA, Barnett CL and Howard
BJ) in collaboration with the Belgian FARMING network stakeholder
group.

EURANOS contributors: UMB (Oughton D and Bay I) initiated social,

ethical and communication inputs; HPA-RPD (Nisbet AF) and STUK (A
Rantavaara) provided general comments.

EURANOS peer reviewer(s): Vandecasteele C (Federal Agency for
Nuclear Control, Belgium).
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5 Protection of harvested crops from deposition

Objective To prevent the contamination of crops which have been harvested prior
to deposition and those stored outside awaiting processing (e.g. sugar
beet).

Other benefits Public confidence in food products.

Management option description

Covering of hay, silage (stored in clamps) and fodder crops (e.g. beets)
stored on farms with plastic sheets or waterproof tarpaulin.

The management option is precautionary, and only useful if
implemented before the passage of the radioactive plume. Normal
operation should be able to be resumed soon after the passage of the
plume.

Target

Predominantly animal forage and fodder crops although also applicable
to other harvested crops where appropriate.

Targeted radionuclides

Known applicability: All
Probable applicability: -
Not applicable: -

Scale of application

Potentially large scale but depends on the time available between
notification and arrival of the plume and availability of
resources/materials.

Contamination pathway

Direct deposition.

Exposure pathway pre intervention

Ingestion of contaminated animal products, (possibly crops).

Time of application

Pre-deposition phase.

Constraints

Legal constraints

Requirement to consider radiation protection if there is a risk of farmers
being exposed to contaminated air-masses and subsequently when
removing contaminated covering.

Social constraints

Compliance/resistance of farmers/operators to carry out procedure.

Compliance of supporting industries, for example entering the affected
area to collect crops.

Environmental constraints

Would be difficult to implement in high winds.

Some crops may spoil if covered for prolonged periods in hot weather.

Effectiveness

Management option effectiveness

Up to 100%.

Factors influencing effectiveness of
procedure

Incomplete or erroneous timing of the management option may
substantially reduce its effectiveness.

Farmers may be reluctant to be outside while there is a risk of
contamination. This is likely to be exacerbated if the measure coincides
with advice for public sheltering or evacuation.

Availability of covering materials.
Farmers may have to implement the management option out of hours.
Degree to which covering diverges from usual practice.

If contaminated water runs off protective sheet onto crop upon removal
then effectiveness will be reduced.

Feasibility

Required specific equipment None
Required ancillary equipment None
Required utilities and infrastructure None

Required consumables

Plastic sheeting/waterproof tarpaulin and method of securing (e.g.
pegs, ropes, rocks etc.).
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Required skills

Skills are present in agricultural community.

Required safety precautions

Ensure operators are removed from field prior to deposition/passage of
contaminated air mass (effective system of communication must be in
place).

Other limitations

Requirement for well informed pre-warning may make this measure
more applicable to sites far away from the source.

Waste

Amount and type

Contaminated covering materials.

Possible transport, treatment and storage
routes

53 Incineration or 54 Landfill.

Existing organised routes of disposal of agricultural plastic wastes,
such as silage bale wrapping, will be inappropriate where recycling is
the aim of the existing schemes.

Factors influencing waste issues

Radionuclide composition of deposit
Covering material is unlikely to be biodegradable.

Removal of covering would have to be done in a way such that
remobilisation of deposition was avoided.

Landfill operators are reluctant to accept large quantities of plastic
waste as it works its way to the surface and causes drainage problems.
There are limits on radioactive wastes that can be disposed of to
landfill.

Doses

Incremental dose

Additional doses to people applying coverings should be minimal as
long as the procedures are completed before the arrival of the
contaminated air mass.

Dose to persons handling contaminated coverings.

Intervention Costs

Equipment

Covering and securing materials.

Consumables

n/a

Operator time

Not known but likely to be reasonably limited.

Factors influencing costs

Amount and nature of crop to be covered.

Existing storage method for crop (e.g. fodder likely to be under cover
with one or more open walls).

Compensation costs

Potential if crops damaged by prolonged coverage.

Waste cost

Transport and disposal of covering materials.

Crops may require disposal if damaged.

Assumptions

n/a

Communication needs

Cost of communicating the management option and its objectives to
farmers; multiple channels may be necessary (e.g. media broadcasts,
advisory centre, leaflets, internet). Information must be provided quickly
and updated regularly to ensure farmers are not exposed to
contaminated air mass and that management option is not applied post
deposition. The short time available may preclude extensive
consultation, thus making it difficult to satisfy conditions of informed
consent from operators.

Advice on handling waste.

Provision of information to consumers on the rationale of the
management option and evidence of its effectiveness would be
important.

Whilst the management option is likely to help maintain consumer
confidence, it may be necessary for monitoring of foodstuffs to ensure
acceptability of produce.

Side-effect evaluation

Ethical considerations

As this measure is precautionary authorities are unlikely to loose public
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trust even if with hindsight measures are proved to have been
unnecessary.

Self-help if carried out by farmers.

Redistribution of dose from consumers to operators/owners. Informed
consent, a there is a risk that operators may be exposed to
contaminated air mass.

Environmental impact

Issues associated with disposal of waste plastics.

Agricultural impact

Risk of spoilage of some crops if covered for prolonged periods.

If forage or fodder to be sold from the farm market value may be
reduced.

Social impact

Should help maintain public confidence regarding the quality of food
products and trust in authorities, however food originating from the
contaminated area could be rejected by consumers and this may
generate mistrust and a loss in value of produce. This could lead to
disruption in farming practice and inequitable distribution of benefits
and harms.

May result in growth of a ‘black market'.

Other side effects

Provides uncontaminated feed source for animals being housed as
emergency measure.

FARMING Network stakeholder opinion

Not considered by FARMING Network

Practical experience

Farmers will have experience of covering crops after harvest (e.g.
silage clamps) or to protect from weather.

Key references

Comments

As for all pre contamination management options the time between
notification and deposition is critical and this may limit the feasibility of
this option.

Could consider removing the top layer of crop when removing the
covering material to potentially reduce the activity concentration of the
remaining crop (confirm if required by monitoring).

Document History

STRATEGY originator: n/a
STRATEGY contributors: n/a
STRATEGY peer reviewer(s): n/a

EURANOS originator: CEH (Beresford NA, Barnett CL and Howard
BJ) in collaboration with the Belgian FARMING network stakeholder
group.

EURANOS contributors: UMB (Oughton D and Bay I) initiated social,
ethical and communication inputs; HPA-RPD (Nisbet AF) provided
general comments.

EURANOS peer reviewer: Vandecasteele C (Federal Agency for
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6 Short-term

DATASHEETS OF MANAGEMENT OPTIONS

sheltering of dairy animals

Objective To avoid or limit contamination of food products derived from grazing
animals (by reducing the ingestion of contaminated feed during and
soon after the passage of the radioactive cloud).

Other benefits Minimise the volume of contaminated milk requiring disposal.

Will reduce exposure of farm animals especially to short-lived
radionuclides.

Public confidence in food products.

Management option description

Short-term housing of grazing dairy animals prior to deposition and
feeding with stored feedstuffs.

The long-term clean feeding/housing of livestock is dealt with in a
separate datasheet (29 Clean feeding).

It is possible that this management option may coincide with the
evacuation of the human population. If so farmers (or suitable
emergency workers) will need to return at regular intervals to tend stock
(until the evacuated population are allowed to return or, if evacuation is
likely to be for a prolonged period, a decision is made to remove or
slaughter the animals (see 37 Slaughtering of dairy livestock). For
extreme emergency situations requiring the immediate evacuation of
the public, this management option will not be possible.

Target

Grazing dairy animals.

Targeted radionuclides

Known applicability: All (especially radioiodine)
Probable applicability: -
Not applicable: -

Scale of application

Potentially large scale depending on farming practices.

Contamination pathway

Direct deposition and ingestion by animals, (inhalation of airborne
radionuclides will still occur although this may be reduced).

Exposure pathway pre intervention

Ingestion of contaminated dairy products.

Time of application

Pre-deposition phase (not long-term)

Constraints

Legal constraints

Requirement to consider radiation protection if there is a risk of farmers
being exposed to contaminated air-masses. Animal welfare regulations.

Regulations on the management of agricultural discharges; e.g. the
management option will result in the production of manure and/or slurry
on which there may be legal restrictions with regard to when it can be
spread to land.

Social constraints

Resistance of farmers/operators to carry out procedure.

Compliance of supporting industries, for example entering the affected
area to collect milk or deliver feed.

Acceptability of produce to food industry/consumers — need for
monitoring data on foodstuffs.

Environmental constraints

Housing of livestock produces large volumes of manure and/or slurry.
This must be stored and disposed of to land at times so as not to cause
pollution (e.g. from nitrates).

Storage capacity on farm for manure and/or slurry.

Effectiveness

Management option effectiveness

Up to 100% dependant upon radionuclide composition, housing type,
and water and feed supplies.
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Factors influencing effectiveness of
procedure

Incomplete or erroneous timing of the management option may
substantially reduce its effectiveness.

Compliance of farmers/operators to carry out procedure. They may be
reluctant to be outside while there is a risk of contamination. This is
likely to be exacerbated if the measure coincides with advice for public
sheltering or evacuation.

Distance between pastures and shelters.
Farmers may have to implement the management option out of hours.
Degree to which management option diverges from usual practice.

Type of housing will determine exposure to airborne radionuclides (e.g.
some housing, especially that in southern European countries, is likely
to be of a more open construction and therefore inhalation of
radionuclides will still occur, potentially more important for radioiodine.

Availability of forage — combined implementation with protection of
harvested crops may aid in this (see EURANOS datasheet, 5
Protection of harvested crops from deposition).

Unlikely to be sufficient local housing and conserved foodstuffs in
systems using summer grazing regimes remote from farmsteads (may
limit practicability of this measure in extensive Mediterranean systems).

Water sources may be contaminated — especially relevant to farms with
local water supplies.

Feasibility

Required specific equipment

n/a

Required ancillary equipment

Equipment to remove manure/slurry — may not be required in
emergency phase.

Required utilities and infrastructure

Suitable housing with water supply, and power if required.

Storage capacity for extra manure/slurry.

Required consumables

Stored feed must be available.

Bedding (straw etc.) if used.

Required skills

Farmers would possess the necessary skills as housing animals is
general practice.

Required safety precautions

Especially if being conducted in the near field ensure operators are
removed from field prior to deposition/passage of contaminated air
mass (effective system of communication must be in place).

If carried out with evacuation of population, health physics
advice/monitoring and protective clothing may be required when
farmers return to tend stock.

Other limitations

Roads must not be blocked by moving animals when people need to be
evacuated.

Roughage is generally exhausted at the end of winter (concentrates will
normally still be available).

Waste

Amount and type

No contaminated waste expected although manure and/or slurry will
need to be disposed of when emergency situation has passed. This
may be slightly contaminated through the inhalation route. However,
the activity concentration is likely to be minimal due to the rapid decay
of the short lived radionuclides.

Possible transport, treatment and storage
routes

Use of normal slurry/manure disposal routes is unlikely to be a problem
given short term nature of management option.

Factors influencing waste issues

n/a

Doses

Incremental dose

No additional dose during the operation if farmers/operators return to
shelter before arrival of contamination.
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Additional dose if this management option is combined with population
evacuation for those who will have to come back regularly to milk and
feed animals.

Intervention costs

Equipment

n/a

Consumables

Stored feed.

Bedding (straw etc.) if used.

Operator time

Extra work for farmer looking after housed animals and subsequently
disposing of manure and/or slurry

Factors influencing costs

Time for which animal sheltering is required.
Availability of feed locally.

In near field situations, especially where population may have been
evacuated, health monitoring of animals may be required even if only
for reassurance purposes.

Compensation costs

Farmer for replacement feed (and bedding) and for additional
work/labour.

Waste cost

n/a

Assumptions

n/a

Communication needs

Information must be provided quickly and updated regularly to ensure
farmers are not exposed to the contaminated air mass and that
management option is not applied post deposition.

Provision of information on the rationale of the management option and
evidence of its effectiveness, to consumers would be crucial. This
includes the need to communicate to public why the animals are being
sheltered (to protect the foodchain) as it may cause concern that there
may not be simultaneous advice given for human populations
(especially children) to shelter.

May be a requirement to monitor animal health for reassurance
purposes.

Cost of communicating the management option and its objectives to
farmers, other operators and the food industry (e.g. milk collectors);
multiple channels may be necessary (e.g. media broadcasts, advisory
centre, leaflets, internet). The short time available may preclude
extensive consultation, thus making it difficult to satisfy conditions of
informed consent from operators.

Whilst the management option is likely to help maintain consumer
confidence in foodstuffs, it may be necessary for monitoring to ensure
acceptability.

Advice to farmers on handling waste (manure and/or slurry).

Side effect evaluation

Ethical considerations

As this measure is precautionary authorities are unlikely to loose public
trust even if with hindsight measures are proved to have been
unnecessary.

Self-help if carried out by farmers.

Redistribution of dose from consumers to operators/owners. Informed
consent, a there is a risk that operators may be exposed to
contaminated air mass.

Ethical issues will depend on whether the management option is
introduced as mandatory, or as advice to farmers (whilst the
considerations will be the same the weight of the various aspects will
change).

Environmental impact

None

Agricultural impact

Normally changes from grazing to conserved feeds would be
progressive. In an emergency situation diet would have to be changed
rapidly this will to lead to reduced productivity and negative health
effects.
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Animal welfare issues associated with housing animals in emergency
facilities (i.e. may not be as well prepared as when normally housed)
and if housed in summer when ventilation/temperature may be a
problem.

Social impact

May impact on public confidence i.e.:

- Loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas are ‘safe’ (may result in loss of
employment in local ‘cottage’ industries or growth of a black market).

- increase confidence that the problem of contamination is being
effectively managed.

Disruption/adjustment of farming and related industrial activities, and
people’s image/perception of ‘countryside’.

Stigma associated with the area affected.

Other side effects

None.

FARMING Network stakeholder opinion

Not considered by FARMING Network.

Practical experience

Potential efficiency demonstrated in those countries where animals
were still housed at time of Chernobyl accident (e.g. Norway, Finland).

Key references

IAEA (1994). Guidelines for agricultural countermeasures following an
accidental release of radionuclides. Technical Reports series No. 363.
(section 15.2), Vienna, IAEA.

Comments

Sheltering is intended to be a short-term management option to reduce
ingestion during deposition and whilst external contamination and
short-lived radionuclides dominate. There may be a requirement for
continued provision of uncontaminated feed in which case the clean
feeding datasheet should be consulted.

This management option targets dairy animals to reduce the volumes
of contaminated milk (and subsequently waste milk requiring
treatment). Contaminated meat is not such a short-term issue — clean
feeding and/or changing slaughter time are likely to be more
appropriate.

Management option could be combined with a harvesting of grass in
the pre-deposition phase to increase feed stocks. However, it is unlikely
that there would be sufficient time to harvest grass prior to deposition
using normal practices (e.g. large bale silage making generally requires
2 days). There may also be restrictions on available labour to harvest
grass given animal housing would need to be prepared and livestock
gathered at the same time.

As for all pre contamination management options the time between
notification and deposition is critical and this may limit the feasibility of
this option.

Document History

STRATEGY originator: n/a
STRATEGY contributors: n/a
STRATEGY peer reviewer(s): n/a

EURANOS originator: CEH (Beresford NA, Barnett CL and Howard
BJ) in collaboration with the Belgian FARMING network stakeholder
group.

EURANOS contributors: UMB (Oughton D and Bay |) initiated social,
ethical and communication inputs; HPA-RPD (Nisbet AF) provided
general comments.

EURANOS peer reviewer: Vandecasteele C (Federal Agency for
Nuclear Control, Belgium).
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4 Dilution

To provide foodstuffs with activity concentrations less than the
intervention level.

Other benefits

Reduces amount of food requiring disposal.

Management option description

Contaminated produce may be mixed with uncontaminated produce
in the appropriate proportions until the overall activity concentration
in the bulk foodstuff is less than the intervention level.

Target

Grain and milk.

Targeted radionuclides

For milk

Known applicability: All
Probable applicability: -
Not applicable: -

For grain

Known applicability: ®°Co, "*Se, *Sr, *Sr, ®zr, *Nb, ®Ru, "*Ru,
110mAg’ 1253b,134CS, 137CS 141Ce, 14406, 169Yb, 192|r’ 226Ra,235U, ZSBPU,
239PU, 241Am,2520f

Probable applicability: -

Not applicable: - Short half-lives of *”*™T¢, '7’sp, '*'|, 32Te, *°Ba,
%L a likely to mean this management option is not applicable.

Scale of application

Small to medium.

Contamination pathway

n/a

Exposure pathway pre intervention

Ingestion of contaminated grain or milk by individuals (collective
dose is unaffected).

Time of application

Early to medium term.

Constraints

Legal constraints

The sale of grain and milk intended for human consumption is subject
to Council Food Intervention Levels (CFILs).

Contaminated foodstuff is not normally allowed to be added to an
acceptable batch to allow it to be distributed. The principle is derived
from current EU-legislation on foodstuffs (see key references).
Dilution is not accepted in international trade (confirmed by Finnish
Custom Laboratory in 2004). However, an initiative for revision of
intervention values for radionuclide concentrations in foodstuffs can
be made to European Council by the Commission or by Member
States through the Commission. Probable requirement for labelling
products that have undergone dilution.

Social constraints

Potential for dispute regarding selection of produce for dilution.
Resistance of operators/industry to:

e transport contaminated produce

e allow contaminated milk/grain into dairies/mills

e accept diluted products for sale when alternatives can be
sourced.

Media interest is likely to be high. “Dilute and disperse” has a
negative reputation in environmental ethics.

Environmental constraints

None.

Effectiveness

Management option effectiveness

Can be highly effective in reducing volumes of milk requiring
disposal. However, there would be no averted collective dose.
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Factors influencing effectiveness of
procedure

Relative activity concentrations in contaminated and uncontaminated
produce.

Relative quantities of contaminated and uncontaminated produce.

Extent to which supplies of either contaminated or uncontaminated
produce are homogeneous.

Resistance to the management option by all stakeholders.

Feasibility

Required specific equipment

None.

Required ancillary equipment

To allow optimal reduction in activity concentration of the final
product sufficient numbers of containers may be required to allow the
low and highly contaminated products to be stored separately until
dilution took place.

Required utilities and infrastructure

Dairy or mill.

Required consumables

Uncontaminated produce.

Required skills

The operators at the dairy and/or mill would have the necessary skills
to carry out the dilution.

Monitoring would be carried out by trained personnel.

Required safety precautions

Consider respiratory protection for operators at mill, if not standard
practice.

Other limitations

Availability of produce that is either clean or contains concentrations
of radionuclides below the chosen intervention levels.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.
Doses

Incremental dose Driver:

o external exposure while transporting contaminated grain and milk
to dairy/mill

Operative at dairy/mill:
o external exposure to contaminated milk at milk processing plant,

e external exposure to contaminated grain at flourmill.

Intervention Costs

Equipment

Extra containers/storage vats if required.

Consumables

Uncontaminated milk and grain from outside the affected area.

Operator time

Staff time to calculate dilution ratio etc.

Operators at dairy or mill if additional labour is required.

Factors influencing costs

None.

Compensation costs

To dairy or mill:
e  for accepting contaminated produce,

o for possible decontamination of equipment.

Waste cost

None.

Assumptions

Monitoring programme to ensure diluted products are less than
CFlLs.
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Communication needs Media interest is likely to be high. “Dilute and Disperse” has a
negative reputation in environmental ethics.

Cost of communicating both the management option and its
objectives and rational to farmers, and the public through multiple
channels (e.g. media, advisory centre, leaflets, internet), preferably
as part of emergency management planning; requirement for
updating as situation develops.

Possible  advertising campaign  highlighting  environmental
concerns/animal welfare issues if this management option is rejected
in favour of disposal or slaughtering options. Debate and dialogue is
required on ethical premises.

The principle of informed consent suggests that such foodstuffs
should have their origins labelled.

Dilution as a measure to get ‘acceptable’ foodstuffs for distribution
would be a negative start of managing the contamination of food
supply chain and cause additional mistrust towards later, possibly
defensible measures. Also, retailers and consumers would not have
the confidence that plants could be put back to normal operation
after treatment has taken place, without the risk of contaminating
milk and milk/grain products.

Side-effect evaluation

Ethical considerations If prices are lowered in response to reduced demand, there is an
inequitable distribution of the residual contamination to poorer
populations, and the possibility of their incurring a higher dose than
that received by typical members of the population.

Loss of profit to producers if the treated food is not accepted by
consumers.

The practice could be perceived as actively causing contamination of
previously non-contaminated foodstuffs.

Liability and responsibility for negative side-effect consequences will
have to be addressed.

Environmental impact None.
Agricultural impact None.
Social impact Potential for generating widespread mistrust of food production

systems. Possible rejection of the final product, decrease in market
price. Foodstuffs with activity concentrations that have been brought
below the relevant CFIL by dilution are unlikely to be acceptable to
the retail trade.

Dilution as a measure for managing the contaminated foodstuffs
might make the farming society unresponsive and lower its self-
confidence. Thereby implementation of dilution may prevent both
early and long-term implementation of acceptable management
options that would reduce contamination in the foodchain.

Other side effects None.

FARMING Network stakeholder comments Unanimously agreed that the dilution of contaminated produce with
clean material was felt to undermine consumer confidence and
should not be adopted under any circumstances.

Practical experience Dilution was used in Valdres, Norway where Chernobyl deposition
was around 100 kBq/mQ. Some milk tankers collecting milk from this
area were redirected to other dairies further away. In return, tankers
from clean areas were sent to Valdres to dilute local supplies and so
avoid the bulk milk exceeding the intervention limit. The redirection
of milk tankers was a locally based decision that was not widely
publicised.

Key references Woodman RFM, Nisbet AF and Penfold JSS (1997). Options for the
management of foodstuffs contaminated as a result of a nuclear
accident. NRPB-R295.

Regulation (EC) No 178/2002 of the European Parliament and of the
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Council of 28 January 2002 laying down the general principles and
requirements of food law, establishing the European Food Safety
Authority and laying down procedures in matters of food safety, Off.
J. Eur. Commun., 1.2.2002 L 31/1.

Comments

This management option would have limited applicability in that it
would be most likely to be adopted when clean supplies were limited.
However, under such circumstances the amount of milk available as
a diluent would also be limited.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY Contributors: Mercer JA and Hesketh N (HPA-RPD);
Liland A, Therring H and Bergan T (NRPA); Hunt J (ULANC);
Oughton DH (UMB).

STRATEGY peer reviewer(s): Radiological Protection and
Research Management Division, Food Standards Agency, UK.

EURANOS originator: n/a

EURANOS Revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay |) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of
early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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8 Feeding of animals with crops/milk in excess of intervention

levels

Objective To minimise volumes of contaminated crops (including fruits) and milk
requiring disposal.
Other benefits Offsets the loss in cash value of the contaminated crop/milk by making

use of it as animal feed.

Can reduce requirements for animal feed on the farm.

Management option description

In general, only a fraction of the activity present in a feed is transferred
to the meat or milk of an animal consuming that feed. Foodstuffs with
activity concentrations known to exceed the CFIL could therefore be fed
to animals while still subsequently producing meat or milk acceptable for
human consumption. The activity concentration in the potential feeds
should be measured and a prediction of the likely activity concentration
in animal derived foodstuffs made and compared to appropriate Council
Food Intervention limits (CFILs) before this management option is
implemented (to avoid the production of milk/meat/eggs in excess of
CFILs).

Cereals make an important contribution to the typical daily ration of pigs,
poultry and ruminants intended for both milk and meat production.
Cereals grown for human consumption could therefore be fed to
animals. Immature cereal crops (grain plus haulm) with the grain at the
‘milk’ stage, have a higher feeding value for ruminants than that from a
mature crops (grain plus straw). Immature cereal crops can be fed
directly or ensiled.

In Mediterranean areas especially, by-products from the fruit industry
can make an important addition to animals feed. Citrus pulp (peel and
rag) is palatable, rich in nutrients and easily mixed with other feed
ingredients. To increase its usefulness, it can be preserved by drying.
Olive by-products (leaves and olive cake in all forms) are considered as
crude lingo-cellulose feeds, comparable to cereal straw or poor quality
hay, and can be used in animal diets when supplemented by a good
quality protein source. Rice hulls and straw, treated with a mixture of
urea and molasses to make up for their low energy, mineral and protein
content, can be included as a roughage source in rations being fed to
livestock.

Furthermore, contaminated land could be specifically used to grow other
crops for the purpose of animal feeding.

Crops as well as milk could also be used for feeding to animals that are
not likely to enter the human foodchain in the near future e.g.
replacement heifers, dry cows, suckler beef cows, breeding ewes and
young replacement females, breeding gilts and pregnant sows, adult
fibre goats and males kept for breeding purposes (bulls, rams, boars and
billy goats). There is also the potential of feeding these materials to
leisure and working horses and to animals used in fur production.

Target

Crops and milk.

Targeted radionuclides

Known applicability: All if being fed to non-productive animals
Probable applicability: - If being fed to animals producing milk or eggs,
or meat animals soon to be slaughtered: *Nb, %zr, #sr, ®sr, '*Ru, '*Ru,
1258b, 127Sb, 131|, 14083, “°La, 1‘”Ce, 144Ce, 169Yb’ 226Ra,235U, 238Pu’
239PU,241Am, 252Cf

Not applicable: ®°Co, ®*Mo/*"Tc, """Ag, **"¥Cs, **Te, "Ir if being fed
to productive animals because of comparatively high transfer from diet to
animal derived food products.

Scale of application

Small scale. Restricted to mixed farming systems where crops or milk
produced on the farm can be fed to livestock on the same farm.

The transportation of contaminated crops to other farms is likely to be
unacceptable although in the case of using contaminated fruits as animal
feedstuffs this would be necessary.
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Contamination pathway

n/a

Exposure pathway pre intervention

Ingestion of contaminated milk and crops.

Time of application

Early to medium term. However, crop harvest should be delayed to allow
for decay of short lived radionuclides and weathering of surface deposit.

Most suitable at times of year when livestock are housed.

Constraints

Legal constraints

For "¥Cs and '*Cs marketed animal feedstuffs are subject to Maximum
Permitted Levels (MPLs) set by the EC (CEC, 1990). These are: 1250
Bq kg™ for pig feed; 2500 Bq kg™ for poultry, lamb and calf feeds; 5000
Bq kg™ for feed for all other animals.

Possible requirement for labelling products directly or indirectly affected
by application of the management option.

Social constraints

Acceptability of, and compliance with, management option by consumers
and producers i.e.

o Acceptability of new feedstuff with respect to animal welfare issues
(e.g. diet less palatable, lower in fibre/energy levels etc.).

e Acceptability to food industry/consumers of residual levels of
contamination in animal products after applying this management
option.

e Transportation of contaminated feeds to areas not affected by fallout
is unlikely to be acceptable.

e Willingness of processing industries to manufacture animal feedstuffs
(especially fruits in Mediterranean areas).

Environmental constraints

None.

Effectiveness

Management option effectiveness

Most effective if fed to animals not producing milk or not destined for the
foodchain, in which case effectiveness is 100%.

Factors influencing effectiveness of
procedure

Activity concentration of radionuclide in crop/milk (see Nisbet et al.,
1998) and biological half-life of each radionuclide compared to the time
between feeding and slaughter or lactation.

Number of animals on the farm compared to the amount of crop
production.

Availability of pigs/veal (or non-food producing animals) for consumption
of milk.

The production of citrus pulp or olive cake would have to be carried out
in special facilities and transported to livestock farms.

Assumptions within the derivation of MPLs for radiocaesium levels in
animal feedstuffs do not guarantee production of animal derived
foodstuffs below CFILs.

Acceptability to farmers, food industry and consumers of feeding
contaminated produce to animals destined for foodchain.

Acceptability of, and compliance with, management option.

Acceptability of selection process for areas where management option is
applied.

Feasibility

Required specific equipment

Equipment/processing plants to convert crop into suitable form to be
used as animal feed.

Stock proof fencing if cereal or vegetable crops are grazed in the field in
summer.

Required ancillary equipment

None.

Required utilities and infrastructure

Storage facilities may be required for contaminated crops prior to
feeding.

Water, power supply and ventilation if animals are housed.

Required consumables

Additional concentrates or supplements may be required to nutritionally
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balance the diets.

Required skills

Farmers would possess necessary skills but would need guidance on
feeding alternative diets.

Required safety precautions

None.

Other limitations

Liquid milk can only be incorporated into the diets of pigs and veal,
although with modern ration mixing equipment it may be possible to mix
milk with a dry cereal to produce a high quality concentrate feed for other
animals.

Crops will deteriorate in storage unless processed.

Some crops can only be included in small amounts to maintain
nutritional balance and palatability of diets. Other crops such as onions,
garlic and herbs cannot be used as they will taint milk and meat.

Changes in dietary composition are often introduced gradually over a 1-2
week period to minimise welfare issues.

Waste

Amount and type

Contaminated excreta.

Possible transport, treatment and storage
routes

Spread on surrounding farmland.

Factors influencing waste issues

Doses

Incremental dose

Farmer while feeding animals:
e external exposure from feedstuffs while feeding animals
e inadvertent ingestion of feedstuffs while feeding animals
e hand skin exposure to feedstuffs while feeding animals
Farmer while ensiling:

. external exposure, inadvertent ingestion and inhalation while
ensiling harvested crops.

Operatives at processing plant:

e whilst processing products into suitable animal foodstuffs

Intervention Costs

Equipment

Equipment for producing animal feed.

Fencing.

Consumables

Additional concentrates/supplements.

Operator time

Extra work by farmer (or processing plant operatives) e.g. processing
crop to suitable form for feeding to livestock; implementation of the
alternative feeding regime; erecting fencing.

Factors influencing costs

Availability of alternative housing.
Need to modify housing.

Requirement for concentrate supplements to make nutritionally balanced
diets.

Manpower.

Social concerns.

Compensation costs

Version 2

Farmer:
. loss of value of crop grown originally for human consumption

. additional work, especially if crops need processing before feeding
to animals

. loss of income from not adhering to conservation schemes.
Processing plants:
e fruits used as feedstuffs may have lower market value than normal

. loss to producers if the treated product is not accepted by
consumers.
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Waste cost

None.

Assumptions

That there is a market for products from animals fed contaminated
crops/milk.

Communication needs

High likelihood of negative media coverage.

Potential need to facilitate widespread debate regarding ethics and
practice of this management option, including dialogue for selecting
areas where management option is applied.

Possible cost of labelling milk and meat products from regions where the
management option is applied.

Side-effect evaluation

Ethical considerations

Increased dose from animal products that would otherwise be less
contaminated highlights animal welfare issues.

Informed consent.

Environmental impact

None.

Agricultural impact

Reduced grazing on fields.

Social impact

May impact on public confidence i.e.:

. Loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas are ‘safe’ (may result in loss of
employment in local ‘cottage’ industries or growth of a black
market).

. Increased confidence that contamination is being effectively
managed.

. Foodstuffs may not be acceptable to the retail trade when “clean”
foodstuffs can be obtained from other sources.

e  Disruption/adjustment of farming and related industrial activities i.e.
reduced supply of crops and milk to the food industry and therefore
potential for market shortages.

Other side effects

Reduction in cost of buying in animal feed.

FARMING Network stakeholder opinion

The diversion of contaminated crops grown for human consumption to
animals was viewed as unacceptable, even when the radionuclide
content of the resulting milk and meat would be less than the
intervention level set by the EC. The feeding of contaminated crops (and
meat) to animals not destined for the foodchain was considered to be
acceptable under specific circumstances only (i.e. it was acceptable for
fur producing animals but not pets).

Practical experience

Many farmers have experience of formulating balanced animal rations
from a wide range of feedstuffs.

Key references

Brown J, Wilkins BT and Nisbet AF (2002). Management options for food
production systems affected by a nuclear accident: Diversion of crops
grown for human consumption to animal feed. NRPB-W18.

Nisbet AF, Woodman RFM, Brown J, Smith JG and Wilkins BT (1998).
Derivation of working levels for animal feedstuffs for use in the event of a
future nuclear accident. NRPB-R299.

CEC. Council Regulation (Euratom) No. 770/90 laying down maximum
permitted levels of radioactive contamination of feedingstuffs following a
nuclear accident or any other case of radiological emergency. Off. J.
Eur. Commun., L83/78 (1990).

Comments

With modern silage-making methods it is possible to ensile any
vegetable crop, including not only cereals, but also brassicas, legumes
and root crops (whole or tops). Such silage can be stored for a number
of years; this would allow long-term planning of livestock feeding
practices. It would also allow shorter-lived radionuclides time to decay to
less hazardous levels.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD); Hunt
J (ULANC), Oughton DH (UMB).
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STRATEGY peer reviewer(s): Mayes B (Macaulay Land Use Research
Institute, UK).

EURANOS originator: n/a

EURANOS Revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH (Beresford
NA, Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay I)
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): Arapis G (Agricultural university of
Athens).
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9 Leaching of horticultural peat

Objective Removal of (soluble) radionuclides from horticultural peat prior to its use
as growing medium for greenhouse crops thereby reducing radionuclide
concentration in subsequent crops.

Other benefits Maintenance of production of greenhouse crops.

Maintenance of peat industry.

Reduce external irradiation of greenhouse workers.

Management option description

The management option should be applied to ‘prepared’ peat (i.e. sieved
peat, with a residual moisture content of 45-65% by weight and prior to
fertilisation).

Some of the (soluble) radionuclides (notably radiocaesium) are removed
by the following procedure.

. The ‘prepared’ peat is first brought to saturation capacity. This is
achieved with circa 4 litres of water per 1kg of prepared peat.

e This is then ‘flushed’ with circa 4 litres water per 1kg of prepared
peat — a further ‘flushing’ may improve the efficiency (see
management option effectiveness).

The management option should not be conducted after fertilisation as the
effluent would then unnecessarily contain potassium, phosphate and
nitrate.

Target

Horticultural peat intended for use in greenhouse crop production.

Targeted radionuclides

Known applicability: **'*'Cs

Probable applicability: -
Not applicable: -

Scale of application

Small-large.

Most likely to be applied by commercial growers or large scale
horticultural peat producers.

Contamination pathway

Soil to plant.

Exposure pathway pre intervention

Ingestion of contaminated crops; external exposure of growers.

Time of application

Long-term.

Constraints

Legal constraints

No legal constraints for leaching. However, the sale of crops intended for
human consumption is subject to Council Food Intervention Limits
(CFILs).

Requirement for basic radiation protection training of and/or advice to
operators.

Requirement to protect local environment from effluents.

Social constraints

Resistance of commercial growers to use the treated peat, particularly if
it is used in previously uncontaminated areas and resistance of food
consumers to accept crops grown in treated peat. In both situations
acceptability is likely to be related to the availability of alternative sources
of clean peat.

Environmental constraints

Temperature must be above freezing.

Preferably conducted in summer to assist in drying peat.

Effectiveness

Management option effectiveness

The management option is only effective if applied to ‘prepared’ peat
(see management option description).

A reduction in radiocaesium activity concentration of about 50% can be
expected if circa 4 | of water is used per 1 kg of ‘prepared’ peat.
Repeating the procedure with an additional 4 | of water is expected to
give a combined reduction of 80%.
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Management option effectiveness The intensity of leaching can be manipulated depending upon the level

(continued) of contamination of peat.

Factors influencing effectiveness of The volume of peat to be treated should not be so large as to inhibit

procedure leaching of the entire mass.

Leaching of newly harvested peat after liming may increase efficiency of
radiocaesium removal.

In modern horticultural production the volume of growing medium for
specific plant species is optimised thereby limiting the total amount of
radiocaesium in the growing bed. Also, slight watering in excess is
normal practice during the growing period of greenhouse crops, this will
result in further decontamination of the growing medium and hence
reduce the activity concentration found in the crops.

Compliance to the management option by peat industry workers/ market
gardeners and the acceptability of the waste disposal options (water run-
off and sorbents) by all stakeholders.

Acceptability of the management option by the public/consumers,
particularly if the decontamination process takes place at a site other
than that of peat extraction.

Feasibility

Required specific equipment A suitable source of water.

Hose-pipes (or similar).

Required ancillary equipment Monitoring equipment/laboratories to determine the activity concentration
of the peat prior to leaching (to optimise amount of water required and
thus reduce the volume of effluent).

Required utilities and infrastructure Systems for the collection and disposal of effluents (e.g. availability of

drain pipes to the sewage network).
Note: The required infrastructure is unlikely to be available at peat
extraction sites as they are often situate in remote areas. If this is the
case the effluent could be channelled directly into containers for
subsequent disposal.

Required consumables Water - quantities required will depend upon the volume and
contamination level of peat and should be optimised so as to produce
the smallest volume of effluent.

Sorbents (biological and/or mineral) for absorption of small quantities of
effluent that may leak from the collection system.

Containers for storing effluent (if required).

Materials to protect the land at the leaching site against unnecessary
contamination.

Required skills Professional gardening skills will be sufficient if the peat industry/market
gardeners receive well documented instructions and objectives.
Technicians for sampling of peat from stacks.

Services/staff to perform radioactivity measurements.
Experts on the treatment of effluents from farming practices are likely to
be able to offer advice on handling effluents.

Required safety precautions Radiation safety of persons implementing the management option.
Other limitations The peat industry is generally lacking the technology for conducting this
management option.

The overall scale of the operation should be carefully considered (i.e. is
the leaching site big enough to cope with the throughput of peat and
associated effluent).

Waste

Amount and type Effluent from leaching and materials contaminated by effluent.

Amount and type (continued) Complete watering of a ‘dry’ batch of peat will release roughly the same
amount of water required to bring the peat to field moisture capacity
(circa 4 litres per kg of dried peat). The effluent contains radionuclides,
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notably radiocaesium, and some soluble minerals e.g. iron.

Possible transport, treatment and storage
routes

If no direct drainage to sewage system an alternative method of disposal
would be required (e.g. transport in containers to sewage treatment plant
or to a sea discharge pipe.

Absorbent materials used for collection of small effluent leaks could be
disposed to 54 Landfill.

Factors influencing waste issues

Discharge of leaching effluent to sea - if unfertilised peat has been
leached there would be no environmental problems but the practice may
provoke public resistance as would disposal to municipal sewage
system.

The volume and activity concentration of effluents need careful
monitoring to protect land at leaching site.

Doses

Incremental dose

Operators: during leaching process.
Drivers: if tankers used to transport effluent.

Intervention Costs

Equipment

Watering devices for leaching.

Holding tanks with sufficient capacity at leaching site for effluent.

Consumables

Water.
Materials for preparation of the leaching site and effluent holding tank.

Possibly Labels.

Operator time

Depending on the dryness/volume/surface area of stacks/beds of peat,
one leaching operation can take several hours.

That associated with the transport of waste.

That associated with additional transport of peat from producers/users
lacking appropriate equipment for leaching.

Factors influencing costs

Use of existing watering and effluent collection systems would simplify
and reduce the costs associated with the management option. If this was
not possible then to reduce costs all details of the operation (i.e.
preparation of the treatment area, construction of effluent collection
system and conduct the management option) need to be planned in
advance, prior to the usual planting time.

The additional cost from increased through-flow for increased
decontamination of peat is usually low.

Transport of wet peat should be avoided due to increased costs.
The time required for re-drying peat after leaching.

If the management option was carried out at the growers premises
modifications to the usual delivery of bagged peat would be required.

Centralised implementation would facilitate controlled disposal of
effluents and maintain peat production.

Compensation costs

Peat supplier or grower (depending upon responsibility for
implementation of management option): for increased production costs,
including effluent disposal.

Waste cost

To minimise costs efficient collection of leachate should be planned in
co-operation with agricultural effluent experts.

Costs for managing wastes, including final disposal, depend upon
feasibility of the collection of effluents from the treatment site, sorbents
used, and transport costs.

Assumptions
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Communication needs The peat industry and vegetable growers need advice and information on
all stages and aspects. Requirement for dialogue with users to ensure
acceptability of selection process for areas where the management
option is performed and product used.

The impact of the management option (i.e. residual contamination of land
at the leaching site) should be made clear to the landowner together with
information on the future agricultural uses of the land.

The public needs to be informed of the actions taken to ensure the safety
of crops. It should be stressed that watering of peat is a natural method
of decontamination.

Normal communication channels can be used, and only a large scale
intervention may cause substantial additional costs for communication to
stakeholders.

Possible requirement for labelling products directly or indirectly affected
by application of the management option.

Side-effect evaluation

Ethical considerations Self-help if carried out by the growers themselves.

Free informed consent of workers (to risks of radiation exposure). If
residual levels of radionuclides in peat, informed consent regarding
consumption of foodstuffs (residual contamination levels will be further
reduced by normal watering during the period of growth).

Consideration of re-distribution of dose if commercial peat containing
residual levels were transported to non-contaminated areas.

Re-distribution of dose from consumers to decontamination and waste
operators.

Environmental impact Restoration of the leaching site may be required.

Environmental consequences of waste generation should be considered,
however, if leaching is carried out close to site of peat
collection/extraction, there would be benefits of in situ treatment.

Agricultural impact Efficient collection of effluent will minimise any long-term contamination.

Residual contamination at the leaching site may restrict subsequent
agricultural uses.

Social impact Help maintain peat production industry, particularly if community based. If
there was likely to be a shortage of peat available for horticultural use,
the management option would help maintain the production of
greenhouse crops.

Change in public perception or use of an amenity.

Possible disruption to the peat industry and related activities and
potential loss of profit to producers if crops grown in the treated product
are not accepted by the food industry/consumers.

May impact on public confidence i.e. loss of confidence that farm produce
is ‘safe’, or increase confidence that the problem of contamination is
being effectively managed.

Other side effects

FARMING Network stakeholder opinion Not considered by FARMING Network.
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Practical experience

The measure was used in 1986-87 by some commercial growers in the
area of Finland affected by the Chernobyl accident. The method was
tested and implemented in close co-operation of food control authorities,
vegetable producers and the peat industry. The management option was
implemented to achieve activity concentrations in crops below a national
intervention limit with batches of peat being analysed to determine their
radiocaesium contamination level in advance of leaching. The harvest of
tomatoes and cucumbers had lower radiocaesium activity concentrations
than those anticipated because of additional ‘decontamination’ due to
normal watering.

Consumers’ confidence was maintained through regular press releases
on current contamination of various domestic foodstuffs, and particularly
of new harvests.

Key references

The test results of the method will be published in the time scale of the
EURANOS programme.

Comments

Other approaches to addressing the issue of contaminated peat should
be considered. These include importing less contaminated peat or using
an alternative growing medium. These could be used as alternatives to
‘contaminated’ peat or mixed with peat from affected areas to dilute
activity concentrations to acceptable levels.

All activity concentrations in peat should be given as dry matter, to be
unambiguous.

Whilst the measure has only been applied for radiocaesium it will
possibly be effective for other radionuclides which have a weak binding
to peat.

Document History

STRATEGY originator: n/a

STRATEGY contributors: n/a

STRATEGY peer reviewer(s): n/a

EURANOS originator: STUK (Rantavaara, A).

EURANOS contributors: UMB (Oughton D and Bay I) initiated social,
ethical and communication inputs; CEH (Beresford NA, Barnett CL and
Howard BJ) and HPA-RPD (Nisbet AF) provided general comments.

EURANOS peer reviewer(s): Vuorinen A (Plant Production Inspection
Centre, Agricultural Chemistry Department, P.O.Box 83, FIN-01301
Vantaa, FINLAND).
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Back to list
of options

10 Prevention of fire in forests, shrubland and other sensitive

areas

Objective To prevent fires, and their subsequent spread so that there is less risk of
radionuclide resuspension and subsequent transfer to areas used for
agricultural production.

Other benefits Dose reduction by restricting the use of contaminated semi-natural or
forest areas.

Internal dose reduction due to reduced collection of wild foods.

Reduce the need for making fire breaks after contamination that would
cause radiation exposure to workers.

Management option description Forest fires may be an important source of radionuclide resuspension; for
example, 40-70% of the Cs stored in vegetation could be released in the
atmosphere during a fire. The risk is particularly pronounced in
Mediterranean areas, especially during summer.

1. In the early period following a radiological accident closing forests and
semi-natural areas to the public and banning any practices likely to
cause fires (e.g. agricultural burning, campfires etc.) would greatly reduce
the risk of fire starting due to human negligence. This ban would need to
be actively policed and enforced.

2. After a few days, or weeks further actions may be required to prevent
initiation and spread of fire. Some areas may be more at risk than others.
The most sensitive areas should be treated as a priority (e.g. railways,
roads, electric lines, rubbish dumps):

« install/l maintain concrete barriers, safety fences or netting
e widening of the road hard shoulders
e improving inspection, surveillance networks

o fuel management/clearing of dry vegetation from shrubland, semi-
natural areas and beside sensitive sites (see comments).

w

. Increase readiness for fire fighting in affected areas:

e Ensure rapid availability of fire fighting equipment and suitably trained
personnel in the sensitive areas (in highly contaminated areas
preference would be to use aircraft capable of deploying water over
large areas).

In the following text, these actions are referred to as (1), (2) and (3) where
comments are specific.

Target Radioactively contaminated forests (especially Mediterranean), located
beside agricultural land, shrubland and other fire sensitive areas (e.g.
road/railway verges).

Targeted radionuclides Known applicability: All (predominantly long-lived radionuclides).
Probable applicability: -
Not applicable: -

Scale of application Large scale.

Contamination pathway Re-suspension and subsequent re-deposition.
Exposure pathway pre intervention Predominantly external (1) but some internal (1-3).
Time of application Early (banning) to long-term.

Constraints

Legal constraints Relevant legislation at national European levels concerning the
management of fire risk in semi-natural and forest areas. (see key
references).

Non-compliance with any environmental protection schemes.

Waste treatment and disposal - normal practices (e.g. biofuel) may not be
acceptable.

Legal constraints (continued) National guidelines would apply regarding dose limits which would
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include a requirement for basic radiation protection training of operators
so they avoid unnecessary exposure to radiation.

Social constraints

Public resistance to long term closure of forest or restrictions upon
leisure practices (1).

Operators’ resistance to manage contaminated areas. They may be
reluctant to perform tasks in the event of radioactive contamination
because of the possibility of relatively high exposure levels (2 and 3).

Environmental constraints

Areas requiring specific management because of their sensitivity fire risk
may be difficult to gain access to (2).

Effectiveness

Management option effectiveness

Less than 100% as:
e impossible to guarantee total closure of contaminated areas
. impossible to avoid deliberate arson

e accidental fires starting (e.g. lightening).

Factors influencing effectiveness of
procedure

Information, acceptability and willingness of affected population to follow
fire prevention guidance (e.g. cigarette butts, barbecues). Adequate
policing is likely to improve effectiveness (1).

Extent of the contaminated area, number of access points, human and
technical resources for monitoring and long term maintenance of
contaminated areas (1-3).

Appropriate selection of priority areas.
Degree to which the management option diverges from common practice.
Availability of water.

Acceptability of disposal/treatment procedures/Compliance and
availability of operators to carry out procedure.

Feasibility

Required specific equipment

Tracked machinery, tractors, chainsaws for clearing and suitable trucks
for taking waste vegetation to disposal site, all are likely to be available as
used in normal forest management (2).

Fire fighting equipment (fire fighting aircraft, cargo helicopters, water
transporters, light tractors) in order to intervene quickly in case of fire.
Some equipment/systems are likely to be readily available although
additional resources may need to be deployed dependant upon scale (3).

Required ancillary equipment

Fencing for prohibiting access (1).

Building materials to make roads safe (widening of road hard shoulders,
concrete barriers, safety fences or netting) (2).

Required utilities and infrastructure

Wardens (especially when management option is first instigated) (1).

Monitoring of fire usually is normally carried out from watchtowers; mobile
look-out posts would complement this surveillance/Access roads (2).

Waste storage (3).

Required consumables

Barriers (and locks), information boards, fences and signs (1).

Availability of sufficient quantities of water (3).

Required skills

Operators (e.g. forest workers, drivers, wardens) would have the skills
required for monitoring and clearing, but must be informed carefully in
advance about the objectives and the safety precautions (2).

Fire fighters, including aircraft crew, would need to be informed in
advance about the objectives and the safety precautions (3).

Required safety precautions

Consider respiratory protection if very dry conditions and protective
clothing. Minimise risks of sparks etc. during operations (2 and 3).

General occupational hygiene for fire fighters (3).

Other limitations

Requires ongoing programme of radiation monitoring to determine
duration of restrictions (1).

Wild animals could be vectors of contamination from contaminated forest
to uncontaminated areas (there may be increases in populations because
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of restrictions on human penetration inside the forests).

Waste

Amount and type

Vegetative waste, including woody material (2).

Possible transport, treatment and storage
routes

Normal treatment of waste, including recycling, would not be applicable to
contaminated material.

Could consider possible volume reduction of waste by 51 Composting or
53 Incineration.

Factors influencing waste issues

The amount is highly dependant on the extent of the contaminated area,
on vegetation density and type and the exact measures taken.

Doses

Incremental dose

Forestry workers
Drivers of trucks transporting waste

Fire fighters

Intervention Costs

Equipment

Variable costs associated with:
Barriers (and locks), fences, information boards and signs (1).
Tracked vehicles, tractors and trucks for waste transport (2).

Fire monitoring and fighting equipment (3).

Consumables

Water supply.

Operator time

That associated with closing and erecting signage for forests and
shrubland (will be variable according to area) (1).

Tasks likely to take longer than expected due to the inaccessibility of
some areas (2 and 3).

Factors influencing costs

Clearing can be carried out mechanically for a cost of about €500- €1000
per hectare (2).

Fire fighting is estimated to cost €2000- €3000 per hectare (3).

These costs will increase with the slope and the vegetation height and
density (accessibility to the area).

Compensation costs

People utilising forest areas for their livelihoods: compensation for
property/amenity damage and/or change.

Waste cost

Highly dependent on the amount of waste and the chosen disposal route.

Assumptions

n/a

Communication needs

Need for good information to operators on safety precautions during
operations (1-3).

As a majority of fires are related to human negligence, previous
information for the public would greatly reinforce the management option
(e.g. educational documents in schools, radio messages, signage around
areas sensitive to fire initiation) (1).

Provision of information to forestry workers, fire fighters and farmers on
correct application of the procedure. As this management option affects
both forest and agricultural environments, there needs to be a dialogue
and consideration of stakeholder interests for both systems (2 and 3).

Side-effect evaluation

Ethical considerations

Negative effects from restrictions on liberty and autonomy, (loss of
possibility to gather free food).

Free informed consent of workers (Radiation exposure of workers
penetrating inside the forests for fuel management).

Environmental impact

Modifying the management of forests may have negative effects on their
ecological balance for plant and animal species. Further regulations may
be required to restore this balance in the long term (1).

Clearing (2) may increase the radionuclide activity concentration of runoff
waters and sediments.

Agricultural impact

Preventing sensitive forest areas from fire will also prevent fires in
agricultural land (1-3).
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Growth of wild animals’ populations due to restrictions on human
penetration inside the forests may affect agricultural productivity (1).

Social impact

Policing the management option i.e. against trespass (information).
Loss of amenity/social value.
Change in public perception or use of an amenity, leisure practices.

Loss of possibility to gather free food or wood.

Other side effects

Possible increase in public confidence.

FARMING Network stakeholder opinion

Not considered by FARMING Network.

Practical experience

Most of these actions are applied in Mediterranean areas every year to
fight fires. Different personnel are involved dependant upon responsibility
within the affected territory.

Removal (or decreasing the volume) of combustible vegetation can
significantly reduce the risk of fires. It is obligatory in, for instance, the
south of France and can be carried out by land owners, private
companies and voluntary helpers. But, as the forest could be relatively
highly contaminated in a post accidental situation, there may be a
relatively high radiation exposure to these personnel. To reduce this risk
the fire risk management actions could be limited to the most sensitive
areas.

Key references

Kashparov VA, Lundin SM, Kadygrib AM, Protsak VP, Levtchuk SE,
Yoschenko VI, Kashpur VA and Talerko NM (2000). Forest fires in the
territory contaminated as a result of the Chernobyl accident: radioactive
aerosol re-suspension and exposure of fire-fighters. Journal of
Environmental Radioactivity, 51, 281-298.

Rafferty B and Synnott H (1998). Countermeasures applied to forest
ecosystems and their secondary effects: a review of literature. Serie
Documenti 6/1998. Agenzia National per la Protezione delAmbiente,
Roma (ANPA), Italia, ISBN 884480296-1.

Hollander W and Garger E (1996). Contamination of surfaces by
resuspended material (International scientific collaboration on the
consequences of the Chernobyl accident) EUR 16527 EN.

Amiro BD, Sheppard SC, Johnston FL, Evenden WG and Harris DR
(1996). Burning radionuclide question: What happens to iodine, cesium
and chlorine in biomass fires? Science of the Total Environment, 187,
93-103.

Guillitte O, Tikhomirov G, Shaw G and Vetrov V (1994). Principles and
practices of countermeasures to be carried out following radioactive
contamination of forest areas. Science of the Total Environment, 157,
399-406.

Regulation CE n°2158/92 (23/07/1992).
Regulation CE n°2152/2003 (17/11/2003).
Regulation CE n°1727/1999 (28/07/1999).
Regulation CE n°804/98 (11/04/1994).

Comments

Following a nuclear accident, if deposition occurs without precipitation in
forested areas intercepted contamination by trees and bushes would be
considerable. Potential forest fires could then be an important source of
radionuclide re-suspension from the early to the long term. For example
40 to 70 % of the Cs stored in vegetation could be lost to the atmosphere
during a fire. And the area affected by deposition of re-suspended
radionuclides could extend to tens of km from the source. The extent of
the re-deposition would be closely linked to the size of fire, the height of
the smoke and to the wind speed. In Mediterranean areas the speed of
fire progress can be up to 7-8 km h”" whereas in Finland the
corresponding speed is 2.5-3 km h™. This difference may enhance the
consideration of proactive fire breaks in southernmost Europe.

Furthermore, in post accident situations, Mediterranean areas would be
even more sensitive to the risk of fire than normally as prevention actions
could be limited because of the closure of forests.
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Roads, railroads, power lines and rubbish dumps represent an important
potential source of fire. For example, fires originating from roads are
usually due to carelessly discarded cigarettes or road traffic accidents.
Fires from railways may be due to sparks, cigarettes or accidents during
maintenance and/or normal operations. Damage to power lines may as
well represent an important risk as could rubbish dumps which may
contain various potential fire sources. If fire prevention measures have to
be limited (e.g. because of high contamination levels) consideration
should be given to targeting the areas mentioned above. The
requirement for fire prevention measures (1) and (2) would be relatively
small if the areas were regularly managed for fire prevention as part of
normal practice.

Quality of public information and of contaminated area monitoring may
have an important influence on the effectiveness of the strategy.

Consider the use of fire retardant chemicals which could be deployed by
aircraft and could stop fire progression.

The contaminated, high fire risk, vegetation may be better collected
during wet conditions e.g. after heavy rain to avoid resuspension of
radioactive material if possible.

If the extent of contaminated territory was significant, manpower could be
a limiting factor; grazing by farm animals may be an option — although
careful consideration would have to be given to their management and
entry into the foodchain.

Document History STRATEGY originator: n/a

STRATEGY contributors: n/a

STRATEGY peer reviewer(s): n/a

EURANOS originator: Reales N and Gallay F (IRSN).

EURANOS contributors: UMB (Oughton D and Bay I) initiated social,
ethical and communication inputs; CEH (Beresford NA, Barnett CL and
Howard BJ), HPA-RPD (Nisbet AF), Uol (Papachristodoulou C and
loannides K) and STUK (Rantavaara A) provided general comments.

EURANOS peer reviewer(s): Heikkila T and Vainio T (Ministry of the
Interior, Finland), Horppu K (private consultant, Finland).
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11 Restriction on the entry of food into the foodchain (food ban)

Objective To remove food that is contaminated above the Council Food
Intervention Limits (CFILs) from the foodchain.
Other benefits Maintenance of confidence in food products.

Management option description

Milk, meat, eggs and crops, and processed products made of them,
with activity concentrations over the intervention limit may be banned
from sale.

Condemnation completely removes contaminated food from the market
but can leave large quantities of waste needing disposal.

Target

Milk, meat and crops.

Targeted radionuclides

Known applicability: All (especially short-lived radioisotopes).
Probable applicability: -
Not applicable: -

Scale of application

Large scale.

Contamination pathway

n/a

Exposure pathway pre intervention

Ingestion of contaminated milk, meat and crops.

Time of application

Predominantly early but possibly to long term.

Constraints

Legal constraints

CFILs are legally binding for marketed foodstuffs.

There will be legal constraints on the fate of the banned foodstuffs (see
waste disposal datasheets below).

Social constraints

Retail trade/producers resistance to management option.

Environmental constraints

The fate of banned foodstuffs must be considered when food bans are
introduced.

Subsequent disposal of banned foodstuffs may cause a major
environmental problem.

Effectiveness

Management option effectiveness

Highly effective (up to 100%) at removing commercially produced food
that is contaminated above the intervention level food from foodchain.

Food contaminated below the intervention level still gets into foodchain.

Factors influencing effectiveness of
procedure

Acceptability and compliance with management option.

Feasibility

Required specific equipment

The equipment required would depend upon the radionuclide. Banning
of food must be based on measured radionuclide contamination in
consignments of foodstuffs produced for commercial distribution. The
measurement programme would also demonstrate that the restrictions
are working.

Required ancillary equipment

Additional containers and temporary storage capacity may be needed
to assure that contaminated and acceptable batches of foodstuffs will
not be mixed.

Required utilities and infrastructure

Extensive monitoring and surveillance programme.

Required consumables

None.

Required skills

Sufficient skilled people available to carry out the monitoring
programme.

Logistical experts to ensure maintenance of the food supply especially
in early phase.

Required safety precautions

Radiological advice to workers (e.g. drivers bringing uncontaminated
food into affected areas, monitoring personnel).

Other limitations

None.

100

Version 2




DATASHEETS OF MANAGEMENT OPTIONS

Waste

Amount and type

Milk, meat, eggs and crops.

Long-term restrictions may also lead to slaughter and disposal of
livestock from dairy producing animals.

Possible transport, treatment and storage
routes

Milk may be landspread (55 Landspreading of milk and/or_slurry),
processed (57 Processing and storage of milk products for disposal),
biologically treated (48 Biological treatment (digestion) of milk) or
disposed of to sea (52 Disposal of contaminated milk to sea).

Livestock carcasses may be disposed of directly by rendering (58
Rendering), incineration (53 Incineration), burial (49 Burial of
carcasses) or burning on open pyres (50 Burning of carcasses).
Alternatively, the carcass may be rendered and the meat and bone
meal subsequently buried or incinerated at a later date. Ash would be
disposed of to 54 Landfill.

Crops may be ploughed in (56 Ploughing in of a standing crop),
composted (51 Composting), biologically treated (47 Biological
treatment (digestion) of crops), processed, landfilled (54 Landfill) or
incinerated (53 Incineration).

Waste products may be fed to fur producing animals since transfer to
fur is negligible (although contaminated carcasses and excreta may
require disposal from fur farms).

Factors influencing waste issues

Area under restrictions and duration of restrictions.
Acceptability of, and compliance with, waste disposal practice.
Local availability of suitable disposal routes.

Legal constraints on the fate of banned foodstuffs.

Doses

Incremental dose

None, but subsequent management of large quantities of waste crops,
animal carcasses and milk will incur an additional dose.

Incremental dose may be received by drivers delivering
uncontaminated food.

Intervention Costs

Equipment

Appropriate monitoring equipment to determine multiple radionuclides.

Vehicles and equipment for extending distribution networks of
uncontaminated foodstuffs.

Consumables

Operator time

That associate with enforcement.

That associated with sourcing alternative sources of food.

Factors influencing costs

Time and distances involved in travelling to areas under restrictions for
monitoring purposes.

Time and distances involved in sourcing alternative source of food.

Compensation costs

Farmer: for banned products.

Food industry: for difference in costs compared to normal practices.

Waste cost

Dependent on subsequent disposal route selected for banned
foodstuffs and quantities of waste produced.

Assumptions

None.
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Communication needs

Likely to meet resistance from some production or retailing companies,
so good stakeholder dialogue procedures will be essential.

Dissemination of information about the management option its rationale
and possible alternatives i.e. information explaining the risks
associated with the levels of contamination, the uncertainty and the
variance of levels. Following food bans communication regarding the
comparative safety of foodstuffs below intervention levels will be
required, but this is likely to provide only partial reassurance.

Labelling of foodstuffs with residual levels of contamination may be
requested.

Side-effect evaluation

Ethical considerations

Negative consequences for farming communities.

Distribution of costs and benefits; one area may bear the economic
brunt of food banning, whereas other areas benefit. The protection
offered to the people would not necessarily compensate for this.

Effects to consumers e.g. price increases and food shortages.

Redistribution of doses from consumers to those involved in disposing
of produce including individuals living close to disposal sites. If the
price of ‘clean’ food increases in response to demand, then it is
possible that poorer populations will find it harder to afford ‘clean food’
and there is the risk that they will resort to eating cheaper (possibly
black market) contaminated food — enforcement then becomes an
issue.

Environmental impact

None, although likely to be indirect environmental impacts depending
on disposal route chosen for banned foodstuffs.

Agricultural impact

If predominant reason for food bans is the presence of short lived
radionuclides it is likely that normal production could continue on most
farms after a period sufficient for radioactive decay.

If there are delays in re-stocking land, under-grazing of pasture could
be a problem when animals return.

Social impact

If extensive, banning of milk, meat, eggs, crops and their derivative
products may lead to market shortages and disruption of farming and
the food processing industry particularly in early phase of intervention.

Policing the management option and averting growth of a black market.

Stigma associated with areas where the management option has been
applied.

Perceived contamination of all food products (and loss of confidence in
crops, dairy, and meat).

Potential for generating mistrust of food production systems or
conversely, possible increase in public confidence that the problem of
contamination is being effectively managed. Negative social and
psychological impact regarding contaminated food.

Other side effects

None.

FARMING Network stakeholder opinion

Restrictions on food are generally acceptable to all stakeholder groups
because if implemented quickly they will provide reassurance to the
public and maintain consumer confidence in the safety of the food
supplied and actions taken by authorities. Stakeholders recognised that
the imposition of restrictions on the supply of food would require
management options for the resulting waste foodstuffs to be well
planned in advance, particularly for milk products. The current view was
that disposal options were either not yet available or had very limited
capacity.

Practical experience

Over a period of approximately 8 weeks following the 1957 Windscale
accident, 3x10° | of milk contaminated with "'l were disposed of from
farms in an area extending to a maximum of 518 km? (Jackson and
Jones, 1991).

Condemnation of meat occurred in the fSU and Norway following the
Chernobyl accident. In Norway condemned meat has been used as
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feed for fur animals.

Key references Tveten U, Brynildsen LI, Amundsen | and Bergan T (1998). Economic
consequences of the Chernobyl accident in Norway in the decade
1986-1995. Journal of Environmental Radioactivity, 41 (3), 233-255.

Jackson D and Jones SR (1991). Reappraisal of environmental
countermeasures to protect members of the public following the
Windscale Nuclear Reactor accident 1957. In: Proc. of a Seminar on
Comparative  Assessment of the Environmental Impact of
Radionuclides Released During Three Major Nuclear Accidents:
Kyshtym, Windscale. Vol Il. EUR 13574, 1015-1040. Commission of the
European Communities, Luxembourg.

Comments Condemnation of meat was found to be the most expensive
management option in Norway after the Chernobyl accident.

Because intervention limits only apply to commercial production, food
bans do not fully protect the foodchain.

Document History STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD); Hunt
J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Radiological Protection and Research
Management Division, Food Standards Agency, UK.

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay |) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of early-
phase post accident applicability.

EURANOS peer reviewer(s): n/a
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12 Selection of alternative land use

Objective

To select crops or animals for the production of non-edible products.

Other benefits

Keeps land in production and provides income to farmer.

Management option description

Contaminated land may be used for non-food production, such as
cotton/flax for fibre; rapeseed for bio-diesel; sugar beet for bio-ethanol;
perennial grasses or coppice for biofuel.

Agricultural land may also be used for the production of leather and
wool.

In extreme situations land may be used for forestry.

Target

Crops and livestock.

Targeted radionuclides

Known applicability: *‘Cs, "*'Cs
Probable applicability: *°Co, *Sr, **Ra

Not applicable: The relatively short physical half-lives of the following
radionuclides may preclude this radical management option: ®Sr, *Nb,
gszr'131|' lngb, 192|r

See ‘comments’ for actinides.

Scale of application

Large.

Contamination pathway

Soil to plant.

Plant to animal.

Exposure pathway pre intervention

Ingestion of contaminated crops, meat or milk.

Time of application

Long-term.

Constraints

Legal constraints

External doses from non-edible products to personnel must not exceed
limits.

Legislation of the European Union restricts extent of various products.

Social constraints

Farmers/food industry/consumers resistance to management option.

Environmental constraints

The agricultural limitations of the affected land — this will determine the
crops and practices that the land can support.

Effectiveness

Management option effectiveness

Ingestion pathway is no longer relevant since inedible crops have
replaced crops grown for the foodchain.

The management option is therefore 100% effective, assuming
alternative foodstuffs supplied.

Factors
procedure

influencing

effectiveness

of

Expertise in growing alternative crops and supporting different livestock.

Acceptability of alternative crops or livestock to farmers. Ease of
substitution of non-edible crops for farmer and associated industries.

Acceptability to processors and public of using contaminated
crops/animal products to make non-food products.

Proof for profitability of suggested production in advance of investments.

Access to other food-sources.

Feasibility

Required specific equipment

Sowing/harvesting equipment for alternative crop type.

Required ancillary equipment

None.

Required utilities and infrastructure

Processing facilities for chosen crop/animal product.

Required consumables

Seed stock of alternative crop (availability may be limited).
Stock of alternative livestock.

Animal feed.

Required skills

Expertise in cultivation of alternative crop/livestock.
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Required safety precautions

Consider respiratory protection for farmers if very dry conditions.

Other limitations

There must be a market for the new products.

Waste

Amount and type

Depends on the non-food crop selected and production process.

Contaminated by-products from for example the refining of rapeseed and
sugar beet to bio-diesel and bio-ethanol, may be generated in
processing plants.

In the case of change to leather production, meat will need to be
disposed of.

Possible transport, treatment and storage
routes

On-site treatment plants or sewage treatment works for processing by-
products.

Factors influencing waste issues

Alternative crop chosen and processing required.

Doses

Incremental dose

Dose pathways in italics are indirectly incurred
as a result of transportation of by products.
There are separate datasheets that indicate
the additional dose pathways arising from the
management of contaminated by-products
(see for example, 47 Biological treatment
(digestion) of crops, 53 Incineration and 54
Landfill).

Depends on non-food crop selected and production process. Pathways
could include:

Driver:

. External exposure while transporting crops or livestock for
processing.

. External exposure while transporting waste by-products to disposal
site.

Processing plant operative:

. External exposure to non-food crop at processing plant (depending
on degree of automation).

Operative at wood burning power plants (from coppice):

e  External exposure to the fly-ash.

Intervention Costs

Equipment

Sowing/harvesting equipment for alternative crop type may not be
available on farm and have to be hired.

Consumables

Seed.

Livestock.

Operator time

Sowing/harvesting of alternative crop.
Looking after new livestock.

Transportation of crop or livestock to processing plant.

Factors influencing costs Crop type.
Livestock type.
If new equipment is required.
Training.

Compensation costs Farmer:

e for changes in land use on the farm

. requirements for additional manpower
. training and equipment

. potential less economic use of land.
Processing plants:

e  for accepting contaminated produce

. possible decontamination of equipment.

Waste cost

Depends on by-products.

Assumptions

That there is a market for the new products.

Monitoring of non-food products.
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Communication needs

Farmers/operators require information on choice of crop.

Dissemination of information to farmers about replacing food crops with
non-food cropl/livestock. Decisions on implementation need to be made
by owners of the farms in the affected area.

Labelling of alternative products may be required.

Side-effect evaluation

Ethical considerations

Redistribution of dose from consumers to those involved in producing
and using alternative crop and animal products.

Informed consent.

Environmental impact

Change in ecosystem.

Agricultural impact

Change in crop type.

Fertiliser requirements, nutrient cycling.

Social impact

Stigmal/disruption to peoples’ image/perception of ‘countryside’. Possible
loss of confidence in products.

Disruption/adjustment of farming and related industrial activities/
maintenance of farming and associated communities.

Alternative practices may not be as economically viable (e.g. wool and
leather production versus normal animal production regimes).

May impact on public confidence i.e.:

. Loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas are ‘safe’ (may result in loss of
employment in local ‘cottage’ industries or growth of a black
market).

. Increased confidence that contamination is being effectively
managed.

Other side effects

Markets may be limited for alternative crop/animal products.
Maintains income to the farmer.

In communities affected by overproduction, diversification may be
advantageous.

FARMING Network stakeholder opinion

Stakeholders unanimously agreed that alternative land use should be
considered as a long-term option for areas that have to be taken out of
food production. However, this rather drastic change in land
management would only be acceptable under specific circumstances, as
new markets for alternative products would be limited. The stakeholders
favoured the use of agricultural land for biofuel production.

Practical experience

Existing commercial processes.

Key references

Alexakhin RM, Frissel MJ, Shulte EH, Prister BS, Vetrov VA and Wilkins
BT (1993). Change in land use and crop selection. Science of the Total
Environment, 137, 169-172.

Vandenhove H (1999). Relevancy of short rotation coppice vegetation for
the remediation of contaminated areas. Project F14-CT95-0021c (PL
960 386). Co-funded by the Nuclear Fission Safety Programme of the
European Commission. RECOVER Final report 99, BLG 826. SCK.CEN,
Mol, Belgium.

Vandenhove H, Goor F, O'Brien S, Grebenkov A and Timofeyev S
(2002). Economic viability of short rotation coppice for energy production
for reuse of caesium-contaminated land in Belarus. Biomass and
Bioenergy, 22, 421 — 443.

Comments

This management option assumes that land has been cleared of
previous land use where necessary.

For example, crops will have already been ploughed in (56 Ploughing in
of a standing crop), composted (51 Composting) or sent for disposal.
Meat-producing livestock will have been moved from contaminated land.

In the event of contamination with actinides a change in land use from
arable to pasture may be considered to reduce re-suspension as a
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consequence of agricultural procedures (e.g. ploughing).

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD); Hunt J
(ULANC); Oughton DH (UMB).

STRATEGY peer reviewer(s): Radiological Protection and Research
Management Division, Food Standards Agency, UK.

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay 1)
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): Arapis G (Agricultural university of
Athens).
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13 Application of lime to arable soils and grassland

Objective To reduce plant uptake of some radionuclides by addition of lime to the
soil.
Other benefits Improvement in soil fertility in some soils.

Potential increase in crop yields.

Management option description

Lime may be applied to soils of low pH or low Ca status to reduce plant
uptake (especially of radiostrontium).

After application, treatment is most effective if land is ploughed or
harrowed.

It can also be applied as a top dressing to grassland.

Target

Arable soils and grassland.

Targeted radionuclides

Known applicability: **Sr, *Sr

Probable applicability: ®°Co, **zr, "Ru, "®“Ru, "'Ce, “‘Ce, "*Yb, "I,
226Ra, 235U, 238PU, 239PU, 241Am, 252Cf

Not applicable: Short half-lives of the following negate use of this
management option: ™I, “°Ba and "“’La (short half-lives). Application of
lime increases the mobility of: ">Se, ®*Nb, *Mo/*"Tc, "*"Ag, *°Sb, "#'Sb,

132-|-e, 134CS, 1370

Scale of application

Large.

Areas can be identified using Geographical Information Systems (GIS)
from readily available soil characteristic information.

Contamination pathway

Soil to plant.

Exposure pathway pre intervention

Ingestion of contaminated food products.

Time of application

Medium to long-term.

Constraints

Legal constraints

Restrictions on farms with organic status.

Amounts of lime that can be applied may also be limited on farms that
have entered into some environmental protection schemes.

Social constraints

Public/farmers resistance to management option (depends on usual farm
practice and the potential for ecosystem change/damage.

If the area is, for example, a tourist area there may be resistance to a
change in the ecosystem.

Environmental constraints

Lime is normally ploughed into the soil before the planting/sowing of
arable crops. It may not be possible to plough or harrow soils that are
excessively wet, dry or frozen without damaging soil structure.

Slope/stoniness of some grassland may make it unsuitable for a tractor
and spreader.

Difficult to apply lime in windy conditions.

Application may need to be restricted near watercourses and on flood
plains — GIS could identify such areas.

Effectiveness

Management option effectiveness

Radiostrontium

Liming from pH 5 to pH 7 may decrease plant uptake of **Sr by 50%
(factor of 2) on sandy soils, 67% (factor of 3) on loamy soils and 75%
(factor of 4) on clay soils, from pH 4 to pH 6 by 83% (factor of 6) on
organic soils.

Liming in excess of pH 7/6 has no effect.
Corrective liming lasts for at least 5 years.

Maintenance liming every 5 years, to pH 7 on mineral soils and to pH 6
on organic soils, is recommended (0.5-2 tonnes CaO ha™).
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Management option effectiveness
(continued)

Other radionuclides

There are no data for the effectiveness of this management option with
regard to radionuclides other than Sr. However, a reduction in soil plant
transfer could be expected for the other listed target radionuclides on the
basis of their known chemical and environmental behaviours.

Note: Application of lime increases the mobility of °Se, *Nb, *Mo/*"Tc,
Momag, 2°Sb, '¥sb, ¥2Te, **Cs, ¥ Cs due to change in soil pH.

Factors influencing effectiveness of
procedure

Soil type and pH, cation exchange capacity, calcium status of soil.

Type of lime applied (e.g. CaCO; can be more effective at changing soil
pH).
Whether rainfall follows lime application.

Feasibility

Required specific equipment

Tractor with spreading device.

Required ancillary equipment

Plough or harrow.

Required utilities and infrastructure

Lime production facilities/distribution network.

Required consumables

Lime (CaO or CaCOQOs).

Required skills

Farmers would possess the necessary skills, as this is an existing
practice.

Required safety precautions

Consider respiratory protection if very dry conditions.

Other limitations

Controlled application on grasslands is needed to avoid detrimental
increases in the intake of calcium by dairy cows.

Waste

Amount and type None — assuming applied when no standing crop, or grassland receives a
top-dressing.

Possible transport, treatment and storage N/A.

routes

Factors influencing waste issues N/A.

Doses

Incremental dose Farmer:

. external exposure while spreading potassium lime

. external exposure, inadvertent ingestion and inhalation while
ploughing.

Intervention Costs

Equipment

Ideally 55-67 kW tractor with broadcast spreader (however, lower power
tractor may be sufficient).

Plough or harrow.

All equipment should be available.

Consumables

Fuel (ca. 51ha™).
Lime (1 - 8 tonnes CaO per ha).

Operator time

1 operator ca. 0.25 hr ha™ (excluding loading and transport of lime).

Factors influencing costs

Repeated application may be required.

Compensation costs

To farmer for applying lime when not part of normal practice and for loss
of income for non-compliance to environmental protection schemes.

Waste cost

N/A.

Assumptions

None.
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Communication needs

Need for dialogue regarding selection of areas considered suitable for
application of this management option especially between land
owners/farmers, ecologists and public if recommended for areas not
normally limed.

Provision of information to farmers on appropriate application rates.

Possible cost of labelling products.

Side-effect evaluation

Ethical considerations

Self-help for farmer.

Potential redistribution of dose to farmers/agricultural workers.

Environmental impact

Minimal on intensively managed arable soils as lime is routinely applied
at the rates proposed.

Application can change nutrient status and thus plant and animal diversity
— possible changes in landscape. Grasslands are often the habitat of
endangered species and a change in nutrient status may be harmful to
these species.

Changes in bioavailability and mobility of nutrients and pollutants may
lead to effects on water quality.

Agricultural impact

Crop yield may be increased by solving acidity problems.
General improvement in soil fertility.

Liming prevents some diseases that attack crops.
Liming may induce manganese deficiency in oats.

Liming may restrict subsequent use of the land (e.g. organic farming).

Social impact

Change of ecosystem, potential environmental risks on extensively
managed land.

Changed relationship to the countryside and potential loss of amenity
resulting from changes in people’s perception of land as ‘natural’ to being
‘unnatural’ or in some way damaged.

Liming may restrict subsequent use of the land (e.g. organic farming).

Appropriate selection of priority areas for application of this management
option.

Other side effects

Possible improvement of soil fertility.

FARMING Network stakeholder opinion

Of the options aimed at reducing radionuclide transfer along the soil-plant
or plant-animal pathway, normal ploughing, the application of fertilisers
and lime to soils, and the addition of binders or sorbents to feed were the
options preferred by most stakeholders. These management options were
seen to sustain farming practices and cause minimal impact on the
environment. However, under some circumstances, the stakeholders
recognised that the application of lime to grassland could affect animal
health, which would restrict applicability.

Practical experience

Standard agricultural practice.

Used widely in conjunction with NPK fertilisers in FSU following
Chernobyl accident.

Key references

Nisbet AF, Konoplev AV, Shaw G, Lembrechts JF, Merckx R, Smoulders
E, Vandecasteele CM, Lonjo H, Caarini F and Burton O (1993).
Application of fertilisers and ameliorants to reduce soil to plant transfer of
radiocaesium and radiostrontium in the medium to long term - a
summary. Science of the Total Environment, 137, 173-182.

Woodman RFM and Nisbet AF (1999). Deep ploughing, potassium and
lime applications to arable land. Chilton, NRPB-M1072.

Comments

K and Mg fertilisation may be required to maintain optimal ionic
equilibrium in soil and plant.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY Contributors: Nisbet AF, Mercer JA and Hesketh N (HPA-
RPD); Beresford NA and Howard BJ (CEH); Therring H and Bergan T
(NRPA); Hunt J (ULANC), Oughton DH (UMB).
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STRATEGY peer reviewer(s): Vidal M (Universitat de Barcelona).
EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for generating
additional radionuclide lists; IRSN (Reales N and Gallay F), UOI
(Papacristodoulou C and loannides K) for adaptation to Mediterranean
conditions; STUK (Rantavaara A and Rissanen K) for adaptation to
northern European conditions; UMB (Oughton D and Bay ) for
consideration of social, ethical and communication issues; and CEH and
STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer: n/a
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14 Application of potassium fertilisers to arable soils and

grassland

Objective To reduce plant uptake of radiocaesium by addition of potassium
fertilisers to the soil.
Other benefits Improvement in soil fertility in some soils.

Potential increase in crop yield.

Management option description

Potassium fertilisers may be applied to soils of low potassium status to
reduce plant uptake of radiocaesium.

Potassium is applied singly or in conjunction with nitrate and phosphate
fertilisers and is mixed in soil by harrowing or ploughing.

Can also be applied as a top dressing to grassland.

Target

Arable soils and grassland.

Targeted radionuclides

Known applicability: ****'Cs

Probable applicability: -
Not applicable: -

Scale of application

Large.

Areas can be identified using Geographical Information Systems (GIS)
from readily available soil characteristic information.

Contamination pathway

Soil to plant

Exposure pathway pre intervention

Ingestion of contaminated food products.

Time of application

Medium to long term.

Constraints

Legal constraints

Restrictions on the use of lime on farms with organic status.

Amounts may also be limited on farms that have entered into some
environmental protection schemes.

Social constraints

Public/farmers resistance to management option. This depends on usual
farm practice and the potential for ecosystem change/damage. If the
area is, for example, a tourist area, there may be resistance to a change
in the ecosystem.

Environmental constraints

Potassium fertilisers are normally ploughed into the soil before the
planting/sowing of arable crops. It may not be possible to plough or
harrow soils that are excessively wet, dry or frozen without damaging soil
structure.

Slope/stoniness of some land may make it unsuitable for a tractor and
spreader.

Effectiveness

Management option effectiveness

Potassium is most effective when exchangeable potassium status is less
than 0.5 meq 1OOg'1 soil. Under these conditions reduction factors of up
to 5 (~80%) have been reported in the literature based on field
experiments.

Repeated applications of potassium may be necessary to maintain low
transfer of radiocaesium.

Specific effectiveness factors for soils of different potassium status are
available in Woodman and Nisbet (1999).

Factors influencing effectiveness of
procedure

Potassium status of the soil/soil solution.

Farmers’ compliance to management option, i.e. willingness to change
farming practice.

Feasibility

Required specific equipment

Tractor with spreading device.

Required ancillary equipment

Plough or harrow.
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Required utilities and infrastructure

Fertiliser production facilities/distribution network.

Required consumables

Fuel, fertiliser.

Required skills

Farmers would possess the necessary skills, as this is an existing
practice.

Required safety precautions

Consider respiratory protection if very dry conditions.

Other limitations None.

Waste

Amount and type None — assuming applied when no standing crop, or grassland receives
a top-dressing.

Possible transport, treatment and storage N/A.

routes

Factors influencing waste issues N/A.

Doses

Incremental dose Farmer:

. external exposure while spreading fertiliser

. external exposure, inadvertent ingestion and inhalation while
ploughing.

Intervention Costs

Equipment

All equipment should be available.

Ideally 55-67 kW tractor with broadcast spreader (However, lower power
tractor may be sufficient).

Plough or harrow.

Consumables

Fuel (ca. 51 ha™).

Fertiliser as K,O or KCI (100-200 kg K ha™), although larger applications
have been made to great effect under specific scenarios previously.

Operator time

1 operator (ca. 0.3 hr ha'1) excluding transport and loading of potassium.

Factors influencing costs

Repeated application may be required.

Compensation costs

To farmer for applying fertiliser when not part of normal practice and for
loss of income for non-compliance to environmental protection schemes.

Labour costs may be higher to compensate operators for exposure to
radiation.

Waste cost

N/A.

Assumptions

None.

Communication needs

Dialogue regarding selection of areas considered suitable for application
of this management option.

Provision of information to operators on appropriate application rates.

Advice may be required to dairy farmers to avoid unbalancing
potassium—magnesium metabolism in livestock (from application of too
much potassium).

Possible cost of labelling products.

Side-effect evaluation

Ethical considerations

In situ treatment of contaminated soil.
Self-help for farmer.

Potential redistribution of dose to farmers/ agricultural workers.

Environmental impact

Application can change nutrient status and thus plant and animal
diversity — possible changes in landscape although minimal likely impact
on intensively managed arable soil as potassium fertilisers are routinely
applied at the rates proposed.

Changes in mobility of nutrients and pollutants may lead to effects on
water quality.
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Agricultural impact

Assuming that this management option is carried out where soil
exchangeable K is below optimum for the crop, there will be potential
increase in crop yield and quality.

Changes in bioavailability and mobility of nutrients and pollutants may
lead to deficiencies or toxicities in plants and animals.

May restrict subsequent use of the land (e.g. organic farming).

Social impact

Changed relationship to the countryside and potential loss of amenity
resulting from changes in people’s perception of land as ‘natural’ to
being ‘unnatural’ or in some way damaged.

Other side effects

FARMING Network stakeholder opinion

Of the options aimed at reducing radionuclide transfer along the soil-
plant or plant-animal pathway, normal ploughing, the application of
fertilisers and lime to soils, and the addition of binders or sorbents to
feed were the options preferred by most stakeholders. These
management options were seen to sustain farming practices and cause
minimal impact on the environment. However, under some
circumstances, the stakeholders recognised that the application of
potassium to grassland could affect animal health, which would restrict
applicability.

Practical experience

Routinely applied in agriculture to optimise crop yields.

Used widely in conjunction with other fertilisers and lime in fSU following
Chernobyl accident.

Key references

Nisbet AF, Konoplev AV, Shaw G, Lembrechts JF, Merckx R, Smoulders
E, Vandecasteele CM, Lonsjo H, Carini F and Burton O (1993).
Application of fertilisers and ameliorants to reduce soil to plant transfer of
radiocaesium and radio strontium in the medium to long term - a
summary. Science of the Total Environment, 137, 173-182.

Smolders E, Vandenbrande K and Merckx R (1997). Concentrations of
Cs-137 and K in soil solution predict the plant availability of Cs-137 in
soil. Environmental Science and Technology, 31(12), 3432-3438.

Woodman RFM and Nisbet AF (1999). Deep ploughing, potassium and
lime applications to arable land, M1072, NRPB.

Comments

Potassium would normally be applied in conjunction with nitrogen (not
ammonium) and phosphorus-based fertilisers.

Mg fertilisation and liming may be required to maintain optimal ionic
equilibrium in soil and plant.

Little experience on unimproved pastures.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Beresford NA and Howard BJ (CEH); Hunt J (ULANC); Oughton DH
(UMB).

STRATEGY peer reviewer(s): Vidal M (Universitat de Barcelona,
Spain).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay 1)
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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15 Deep ploughing ‘

Objective

To reduce radionuclide uptake by crops, including pasture.

Other benefits

Reduction in external doses from contaminated land.

Management option description

If no crop is present an ordinary single-furrow mouldboard plough can be
used to invert the top 45cm of the soil profile. Much of the contamination at
the surface will be buried deep in the vertical profile, which (i) will reduce
radionuclide uptake by plant roots depending on their specific rooting
behaviour; and (ii) reduce external exposure from the contaminants.

Target

Pasture or fallow arable land.

Targeted radionuclides

Known applicability: *°Sr, **Cs, *'Cs

Probable applicability: *°Co, °Se, *zr, 'Ru, ""Ag, '°Sb, **Ce, "I,
226Ra, ZSBPU, 239Pu‘ 241Am, 252cf

Not applicable: This management option may increase the mobility of U.
The relatively short physical half-lives (1-2 months) of the following
radionuclides may preclude this radical management option: *Sr, **Nb,
103RU, 131|, 141Ce, 189Yb

Scale of application

Large. Ploughs are often readily available, if ploughing is possible in the
area. Areas suitable for ploughing could be identified using geographical
information systems (GIS) and information on soil type and slope.

Contamination pathway

Soil to plant transfer.

Exposure pathway pre intervention

Ingestion of contaminated food products.

External exposure from land.

Time of application

Medium to long term, provided no crop present.

Ideally should be carried out as early as possible although timing is not so
critical for long-lived radionuclides. If practicable, taking into account
seasonal influences on farming practices, sufficient delay after
contaminating deposition will reduce external doses to operators from
short-lived radionuclides.

Constraints

Legal constraints

Ploughing may be restricted under some environmental schemes.

Social constraints

Resistance to management option e.g.

e  topsoil burial with associated removal of flora and fauna raises
wildlife issues that are likely to be contested,

. contamination will be less retrievable when long-term mobility of
radionuclides is not known

. changes to landscape and other environmental effects.

Environmental constraints

Sandy soils are friable and may crumble during ploughing and inversion
may be incomplete.

Soils which are excessively wet, dry or frozen cannot be ploughed without
damaging soil structure.

Soil profiles must be > 0.5 m deep.

Use of machinery difficult on land with >16° slope and excessively stony
soils cannot be ploughed.

The measure would not be acceptable in regions with thin top-soils as soil
fertility and structure would be detrimentally affected.

Effectiveness

Management option effectiveness

Note: this management option may result in increased mobility of U.

Plant uptake reduced by up to 90% (factor of 10), averaging 50% (typically
a factor of 2).

Management option effectiveness (continued)

External dose reduced by 50-95% (factors of 2-20), the highest reduction
factors are for complete inversion of soil.
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Whilst observed data on the effectiveness of this measure are limited to Sr
and Cs it is reasonable to expect similar reduction factors for the other
targeted radionuclides as the management option results in mechanical
redistribution of (contaminated) soil profile.

Factors influencing effectiveness of procedure

Efficiency of inversion of upper layer.
Radionuclide distribution within soil profile after inversion.
Rooting depths of different crops.

Acceptability of the implementation of the management option to farmers
and the public.

It has been suggested that ploughing in the Chernobyl exclusion zone
increased radionuclide availability, possibly due to disintegration of fuel
particles.

Feasibility

Required specific equipment

Plough (with minimum furrow width of 0.75 m).

Required ancillary equipment

Tractor (Deep ploughing requires powerful tractors e.g. 76-90 kW).

Required utilities and infrastructure

None.

Required consumables

Fuel.

Required skills

Farmers/agricultural workers are likely to possess the necessary skills but
must be instructed carefully about the objectives.

Required safety precautions

Consider respiratory protection if very dry conditions.

Other limitations

High ground water level.

Dose limits for farmers/agricultural workers.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.

Doses

Incremental dose

Farmer: external exposure, inadvertent ingestion and inhalation while
ploughing.

Intervention Costs

Equipment

Tractor (76-90 kW) may not be available on farm and will need to be hired.

Single furrow plough should be available.

Consumables

Fuel (ca. 151 ha™).

Operator time

1 operator per plough: 0.2 man-days ha™, i.e. 1.5 h ha™

Factors influencing costs

Work rates vary depending on soil type and conditions, field size and
shape, topography and operator experience.

Compensation costs

Farmer:
. loss of income for non-adherence to conservation schemes
e for implementing management option.

Labour costs may be higher to compensate operators for exposure to
radiation.

Waste cost

N/A.

Assumptions

None.
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Communication needs

Farmers/operators require information on this management option (i) for
areas of land not normally ploughed; (ii) when ploughing is to be
undertaken at non-standard times of the year.

Need for dialogue regarding selection of areas for treatment.

Need dialogue between farmers, ecologists and public because of potential
for groundwater contamination.

Dialogue regarding selection of areas considered suitable for application of
this management option and to clarify the costs and benefits to farmers
before decisions on implementation are made.

Provision of information to operators on correct application of procedure.

Side-effect evaluation

Ethical considerations

In situ treatment of contaminated soil.
Self-help for farmer.
Potential redistribution of dose to farmers and agricultural workers.

Free informed consent and compensation for operators.

Environmental impact

The procedure imposes environmental risk i.e. brings contamination closer
to the groundwater which may lead to transfer of radionuclides to other
areas and affect other populations.

Severely complicates subsequent removal of the contamination.
Biodiversity could be affected, particularly for soil dwelling organisms.

Long term changes in physical characteristics and structure of the surface
horizon e.g. enhanced mineralisation of organic matter, change of nutrient
loading and soil erosion.

Changes in landscape.

Agricultural impact

Field drainage systems destroyed.
Soil fertility markedly reduced — fertilisation may be required.

Future restriction on land use: must not be deep tilled although subsequent
normal ploughing (to ca. 25 cm) will not bring much contamination back to
the surface.

Social impact

Changed relationship to the countryside and potential loss of amenity
resulting from changes in people’s perception of land as ‘natural’ to being
‘unnatural’ or in some way damaged.

Contamination of soil at depth may restrict subsequent uses (e.g. tourism).

Stigma associated with food products where the management option has
been applied.

May impact on public confidence e.g.,

. loss of confidence that farm produce and derivative products from
affected areas is ‘safe’ (resulting in loss of employment in local
‘cottage’ industries or growth of a black market),

. increase public confidence that the problem of contamination is
being effectively managed.

Other side effects

FARMING Network Stakeholder opinion

Stakeholder opinion on the acceptability of deep ploughing and skim and
burial ploughing was divided. Deep ploughing was considered to affect soil
fertility adversely and cause changes in biodiversity, particularly in soils not
normally ploughed. The limited availability of powerful tractors in some
parts of Europe would further limit the general applicability of deep
ploughing. The issue of irretrievability of the contamination following either
deep ploughing or skim and burial ploughing was a cause for concern
among a minority of stakeholders who felt that the burial of radionuclides at
depth could in time lead to horizontal and vertical migration within the soil,
which was deemed unacceptable.

Practical experience

Used widely in fSU as a management option following the Chernobyl
accident.

Tested on a limited scale in Denmark.
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Key references

Maubert H, Vovk I, Roed J, Arapis G and Jouve A (1993). Reduction of
soil-plant transfer factors: mechanical aspects. Science of the Total
Environment, 137, 163-167.

Vovk IF, Blagoyev VV, Lyashenko AN and Kovalev IS (1993). Technical
approaches to decontamination of terrestrial environments in the CIS
(former USSR). Science of the Total Environment, 137, 49-63.

Comments

Deep ploughing should not be carried out again otherwise effectiveness of
this management option would be markedly reduced.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD, UK);
Beresford NA and Howard BJ (CEH); Therring H and Bergan T (NRPA);
Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Brechignac F (Institute for Radioprotection
and Nuclear Safety, France).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data sheets.
HPA-RPD (Hesketh N and Nisbet AF) took the lead for generating
additional radionuclide lists; IRSN (Reales N and Gallay F), UOI
(Papacristodoulou C and loannides K) for adaptation to Mediterranean
conditions; STUK (Rantavaara A and Rissanen K) for adaptation to
northern European conditions; UMB (Oughton D and Bay 1) for
consideration of social, ethical and communication issues; and CEH and
STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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16 Early removal of crops ‘

Objective

To reduce contamination of arable land and its products.

Other benefits

Reduction of external dose from land.

Management option description

Radionuclides may be retained on the surface of growing crops
immediately after fallout. The transfer of this contamination to the soil
may be minimised by removing such crops from the land as soon as
possible after deposition and ideally before the first rainfall.

The crops require disposal.

Target

Densel/leafy crops.

Targeted radionuclides

Known applicability: *°Co, °Se, ®sr, *sr, ®zr, ®“Nb, "“Ru, '®Ru,
110mAg 1258b 134Cs 137Cs 141Ce 144Ce 169Yb 192"_ 226Ra 235U 238Pu 239Pu
241Am,‘252Cf , , , . : A, U, , ,

Probable applicability:

Not applicable: The relatively short physical half-lives (1-2 months) of
the following radionuclides may preclude this management option as they
will not represent a problem when the subsequent years crops are
harvested "°Se: %Sr, ®Zr, ®*Nb, '®Ru, "I, *'Ce, "**Yb and "*Ir

Scale of application

Large (assuming alternative livestock feed could be obtained).

Contamination pathway

Plant -soil

Exposure pathway pre intervention

Ingestion of contaminated crops.

External irradiation from arable land.

Time of application

Early phase - as soon as possible after deposition and prior to
subsequent rainfall.

Constraints

Legal constraints

There will be legal constraints on the disposal of harvested crops.

Welfare of animals may prevent large scale application if sufficient
supply of uncontaminated feed is not available.

Social constraints

Farmers’ resistance to the management option.

Potential for dispute regarding the selection of areas for disposal.

Environmental constraints

The fate of harvested crops must be considered before management
option is introduced.

Subsequent disposal may cause a major environmental problem. There
will be environmental constraints if crops are composted, sent to landfill
or incinerated.

Effectiveness

Management option effectiveness

Reduction of external dose on contaminated fields may be up to 95%
(factor of 20), although 50-70% (factors of 2-4) is more likely.

Greatest effectiveness is before first rainfall and if irrigation systems are
closed.

Experiments (Vandecasteele et al., 2001) have shown that the first
simulated rain, applied 6 days after contamination, removed around 50%
of the intercepted radiocaesium and around 20% of radiostrontium from
aerial parts of spring wheat.

Factors effectiveness  of

procedure

influencing

Interception of radionuclide aerosols is dependent on the amount of
biomass present at the time of deposition. A dense crop can intercept
25-50% of wet deposition and more if deposited as an aerosol.

Occurrence of rainfall.
Weather conditions.

Farmers’ compliance to the management option.
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Factors influencing effectiveness of

procedure (continued)

Time between deposition and harvest of the crops — in general the half-
time of loss of contamination on undisturbed vegetation is 2-4 weeks; for
3|, half-lives of less than one week were observed in Finland in May
1986.

Acceptability of disposal options to other stakeholders especially if
transported to uncontaminated areas.

Fast decisions on the purchase of uncontaminated feed for farms in
fallout area would support well timed implementation of the measure.

Feasibility

Required specific equipment

Forage or combine harvester.

Required ancillary equipment

Tractor.

Required utilities and infrastructure

Collection and transportation of crops once harvested.

Storage and disposal facilities.

Required consumables

Fuel.

Required skills

Farmers and agricultural workers would have the required skills, but
must be instructed carefully about the objectives.

Required safety precautions

Consider respiratory protection if very dry conditions.

Radiation risks to workers have to be communicated to them in advance.

Other limitations

Dose limits for farmers/agricultural workers.

Waste

Amount and type

Contaminated crops: the amount will depend on stage of development.
The management option will be most effective when the crops are near
maturity (i.e. dense and leafy).

Possible transport, treatment and storage
routes

Crops may be composted (51 Composting) in situ or at commercial
facilities or disposed of to landfill (54 Landfill) or incinerated (53
Incineration).

Alternatively, crops may be processed into a form suitable for storage
and subsequent disposal. It is also possible, but unlikely, that crops
could be processed for subsequent consumption (18 Processing of crops
for subsequent consumption).

Factors influencing waste issues

Legal constraints on the fate of contaminated crops.
Level of contamination of crops.

Storage characteristics of crops.

Volume of waste.

Acceptability of subsequent waste disposal option.

Doses

Incremental dose

Incremental doses will be incurred from the
disposal of harvested crops either via
composting, landfill, incineration see links
above) or by 47 Biological treatment

(digestion) of crops.

Farmer: external exposure, inadvertent ingestion and inhalation while
harvesting crops.

Driver: external exposure while transporting harvested crops to place of
disposal.

Intervention Costs

Equipment

Minimal. Forage or combine harvesters should be readily available on
the farm or could be shared.

Consumables

Fuel (ca 15 1 ha™)

Operator time

Normal time to harvest crop.

Additional time depending on subsequent management of harvested
crop.

Transportation of crop.

Factors influencing costs

Time and distance involved in transporting crop to processing or disposal
site.
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Compensation costs

To farmer for loss of income from crop.

To farmer if crop is composted in situ.

Waste cost

Dependent on subsequent disposal route selected for harvested crops
and quantities of waste produced.

Assumptions

None.

Communication needs

Immediate dialogue/information regarding selection of areas for
treatment.

Communication of radiological protection information to workers.

Dialogue on disposal options.

Side-effect evaluation

Ethical considerations

Redistribution of dose from consumers to farmers implementing the
management option, to those involved with disposal of produce including
populations living close to disposal sites.

Self-help for farmers.

Free informed consent of workers.

Environmental impact

Dependent on subsequent disposal route chosen for harvested crops.

Agricultural impact

Disruption to farming activities.

Harvesting of crops at or close to maturity is a normal agricultural
practice — no additional impact.

Social impact

Disruption to the supply of crops to food industry and possible market
shortages.

Other side effects

None.

FARMING Network stakeholder opinion

The stakeholder groups did not consider wide scale application of this
option to be generally acceptable. Could be used under specific
circumstances (i.e. mature leafy crops removed soon after deposition to
stop subsequent transfer to soil), but in general the infrastructure for
dealing with the subsequent waste arising could be limited.

Practical experience

Lettuce was removed (and ploughed in) in Norway after the Chernobyl
accident to avoid human consumption.

Key references

Vandecasteele CM, Baker S, Forstel H, Muzinsky M, Millan R, Madoz-
Escande C, Tormos J, Sauras T, Schulte and Colle C (2001).
Interception, retention and translocation under greenhouse conditions of
radiocaesium and radiostrontium from a simulated accident source.
Science of the Total Environment, 278, 119-214.

Comments

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Beresford NA and Howard BJ (CEH); Liland A, Therring H and Bergan T
(NRPA); Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer: Brechignac F (Institute for Radioprotection
and Nuclear Safety, France).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay 1)
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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17 Land improvement

Objective To reduce activity concentrations of radionuclides in animals grazing
unimproved pasture.
Other benefits Reduction in external dose from contaminated land.

Management option description

Improvement of poorer quality pasture reduces uptake of radiocaesium
and radiostrontium.

Improvement involves ploughing, rolling, reseeding and the application
of NPK fertilisers and lime.

Application of a broad spectrum herbicide prior to ploughing is
recommended to destroy the existing vegetation.

In some cases, drainage may be required.

If only small areas are improved, fencing may also be necessary to
prevent livestock grazing unimproved land.

Target

Unimproved pasture.

Targeted radionuclides

Known applicability: *°Sr, **Cs, "*'Cs

Probable applicability: *°Co, "°Se, *zr, "Ru, """Ag, "°Sb, "Ce,
192|r’ 226Ra, ZSBPU, 239PU, 241Am, ZSZCf

Not applicable: Application of lime increases the mobility of: °Se,
®Nb, ®*Mo/*"Tc, """"Ag, ?°Sb, '"¥Sb, "?Te Ploughing may increase
the mobility of U. The relatively short physical half-lives (1-2 months) of
the following radionuclides may preclude this radical management
option: ®°Sr, ®*Nb, "®Ru, "I, "*'Ce, "*°Yb.

Scale of application

Medium scale.

Improvement of pasture should be possible on farms where suitable
land is available.

Contamination pathway

Soil to plant.

Exposure pathway pre intervention

Ingestion of contaminated animal products.

Time of application

Medium to long term.

Constraints

Legal constraints

Unimproved pastures may be within environmentally protected areas.

Some practices (e.g. NPK, herbicides) might be unsuitable for use on
farms with organic status.

Social constraints

If the area is perceived to be ‘natural’ there may be resistance to
change the ecosystem and landscape.

Resistance of farmer to change farming practice.

Environmental constraints

Areas of pasture with steep slopes and shallow or stony soils mean
that some areas cannot be ploughed or drained. Physical
characteristics that determine if a soil can be cultivated are:

Slope < 12° cultivation possible

Slope 12-16° some limitations

Slope > 16° unsuitable for cultivation (using normal farm machinery)
Depth < 0.3m unsuitable for ploughing

Depth 0.3-0.5 shallow ploughing only

Depth > 0.5m skim and burial/deep ploughing possible.

At certain times of the year the ground is too wet for ploughing.

Effectiveness

Management option effectiveness

Radiocaesium

This management option was used extensively in the fSU after
Chernobyl and is referred to as radical improvement. Several studies
have shown that reduction factors for soil-plant transfer of
radiocaesium following radical improvement, liming and fertilisation
were in the range:
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Mineral soils = 2-4 (50-75%), Organic soils = 3-6 (67-83%), External
dose reduction = 95%

Reduction factors for soil-plant transfer of radiostrontium following
discing, ploughing and reseeding were in the range 2-4 (50-75%), in
the second year after treatment.

Radiostrontium

Data on the effectiveness of ‘radical improvement’ of ‘natural
meadows’ is available from the fSU. Reduction factors in the range 3-6
being observed for mineral soils and 3-10 for organic soils.

Other Radionuclides

There are no data for the effectiveness of this management option with
regard to radionuclides other than Cs and Sr. However, a reduction in
soil plant transfer could be expected for the other listed target
radionuclides on the basis of their known chemical and environmental
behaviour.

Note: (1) Application of lime increases the mobility of "°Se, 75Se, *Nb,
®Mo/® Tc, """Ag, °Sb, '¥Sb, "™*Te due to change in soil pH. (2)
Ploughing may result in increased mobility of U.

Factors effectiveness

procedure

influencing

of

Soil type, nutrient status and pH.
Plant species selected for reseeding.
Application rates of NPK and lime.
Implementation of draining.

Willingness and ability of farmers to adapt to a new land management
regime.

It has been suggested that ploughing in the Chernobyl exclusion zone
increased radionuclide availability possibly due to disintegration of fuel
particles.

Feasibility

Required specific equipment

Tractor, plough, fertiliser spreader, seeder, roller.

Required ancillary equipment

Fencing and drainage equipment (e.g. digger) may be required.

Required utilities and infrastructure

Fertiliser/lime production facilities.
Access to road network in remote areas.

Spare land on the farm to graze livestock while improvements are
carried out.

Required consumables

Fuel, NPK fertilisers, lime, grass seed, herbicide (e.g. Glyphosate).

May also require consumables associated with fencing and drainage
operations.

Required skills

Agricultural workers/farmers would possess the necessary skills as
these are existing practices but must be instructed carefully about the
objectives.

Required safety precautions

Consider respiratory protection if very dry conditions.

Other limitations None.
Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.
Doses

Incremental dose Farmer:

e external exposure, inadvertent ingestion and inhalation while
ploughing

e external exposure while rolling, reseeding, fertilising.
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Intervention Costs

Equipment

Tractor, mouldboard plough, sprayer, roller, fertiliser spreader, seeder
and digger.

Consumables

Variable depending upon soil type and conditions, example values for
improvement of upland pasture in the UK: 26 kg ha” grass seed, 70 kg
ha™ N fertiliser, 80 kg ha™ P fertiliser, 80 kg ha™ K fertiliser, 7.5 t ha™
lime, 6 | ha™ herbicide (e.g. Glyphosate), 7 | ha™ fuel.

Improvement of pastures is typically maintained on a rolling
programme with NPK applied annually, lime every 5 years and land re-
improved after 5-10 years.

Operator time

Variable depending upon soil type and conditions, example values for
improvement of upland pasture in the UK: 1.6 h ha™ ploughing, 1.3 h
ha™ rolling, 0.7 h ha” broadcasting seed, 0.4 h ha” broadcasting
fertiliser.

Installing fences.

Carrying out drainage.

Factors influencing costs

Work rates vary depending on soil type and conditions, topography
and operator experience.

Requirements for drainage and fencing.

Compensation costs

Farmer:

e for additional forage if required whilst improvements are being
carried out.

o for loss of income for non-adherence to conservation schemes.
e for loss of organic farming status if improvements carried out.

Labour costs may be higher to compensate operators for exposure to
radiation.

Waste cost

N/A.

Assumptions

All infrastructure listed in feasibility is available.

Communication needs

Need for dialogue regarding selection of areas for treatment, between
land owners/ farmers, ecologists and public.

Side-effect evaluation

Ethical considerations

In situ treatment of contaminated soil.
Self-help for farmer, although dependent on resources.

Potential redistribution of dose from consumers to farmers/agricultural
workers (although overall external doses to workers may be reduced
compared to if land managed without application of this management
option).

Environmental impact

Potentially high environmental risk from change of ecosystem.
Ploughing, application of herbicides and fertilisers and reseeding
would change the ecology of the land and biodiversity would be lost.
Ploughing may lead to soil erosion.

A significant increase in NPK application can lead to pollution of
ground and surface waters.

Erection of fencing and gates has a visual and amenity impact.

Contamination will be moved closer to the water table possibly
resulting in enhanced contamination of ground water.

Agricultural impact

Higher productivity of grassland.

Improved grazing on farm leading to greater feed availability.
Additional stock may be required to prevent undergrazing and maintain
the areas of improved land. Alternatively, grass could be cut for use as
stored feed.

If improvement is carried out on a rolling programme there should be
no significant loss of grazing.

Fertilisation and liming may restrict subsequent use of the land (e.g.
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organic farming).

Social impact Disruption to farming and other related activities (although farmer will
have more improved pastures in the long term). Farmers may be
unhappy with the adjustments they have to make.

Changed relationship to the countryside and potential loss of amenity
resulting from changes in people’s perception of land as ‘natural’ to
being ‘unnatural’ or in some way damaged. Knock-on effects for public
use of amenity.

May impact on public confidence e.g.,

. loss of confidence that farm produce and derivative products is
‘safe’ (may i.e. result in loss of employment in local industries or
growth of a black market)

. increased confidence that the problem of contamination is being
effectively managed.

Other side effects Availability of additional improved grazing can reduce wintering costs
and result in higher prices for improved stock.

FARMING Network stakeholder opinion Not considered by FARMING Network.

Practical experience Radical improvement carried out in former Soviet Union after the

Chernobyl and Kyshtym accidents.

Key references Vidal M, Camps M, Grebenshikova N, Sanzharova N, lvanov Y,
Vandecasteele C, Shand C, Rigol A, Firsakova S, Fesenko S, Levchuk
S, Cheshire M, Sauras T and Rauret G (2001). Soil-and-plant based
countermeasures to reduce "*’Cs and *Sr uptake by grasses in natural
meadows: the REDUP project. Journal of Environmental Radioactivity,
56: 139-156.

Nisbet AF and Woodman RFM (1999). Options for the Management of
Chernobyl-restricted areas in England and Wales. NRPB-R305.

Wilkins BT, Nisbet AF, Paul M, Ivanov Y, Perepelyatnikova L,
Perepelyatnikova G, Fesenko S, Sanzharova N, Spiridinov S,
Lisyanski B, Bouzdalkin C and Firsakova S (1996). Comparison of
data on agricultural countermeasures at four farms in the former Soviet
Union. NRPB-R285.

Comments NPK application rates traditionally used on agricultural lands may not
be sufficient to maximise decrease in radiocaesium transfer to re-
seeded pastures.

Document History STRATEGY originator: Nisbet AF (HPA-RPD, UK).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Beresford NA and Howard BJ (CEH); Hunt J (ULANC), Oughton DH
(UMB).

STRATEGY peer reviewer(s): Vidal M (Universitat de Barcelona,
Spain).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay [) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of early-
phase post accident applicability.

EURANOS peer reviewer: Fersenko S (IAEA).
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18 Processing of crops for subsequent consumption

Objective To process contaminated crops to produce final food products with
activity concentrations less than intervention limits.
Other benefits Maintenance of agricultural production systems and provision of

foodstuffs to consumers.

Management option description

Commercial food processing, such as washing, peeling, fermentation,
distillation, blanching and canning, may achieve some reductions in the
activity concentration of some processed foodstuffs. Storage of
processed products will be effective for radionuclides with short physical
half lives.

Target

Crops including fruits.

Targeted radionuclides

Known applicability: All
Probable applicability: -
Not applicable: -

Scale of application

Small to medium.

Contamination pathway

n/a

Exposure pathway pre intervention

Ingestion of contaminated crops including fruits.

Time of application

Early to long term.

Constraints

Legal constraints

The sale of crops intended for human consumption is subject to Council
Food Intervention Limits (CFILs).

Social constraints

Public/farmers resistance to management option

Environmental constraints

None.

Effectiveness

Management option effectiveness

The removal of inedible parts, washing and blanching are processes
commonly applied prior to canning. Washing has been shown to remove
between 10 % and >90 % or a range of radionuclides (including Ru, I, Sr,
Cs, Am, Pu) from vegetables. In general more than 50% of radiocaesium
contamination is removed during blanching or boiling. Following canning
additional decontamination (~50%) occurs via transfer from product to
canning solution during storage.

For fruits that are consumed raw, rinsing has some effect in removing
both fresh deposition and soil contamination. In general, 10-20% of Cs
and Sr contamination is removed by rinsing (grapes, redcurrants,
blackcurrants, lingberries, strawberries). Rinsing apples three times
removed about 60% of Cs and Sr one day after deposition.

In general, 30-40% of Cs and 94% of Sr contamination is removed by
various techniques of juice production (pressing, pectolytic enzymation,
liguefaction and extraction). Stewing (discarding juice) causes 30%
reduction in radiocaesium.

The reduction of radiocaesium and radiostrontium contamination by lye
peeling (dipping in a hot 7-18 % KOH (lye) solution) of peach is variable,
lying between 30 and 97%. Mechanical peeling of peach reduces
radiocaesium contamination by 50%.

Whilst there are no data for the effectiveness of food processing
measures for some of the target radionuclides listed it is likely that some
of the measures will be effective (e.g. washing or boiling).

Alcoholic processing removes an important part of the radioactive
contamination of grapes, depending on the purity of the final product,
i.e.. Cs is reduced by 40% in red wine, by 30-85% in rosé wine and by
70% in white wine. Sr is reduced by 40% in red wine and by 80% in rosé
wine. Pure alcohol is completely decontaminated from both
radionuclides.
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Management option effectiveness
(continued)

Polishing of rice removes 90% of the Cs and 80 % of the Sr of the raw
product.

Pressing of olives into cake and oil removes 60% and 90% of Cs
contamination, respectively.

Factors influencing effectiveness of
procedure

Process selected, radionuclide(s) present, time lag between deposition
and processing, texture of crop surface (rough and leafy will make
decontamination more difficult), quantity of external edible parts of crop,
storage time, volume of canning solution.

Food industry/retailers compliance to processing contaminated crops.

Feasibility

Required specific equipment

Processing plant, storage facilities for food products (for short-lived
radionuclides).

Required ancillary equipment

Vehicles to transport food.

Required utilities and infrastructure

Waste treatment facilities for disposal of contaminated by-products.

Required consumables

Fuel for vehicles.

Required skills

Operators at processing plants will have the required skills.

Required safety precautions

None.

Other limitations

Availability of processing plants if there is a reluctance to move
contaminated raw materials to a plant located outside an affected area.

Capacity of processing plants to accept additional raw materials (i.e.
crops).

Waste

Amount and type

Food processing residuals (i.e. materials remaining after processing of
primary products, such as peel and foliage).

Large volumes of water and salt from blanching and boiling processes.

Following canning additional decontamination occurs via transfer from
the product to the canning solution during the storage period.

Possible transport, treatment and storage
routes

Water containing radioactivity and salt may be handled at processing
plant or held in a treatment pond.

Solid residuals such as peel, foliage etc. may be converted to useful by-
products depending of the type of residual. Alternatively, they could be
incinerated (53 Incineration) at the processing site or disposed of to
landfill (54 Landfill).

Factors influencing waste issues

Depends on crop type and type of processing selected.
Legal constraints on the fate of contaminated crops.

The high moisture content and readily putrescible nature of the food
residuals means that waste treatment cannot be delayed.

Doses

Incremental dose

Dose pathways in italics are indirectly incurred
as a result of transportation of waste by
products. Additional doses will be incurred
from disposal of these wastes either at landfill
sites or incinerators. There are separate
datasheets for these waste disposal options.
Any waste water generated during processing
may be sent to a sewage treatment works.

Driver:
e  external exposure while transporting crops to processing plant

e  external exposure while transporting waste by-products to place of
disposal.

Operative at food processing plant:

. external exposure at processing plant (depending on degree of
automation).

Intervention Costs

Equipment

Minimal. Processing equipment is already available.

Consumables

Any additional processing consumables.

Fuel for transportation.

Operator time

Drivers for transporting contaminated crop to process plants.

Operators at processing plants if additional manpower required.
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Factors influencing costs

Distance to processing plant, quantities of crops for processing.

Compensation costs

Processing plants:

e for handling contaminated produce.

Farmers:

. if there is a loss in market value for processed crops

. possible decontamination of processing equipment.

Waste cost

Dependent on subsequent disposal route for contaminated by-products.

Assumptions

That there is a market for the end product.

That appropriate monitoring is carried out at processing plant.

Communication needs

Information/dialogue with industry and consumers to explain rationale of
management option.

Information to industry on handling of wastes.

Labelling treated products.

Side-effect evaluation

Ethical considerations

Informed consent.

Distribution of costs and benefits (e.g. possible inequity due to change in
prices of processed crops with lower income populations buying the
treated food).

Environmental impact

None, although there could be an indirect environmental impact
depending on disposal route chosen for by-products.

Agricultural impact

None.

Social impact

May impact on public confidence e.g.:
Loss of confidence that farm produce and derivative products.

Increased confidence that the problem of contamination is being
effectively managed.

Foodstuffs with activity concentrations that have been brought below the
relevant CFIL by processing may not be acceptable to the retail trade
when foodstuffs can be obtained from other sources.

Disruption/adjustment of farming and related industrial activities, i.e. the
supply of crops to food industry and potential for market shortages.

Maintenance of farming and associated communities.

Other side effects

Parts of the processing plant may become contaminated.

FARMING Network stakeholder opinion

Stakeholders unanimously agreed that there are no processing options
that can be considered as generally acceptable. Options involving
removal of contamination from crops, milk and meat during industrial
processing were viewed by some stakeholders to be acceptable under
specific circumstances. However, in countries where consumer
confidence has been seriously affected by previous food scares (e.g. UK
and Belgium) any process that produces marketable food from
contaminated raw materials was considered to be unacceptable.

Practical experience

Key references

BIOMASS. (2003). Modelling the transfer of radionuclides to fruit, Report
of the Fruits Working group of BIOMASS Theme 3, IAEA-BIOMASS-5,
Vienna, ISBN 92-0-106503-5.

Green N and Wilkins BT (1995). Effects of processing on radionuclide
content of foods: derivation of parameter values for use in radiological
assessments. NRPB-M587.

Green N (2001). The effect of storage and processing on radionuclide
content of fruit. Journal of Environmental Radioactivity, 52, 281-290.
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Key references (continued)

Katsuyama AM (ed.) (1979). A guide for waste management in the food
processing industry. The Food Processors Institute, Washington, DC.

Long S, Pollard D, Cunningham JD, Astasheva NP, Donskaya GA and
Labetsky EV (1995). The effects of food processing and direct
decontamination techniques on the radionuclide content of foodstuffs: a
literature review. Part 2: Meat, fruit, vegetables, cereals and drinks.
Journal of Radioecology, 3 (2), 15-38.

Comment

The need for measures that assure acceptable foodstuffs derived from
standing crops at the time of deposition is obviously only a priority for the
first harvest.

In milling industry, adjusting milling yield is possible to remove the most
contaminated fraction of cereal grains that is not delivered for human
consumption etc.

A separate datasheet (40 Dietary advice) considers provision of self-help
information to the public on how radionuclide intake can be minimised
including household food preparation.

Processing to products with a long shelf-life may also be considered for
meat contaminated with short-lived radionuclides.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD); Hunt
J (ULANC); Oughton DH (UMB).

STRATEGY peer reviewer: Pollard D (Radiological Protection Institute
of Ireland).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay I)
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer: Arapis G (Agricultural university of Athens).
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19 Pruning/defoliation of fruit trees and vines

Objective To prevent, or reduce, the translocation of radionuclides from shoots and
leaves to fruit of perennial plants.
Other benefits Possible reduction in deposition to soil.

Management option description

If deposition occurs when trees are in leaf, foliar interception, retention
and absorption of radionuclides are the dominant processes of
contamination for fruit bearing plants.

Following uptake by leaves, radionuclides can be translocated to fruits
and other parts of the plant. The extent to which translocation occurs
depends on the radionuclide, the fruit tree species, and the phenological
stage of the plant at the time of deposition.

There is experimental evidence that pruning and/or defoliation by
chemical, mechanical or manual methods soon after deposition can
prevent or reduce the translocation of radionuclides from leaves to the
other plant components and reduce the internal dose to man from
ingestion of contaminated fruit. Before practical implementation of this
management option could be advised more work would be required.

Pruning may involve the loss of the current years crop to achieve lower
radionuclide activity concentrations in subsequent years fruits.

Target

Fruit trees and vines.

Targeted radionuclides

Known applicability: ****'Cs

Probable applicability: *°Co, *Sr

Not applicable: Short half-lives of the following negate use of this
management option: °Se, ®°Sr, ®*Nb, %zr, MM 18R, 1Fgp 131
132-|-e’ 14OBa, 14°La, 141Ce, 169Yb, 192|r

Scale of application

Can be carried out on a large scale where equipment/workers are or can
be made available.

Contamination pathway

Direct deposition onto fruit trees.
Translocation from shoots and leaves to fruit.

Plant-to-soil transfer.

Exposure pathway pre intervention

Ingestion of contaminated fruit. External exposure from trees and soil.

Time of application

Should generally be carried out as early as possible (and, to prevent
wash-off to soil, ideally before the first rainfall).

Constraints

Legal constraints

Waste disposal (chemical and radioactive).

Social constraints

Farmers/operators resistance to carry out procedure

Environmental constraints

None.

Effectiveness

Management option effectiveness

Total defoliation of vines soon (within a few hours) after deposition of
radiocaesium, reduces fruit activity by approximately 90%. Partial
defoliation 2 days after deposition yields a reduction of radiocaesium in
grapes by approximately 50%. The activity of grapes in the second year
after deposition is circa 2-3 orders of magnitude lower than in the first
year.

Factors effectiveness  of

procedure

influencing

Whether or not trees are in leaf at time of deposition (season).

Rainfall (between deposition and implementation of the measure) may
remove contamination to the soil thereby reducing the effectiveness of
this measure in minimizing soil contamination. Whilst this will
decontaminate leaves (reducing the activity available for foliar
absorption) it may also enhance the degree of absorption.
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Factors influencing effectiveness of Time lag between deposition and implementation of the management
procedure (continued) option.

Degree of pruning/defoliation.

Nature of the trees (evergreen or deciduous): defoliation can not be
carried out on evergreen species.

Appropriate selection of priority areas.
Preparedness and availability of technical staff for implementation.

Acceptability of disposal/treatment procedures.

Feasibility
Required specific equipment Mechanical pruning:
e  topping or hedging machines
e tools for collecting prunings (blowing machines etc.).
Hand pruning:
. shears and loppers.
Defoliation:
. desiccants
. sprinklers.

Required ancillary equipment Waste transport truck (or other means of transport) to repository.
Dedicated sites and machinery for further treatment (incineration or
composting) etc.

Required utilities and infrastructure Dedicated sites for waste treatment.

Required consumables Chemical dessiccants (copper sulphate, zinc sulphate) for defoliation.

Required skills Required skills likely to be present in the farming community.

Required safety precautions Respiratory protection and protective clothes may be recommended.
Safety helmets.

Other limitations n/a

Waste

Amount and type Potentially large volumes, depending on the size of the contaminated

area, the vegetative stage and the degree of pruning/defoliation.

Possible transport, treatment and storage Transport by e.g. trucks or rail to off-site treatment.

routes Woody wastes could be reduced by composting (51 Composting); the

effectiveness of which would be increased by pre crushing and mixing
with other matter such as animal waste or paper. Alternatively, waste
could be incinerated (53 Incineration), with recovery of ashes or disposed
of to landfill (54 Landfill).

Factors influencing waste issues Public acceptability and legal feasibility of waste treatment and storage
route are essential.

Doses

Incremental dose Farmers:

. during management option implementation and waste treatment.
Drivers and operatives:

. if generated waste is treated at off-site processing plants

Influenced by measures taken to protect operators against risks such as
inhalation and contamination of skin/clothes and by the time of
implementation of the management option (due to the influence of short
lived radionuclides).

Intervention Costs

Equipment Topping or hedging machines.

Waste transport/ treatment equipment (variable).

Consumables Fuel for all relevant machinery (e.g. pruning machines)
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Operator time

Highly variable.
Farmer for pruning/defoliation.

Drivers for transporting waste to processing (incineration /composting)
sites.

Operatives at processing plants.

Factors influencing costs

Season, vegetation height, type of vegetation to be removed.
Degree of removal, applied equipment type. Availability of equipment.

Waste disposal scheme.

Compensation costs

Farmers:
e  for implementing management option

. loss of income if crop lost or reduced (may persist for a number of
years).

Processing plants for handling waste:

. possible need for decontamination of mechanical equipment used in
pruning/defoliation

e  transport of waste.

Waste cost

Depends on the waste disposal method.

Pre-treatment of waste to reduce their volume could greatly reduce costs.

Assumptions

Availability of the required equipment and roads.

Availability of a market for the final products.

Communication needs

Provision of information for wholesalers/processors on management
option and local dialogue with farmers regarding implementation to
ensure acceptability of selection process for areas where the
management option is applied. The short time available may preclude
extensive stakeholder consultation, thus making it difficult to satisfy
conditions of informed consent from operators.

Potential for dispute regarding selection of management options. Need
for public information of the management option aims and consequences.

Side-effect evaluation

Ethical considerations

Free informed consent of workers (to risks of radiation exposure and/or
chemical exposure).

Re-distribution of dose to workers and waste disposal facilities.

Inequitable distribution of costs and benefits.

Environmental impact

Environmental risk and uncertainty over expected outcomes and
consequences of waste generation and treatment (chemical and
radioactive).

High volume of generated wastes.

Substantial visual impact on landscape.

Agricultural impact

Great stress for the trees after total defoliation.
Potentially significant decrease in subsequent years’ productivity.

Possible plant mortality.

Social impact

Stigma associated with areas and perceived contamination of products
where the management option has been applied.

May impact on public confidence i.e.

. loss of confidence that farm produce and derivative products from
affected areas is ‘safe’ (may result in loss of employment in local
industries or growth of a black market)

. increase confidence that the problem of contamination is being
effectively managed.

Social impact (continued)

Disruption to farming/industry and other related activities.

Acceptability of future crops to food industry/consumers — needs to be a
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market for the produce in following years.

Other side effects Mechanical tools used in management option implementation may
become contaminated.

FARMING Network stakeholder opinion Not considered by FARMING Network

Practical experience Manual or mechanical pruning is a normal practice to shape the plant,

obtain a constant yield and improve fruit quality.

Defoliation is usual for peach trees and vines and is less frequently used
for apple, pear and cherry trees.

Key references Carini F (1999). Radionuclides in plants bearing fruit: an overview,
Journal of Environmental Radioactivity, 46: 77-97.

Carini F (2001) Radionuclide transfer from soil to fruit, Journal of
Environmental Radioactivity, 52 237-279.

Carini F (2003). Countermeasures for fruits. FAO/IAEA Workshop, 27-
29/9/2003, Chania, Greece.

Modelling the transfer of radionuclides to fruit, Report of the Fruit working
group, BIOMASS Theme 3, IAEA-BIOMASS-5, Vienna, 2003. ISBN 92-0-
1065035.

Madoz-Escande C, Colle C and Adam C (2001). Evolution of Caesium
and Strontium contamination deposited on vines, Actes du congrés
ECORAD, 2001.

Comments After foliar absorption, the translocation from leaves to other plant parts is
rapid for caesium, while the rather immobile strontium tends to remain to
the part of the plant to which it was initially applied.

The degree of translocation from leaf to fruit varies between species; post
Chernobyl observations demonstrated a greater leaf to shoot transfer for
grapes and peaches compared to apples and pears. The period between
primary deposition and harvest has a significant effect on translocation.

Radionuclide uptake by roots of perennial (woody) plants, in the acute
phase, is usually minimal only becoming important with time.

Studies on the distribution of radionuclides within different components of
fruit bearing species provide some evidence that leaves and growing
shoots act as accumulation organs for strontium. However, the foliar
uptake of strontium constitutes no major risk to the consumer of fruit or
other edible parts of the plant, provided that no direct contamination of
these food items has taken place.

Experimental results suggest that radiocaesium, once introduced into the
plant, can be retracted from leaves at autumn into perennial organs of
deciduous fruit trees, mainly wood and roots, and translocated the next
spring towards leaves, annual shoots and fruits. However, only a small
fraction of the plant radiocaesium inventory is available for translocation
and the process depends on a variety of factors, such as the fruit
species, the vegetative stage at the time of deposition, the age of the
contaminated part, the soil and plant radiocaesium reservoir etc.

More work would be required before implementation of this measure
could be advised.

Document History STRATEGY originator: n/a

STRATEGY contributors: n/a

STRATEGY peer reviewer(s): n/a

EURANOS originator: IRSN (Reales N and Gallay F) and Uol
(Papachristodoulou C and loannides K).

EURANOS contributors: UMB (Oughton D and Bay ) initiated social,
ethical and communication inputs; CEH (Beresford NA, Barnett CL and
Howard BJ) and HPA-RPD (Nisbet AF) provided general comments.
EURANOS peer reviewer: Carini F (Universita Cattolica del Sacro
Cuore).
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20 Selection of edible crop that can be processed

Objective To select crops suitable for processing such that the final edible
product has activity concentrations less than intervention levels.
Other benefits Keeps land in production and provides income to farmer and

maintenance of associated communities.

Management option description

Processing removes activity from the final food product.

Sugar and oil-producing crops, for example, may be substituted for
crops that do not undergo processing.

Target

Crops

Targeted radionuclides

Known applicability: *°Sr, *‘Cs, *'Cs

Probable applicability: *°Co, '®Ru, '"*"Ag, '®Sb, *‘Ce, **Ra

Not applicable: Short half-lives of the following negate use of this
management option: °Se, %°Sr, ®Nb, *zr, MM 18Ry, 27gp, ),
32Tg, “Ba, “OLa, 'Ce, "**Yb, "Ar. The low soil-plant transfer of the
following mean that this radical the management option is likely to be
inappropriate: 2°U, 2Py, 2*°Pu, *'Am, #*Cf

Scale of application

Small to medium.

Contamination pathway

Soil to plant.

Exposure pathway pre intervention

Ingestion of contaminated crops.

Time of application

Medium to long term.

Constraints

Legal constraints

The sale of products intended for human consumption is subject to
Council Food Intervention Limits (CFILs).

Social constraints

The food industry/retailers and consumers’ resistance to processing of
contaminated crops for consumption.

Environmental constraints

The soil type/climate may limit which crops can grow.

Effectiveness

Management option effectiveness

Processing can be very effective at removing radionuclides from the
final product (e.g. sugar, oil, wine). Although data are only available for
effectiveness with regard to Cs and Sr reductions. For the other listed
target radionuclides could be expected to be effective from knowledge
of their behaviour.

The change in radionuclide content of a foodstuff due to processing
may be assessed by calculating the food processing retention factor.
This indicates the fraction of the radionuclide which remains in the food
following processing and is shown by the equation below:

Processing retention factor = Total activity of the radionuclide in the
processed food (Bq) / Total activity of the radionuclide in the raw
material (Bq)

Some processing retention factors are listed below:

Cs Sr
Olive Cake 0.4
Oil 0.1
Grape 0.6 0.6
Red wine 0.15-0.7
Rosé wine 0.2
White wine 0.3
Fruits 06-07
Juice 0.06
Rice 0.1
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Milled rice 0.2

Factors influencing effectiveness of
procedure

Crop type.

Ease of substitution of new crop for the farmer and associated
industries.

Soil-to-plant transfer factor of crop.
Processing selected.
Compliance to management option.

Acceptability of processing contaminated crops for consumption by the
food industry/retailers and consumers.

Feasibility

Required specific equipment

Sowing/harvesting equipment for alternative crop type (may not be
available on farm).

Processing equipment.

Required ancillary equipment

None.

Required utilities and infrastructure

Waste treatment facilities for disposal of contaminated by-products.

Required consumables

Fuel.
Seed stock of alternative crop (availability may be limited).

Processing consumables.

Required skills

Expertise in cultivation of alternative crop.

Required safety precautions

Consider respiratory protection for operators at processing plant.

Other limitations

Availability of processing plants if there is a reluctance to move

contaminated raw materials to a plant located outside an affected area.

Capacity of processing plants to accept additional raw materials (i.e.
crops).

Markets for the products could be limited.

Waste

Amount and type Depends on crop selected.

Waste includes food processing residuals i.e. materials remaining after
processing of primary products, such as peel and foliage.

Possible transport, treatment and storage Solid residuals such as peel, sugar beet tops etc. may be converted to
routes useful by-products depending of the type of residual. Alternatively,
these and other by-products could be treated at the processing site,
incinerated (53 Incineration) or disposed of to landfill (54 Landfill).

Factors influencing waste issues Depends on crop type and type of processing selected.

The high moisture content and readily putrescible nature of the food
residuals means that waste treatment cannot be delayed.

Doses
Incremental dose Driver:
Dose pathways in italics are indirectly incurred e  external exposure while transporting crops to processing plant

as a result of transportation of waste by

. ] - . external exposure while transporting waste by-products to place
products. Additional doses will be incurred from P P 9 y-p P

of disposal.
disposal of these wastes either at landfill sites ) P .
or incinerators. There are separate datasheets Operative at food processing plant:
for waste disposal options. Any waste water e external exposure at processing plant (depending on degree of
generated during processing may be sent to a automation).
Sewage Treatment Works (STW).
Intervention Costs
Equipment Sowing/harvesting equipment for alternative crop type (may have to be
hired).

Processing equipment.

Appropriate monitoring equipment.

Version 2 135



FOOD HANDBOOK

Consumables

Seed.
Fuel.

Additional processing consumables.

Operator time

Farmer: sowing and cultivation of alternative crop.
Drivers: transporting contaminated crop to processing factories.

Operators at processing plant: additional manpower if required.

Factors influencing costs

Distance to processing plant.

Quantities of crops for processing.

Compensation costs

Farmers:

. if they receive a reduction in income because new crops have
lower value.

Processing plants:
e for handling contaminated produce

. possible decontamination of processing equipment.

Waste cost

Dependent on subsequent disposal route for contaminated by-
products.

Assumptions

That there is a market for alternative crop.

That appropriate monitoring is carried out at processing plant.

Communication needs

Information/dialogue with farmers regarding crop substitution and
husbandry.

Information/dialogue with consumers.

Possible requirement for labelling products (41 Food labelling).

Side-effect evaluation

Ethical considerations

Informed consent.

Distribution of costs and benefits (e.g. possible inequity due to change
in prices of produce and lower income populations buying the treated
food and therefore the possibility of incurring a higher dose than that
received by typical members of the population.

Environmental impact

Change in ecosystem.

Agricultural impact

Change in crop type.
Fertiliser requirements, nutrient cycling.

Disease resistance.

Social impact

May impact on public confidence e.g.

. loss of confidence that farm produce and derivative products from
affected areas is ‘safe’ (may result in loss of employment in local
industries or growth of a black market)

. increase confidence that the problem of contamination is being
effectively managed.

Foodstuffs with activity concentrations that have been brought below

the relevant CFIL by processing may not be acceptable to the retail

trade when foodstuffs can be obtained from other sources.

Disruption/adjustment of farming and related industrial activities, e.g.
the supply of crops to food industry and potential for market shortages.

Loss of profit to producers if the treated product is not accepted by
consumers.

Disruption to peoples image/perception of ‘countryside’ e.g. where
traditional crops are changed, with potential impacts on tourism etc.

Other side effects

None.

FARMING Network stakeholder opinion

Not considered by FARMING Network.

Practical experience

Key references

Alexakhin RM, Frissel MJ, Shulte EH, Prister BS, Vetrov VA and
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Wilkins BT (1993). Change in land use and crop selection. Science of
the Total Environment, 137, 169-172.

Modelling the transfer of radionuclides to fruit, Report of the Fruits
Working group of BIOMASS Theme 3, IAEA-BIOMASS-5, Vienna,
2003. ISBN 92-0-106503-5.

Green N (2001). The effect of storage and processing on radionuclide
content of fruit. Journal of Environmental Radioactivity, 52, 281-290.

Wang JJ, Wang CJ, Huang CC and Lin YM (1998). Transfer factors of
5 and "’Cs from paddy soil to the rice plant in Taiwan. Journal of
Environmental Radioactivity, 39, 23-34.

Tsukada H, Hasegawa H, Hisamatsu S and Yamasaki S (2002). Rice
uptake and distributions of radioactive *'Cs, stable "**Cs and K from
soil. Environmental Pollution, 117, 403-409.

Comments

Document History STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD); Hunt
J (ULANC); Oughton DH (UMB).

STRATEGY peer reviewer(s): Pollard D (Radiological Protection
Institute of Ireland).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay ) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of early-
phase post accident applicability.

EURANOS peer reviewer: Arapis G (Agricultural university of Athens).
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21 Shallow ploughing

Objective To reduce radionuclide uptake by crops, including pasture.

Other benefits Reduction in external dose from contaminated land.

Management option description An ordinary single-furrow mouldboard plough can be used to mix the top
20-30 cm of the soil profile following crop removal or incorporation.
Much of the contamination at the surface will be buried more deeply in the
vertical profile, which (i) may reduce radionuclide uptake by plant roots
depending on their specific rooting behaviour; and (ii) reduce external
exposure from the contaminants.

Target Pasture or arable land.

Targeted radionuclides Known applicability: *°Sr, **Cs, *'Cs
Probable applicability: ®Co, "*Se, *zr, "Ru, """Ag, '®Sb, "“Ce, "I,
226Ra, ZBSPU, ZSQPU, 241Am, 252Cf
Not applicable: This management option may increase the mobility of U.
The relatively short physical half-lives (1-2 months) of the following
radionuclides may preclude this radical management option: **Sr, **Nb,
103Ru, 131|‘ 1‘”Ce, 169Yb

Scale of application Large scale application where ploughing is possible.
Such areas could be identified using geographical information systems
(GIS) and information on soil type and altitude.
Production systems, for instance animal husbandry, can prevent
maximum implementation on individual farms.

Contamination pathway Soil to plant transfer.

Exposure pathway pre intervention Ingestion of contaminated food products.
External exposure from land.

Time of application Medium to long-term, preferably as early as possible — for arable crops

this would be prior to sowing new crop.

Although as far as practical a delay after contaminating deposition will
reduce external doses to operators from short-lived radionuclides.

Constraints

Legal constraints Ploughing may be restricted under some environmental protection
schemes.
Social constraints Acceptability of making contamination less retrievable.

Potential resistance where ploughing is not standard practice.

Aesthetic consequences of any subsequent landscape/amenity changes.

Environmental constraints Sandy soils are friable and may crumble during ploughing.

Soils which are excessively wet, dry or frozen cannot be ploughed
without damaging soil structure.

Excessively stony soils cannot be ploughed.

Use of machinery difficult on land with slopes >16°. Whilst steep slopes
and shallow soils cannot be ploughed these are unlikely to be found
within areas of arable land.

Effectiveness

Management option effectiveness Plant uptake reduced by 50% (factor of 2), range of 0-75% (factors 1-4).
External dose reduced by 50-90% (factors of 2-10).

Whilst observed data on the effectiveness of this measure are limited to
Sr and Cs it is reasonable to expect similar reduction factors for the other
targeted radionuclides as the management option results in mechanical
redistribution of (contaminated) soil profile.

Note: this management option may result in increased mobility of U.
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Factors influencing effectiveness of
procedure

Soil type and conditions.

Rooting depths of different crops.
Radionuclide distribution within soil profile.
Resistance to management option.

It has been suggested that ploughing in the Chernobyl exclusion zone
increased radionuclide availability possibly due to disintegration of fuel
particles.

Feasibility

Required specific equipment Plough.
Required ancillary equipment Tractor.
Required utilities and infrastructure None.
Required consumables Fuel.

Required skills

Farmers/agricultural workers will possess the necessary skills, but must
be instructed carefully about the objective.

Required safety precautions

Consider respiratory protection if very dry conditions.

Other limitations

Very high groundwater table.

Dose limits for farmers/agricultural workers.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.

Doses

Incremental dose

Farmer: external exposure, inadvertent ingestion and inhalation whilst
ploughing.

Intervention Costs

Equipment

Tractor and single furrow plough are already available.

Consumables

Fuel (ca 7 I ha™).

Operator time

One operator per plough: 1.2 h ha™.

Factors influencing costs

Work rates vary depending on soil type and conditions, field size and
shape, topography and operator experience.

Compensation costs

Farmer:
e for ploughing land not normally ploughed

o for loss of income from non-adherence to conservation schemes.

Waste cost

N/A.

Assumptions

None.

Communication needs

Provision of information to operators on correct application of procedure
including radiological hazards.

Dialogue with farmers required concerning timing and selection of fields
to be ploughed and to clarify the costs and benefits before decisions on
implementation are made.

Side effect evaluation

Ethical considerations

In situ treatment of contaminated soil.
Self-help for farmer.
Free informed consent and compensation for operators.

Potential redistribution of dose to farmers and agricultural workers.
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Environmental impact

The procedure brings contamination closer to the groundwater.
No further environmental impact on land normally ploughed.

If soil has undergone conservation tillage for >5 years ploughing dilutes
organic matter, reduces earthworm populations and microbial biomass.

Changes in landscape.

A change in the ploughing regime or in land use may cause soil erosion
and affect sedimentation.

Agricultural impact

Fertilisation may be required.

Pasture land will require reseeding.

Social impact

May impact on public confidence e.g.,

e loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas is ‘safe’ (resulting in loss of
employment in local ‘cottage’ industries or growth of a black market)

. increase public confidence that the problem of contamination is
being effectively managed.

For land not normally ploughed there may be a changed relationship to
the countryside and potential loss of amenity resulting from changes in
people’s perception of land as ‘natural’ to being ‘unnatural’ or in some
way damaged.

Disruption to farming and other related activities (e.g. tourism).
Contamination of the soil may restrict subsequent uses.

Aesthetic consequences of any subsequent landscape/amenity changes.

Other side effects

Could improve some soils that have been infrequently managed and
have become compacted.

Severely complicates subsequent removal of the contamination.

FARMING Network Stakeholder opinion

Of the options aimed at reducing radionuclide transfer along the soil-plant
or plant-animal pathway, normal ploughing, the application of fertilisers
and lime to soils, and the addition of binders or sorbents to feed were the
options preferred by most stakeholders.

Practical experience

Tested widely in fSU following the Chernobyl accident.

Tested on a limited scale in Denmark.

Key references

Fesenkoa S, Jacobb P, Alexakhina R, Sanzharovaa NI, Panova A,
Fesenkoa G and Cecillec L (2001) Important factors governing exposure
of the population and countermeasure application in rural settlements of
the Russian Federation in the long term after the Chernobyl accident.
Journal of Environmental Radioactivity, 56, 77—98.

Maubert H, Vovk |, Roed J, Arapis G and Jouve A (1993). Reduction of
soil-plant transfer factors:mechanical aspects. Science of the Total
Environment, 137, 163-167.

Salt CA and Rafferty B (2001). Assessing potential secondary effects of
countermeasures in agricultural systems: a review. Journal of
Environmental Radioactivity, 56, 99-114.

Vandecasteele CM, Bakerb S, Forstelc H, Muzinskyc M, Milland R,
Madoz-Escandee C, Tormose J, Saurasf T, Schulteg E and Collee C
(2001). Interception, retention and translocation under greenhouse
conditions of radiocaesium and radiostrontium from a simulated
accidental source. Science of the Total Environment, 278,199-214.

Vovk IF, Blagoyev VV, Lyashenko AN and Kovalev IS (1993). Technical
approaches to decontamination of terrestrial environments in the CIS.
Science of the Total Environment, 137, 49-63.

Comments

Ploughing is more effective when carried out in conjunction with fertiliser
and lime application (see 17 Land improvement).

Potassium and calcium reduce uptake of radiocaesium and
radiostrontium.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).
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STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Beresford NA and Howard BJ (CEH); Hunt J (ULANC); Oughton DH
(UMB).

STRATEGY peer reviewer(s): Brechignac F (Institute for
Radioprotection and Nuclear Safety, France).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for generating
additional radionuclide lists; IRSN (Reales N and Gallay F), UOI
(Papacristodoulou C and loannides K) for adaptation to Mediterranean
conditions; STUK (Rantavaara A and Rissanen K) for adaptation to
northern European conditions; UMB (Oughton D and Bay 1) for
consideration of social, ethical and communication issues; and CEH and
STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a

Version 2

141




FOOD HANDBOOK

Back to list
of options
22 Skim and burial ploughing

Objective To reduce radionuclide uptake by crops, including pasture.

Other benefits Reduction in external doses from contaminated land.

Management option description If no crop is present, a specialist plough with two ploughshares can be
used to skim off a thin layer of contaminated topsoil (ca. 5 cm;
adjustable) and bury it at a depth of about 45cm. The deeper soil layer
(ca. 5-50cm) is lifted by the other ploughshare and placed at the top
without inverting the 5-45cm horizon. Direct exposure and root uptake
from the contaminants are reduced and effect on soil fertility minimised.

Target Pasture or fallow arable soil.

Targeted radionuclides Known applicability: *°Sr, **Cs, *'Cs
Probable applicability: ®°Co, "°Se, ®zr, '®Ru, "'""Ag, ?°Sb, "**Ce, "Ir,
226Ra, ZSSPU, 239PU, 241Am, ZSZCf
Not applicable: This management option may increase the mobility of U.
The relatively short physical half-lives (1-2 months) of the following
radionuclides may preclude this radical management option: *Sr, **Nb,
103RU, 131|, 14109, 169Yb

Scale of application Large scale where ploughing is possible — ploughs are not readily
available but can be delivered over a period of time. Areas suitable for
ploughing could be identified using geographical information systems
(GIS) and information on soil type and slope.

Contamination pathway Soil to plant.

Exposure pathway pre intervention Ingestion of contaminated food products.

External exposure from land.

Time of application Medium-long term.

Ideally should be carried out as early as possible. In practice it is more
likely to be carried out in the medium — long term because only a limited
number of these specialist ploughs are available.

Timing of application is not so critical for radiocaesium, but for some
other radionuclide-soil type combinations, efficiency reduces with time
due to movement down the soil profile.

Constraints

Legal constraints Skim and burial ploughing would not be permitted under various agri-
environmental agreements.

Social constraints Farmers’ resistance to management option.

Environmental constraints Sandy soils are friable and may crumble during ploughing.

Soils that are excessively wet, dry or frozen cannot be ploughed without
damaging soil structure.

Soil profiles must be > 0.5 m deep.

Use of machinery difficult on land with > 16° slope and excessively stony
soils cannot be ploughed.

Effectiveness

Management option effectiveness Reduction of contamination by about 83-92%, if optimised according to
contaminant distribution in the soil.

Reduction in soil-to-plant transfer by a 90% (factor of 10).
Reduction in external dose of around 94%.

Whilst observed data on the effectiveness of this measure are limited to
Sr and Cs it is reasonable to expect similar reduction factors for the other
targeted radionuclides as the management option results in mechanical
redistribution of (contaminated) soil profile.

NB. This management option may result in increased mobility of U

142 Version 2



DATASHEETS OF MANAGEMENT OPTIONS

Factors influencing effectiveness of
procedure

Efficiency of inversion of upper layer.

Radionuclide distribution within soil profile after inversion.
Fertility of new top soil.

Rooting depths of different crops.

Efficient use of equipment and conduct of procedures.

Compliance to management option, i.e. willingness and ability of farmers
to adapt to a new procedure.

It has been suggested that ploughing in the Chernobyl exclusion zone
increased radionuclide availability possibly due to disintegration of fuel
particles.

Feasibility

Required specific equipment

Skim and burial plough (limited availability).

Required ancillary equipment

Tractor (Skim and burial ploughing requires powerful tractors e.g. 90 kW
which are not necessarily widely available).

Required utilities and infrastructure

Road network for transporting plough.

Required consumables

Fuel.

Required skills

Can be carried out by farmers or agricultural contractors who are familiar
with ploughing, but additional instruction will be required to meet
objectives.

Required safety precautions

Consider respiratory protection if very dry conditions.

Other limitations

Shallow soils.
High groundwater table.

Dose limits for farmers/agricultural workers.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.

Doses

Incremental dose

Farmer: external exposure, inadvertent ingestion and inhalation whilst
ploughing.

Intervention Costs

Equipment

Skim and burial plough shared between a number of farms.

Tractor (min. 90 kW) shared between a number of farms.

Consumables

Fuel (ca. 15 | ha™).

Operator time

1 operator per plough: 0.4 man-days ha”, i.e. (3 h ha™).

Factors influencing costs

Work rates vary depending on soil type and conditions, field size and
shape, topography and operator experience.

Number of skim and burial ploughs available.

Compensation costs

To farmer for carrying out skim and burial ploughing.

To farmer for loss of income for non-adherence to conservation schemes
and lost production.

Labour costs may be higher to compensate operators for exposure to
radiation.

Waste cost

N/A.

Assumptions

None.

Communication needs

Dialogue with operators regarding selection of areas, correct way to carry
out skim and burial ploughing, especially (i) for areas of land not normally
ploughed; (ii) when ploughing is to be undertaken at non-standard times
of the year.
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Need dialogue between farmers, ecologists and public because of
potential for groundwater contamination.

Side-effect evaluation

Ethical considerations

In situ treatment of contaminated soil.
Self-help for farmer.
Potential redistribution of dose to farmers and agricultural workers.

Free informed consent and compensation for operators.

Environmental impact

The procedure brings contamination closer to the groundwater and there
is a risk that radionuclides will be transferred to other areas and affect
other populations.

Changes in physical characteristics of the surface horizon.

Enhanced mineralisation of organic matter.

Soil erosion.

Biodiversity could be affected, particularly for soil dwelling organisms.
Future restriction on land use: must not be deep tilled.

Changes in landscape.

Potential for ecosystem change/damage.

Agricultural impact

Soil fertility may be affected by the inversion of the top 5cm of soil.
Fertilisation may therefore be required.

Field drainage systems destroyed.

Social impact

Stigma associated with food products where the management option has
been applied.

May impact on public confidence i.e.,

. loss of confidence that farm produce and derivative products from
affected areas is ‘safe’ (may result in loss of employment in local
‘cottage’ industries or growth of a black market)

. increase public confidence that the problem of contamination is
being effectively managed.

For land not normally ploughed there may be a changed relationship to
the countryside and potential loss of amenity resulting from changes in
peoples’ perception of land as ‘natural’ to being ‘unnatural’ or in some
way damaged.

Aesthetic consequences of any subsequent landscape/amenity changes.

Topsoil burial may cause removal of flora and fauna which raises wildlife
issues that are likely to be contested.

Disruption to farming and other related activities (e.g. tourism).
Contamination of soil at depth may restrict subsequent uses.

Acceptability of making contamination less retrievable when long-term
mobility of radionuclides is not known.

Other side effects

FARMING Network stakeholder opinion

Stakeholder opinion on the acceptability of deep ploughing and skim and
burial ploughing was divided. Skim and burial ploughing would be even
more restricted because the specialist ploughshare is currently only
available in Denmark. The issue of irretrievability of the contamination
following either deep ploughing or skim and burial ploughing was a
cause for concern among a minority of stakeholders who felt that the
burial of radionuclides at depth could in time lead to horizontal and
vertical migration within the soil, which was deemed unacceptable.

Practical experience

Used in fSU as a management option following the Chernobyl accident
but on a fairly limited scale.

Also tested in Denmark on a small scale (typically 1000-2000 m? areas).

144

Version 2




DATASHEETS OF MANAGEMENT OPTIONS

Key references

Hubert P, Annisomova L, Antsipov G, Ramsaev V and Sobotovitch V
(ed.) (1996). Strategies of decontamination. Final report APAS-COSU
1991-1995: ECP4 Project. European Commission, EUR 16530 EN.

Roed J, Andersson KG and Prip H (1996). The Skim and Burial Plough:
A new implement for reclamation of radioactively contaminated land.
Journal of Environmental Radioactivity, 33 (2), 117-128.

Comments

The method severely complicates contaminant removal.

Subsequent ordinary ploughing (to ca. 25cm) will not redistribute
contaminants.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD, UK);
Beresford NA and Howard BJ (CEH); Therring H and Bergan T (NRPA);
Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Brechignac F (Institute for
Radioprotection and Nuclear Safety, France).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay 1)
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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23 Topsoil removal

Objective

To reduce radionuclide uptake by crops, including pasture.

Other benefits

Reduction in external dose from contaminated land.

Management option description

If no crop is present, the top 2-5 cm is removed using road construction
equipment such as a bobcat or mini-bulldozer. In this way, much of the
contamination is removed.

When the amount of waste is taken into consideration management
option is only applicable on a small scale.

Target

Pasture or fallow arable land.

Targeted radionuclides

Known applicability: ®Co, "®Se, *Sr, %zr, "Ru, """"Ag, '**Sb, *'Cs,
137CS, 144Ce, 192"_’ 226Ra, 235U 238PU, 239PU, 241Am, 2520f
Probable applicability: -

Not applicable: The relatively short physical half-lives (1- 2 months) of
the following radionuclides may preclude this radical management option:
BQSF, %Nb, 103RU, 131|’ 141Ce, 169Yb

Scale of application

Small scale (amount of waste produced limits scale of application)

Contamination pathway

Soil to plant transfer.

Exposure pathway pre-intervention

Ingestion of contaminated food products.

External exposure from land.

Time of application

Medium to long term.

Should be carried out as soon as possible, but significant reductions are
still possible in the long term for relatively immobile radionuclides such as
caesium. There is a tendency for the more mobile radionuclides such as
strontium to move down the soil profile with time.

Constraints

Legal constraints

Cultural heritage protection, especially in conservation areas or
equivalent.

Social constraints

Resistance to:
Topsoil removal (together with associated flora and fauna).
Aesthetic consequences of amenity/landscape changes.

Waste disposal options.

Environmental constraints

Soils that are shallow and stony cannot always be treated.

Can be difficult to use large machinery on wet, peaty soils. On heavy
clay soils, decontamination may be limited to times of the year when the
soil is workable. Sandy structureless soils cannot be removed effectively
as a thin layer.

Large negative consequences for the environment.

Effectiveness

Management option effectiveness

90-97% of the activity is removed.

Factors influencing effectiveness of
procedure

Optimisation of thickness of removed layer.
Vertical radionuclide distribution.

Soil texture.

Presence of vertical cracks in the soil.

Operator skill ensuring contamination is not ploughed into clean surface
during removal.

Time between deposition and implementation (for downward migration).

Acceptability of the implementation of the management option to farmers
and the public.

Appropriate selection of priority areas.
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Feasibility

Required specific equipment

Bobcat mini bulldozer or bulldozer.

Required ancillary equipment

Vehicle to transport waste.

Required utilities and infrastructure

Suitable disposal site (see comments).

Roads to transport waste.

Required consumables

Fuel.

Required skills

Can be carried out by already skilled operators such as municipal
workers and additional operators could be instructed within a day.

Possible need for radiation protection training of workers.

Required safety precautions

Consider respiratory protection if very dry/dusty conditions.

Other limitations

Dose limits for workers.

Waste

Amount and type

If 5 cm of topsoil is removed, 70 kg m? of waste would be produced.
Contamination will be around 20 Bq m* (removed soil) per Bq m?
(ground surface contamination).

Possible transport, treatment and storage
routes

Disposal to landfill (54 Landfill) sites or purpose built repositories.

Factors influencing waste issues

Contamination level of waste.
Volume of waste.
Acceptability of waste disposal options.

Location of disposal site especially if outside affected area.

Doses

Incremental dose

Operative removing soil: external exposure, inadvertent ingestion and
inhalation while removing soil surface.

Driver: external exposure while transporting soil to landfill.

Intervention Costs

Equipment

Bobcat or bulldozer shared between a number of farms.

Vehicle to transport waste.

Consumables

Fuel for bobcat (ca 40 | ha™).

Transporters.

Operator time

Typically some 50-100 h ha”, including loading to waste transport truck,
but excluding waste transport and work at repository.

Factors influencing costs

Type of equipment.

Soil type and conditions, field size and shape, topography and operator
experience.

Distances of contaminated site to equipment hire and to disposal site.

Compensation costs

Farmer: loss of grazing areas and re-establishment of vegetation.

Operative removing soil/driver: labour costs may be higher to
compensate operators for exposure to radiation.

Waste cost

Transport to landfill site and subsequent landfill costs (including landfill
tax).

Siting and building of purpose-built repository.

Assumptions

None.

Communication needs

Need for dialogue regarding selection of areas for treatment.

Dialogue regarding selection of areas considered suitable for application
of this management option.

Provision of information to operators on objectives of procedure.

Side-effect evaluation

Ethical considerations

Potential redistribution of dose to workers, as well as inequity due to
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redistribution of dose to populations living close to waste disposal areas.

Free informed consent of workers.

Environmental impact

Risk of soil erosion.
Soil biota affected.
Loss of biodiversity.
Changes in landscape.

Large volumes of waste generated.

Agricultural impact

Soil fertility may be affected by the loss of top 5cm of soil.
Fertilisation may be required.

The underlying soil may be compacted with implications for subsequent
cultivation.

Vegetation needs to be re-established.

Social impact

Stigma associated with affected areas.

Disruption to farming and other related activities (e.g. tourism). Changed
relationship to the countryside and potential loss of amenity resulting
from changes in people’s perception of land as ‘natural’ to being
‘unnatural’ or in some way damaged.

May increase public confidence and trust to authorities (“something is
being done”).

May decrease public confidence to food industry; perceived
contamination of food products (crops, dairy, meat) where the
management option has been applied.

Potential for dispute regarding waste disposal sites.

Other side effects

None.

FARMING Network stakeholder opinion

The stakeholder groups did not consider wide scale application of any of
these options to be generally acceptable. Could be used under specific
circumstances (i.e. topsoil removed when area affected is very small), but
in general the infrastructure for dealing with the subsequent waste could
be limited.

Practical experience

Used in fSU as a management option following the Chernobyl accident.

It was also used on a small scale after the Goiania, Palomares and
Mayak accidents.

Key references

Andersson KG (1996). Evaluation of Early Phase Nuclear Accident
Clean-up Procedures for Nordic Residential Areas. NKS Report
NKS/EKO-5(96)18, ISBN 87-550-2250-2, 93p.

Andersson KG and Roed J (1999). A Nordic Preparedness Guide for
Early Clean-up in Radioactively Contaminated Residential Areas.
Journal of Environmental Radioactivity, 46, 2, 207-223.

Fogh CL, Andersson KG, Barkovsky AN, Mishine AS, Ponamarjov AV,
Ramzaev VP and Roed J (1999). Decontamination in a Russian
Settlement. Health Physics, 76 (4), 421-430.

Roed J, Andersson KG, Barkovsky AN, Fogh CL, Mishine AS, Olsen SK,
Ponomarjov AV, Prip H, Ramzaev VP and Vorobiev BF (1998).
Mechanical decontamination tests in areas affected by the Chernobyl
Accident. Risg-R-1029, ISBN 87-550-2361-4, 101 p.

Key references (continued)

Vovk IF, Blagoyev VV, Lyashenko AN and Kovalev IS (1993). Technical
approaches to decontamination of terrestrial environments in the CIS
(former USSR). Science of the Total Environment, 137, 49-63.

Comments

Management option limited by requirement for waste disposal facilities -
suitable sites for disposal of excavated radiologically contaminated
materials is an acknowledged problem worldwide with (some) landfill
sites currently not accepting radiologically contaminated waste because
of public concern.

Topsoil removal would not be justified for short-lived nuclides.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).
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STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD, UK);
Beresford NA and Howard BJ (CEH); Therring H and Bergan T (NRPA);
Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Brechignac F (Institute for
Radioprotection and Nuclear Safety, France).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for
generating additional radionuclide lists; IRSN (Reales N and Gallay F),
UOI (Papacristodoulou C and loannides K) for adaptation to
Mediterranean conditions; STUK (Rantavaara A and Rissanen K) for
adaptation to northern European conditions; UMB (Oughton D and Bay )
for consideration of social, ethical and communication issues; and CEH
and STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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24 Addition of AFCF to concentrate ration

Objective To reduce activity concentrations of radiocaesium in meat or milk to below
intervention levels.
Other benefits Reduction in quantities of animal produce that will need to be disposed of.

Normal animal management/grazing regimes can be used.

Potential for additional reduction of radiocaesium uptake from soil to grass
and other crops through using manure containing AFCF for fertilisation
(see Howard et al., 2001).

Management option description

Ammonium-ferric hexacyano-ferrate (AFCF, Giese-salt) is an effective
radiocaesium binder, which may be added to the diet of dairy cows, sheep
and goats as well as meat producing animals to reduce radiocaesium
transfer to milk and meat by reducing absorption in the gut. It can be
added to the diet of animals as a powder or incorporated into pelleted
feed.

Dairy animals are generally fed a concentrate ration when they are milked
(usually twice daily) — incorporation of AFCF into the concentrate ration
would allow administration daily.

Meat producing animals would only need to be fed AFCF-concentrates for
a suitable period prior to slaughter.

Target

Meat and milk producing animals. Inappropriate for free grazing livestock
(most applicable to dairy animals as these tend to be fed twice-daily as
part of normal farming practice).

Targeted radionuclides

Known applicability: **'¥'Cs
Probable applicability: -

Not applicable: Specific to radiocaesium

Scale of application

Large.

Contamination pathway

Plant to animal.

Exposure pathway pre intervention

Ingestion of contaminated milk or meat.

Time of application

Medium to long term (requirement to obtain and distribute AFCF makes it
unlikely to be applicable to early phase).

Constraints

Legal constraints

The sale of milk and meat intended for human consumption is subject to
Council Food Intervention Limits (CFILs).

On 14"™ October 2001 permanent authorisation was given by the
European Communities for AFCF to be used as a feed additive for the
purposes of binding radiocaesium (Regulation 2013/2001). This allows the
addition of AFCF to the daily ration at levels between 1 and 15 mg kg‘1
body weight.

May not be allowed under some organic production regimes.

Possible requirement for labelling products.

Social constraints

Acceptability to farmers/herders, food industry and consumers of using an
additional feed additive to remove contamination from the gut of livestock.

Environmental constraints

None.

Effectiveness

Management option effectiveness

For cows receiving 3g AFCF per day an 80-90% reduction of
radiocaesium contamination in milk and a 78% reduction of radiocaesium
contamination in meat.

For sheep receiving 1g AFCF per day an 87% reduction of radiocaesium
contamination in meat.
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Management option effectiveness For pigs and calves receiving 2g AFCF per day a 90% reduction in

(continued) radiocaesium contamination in meat (Giese, 1988 and 1989). More
variable reduction rates for reindeer as difficult to control inputs.
Administration rates of 1 mg kg'1 body weight d™ have resulted in a 60%
reduction in radiocaesium transfer from diet.

Factors influencing effectiveness of Effective administration of the concentrate.

procedure Amount of AFCF ingested to animal daily. Greater effectiveness when
farmer/herders use commercially prepared concentrates. Effectiveness
may be more variable if mixed as a powder into home produced rations.
Initial activity concentration and the biological half-life of radiocaesium in
the animal.
Period of adaptation to pelleted feed may be required.
Farmers’ compliance to the management option.

Feasibility

Required specific equipment None.

Required ancillary equipment None.

Required utilities and infrastructure

Concentrate manufacturing plants with the ability to add AFCF to feed
pellets.

Required consumables

Concentrates with AFCF.

Required skills

Farmers/herders would possess the necessary skills.

Required safety precautions

None for concentrates but hazard datasheet recommendations would
need to be followed by feed manufacturer.

Other limitations

Cannot be fed on a daily basis to free-grazing animals. May be used for
free ranging animals in combination with confining them to enclosures
(which may be especially applicable to reindeer).

Current production facilities for AFCF may be rate limiting if large
quantities required.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.
Doses

Incremental dose None.
Intervention costs

Equipment None.

Consumables

Cost of AFCF. Example cost for pelleted feed containing 0.1% AFCF
imported from Germany in Norway is €0.27 EUR per kg feed (c. 2003).

Operator time

Farmer may need to mix the AFCF in the feed.

Factors influencing costs

Production cost for the concentrates with AFCF.

Transportation costs.

Compensation costs

To the farmer/herder to compensate for the extra costs associated with
buying concentrates with AFCF.

Waste cost

N/A.

Assumptions

None.

Communication needs

Possible requirement for labelling products directly or indirectly affected
by application of the management option.

Side-effect evaluation

Ethical considerations

Environmental impact

Whilst some soils may contain bacteria or fungi capable of degrading
cyanide, toxic levels of HCN should not arise under field conditions.
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Agricultural impact

Less impact as conventional farming practices can be maintained without
severe disruption.

Change in production status for organic farms.

Social impact

May impact on public confidence e.g.,

e loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas are ‘safe’ (may i.e. result in loss of
employment in local ‘cottage’ industries or growth of a black market),

e increase confidence that the problem of contamination is being
effectively managed.

Other side effects

Can maintain the production of meat and milk without disrupting the
normal farming practices.

FARMING Network stakeholder opinion

Of the options aimed at reducing radionuclide transfer along the soil-plant
or plant-animal pathway, normal ploughing, the application of fertilisers
and lime to soils, and the addition of binders or sorbents to feed were the
options preferred by most stakeholders. These management options
were seen to sustain farming practices and cause minimal impact on the
environment.

Practical experience

Used frequently after the Chernobyl accident in Norway with good results
for cows and goats and reindeer; in the FSU a different hexacyanoferrate
compound (Ferrocyn) has been used.

Less and variable data available for pigs and poultry.

Key references

Garmo TH and Grgnnerud TB (eds.) (1992). Radioaktivt nedfall fra
Tsjernobylulykken. Norges landbruksvitenskapelige Forskningsrad, Oslo,
1992. Radioactive deposition after the Chernobyl accident. Norwegian
Agricultural Scientific Research Council, Oslo, 1992 (in Norwegian).

Giese WW (1988). Ammonium-ferric-cyano-ferrate(ll) (AFCF) as an
effective antidote against radiocaesium burdens in domestic animals and
animal derived foods. Br. Vet. Journal, 144, 363.

Giese WW (1989). Countermeasures for reducing the transfer of
radiocaesium to animal derived foods. Science of the Total Environment,
85, 317-327.

Hove K (1993). Chemical methods for reduction of the transfer of
radionuclides to farm animals in semi-natural environments. Science of
the Total Environment, 137 235-248.

Howard BJ, Beresford NA and Voigt G (2001). Countermeasures for
animal products: a review of effectiveness and potential usefulness after
an accident. Journal of Environmental Radioactivity, 56, 115-137.

IAEA (1994). Handbook of parameter values for the prediction of
radionuclide transfer in temperate environments. IAEA Technical Report
Series No. 364.

Pearce J (1994). Studies on any toxicological effects of Prussian Blue
compounds in mammals — a review. Food Chem. Toxicol., 32, 577-582.

Salt CA and Rafferty B (2001). Assessing potential secondary effects of
countermeasures in agricultural systems: a review. Journal of
Environmental Radioactivity, 56, 99-114.

Hove K, Staaland H and Pedersen O (1991). Hexacyanoferrates and
bentonite as binders of radiocaesium for reindeer. Rangifer, 11 (2), 43-48.

Tveten U, Brynildsen LI, Amundsen | and Bergan TDS (1998). Economic
consequences of the Chernobyl accident in Norway in the decade 1986-
1995. Journal of Environmental Radioactivity, 41 (3), 233-255.
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Comments Detailed toxicological studies have shown that AFCF has no adverse
affects on animal or human health.

Faeces from treated animals will be more contaminated than for
untreated animals. This can give higher external dose for the person
responsible for handling the slurry/manure although this is not believed to
reach levels of concern in practice (for animals grazing outdoors this is
not an issue).

Studies have shown that the radiocaesium uptake in plants from soils
fertilised with manure from treated animals is lower than the uptake from
soils fertilised with manure from untreated animals (Garmo and
Grgnnerud, 1992)).

Live-monitoring prior to slaughtering can be a good supplement to control
the effectiveness of the management option for each animal or a
selection within a herd/flock.

Document History STRATEGY originator: Liland A (NRPA)

STRATEGY contributors: Nisbet AF, Mercer JA and Hesketh N (HPA-
RPD); Beresford NA and Howard BJ (CEH); Therring H and Bergan T
(NRPA); Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Pearce J (Department of Agriculture and
Rural Development, Northern Ireland, UK); Brynildsen L (Ministry of
Agriculture, Norway).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for generating
additional radionuclide lists; IRSN (Reales N and Gallay F), UOI
(Papacristodoulou C and loannides K) for adaptation to Mediterranean
conditions; STUK (Rantavaara A and Rissanen K) for adaptation to
northern European conditions; UMB (Oughton D and Bay |[) for
consideration of social, ethical and communication issues; and CEH and
STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): n/a
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25 Addition of calcium to concentrate ration

Objective To reduce the activity concentration of radiostrontium in milk to below
intervention levels.
Other benefits Reduction in quantity of milk that will need to be disposed of.

Normal animal management/grazing regimes can be used.

Management option description

The absorption of radiostrontium from an animal’s diet is controlled by
the level of dietary calcium intake.

Additional calcium (as calcium carbonate) may be added to the daily
ration of lactating animals to reduce radiostrontium transfer to milk.
This is most easily achieved by adding Ca to concentrate ration fed to
(most) milk producing animals at milking time.

Target

Milk producing animals.

Targeted radionuclides

Known applicability: *Sr, Sr
Probable applicability: *°Ba, **Ra
Not applicable: -

Scale of application

Large.

Contamination pathway

Plant to animal.

Exposure pathway pre intervention

Ingestion of contaminated milk.

Time of application

Medium to long term (requirement to manufacture and distribute Ca
enriched feeds makes it unlikely to be a applicable to early phase).

Constraints

Legal constraints

The sale of milk intended for human consumption is subject to Council
Food Intervention Limits (CFILs).

The feeding of diets in excess of 1-2% Ca as dry matter intake is
advised against for prolonged periods. However, it is likely that in most
western European countries the Ca intake of animals could be doubled
without exceeding these advised levels.

Possible requirement for labelling products.

Social constraints

Farmers/public resistance to the management option.

Environmental constraints

None.

Effectiveness

Management option effectiveness

Doubling of calcium intake results in reductions of approximately 50%
in the transfer of radiostrontium to milk - the absorption of
radiostrontium (and hence transfer to milk) being inversely proportional
to calcium intake.

Whilst no experimental data are available it is highly likely that this
management option would be similarly effective for *°Ba and **Ra (as
they belong to the same periodic table group as Sr and Ca).

Factors influencing  effectiveness  of Effective administration of the calcium in concentrate.

procedure Animal's dietary intake prior to calcium supplementation and its
calcium requirements. Whilst in theory every doubling of Ca intake
would reduce Sr concentration in milk by 50 % there are maximum
advised Ca intakes over long term.
Farmers/public compliance to the management option.

Feasibility

Required specific equipment None.

Required ancillary equipment None.

Required utilities and infrastructure

Most likely to be fed with concentrate during milking.

Required consumables

Calcium supplements or pelleted concentrates with enriched levels of
Ca or natural feeds rich in calcium.
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Required skills

Farmers would already possess the necessary skills because of
experience with other additives.

Required safety precautions

None.

Other limitations

High levels of calcium intake can influence the absorption of other
essential nutrients; the dietary Ca/P ratio should not exceed 7:1 for
prolonged periods.

Cannot be fed on a daily basis to free-grazing animals.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.
Doses

Incremental dose None.
Intervention Costs

Equipment None.

Consumables

Calcium supplements.

Operator time

Farmer may need to mix the calcium in the feed.

Factors influencing costs

Production cost for the concentrates with calcium.
Transportation costs.

Policing the management option.

Compensation costs

Farmer: compensation for the extra costs associated with buying
concentrates with added calcium.

Waste cost

N/A.

Assumptions

None.

Communication needs

Possible cost of labelling.

Side-effect evaluation

Ethical considerations

Environmental impact

None.

Agricultural impact

No adverse effects if advised Ca intakes (1-2% of dry matter intake)
are not exceeded.

Conventional farming practices can be maintained without severe
disruption.

Change in production status for organic farms.

Social impact

May impact on public confidence e.g.,

e loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas is ‘safe’ (may i.e. result in loss of
employment in local ‘cottage’ industries or growth of a black
market),

. increase in confidence that the problem of contamination is being
effectively managed.

Other side effects

Can maintain milk production without disrupting the normal farming
practices.

FARMING Network stakeholder opinion

Of the options aimed at reducing radionuclide transfer along the soil-
plant or plant-animal pathway, normal ploughing, the application of
fertilisers and lime to soils, and the addition of binders or sorbents to
feed were the options preferred by most stakeholders. These
management options were seen to sustain farming practices and cause
minimal impact on the environment. However, under some
circumstances, the stakeholders recognised that the administration of
calcium supplements to livestock could affect animal health, which
would restrict applicability.
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Practical experience

None.

Key references

Beresford NA, Mayes RW, Hansen HS, Crout NMJ, Hove K and
Howard BJ (1998). Generic relationship between calcium intake and
radiostrontium transfer to milk of dairy ruminants. Radiation and
Environmental Biophysics, 37, 129-131.

Beresford NA, Mayes RW, Colgrove PM, Barnett CL, Bryce L, Dodd
BA and Lamb CS (2000). A comparative assessment of the potential
use of alginates and dietary calcium manipulation as countermeasures
to reduce the transfer of radiostrontium to the milk of dairy animals.
Journal of Environmental Radioactivity, 51, 321-342.

Comments

In many countries, farmers will have values of Ca in the feeds they use
(both commercial and home grown). In the long-term these could be
used to optimise the use of Ca as a management option on a farm by
farm basis. In the shorter term Ca intakes could be enhanced by
farmers adding Ca-supplement to feed directly; however in the longer
term it may be more efficient/effective to incorporate enhanced Ca into
pelleted feeds during manufacture.

Document History

STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Beresford NA and Howard BJ (CEH); Hunt J (ULANC); Oughton DH
(UMB).

STRATEGY peer reviewer(s): Pearce J, Department of Agriculture
and Rural Development, Northern Ireland, UK.

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay 1) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of early-
phase post accident applicability.

EURANOS peer reviewer(s): n/a
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26 Administration of AFCF boli to ruminants

Objective To reduce activity concentrations of radiocaesium in meat or milk to below
intervention levels.
Other benefits Reduction in quantities of animal produce that will need to be disposed of.

Normal animal management/grazing regimes can be maintained.

Management option description

Slow release boli containing ammonium iron hexacyanoferrate (AFCF,
Giese-salt), an effective radiocaesium binder, have been developed to
reduce the gut uptake of radiocaesium by ruminants in agricultural and
semi-natural environments.

Boli are particularly favourable for infrequently handled free-grazing
animals such as sheep and semi-domesticated reindeer: they can be
administered when animals are gathered for routine handling operations.

Boli are administered to meat producing animals 2-3 months prior to
slaughter, and to dairy animals every 2-3 months.

Target

Milk and meat producing ruminants.

Targeted radionuclides

134,137
Cs

Known applicability:
Probable applicability: -

Not applicable: Specific to radiocaesium

Scale of application

Distributed to all ruminants eating contaminated feed — especially suitable
to free-grazing/infrequently handled animals.

Contamination pathway

Plant to animal.

Exposure pathway pre intervention

Ingestion of contaminated milk and meat.

Time of application

Medium to long-term (lack of established production facilities/stockpiles
means that is not a potential management option for application in the
early-phase).

Constraints

Legal constraints

The sale of milk and meat intended for human consumption is subject to
Council Food Intervention Limits (CFILs).

On 14" October 2001 permanent authorisation was given by the
European Communities for AFCF to be used as a feed additive for the
purposes of binding radiocaesium (Regulation 2013/2001).

The use of boli to administer additives is currently being debated within
the EC (Regulation 1831/2003 applicable from 18" October 2004);
outcomes of these discussions may have an impact on the status of
AFCF-boli.

AFCF boli may not be permitted under some organic production regimes.

Possible requirement for labelling products.

Social constraints

Acceptability to farmers, food industry and consumers of using an
additional feed additive to remove contamination from the gut of livestock.
There has been reluctance to use boli by reindeer herders in Sweden and
Norway, cattle owners in the fSU and sheep farmers in the UK.

Environmental constraints

None.

Effectiveness

Management option effectiveness

Up to 80% reduction in lamb and reindeer meat and goat milk, and up to
70% reduction in cow’s milk. Effectiveness can be variable depending
upon time between administration and slaughter — a reduction of 50-65%
over a period of 9-11 weeks can be expected for sheep administered 3
waxed boli.
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Factors influencing effectiveness of
procedure

Effective administration of the boli.

Concentration of AFCF in boli and number of boli used. The presence of a
wax coating on the boli increases the release period from 2 to 3 months.

Time between boli administration and slaughter (or live-monitoring) and
biological half-life of radiocaesium in treated animal species.

It is possible that some animals may not be collected for administration —
and hence not administered boli. Marking treated animals (e.g. with lanolin
based marker fluids) may provide reassurance that animals have been
treated. However, treated animals can still regurgitate boli.

Farmers’ compliance to the management option.

Feasibility

Required specific equipment

For sheep, cows and goats the farmer can administer by hand or adapt
dosing guns used for other intra-ruminal devices.

For reindeer a specifically designed instrument is needed for placing the
boli in the rumen.

Required ancillary equipment

If being administered remote from farmstead in areas where animals
would not normally be gathered and handled, corrals and fences will be
needed.

Required utilities and infrastructure

Factory to manufacture AFCF boli. Currently there are no commercial
facilities making boli within western Europe.

Required consumables

Boli with AFCF.

Liquid paraffin. (Swallowing is eased by immersing boli in it prior to
administration).

Required skills

Farmer would have required skills for sheep, cows and goats with little
additional training.

For reindeer it is important that a veterinarian, using the instrument
specifically designed for this purpose, places the bolus in the rumen.
Reindeer deaths have been reported in Norway due to poor administration
techniques.

Skills would need to be developed within manufacturing industry to make
AFCF-boli on large-scale.

Required safety precautions

None.

Other limitations

Boli have to be of a suitable size to administer to target group of animals.
For instance, standard Norwegian sheep boli were too large to be
administered to hill lambs in areas of the UK affected by the Chernobyl
accident (suitable smaller boli were developed and given limited field
testing).

Current production facilites for AFCF may be rate limiting if large
quantities required.

Waste

Amount and type None.
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.
Doses

Incremental dose None.

Intervention costs

Equipment

Approximately €60 EUR per applicator for reindeer (Norwegian example
c. 2003).

Consumables

Approximately €2 EUR per bolus with AFCF for sheep (Norwegian
example manufactured by university; c. 2003).

Liquid paraffin.
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Operator time

For farm ruminants: the bolus can be administered by the farmer. In
Norway it is estimated that administration of 2 boli to sheep by a trained
farmer takes 30 seconds per animal.

For reindeer: a team of at least three persons is needed; two reindeer
breeders holding the animal down, and one veterinarian placing the bolus
in the rumen. Forty-five reindeer per hour can be treated by an
experienced team.

Additional time would be required to collect animals — although ideally this
would be fitted into normal management practices. However, this will not
always be possible (for instance, the time at which reindeer are normally
gathered during summer (for marking) calves are too small for boli
administration. Hence additional gathering of the animals may be
required.

Factors influencing costs

Cost of producing AFCF boli.
Fuel price in the affected area.
Distance the veterinarian has to travel.

If not possible to fit into normal management practices, costs associated
with extra gathering of free-ranging animals.

Compensation costs

Farmers/herders:
e for time to gather animals

o  for time to administer boli. (20 EUR per reindeer treated has been
given in Norway)

. cost of boli.

Waste cost

None.

Assumptions

None.

Communication needs

Requirement for labelling products.

Side-effect evaluation

Ethical considerations

Animal welfare: Reindeer deaths have been reported due to wrong
techniques when administering the boli.

Environmental impact

Whilst some soils may contain bacteria or fungi capable of degrading
cyanide, toxic levels of HCN should not arise under field conditions.

Agricultural impact

Limited impact as conventional farming practices can be maintained
without severe disruption although may impact more on reindeer herders.

Change in agricultural production status (especially organic).

Social impact

May impact on public confidence e.g.,

e loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas is ‘safe’ (resulting in loss of employment
in local ‘cottage’ industries or growth of a black market).

e increased public confidence that the problem of contamination is
being effectively managed.

Other side effects

Can maintain the production of meat and milk without disrupting the
normal farming practices.

FARMING Network stakeholder opinion

Of the options aimed at reducing radionuclide transfer along the soil-plant
or plant-animal pathway, normal ploughing, the application of fertilisers
and lime to soils, and the addition of binders or sorbents to feed were the
options preferred by most stakeholders. These management options were
seen to sustain farming practices and cause minimal impact on the
environment.

Practical experience

Used in production systems in Norway and the fSU after the Chernobyl
accident. In fSU a different hexacyanoferrate compound (Ferrocyn) was
used.

Tested on a number of upland farms in UK.
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Key references

Giese WW (1988). Ammonium-ferric-cyano-ferrate(ll) (AFCF) as an
effective antidote against radiocaesium burdens in domestic animals and
animal derived foods. Br. Vet. Journal, 144, 363.

Howard BJ, Beresford NA and Voigt G (2001). Countermeasures for
animal products: a review of effectiveness and potential usefulness after
an accident. Journal of Environmental Radioactivity, 56, 115-137.

Nisbet AF and Woodman RFM (2000). Options for the Management of
Chernobyl-restricted areas in England and Wales. Journal of
Environmental Radioactivity, 51, 239-254.

Pearce J (1994). Studies on any toxicological effects of Prussian Blue
compounds in mammals — a review. Food Chem. Toxicol., 32, 577-582.

Tveten U, Brynildsen LI, Amundsen | and Bergan TDS (1998). Economic
consequences of the Chernobyl accident in Norway in the decade 1986-
1995. Journal of Environmental Radioactivity, 41 (3), 233-255.

Beresford NA, Hove K, Barnett CL, Dodd BA, Fawcett RH and Mayes RW
(1999). The development and testing of an intraruminal slow-release
bolus designed to limit radiocaesium absorption by small lambs grazing
contaminated pastures. Small Ruminant Research, 33, 109-115.

Hansen HS, Hove K and Barvik K (1996). The effect of sustained release
boli  with ammoniumiron(lll)-hexacyanoferrate)ll) on radiocesium
accumulation in sheep grazing contaminated pasture. Health Physics, 71,
705-712.

Hove K, Staaland H, Pedersen @, Ensby T and Saethre O (1991).
Equipment for placing a sustained release bolus in the rumen of reindeer.
Rangifer, 11, 49-52.

Hove K and Hansen HS (1993). Reduction of radiocaesium transfer to
animal products using sustained release boli with ammoniumiron(lll)-
hexacyanoferrate(ll). Acta vetinaria scandinavia, 34, 287-297.

Ratnikov AN, Vasiliev AV, Krasnova EG, Pasternak AD, Howard BJ, Hove
K and Strand P (1998). The use of hexacyanoferrates in different forms to
reduce radiocaesium contamination of animal products in Russia. Science
of the Total Environment, 223, 167-176.

Comments

Detailed toxicological studies have shown that AFCF has no adverse
affects on animal or human health.

Live-monitoring prior to slaughtering can be a good supplement to control
the effectiveness of the management option.

Document History

STRATEGY originator: Liland A (NRPA).

STRATEGY contributors: Nisbet AF, Mercer JA and Hesketh N (HPA-
RPD); Beresford NA and Howard BJ (CEH); Therring H and Bergan T
(NRPA); Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Pearce J (Department of Agriculture and
Rural Development, Northern Ireland, UK); Brynildsen L (Ministry of
Agriculture, Norway).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for generating
additional radionuclide lists; IRSN (Reales N and Gallay F), UOI
(Papacristodoulou C and loannides K) for adaptation to Mediterranean
conditions; STUK (Rantavaara A and Rissanen K) for adaptation to
northern European conditions; UMB (Oughton D and Bay |[) for
consideration of social, ethical and communication issues; and CEH and
STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer: Skuterud L (NRPA).
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27 Administration of clay minerals to feed

Objective

To reduce activity concentrations of radiocaesium in meat or milk to
below intervention levels.

Other benefits

Some clay minerals may also reduce radiostrontium absorption.
Reduction in quantities of animal produce that will need to be disposed
of. Normal animal management/grazing regimes can be used.

Management option description

Clay minerals (i.e. bentonites, vermiculites, zeolites) can be added to
fodder to reduce gut uptake of radiocaesium by farmed livestock.

Target

Meat and milk producing animals. Inappropriate for free grazing
livestock (most applicable to dairy animals as these tend to be fed
twice-daily as part of normal farming practice).

Targeted radionuclides

Known applicability: **'*'Cs
Probable applicability: -
Not applicable: -

Scale of application

Large.

Contamination pathway

Plant to animal.

Exposure pathway pre intervention

Ingestion of contaminated meat and milk.

Time of application

Medium to long term (requirement to secure suitable sources of clay
minerals and preferable incorporation into pelleted rations means that
this management option is unlikely to be feasible in the short-term).

Constraints

Legal constraints

The sale of milk and meat is subject to Council Food Intervention
Limits (CFILs).

Bentonite is a legal feed additive in some countries to prevent
scouring.

Labelling may be required.

Social constraints

Public/farmers resistance to management option.

Acceptability of method with respect to animal welfare issues.

Environmental constraints

None.

Effectiveness

Management option effectiveness

Bentonite is moderately effective at reducing levels of radiocaesium in
milk and meat of various animals. For radiocaesium: reductions of
about 50% can be achieved by a dose of about 0.5 g kg'1 body weight
per day. A maximum reduction of about five-fold can be achieved at a
administration rate of 1-2g kg’1 body weight per day.

Factors influencing effectiveness of
procedure

Effective administration of the clay minerals.

As the administration rate increases the greater the reduction of
radionuclides in milk or meat. However, loss of appetite and weight
have been observed if a too much clay is given. Period of adaptation to
pelleted feed may be required.

Initial activity concentration and the biological half-life of radiocaesium
in the animal.

Clay minerals from different sources have different binding capacities.

Compliance to the management option.

Feasibility
Required specific equipment None.
Required ancillary equipment None.

Required utilities and infrastructure

Transportation of clay minerals from extraction site, and subsequent
storage facilities.

Ideally a factory to incorporate clay minerals into pelleted feed rations
during manufacture.
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Required consumables

Clay minerals.

Transportation costs.

Required skills

Farmers/herders would possess the necessary skills to add clay
minerals to feed provided instructions were given.

Required safety precautions

None.

Other limitations

Cannot be fed on a daily basis to free grazing animals. May be used for
free ranging animals in combination with confining them to enclosures
(maybe especially applicable to reindeer).

Some problems reported in Sweden in the industrial incorporation of
bentonite into feed pellets (at 2.5% by weight). However, bentonite has
been previously incorporated into feeds as an anti-scouring agent.

Waste

Amount and type None
Possible transport, treatment and storage N/A.
routes

Factors influencing waste issues N/A.
Doses

Incremental dose None.
Intervention Costs

Equipment None.

Consumables

Clay minerals.

Fuel for transportation of clay minerals.

Operator time

If clay minerals were not provided to the farmer/herder already
incorporated in feed, the farmer/herder would need to mix the clay
minerals with the feed. Additional time would be required to oversee
that each animal ingested an appropriate amount.

Factors influencing costs

Production cost for the concentrates with added clay.

Transportation costs.

Compensation costs

Farmer: for additional work.

Waste cost

N/A.

Assumptions

None.

Communication needs

Possible requirement for labelling products directly or indirectly affected
by application of the management option.

Side-effect evaluation

Ethical considerations

Animal welfare issues associated with feeding atypically high quantities
of clay minerals.

Environmental impact

Effect of extracting large quantities of clay minerals on the landscape if
quarry is not already in operation. In early —medium phase clay
minerals would be sourced from existing quarries for speed.

Possible trace element deficiency in pasture if ‘large’ quantities of e.g.
zeolite are spread to land with slurry/manure.

Agricultural impact

May be necessary to provide additional water.

Limited impact as conventional farming practices can be maintained
without severe disruption.

Change in production status for organic farms.

Social impact

May impact on public confidence e.g.,

. loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas is ‘safe’ (may i.e. result in loss of
employment in local ‘cottage’ industries or growth of a black
market),

. increased confidence that the problem of contamination is being
effectively managed.
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May impact on the ‘natural’ perception of some products.

Other side effects Can maintain the production of meat and milk without disrupting normal
farming practices.

FARMING Network stakeholder opinion Of the options aimed at reducing radionuclide transfer along the soil-
plant or plant-animal pathway, normal ploughing, the application of
fertilisers and lime to soils, and the addition of binders or sorbents to
feed were the options preferred by most stakeholders. These
management options were seen to sustain farming practices and cause
minimal impact on the environment.

Practical experience Bentonite was used in Sweden after Chernobyl, for reindeer in
conjunction with clean feed. However, the cost was considered to be
high relative to the additional 'effect’ over clean feeding so the practice
was discontinued.

Bentonite was used in Norway the first year after the Chernobyl
accident in concentrates for sheep, goats, cattle and reindeer but was
substituted with AFCF from the second year due to higher
effectiveness and easier handling of AFCF.

Key references Unsworth EF, Pearce J, McMurray CH, Moss BW, Gordon FJ, and
Rice D (1989). Investigations of the use of clay minerals and Prussian
Blue in reducing the transfer of dietary radiocaesium to milk. Science of
the Total Environment, 85, 339-347.

Voigt G (1993). Chemical methods to reduce the radioactive
contamination of animals and their products in agricultural ecosystems.
Science of the Total Environment, 137, 205-225.

Ahman B, Forberg S and Ahman G (1990). Zeolite and bentonite as
caesium binder in reindeer feed. Rangifer, Special Issue No.3, 73-82.

Ahman B (1996) Effect of bentonite and ammonium-ferric(lll)-
hexacyanoferreate(ll) on uptake and elimination of radiocaesium in
reindeer. Journal of Environmental Radioactivity, 31, 29-50.

Comments It may be most effective to incorporate clay minerals into pelleted feeds
at manufacture. This avoids loss of binder in feeding troughs.

As with the use of all feed additives the faeces from treated animals will
be more contaminated than for untreated animals. This can give higher
external dose for the person responsible for handling the manure
although this is not believed to reach levels of concern in practice.

Live-monitoring prior to slaughtering can be a good supplement to
control the effectiveness of the management option for each animal or
a selection within a herd/flock.

Radiostrontium: Clay minerals have also been suggested as feed-
additive binders for radiostrontium.

In comparatively recent studies Hansen, Saether, Asper and Hove
(1995, IAEA-SM-339/198P. pp. 719-721) tested a range of different
clay minerals in dairy goats. Of these only sodium-aluminiumsilicate
(Zeolite A (Na)), which is widely used in the chemical industry,
administered at a rate of 0.5g kg live weight d" was effective,
reducing the radiostrontium activity concentration in milk by ca. 40%.
However, this compound influences the absorption of a number of
essential elements, and the potential implications have not been
adequately considered. If zeolite were to be advised as a management
option for Sr, further work would be required to determine if trace
mineral metabolism was adversely affected.

Document History STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Hunt J (ULANC), Oughton DH (UMB).

STRATEGY peer reviewer(s): Pearce J (Department of Agriculture
and Rural Development, Northern Ireland, UK).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
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(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay 1) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of early-
phase post accident applicability.

EURANOS peer reviewer(s): n/a
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28 Change of hunting season ‘

Objective To reduce internal dose to consumers by changing/restricting the
hunting season to a period when the contamination levels in game
meat are low.

Other benefits Traditional hunting for game can be preserved; the amount of
condemned meat will be reduced.

Management option description Hunting is usually restricted to certain periods of the year.
Due to seasonal variation in diet the contamination levels in some
game species will vary significantly with season. By changing or
restricting the hunting season to the time of year when the
contamination levels in the game meat will be lowest, the internal dose
to humans consuming game meat will be reduced.
A ban on or a delay in hunting may be applicable in the short term due
to ingestion of surface deposition on plants and to allow decay of short
lived radionuclides.

Target Game.

Targeted radionuclides Known applicability: All (in long-term predominantly "**'*Cs)
Probable applicability: -
Not applicable: -

Scale of application Large.

Contamination pathway Plant to animal.

Exposure pathway Ingestion of contaminated meat.

Time of application Early to long term.

Constraints

Legal constraints In most countries EU countries hunting seasons have a legal status

and are set according to breeding seasons. Hunting therefore cannot
be conducted at these times of year and the capacity to change the
seasons is limited.

Social constraints Resistance from hunters.

Acceptability of changing hunting seasons raises wildlife issues, which
are likely to be contested if seasons start earlier or occur later than
normal.

Environmental constraints Changed hunting season must not coincide with breeding season;
different hunting seasons for male and female animals could be used
(as is now the case for many species).

Effectiveness

Management option effectiveness If used as a long-term measure with respect to radiocaesium activity
concentrations in meat at the optimised hunting time can be as low as
15% (wild reindeer) to 35% (moose) of that expected during the
traditional hunting season.

Factors influencing effectiveness of If used as a short-term measure to allow decay of short lived
procedure radionuclides effectiveness will be dependent upon time delay between
deposition and allowing hunting.

Availability of suitable information channels.

In long-term, with respect to radiocaesium, fungi availability to game
before and during hunting (varies by year, time of hunting and site).

Shortening the hunting season (e.g. cutting the last few days or weeks)
may have little effect on dose as fewer animals remain. However, the
entry of the most contaminated meat into the foodchain would be
avoided.

Hunters’ compliance with the management option.

Feasibility
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Required specific equipment

Different seasons may require alternative equipment, for instance to
remove carcasses in northern countries.

Required ancillary equipment

None.

Required utilities and infrastructure

Communication lines.

Required consumables

Dependent on communication method.

Required skills

Communication skills.

Required safety precautions

If hunting season is shortened then there may be an increased number
of hunters visiting forests during a shorter season which may have an
adverse effect on their safety.

Other limitations None.
Waste
Amount and type None. Waste in the form of contaminated carcasses would only be

produced if hunting/fishing season is significantly reduced in length or
excluded completely and a management programme is initiated that
involves culling to maintain stocks at appropriate levels.

Possible transport, treatment and storage
routes

N/A.

Factors influencing waste issues N/A.
Doses
Incremental dose None.

Intervention costs

Equipment

Alternative equipment due to seasonal differences.

Consumables

Dependent on communication method.

Operator time

Dependent on communication method.

Factors influencing costs

Infrastructure available for communication and exchange of information
during processing of information, decision-making and implementation
of management option.

Compensation costs

Hunters: for unused hunting licences.

Waste cost

None.

Assumptions

None.

Communication needs

Guidance for hunters (possible requirement for rapid distribution).

Side-effect evaluation

Ethical considerations

Environmental impact

Impact on ecosystem (due to lack of game management), population
dynamics, breeding, mortality/birth rate, competition etc.

The continuous management of large game species through hunting
licenses is of utmost importance to keep the number of animals at a
sustainable level. It is therefore important to keep hunting (culling)
under all circumstances even if the meat does not enter the foodchain.

Agricultural impact

May cause an increase in the numbers of herbivores which may have
impact on grassland, forestry etc.

Increase in predator numbers may have impact on farm animal
husbandry.

Possible increased grazing on agricultural lands if hunting season
delayed, especially if extended over winter when food sources may be
low.

Social impact

Loss of traditional activities.

Other side effects

Reduced financing of game management due to cancellation of
hunting licences.

FARMING Network Stakeholder opinion

Not considered by FARMING Network.
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Practical experience Has been tested/used in Sweden after the Chernobyl accident for
moose and roe deer with positive effect, especially for roe deer (see
Johanson, 1994).

Key references Avila R (1999). Radiocaesium transfer to roe deer and moose, SSI-
news (a newsletter from the Swedish radiation protection institute),
volume 7, number 2.

Johanson KJ (1994). Radiocaesium in game animals in the Nordic
countries. In: Dahlgaard, H. (Ed.). Nordic radioecology — The transfer
of radionuclides through Nordic ecosystems to man. Studies in
Environmental Science 62, Elsevier, Oxford, 1994, pp.287-301.

Howard BJ, Wright SM, and Barnett CL (eds.) (1999). Spatial analysis
of vulnerable ecosystems in Europe: Spatial and dynamic prediction of
radiocaesium fluxes into European foods (SAVE), Summary and final
report, Contract FI4PCT950015, European Commission.

Comments Lower slaughter weights if the hunting is performed earlier than usual.

If hunting takes place in summer, hygiene problems in handling of
meat would occur due to higher outdoor temperature. If restricted to
winter, harsh climate may make hunting less attractive in some
countries.

Document History STRATEGY originator: Liland A (NRPA).

STRATEGY contributors: Nisbet AF, Mercer JA and Hesketh N
(HPA-RPD); Therring H and Bergan T (NRPA); Hunt J (ULANC),
Oughton DH (UMB).

STRATEGY peer reviewer(s): Rantavaara A (Radiation and Nuclear
Safety Authority, Finland; Barikmo J (Directorate for Nature
Management, Norway).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been
revised to varying extents within the EURANOS project. CEH
(Beresford NA, Barnett CL and Howard BJ) revised and critically
evaluated all data sheets. HPA-RPD (Hesketh N and Nisbet AF) took
the lead for generating additional radionuclide lists; IRSN (Reales N
and Gallay F), UOI (Papacristodoulou C and loannides K) for
adaptation to Mediterranean conditions; STUK (Rantavaara A and
Rissanen K) for adaptation to northern European conditions; UMB
(Oughton D and Bay ) for consideration of social, ethical and
communication issues; and CEH and STUK for consideration of early-
phase post accident applicability.

EURANOS peer reviewer: n/a
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29 Clean feeding

Objective To reduce activity concentrations of radionuclides in milk and meat to
below intervention levels.

Other benefits Reduces amount of milk and meat in excess of intervention limits
requiring disposal.

Management option description Provide animals with less or uncontaminated feedstuffs. Target animals
may be those grazing contaminated pastures or already housed animals
which would otherwise be receiving contaminated diets.

Livestock may be fenced in enclosures or housed to prevent grazing of
contaminated pasture. The animals are then given nutritionally balanced
diets comprising uncontaminated and/or less contaminated feed so that
the final animal product has activity concentrations less than the Council
Food Intervention Limits (CFIL).

For milk producing animals clean feeding will need to be continuous
whilst pasture activity concentrations would result in milk exceeding
CFILs.

For meat producing animals clean feeding is only required for a suitable
period prior to slaughter (depending upon initial activity concentrations
and biological half-lives).

Management option is also suitable for semi-domesticated reindeer.

Target All livestock (especially grazing animals) that are destined for the
foodchain.

Targeted radionuclides Known applicability: All
Probable applicability: -

Not applicable: -

Scale of application Large scale application, although dependent on supply of suitable clean
feed at a reasonable price.

Contamination pathway Plant to animal.

Exposure pathway pre intervention Ingestion of contaminated milk and meat.

Time of application Early to long term.

Constraints

Legal constraints The sale of milk and meat intended for human consumption is subject to
CFlLs.

Standards of animal husbandry and welfare and regulations governing
feed storage would need to be observed.

Some certification schemes (e.g. organic production or ‘free range’) may
be contravened.

Local regulations on the use and sitting of buildings.

In some countries there may be an upper age limit over which animals
may not enter the foodchain (e.g. Over Thirty Month Scheme for beef
cattle in UK).

Some conservation schemes only allow grassland management to take
place at certain times of the year to protect nesting birds etc.

Stocking rates may also be defined within some conservation schemes.

Regulations on the management of agricultural discharges; e.g. the
management option will result in the production of manure/slurry on which
there may be legal restrictions with regard to when it can be spread to
land.

Social constraints Resistance of farmer/herder to management option.

Acceptability to food industry/consumers of changes in the quality of the
food product (e.g. the feeding of high levels of cereal concentrates to
lambs can result in the body fat being soft and flabby, colour may also be
affected).
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Environmental constraints Housing of livestock produces large volumes of slurry/manure. This must
be stored and disposed of to land at times when ‘conventional’ pollution
(from manure/slurry) would not occur (e.g. suitable weather conditions).

Effectiveness

Management option effectiveness Will effectively reduce the contamination in meat and milk according to
the animal’s biological half-life for a given radionuclide. Combination of
long biological and physical half-lives will limit the effectiveness of this
management option for actinides and 0gr if used with previously
contaminated animals.

Management option may reduce amount of waste (contaminated) milk
and meat by 100 %.

Factors influencing effectiveness of Farmers/herders willingness and ability to adapt to the new regime.

procedure Capacity for feed measurements and live monitoring.

Availability and level of contamination of alternative feeds.

Rate at which alternative diet is introduced and duration of feeding
regime. If grazing stopped and the new (less contaminated) diet
comprises root crops and cereals a period of adaptation of two weeks is
desirable. This is less important if the uncontaminated diet contains
silage and hay.

Biological half-life of specific radionuclide — livestock species
combination.

Willingness and ability of livestock to adapt to new regime.

The requirement for clean feeding and the availability of conserved feed
will be dependent on the time of year that an accident occurs. For
example, in winter there would be little impact for housed livestock being
fed stored feeds. Finishing lambs grazing forage crops however would
have to be housed and given conserved clean feed. Late spring would be
the worst time for a contamination event, since cattle and lambs would be
grazing outside and no new hay or silage would have been harvested. If
the accident was later in summer animals could be fed hay or silage that
had been cut before the accident.

For some of the alternative diets, reduction in grazing is only worth
considering for restrictions lasting more than a few weeks because of
time required to introduce alternative diets.

Feasibility
Required specific equipment Live monitoring equipment.
Fencing in or housing livestock to administer alternative diets should be
possible on most livestock farms (particularly dairy and systems where
animals are normally housed). Existing fences or farm buildings could be
used to house livestock prior to sale, although some would require
modification to penning and feeding arrangements or ventilation.
New, purpose built sheds could also be considered if period of clean
feeding warranted this.
Storage facilities for clean feed.
Storage facilities for slurry/manure.
Feeding and drinking troughs, and possibly shelters for these where
being used outdoors.
Required ancillary equipment Slurry tanks and manure spreading equipment.
Possibly animal transporters and vehicles to deliver feed.
Forage harvester to cut grass for pasture management (see below).
Required utilities and infrastructure Water.

Power supply.

Ventilation.
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Required consumables

Alternative feeds. Organic feed may be required to maintain organic
status of some farms.

In the case of reindeer provision of some lichen from uncontaminated
areas may be preferable to allow adaptation of gut flora to
concentrate/forage diet during winter.

Straw for bedding.

Required skills

Farmers/herders would possess the necessary skills as housing/coralling
animals is an existing practice.

Some reindeer herders are not used to corralling and/or supplementary
feeding and may therefore need instruction.

Required safety precautions

General precautions for animal handling.

Other limitations

Must ensure that alternative diets are nutritionally balanced and
introduced at a rate such that gut flora can adapt.

Waste

Amount and type

A programme of grassland management must be implemented while
livestock are fenced or housed to (i) ensure that intervention levels are
not exceeded when the animals are reintroduced to pasture; (ii) ensure
pasture quality is maintained. This involves cutting and disposing of
contaminated grass before animals are returned to pasture.

Slurry/manure produced while livestock are fenced in/housed.

Possible transport, treatment and storage
routes

The cut grass may be composted (51 Composting) and the compost
subsequently applied to the land.

Alternatively, silage may be made from the harvested biomass. Such
silage could later be fed to non-critical stock or stored for an extended
period to allow for radioactive decay. If the critical radionuclide was "I
(or other radionuclides with short physical half-lives), then the normal
feed storage period of 6-12 month would more than suffice.

If harvested biomass is stored for composting or silage making, care
must be taken to control any liquid effluent produced because it is likely to
be contaminated. For less contaminated pastures, an alternative to
composting or ensilage of harvested pasture biomass, is to cut the
pasture repeatedly and leave the cut material in situ. Slurry/manure
should be stored and landspread at appropriate times.

Factors influencing waste issues

Level of contamination in cut pasture. The spreading of compost back on
farmland is only reasonable if the storage period is sufficient for the most
important radionuclides to decay, or if the land was used for non-food
production.

When land is frozen or waterlogged, slurry/manure cannot be spread and
must be stored to avoid water pollution.

The storage capacity on farms needs to be sufficient to handle the extra
quantities of slurry/manure.

In summer, slurry/manure could possibly be applied to pasture that would
otherwise be grazed, so areas for spreading may be greater.

Doses
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Incremental dose Farmer/herder while collecting livestock:

Incremental doses will be incurred from the . external exposure while collecting livestock from pasture
disposal of grass mowings and slurry/manure
either by composting (51 Composting) or
landspreading (55 Landspreading of milk | Farmer while mowing grass:

and/or slurry). There are separate datasheets | o  external exposure and inhalation while mowing grass.
for these waste disposal options.

e external dose whilst maintaining animals.

Farmer while ensiling:
. external exposure and inhalation while ensiling grass.
Farmer while feeding (other) livestock:

e external exposure, inadvertent ingestion and hand skin exposure
from silage (harvested as part of grassland management) while
feeding livestock which are not the target of this management option.

Intervention Costs

Equipment Modification to housing.
Construction of new housing, fences and/or feed storage facilities.

Forage harvester.

Consumables Uncontaminated feed.

Cost of replacing foodstuffs that would normally have been used during
the winter.

Additional concentrates may be required to nutritionally balance the
alternative diets.

Fuel for animal/feed transport.

Operator time Farmer/herder:

. obtaining uncontaminated feed (and harvesting grass pre-
deposition)

e looking after animals not normally housed/fenced

. implementation of the alternative feeding regime

. collection, storage and disposal of slurry/manure

e cutting and disposal (e.g. composting, silage making) of
contaminated grass

e time required for construction of additional enclosures, housing etc.

Factors influencing costs Availability of housing, fences, feeds, machinery and manpower.

The period of clean feeding required will be influenced by initial activity
concentration of livestock, biological half-life and activity concentration of
replacement feed.

Compensation costs Farmer/herder:
. using up stores of alternative feed

. additional work
. loss of income from not adhering to conservation schemes.

Waste cost Farmer time cutting and composting contaminated grass and
landspreading additional slurry/manure.

Assumptions Monitoring of animals is carried out following periods of clean feeding —
these costs need to be added to this management option (see 32 Live
monitoring).

Communication needs Explaining management option to farmers/herders.

Ensuring communication re harvesting of grass in pre-deposition phase.

Side-effect evaluation

Ethical considerations Self-help for farmers/herders.

Animal welfare issues if animals are housed in the summer when
temperature and ventilation could be a problem (e.g. humidity/high levels
of ammonia in buildings).

Animal welfare issues may also arise when enclosures are used (e.g.
parasite burden, general animal hygiene).
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Environmental impact

Inappropriate disposal of additional slurry/manure could lead to pollution
of water courses.

Possible changes in landscape due to citing of new buildings.

Agricultural impact

Reduced grazing on fields.

If clean feeding occurs in areas with a high stocking rate surface
vegetation will be destroyed.

Greater volumes of manure/slurry.

Social impact

Disruption to people’s image/perception of ‘countryside’ e.g. if there are
no animals in the fields, with potential impacts on tourism etc.

May impact on public confidence e.g.,

. loss of confidence that farm produce and derivative products (e.g.
cheese) from affected areas is ‘safe’ (resulting in loss of
employment in local ‘cottage’ industries or growth of a black market)

. increased public confidence that the problem of contamination is
being effectively managed.

Maintenance of traditional ways of life. Sami reindeer herders are the only
indigenous population in Europe. Reindeer herding is their traditional
livelihood, economically significant and basis of their culture.

Other side effects

FARMING Network stakeholder opinion

The provision of clean feed to livestock was considered to be the
preferred option for reducing the amount of radionuclides ingested. It was
acceptable to all stakeholder groups because it would sustain farming
practices and thereby minimise the impact on farmers’ livelihoods and
disruption to the food industry. Stakeholders were concerned that the
supplies of clean feed could be limited for accidents occurring at certain
times of the year, especially in early spring. Importation from outside an
affected area would overcome such a problem, although this could be
expensive.

Practical experience

Clean feeding is still in use in Norway and Sweden due to the Chernobyl
accident for sheep, reindeer and some cattle grazing unimproved
pastures.

Key references

Ahman B (1999). Transfer of radiocaesium via reindeer meat to man -
effect of countermeasures applied in Sweden following the Chernobyl
accident. Journal of Environmental Radioactivity, 46, 113-120.

Brynilsen L and Strand P (1994). A rapid method for the determination of
radioactive caesium in live animals and carcasses and its practical
application in Norway after the Chernobyl accident. Acta Veterinaria
Scandinavica, 35, 401-408.

Howard B, Beresford N and Hove K (1991). Transfer of radiocaesium to
ruminants in natural and seminatural ecosystems and appropriate
countermeasures. Health Physics, 61 (6), 715-725.

Heiskari U and Nieminen M (2004). Different grass fodders in the winter
feeding of reindeer. Finnish Game and Fisheries Research Institute, Fish
and Game reports No. 314 (In Finnish, English abstract).

Maijala V and Nieminen M (2004) The all year feeding of reindeer and its
profitability. Finnish Game and Fisheries Research Institute, Fish and
Game reports No. 304 (In Finnish, English abstract).

Shaw S, Green N, Hammond DJB and Woodman RFM (2001).
Management options for food production systems affected by a nuclear
accident. 1. Radionuclide behaviour during composting. NRPB-R328.

Smith J, Nisbet AF, Mercer JA, Brown J and Wilkins BT (2002).
Management options for food production systems affected by a nuclear
accident: Options for minimising the production of contaminated milk.
NRPB-WS8.

Tveten U, Brynildsen LI, Amundsen | and Bergan TDS (1998). Economic
consequences of the Chernobyl accident in Norway in the decade 1986-
1995. Journal of Environmental Radioactivity, 41(3), 233-255.
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Comments Sheltering of animals prior to and during deposition is dealt with in a
separate datasheet (6 Short-term sheltering of dairy animals).

For extensive farming systems, pasture management is not common
practice. In this case, clean feeding can be imposed after unimproved
pasture grazing for a given time period prior to slaughter.

There is a tendency for more traditional systems based on grazed and
ensiled pasture to be replaced by whole crop maize silage and perennial
ryegrass. Such management systems are less amenable to modification
to accommodate clean feeding regimes.

Management option could be combined with a harvesting of grass in the
pre-deposition phase to increase feed stocks. However, it is unlikely that
there would be sufficient time to harvest grass prior to deposition using
normal practices (e.g. large bale silage making generally requires 2
days). There may also be restrictions on available labour to harvest grass
given animal housing would need to be prepared and livestock gathered.

Document History STRATEGY originator: Nisbet AF (HPA-RPD).

STRATEGY contributors: Mercer JA and Hesketh N (HPA-RPD);
Beresford NA and Howard BJ (CEH); Therring H and Bergan T (NRPA);
Hunt J (ULANC); Oughton DH (UMB).

STRATEGY peer reviewer(s): Mayes B (Macaulay Land Use Research
Institute, UK) and Brynildsen B (Ministry of Agriculture, Norway).

EURANOS originator: n/a

EURANOS revisions: The STRATEGY datasheets have all been revised
to varying extents within the EURANOS project. CEH (Beresford NA,
Barnett CL and Howard BJ) revised and critically evaluated all data
sheets. HPA-RPD (Hesketh N and Nisbet AF) took the lead for generating
additional radionuclide lists; IRSN (Reales N and Gallay F), UOI
(Papacristodoulou C and loannides K) for adaptation to Mediterranean
conditions; STUK (Rantavaara A and Rissanen K) for adaptation to
northern European conditions; UMB (Oughton D and Bay 1) for
consideration of social, ethical and communication issues; and CEH and
STUK for consideration of early-phase post accident applicability.

EURANOS peer reviewer(s): Ahman B (Swedish University of
Agricultural Sciences).

Version 2 173



FOOD HANDBOOK

Back to list
of options

30 Decontamination techniques for milk

Objective To remove contamination from milk and return this milk to the
foodchain.
Other benefits To reduce quantity of contaminated milk to be disposed of.

Maintenance of farming and associated communities.

Management option description

Techniques are available for removing radionuclides from milk on a
large scale; these include magnetic separation, ion exchange,
electrodialysis and ultrafiltration. A relatively new method,
‘MAG*SEP®™ uses specially coated magnetic particles that selectively
remove radioactive contaminants from aqueous liquids, through
selective adsorption and magnetic filtration.

Target

Milk.

Targeted radionuclides

Known applicability: *°Sr, *°Sr, **Cs, *'Cs

Probable applicability: -

Not applicable: "'| and "Ba are not included in the target

radionuclide list above as short physical half-lives are likely to preclude
the use of this management option

Scale of application

Small to medium.

Contamination pathway

n/a

Exposure pathway pre intervention

Ingestion of contaminated milk.

Time of application

Medium to long term if decontamination equipment not stored for
contingency purposes.

Constraints

Legal constraints

After treatment, milk intended for human consumption is subject to
Council Food Intervention Limits (CFILs). There will be legal
constraints on the fate of used exchange resins/ MAG*SEP*" resins /
ultrafiltration membranes / electrodialysis membranes and salt
solutions.

Labelling of milk produced by decontamination procedures may be
required.

Social constraints

Economic viability. The consumer’s perception of decontamination of
milk may be similar to that of the practice of food irradiation which
consumers have firmly rejected over the years.

Foodstuffs with activity concentrations that have been brought below
the relevant CFIL by processing may not be acceptable to the retail
trade/consumers when foodstuffs can be obtained from other sources.

Resistance to the management option by the dairy industry/public.

Environmental constraints

None.

Effectiveness

Management option effectiveness

lon exchange can result in the removal of up to 90% of the
radionuclides.

Ultra-filtration can result in the removal of over 99% of caesium.
MAG*SEPM resins can remove over 99% of caesium.

Electrodialysis can result in the removal of up to 90% of the
radionuclides; available information on effectiveness is limited to Cs,
Sr, 1 and Ba ("'l and "°Ba are not included in the target radionuclide
list above as short physical half-lives are likely to preclude the use of
this management option).

Factors influencing effectiveness of
procedure

The decontamination process selected.
Radionuclide(s) present.

Acceptability of management option to dairy industry/public.
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Feasibility

Required specific equipment

Decontamination unit — lack of immediate availability means that this
measure is unlikely to be feasible in early phase.

Required ancillary equipment

None.

Required utilities and infrastructure

Somewhere to site the decontamination unit, i.e. dairy.

Required consumables

Exchange resins/ MAG*SEPSM resins / ultra-filtration membranes /
electrodialysis membranes and salt solutions as required.

Required skills

Specific training in the techniques would be required for dairy
personnel using the decontamination units.

Specific training on the handling of waste.

Required safety precautions

Dose monitoring of workers handling spent resins/sorbents/filters may
be necessary.

Other limitations

Currently (2005), there are no decontamination units available for use
outside the Ukraine. Unless stored as part of contingency plans, such
units would need to be imported resulting in delays in implementation.
The manufacturers suggest that it would take up to three weeks for a
separation unit to be set up to treat milk on an industrial scale.

Waste

Amount and type

Used exchange resins/ MAG*SEP™ resins / ultrafiltration membranes /
electrodialysis membranes and salt solutions. Aqueous waste may also
arise from regeneration of exchange resins and sorbents.

Possible transport, treatment and storage
routes

Disposal to 54 Landfill.

Factors influencing waste issues

Dependent on quantity of resins used. Typically for "*’Cs 20kg of resins
are used to treat 100 batches of milk (each batch representing 1 metric
ton of milk). If radionuclide concentrations are well in excess of the
CFIL, waste stream may be very contaminated. Disposal of such
materials would be subject to individual national regulations but might
require licensing.

Doses

Incremental dose

There is a separate datasheet describing the
incremental dose pathways associated with 54
Landfill as a disposal option for the used resins.

Tanker driver: external exposure while transporting contaminated
milk to decontamination unit.

Operative at decontamination unit: external exposure from
decontamination unit and disposing of resins/membranes etc.

Intervention Costs

Equipment

Decontamination units.

Consumables

Exchange resins/ MAG*SEPS™  resins/ultra-filtration membranes/
electrodialysis membranes and salt solutions.

Operator time

Tanker driver.

Installation and operation of decontamination units and disposal of
consumables.

Factors influencing costs

Volume of resins/membranes required.
Quantities of milk.

Contamination levels in milk.

Compensation costs

Farmer or milk purchaser: loss of market value for decontaminated
milk.

Milk processor (dairy): handling contaminated milk.

Waste cost

Landfill costs and tax.

Assumptions

That there is a market for the end product.

That appropriate monitoring is carried out at dairy.
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Communication needs

Labelling of milk produced by decontamination procedures may be
required.

Information and training for operators.

Consumer response regarding acceptability of final product is likely to
be highly dependant upon the provision of relevant information.

Side-effect evaluation

Ethical considerations

Redistribution of dose from consumers to operators of decontamination
units and those involved in the disposal of resins etc., including
populations around waste facilities.

Distribution of costs and benefits (e.g. possible inequity due to change
in prices of decontaminated milk with lower income populations buying
the treated milk).

Environmental impact

Minimal.

Agricultural impact

None.

Social impact

Possible loss of confidence in products/potential for generating
mistrust of food production system.

Rejection of the treated milk or decrease in market price.

Conversely, possible increase in public confidence that the problem of
contamination is being effectively managed.

Disruption/adjustment of farming and related industrial activities (e.g. to
the supply of milk and potential market shortages.

Other side effects

lon exchange and electrodialysis can result in adverse effects on the
nutritional quality or organoleptic properties of the milk.

MAG*SEP®" does not adversely affect milk quality.

FARMING Network stakeholder opinion

Stakeholders unanimously agreed that there are n