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Canadian Guidelines for the Restriction of Radioactively Contaminated Food and Water

Following a Nuclear Emergency: Guidelines and Rationale

Foreword

Scope

This document sets out Health Canada's guidelines for
the control of radioactively contaminated commercia foods
and public drinking water following a nuclear emergency in
Canada or abroad. Its purposeis to guide emergency response
organizations at the federal and provincial levels on decisions
concerning the withdrawal and substitution of contaminated
food and water within Canada. The implementation of these
guidelinesfollowing an emergency isintended to minimize the
health risk associated with the consumption of contaminated
foodstuffsand to preserve public confidencein the saf ety of the
commercial food supply.

Based on the concept of risk limitation, action levels for
use in the screening of foods offered for sale, and for public
drinking water supplies, have been calculated for those
radionuclides expected to be of greatest significance to dose
due to the ingestion of contaminated food following a nuclear
emergency. These values, and guidance on their implementa
tion, are contained in Part 1 of this report. Part 2 contains the
supporting rational e used in the devel opment of the guidelines,
including areview of recommendationsissued by variousinter-
national organizations.

By issuing these guidelines, it is the intent of Health
Canadato facilitate the development of consistent national cri-
teriafor the identification and control of all radioactively con-
taminated commercial food and public drinking water within
Canadafollowing a nuclear emergency. The guidelines are ap-
plicable to the development of emergency response plans by
federal and provincia authorities, and in the event of a nuclear
emergency affecting the food supply, are intended to be uni-
formly implemented across the country for the screening and
control of al local and imported foods.

Authority

The Government of Canada, under the Food and Drugs
Act, has primary responsibility for the safety of all domestic
and imported food offered for sale within Canada. Legislative
and regulatory responsibility for the Act resides within Health
Canada. In the event of contamination of the commercial food
supply, the parts of these guidelines referring specifically to
foods (i.e., not drinking water) will be implemented under the
authority of Section 4A of the Food and Drugs Act (Health
Canada 1981/1998).

Thequality of public drinking water sources, except within
areas of federal jurisdiction, is the responsibility of the prov-
inces, territories, and municipalities. The recommendations
herein that refer to drinking water may be used by these govern-
ments as a basis for setting action levels for radionuclides

following an emergency. Provinces may choose to adopt the
guidelines in whole or in part, or to enact their own criteria.
However, significant benefits relating to public confidence can
be achieved by the adoption of consistent national criteria.

At thefederal level, the Canadian Food I nspection Agency
(CFIA) is responsible for monitoring and enforcing the food
safety standards and guidelines established by Health Canada,
including taking al necessary enforcement actions in
food-related emergencies. Theroles, responsibilities and meth-
odologies for implementing and enforcing these guidelines are
subject to the existing jurisdictional context and the relation-
ships established by the CFIA with provincial ministries and
officials, the food industry, and other stakeholders and part-
ners. As this document deals solely with the setting of guide-
lines for radioactively contaminated food following a nuclear
emergency, implementation issues are not discussed.

Limitations

The guidelines presented in this document deal solely with
the setting of guidelines for the control of food offered for sale
and to public drinking water supplies that have been contami-
nated as aresult of an uncontrolled release of radioactive mate-
rial to the environment during a nuclear emergency. They do
not apply to non-emergency situations, or to non-commercial
food sourcesand private water supplies. Inthe event of contam-
ination of foods that are not marketed, these guidelines may be
used to provide advice applicable to individuals producing or
harvesting their own food.

These guidelines do not limit the authority of provinces
and territories to enact public health legislation restricting the
distribution of contaminated food products before they reach
the marketplace.

Review and Consultation

Following a review within Health Canada, a draft of this
document was distributed to the Canadian provinces and terri-
tories in February 1999 through the Federal-Provincial-
Territorial Radiation Protection Committee, and the Federal-
Provincial Nuclear Emergency Preparedness Coordinating
Committee. Revision of the draft in response to comments in-
volved only clarifications and definitions, rather than changes
in concepts and rationale.
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Administrative Authority

Federal guidelines for the restriction of radioactively con-
taminated food and water following a nuclear emergency have
been developed, and are administered, by the Environmental
Radiation Hazards Division, Radiation Protection Bureau,
Healthy Environments and Consumer Safety Branch of Health
Canada. Inquiries, suggested changes or comments concerning
this document should be addressed to:

Radiological Impact Section

Environmental Radiation Hazards Division
Radiation Protection Bureau, Health Canada
775 Brookfield Rd., Address Locator 6302D1
Ottawa, Ontario K1A 1C1

CANADA
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PART 1: GUIDELINES

Introduction

This document sets out Health Canada’ s guidelinesfor the
control of radioactively contaminated commercia foods and
public drinking water supplies following a nuclear emergency.
The principal health effect associated with low radiation doses,
including those arising from the ingestion of radioactively con-
taminated food and water, is an increased risk of radiation-
induced cancer in exposed persons and potential genetic disor-
ders in their offspring. The guidelines described herein are
based on the limitation of this risk, recognizing the need to
maintain the safety of, and public confidence in, the commer-
cial food supply, consistent with the objectives of the Food and
Drugs Act (Health Canada 1981/1998). They have been devel-
oped following areview of current recommendations on inter-
vention published by various international agencies, and to the
extent that the health, safety and confidence of the Canadian
public are protected, have taken into consideration opportuni-
ties for harmonization with recommendations of the
FAO/WHO Codex Alimentarius Commission (FAO/WHO
1995). Codex guidelines apply to theinternational trade of food
that has been contaminated with radionuclidesin the first year
following an emergency.

In these guidelines, intervention to protect the public from
the health risks due to radiation exposure takes the form of lim-
its placed on thelevels of radionuclides allowed in commercial
foods and public water supplies. Food and water containing
radionuclides at concentrations above these levels, referred to
herein as Action levels, would normally bewithdrawn from sale
or distribution and substituted with alternate supplies. Action
levels for radionuclides not listed in these guidelines may be
derived using the detailed methodology and parameters sup-
plied in Part 2 of these guidelines. Issues concerning imple-
mentation and jurisdictional responsibility are not discussed.

Intervention Levels vs Action Levels

The nomenclature of the International Atomic Energy
Agency (IAEA) Basic Safety Series No. 115 (IAEA 1996) for
quantities applicable to intervention has been adopted in these
guiddiines.! Intervention in emergency exposure situations is
carried out on the basis of intervention and action levels. Inter-
vention levels (IL) are expressed in terms of the dose that

1. French-English trandlations of terminology are based on
Glossaire del’ énergie nucléaire (OECD 1992).

isexpected to be avoided or averted over time by aspecific pro-
tective action associated with the intervention. Action levels
(AL) are defined in terms of the dose rate or activity concentra-
tion above which protective or remedial actions are generally
recommended. Action levels for food and water correspond to
the radionuclide concentrations that could lead to an individual
receiving adose equal to a specified intervention level, assum-
ing that the contaminated portion of the diet remains at the
action level for the duration of the assessment period.

Action Levels for
Radionuclides in Food and Water

Summary of Methodology for
Calculating Action Levels?

Action levelsfor food and water are based on an interven-
tionlevel of 1 millisievert (mSv) applied independently to each
of three food groups, assuming that the intervention is com-
pletely effective at averting dose. The intervention level is as-
sessed over a period of one year for long-lived radionuclides
and 2 months for radionuclides with half-lives less than about
300 hours (12-13 days). The food groups considered are:

m  Fresh Liquid Milk;
m  Other Commercial Foods and Beverages; and
m  Public Drinking Water.

In the derivation of action levels, it is assumed that con-
taminated foods comprise no more than 20% of anindividual’s
annual intake of Other Commercial Foods and Beverages. The
remainder consists of food unaffected by the emergency. For
consumption of Fresh Liquid Milk and Public Drinking Water,
which are generally drawn from local sources, it is assumed
that theintake consistsentirely of contaminated supplies. Dairy
products other than fresh milk (e.g., butter, cheese, powdered
milk), as well as labelled baby-foods are grouped with Other
Commercial Foodsand Beverages. Annual intakesfor thevari-
ous food groups are based on Canadian consumption data.

Theradionuclideswhich are most likely to be predominant
contributorsto dosethrough ingestion following anuclear reac-
tor accident are dependent on the type of facility and the

2. A detailed discussion of the methodology for calculating action
levelsisprovided in Part 2.
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severity of the event. Typically, those having the most signifi-
cance to dose from the ingestion of contaminated food and
water are 8990Sy 103106Ry; 131] 134/137Cg 238/239py; gnd 241Am
(IAEA 1989, 1994). For accidents involving Canadian
CANDU reactors, tritium (3H) may also be present, although it
isnot expected to beamajor contributor to theingestion dose.

Action levels for these radionuclides were calculated for
six age groups per food group, using age-specific consumption
rates and dose coefficients for ingestion. A single action level
was chosen for each radionuclide per food group, based on the
most restrictive among the six age groups. These were com-
pared with the recommendations of the FAO/WHO Codex
Alimentarius Commission (1995) for radioactively contami-
nated foods moving in international trade. Dueto their similar-
ity, action levels for Other Commercial Foods and Beverages
were harmonized with Codex guideline levelsfor the similarly
grouped Foods Destined for General Consumption, with the
exception of 19Ru, for which a lower value is recommended.
Values for Fresh Liquid Milk were, for several radionuclides,
significantly lower than the Codex values for Milk and Infant
Foods and were thus not harmonized. Codex guidelines do not
contain specific recommendations for drinking water.

Action levels recommended by Hedth Canada for
radionuclides of potential significancearelistedin Table 1.1. If
there is no shortage of nutritionally adequate alternate food or
other social/economic constraints, action levels for the with-
drawal and substitution of food and drinking water following a
nuclear emergency should be based on this table.

Table 1.1
Recommended action levels for radionuclides of potential
significance to dose from the ingestion of contaminated food

Action Levels (Bq kg)®

Other

Fresh  Commercial Public
Uk eoaeind  Oring
895y 300 1000 300
05y 30 100 30
103Ry 1 000 1000 1 000
105Ry 100 300 100
131 100 1000 100
134Cg, 187Cs 300 1000 100
238PU, ZBQPU, 240PU,
242py, 241Am 1 10 1
Notes:

(1) Bq L™ for Drinking Water.

Screening of Food Samples for
Compliance with Action Levels

The screening of food is based on the assumption that the
radionuclide concentration in a sample remains at the action
level for the duration of the assessment period, and that the con-
taminated fraction of the relevant food group consists entirely

of the sample in question. Food samples containing a single
radionuclide are screened for compliance by comparing the
measured activity in the sample with the action level for the
appropriate radionuclide and food group.
If several radionuclidesare present in asample, thefollow-
ing summation criterion must be satisfied:
8 foien
i i @

where A isthe measured activity of radionuclidei, and AL, isits
corresponding action level. In this summation criterion, all
radionuclides are assessed collectively. Asaresult, the method-
ology differs from the Codex guidelines (FAO/WHO 1995),
which alow the summation of activities within each of three
independent radionuclide groups, but not between groups. As
with the Codex guidelines, no provision is made for the sum-
mation of radionuclide activities in different food samples or
food groups.

Compliance with the guidelines is based on a simple pass
or fail criterion. Foods containing activity concentrations be-
low the action levels given in Table 1.1 for single
radionuclides, or satisfying Equation 1.1 for multiple
radionuclides, are deemed to be in compliance with the guide-
lines, and would be permitted unrestricted access to the Cana-
dian marketplace. Foods failing these conditions would
normally be withdrawn from sale and replaced with aternate
supplies. There is no additional requirement for further reduc-
tionsin radionuclide concentrations or resulting doses. Restric-
tions on the marketing of food exceeding the action levels
would remain in force as long as the measured samples fail to
meet the intervention criteria

(1.1)

Example 1:
A sample of fresh milk measured a short time after an
emergency contains 150 Bg kg of 13’Csand 40 Bg kgt of
B3], From Table 1.1, the action levels for the two
radionuclides in the Fresh Liquid Milk group are:

AL il cs137 = 300 Bg kgt
AL i 1131 = 100 Bgkg?

Applying the summation criterion:

3 80,90 _ g9 <1
€300 1007

The milk can therefore be permitted unrestricted distribu-
tion in the commercial food supply.

Example 2:
Samples of two different food types from Other Commer-
cial Foods and Beverages are to be assessed for compli-
ance with the guidelines. The first is a sample of locally
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produced butter with a137Cs concentration of 200 Bq kgt
The second is a sample of fresh beef containing 500 Bq
kg1 of 134 Csand 800 Bq kgt of 137Cs. From Table 1.1, the
action levels for each of these radionuclides in the Other
Commercial Foods and Beverages group are:

1000 kg1
1000 kg1

AL food, Cs-134
AL food, Cs-137

Sample 1: The concentration of 13’Csin the sample of but-
ter is compared directly against the appropriate action
level. Sinceitislessthan AL ¢4 cs137, the supply of butter
from which this sample has been drawn can be permitted
unrestricted access to the market.

Sample 2: For the sample of meat, the summation criterion
must be applied:

o @00 8006 _ 5 . 4

€000 1000

The summation criterion is not met, therefore the supply
from which this sample has been drawn would not be per-
mitted access to the market for public consumption.

In this example, the two food types are treated independ-
ently, since the action levelsfor Other Commercial Foods
and Beverages are based on the total dietary consumption
rate of the group, and not on the rates for the individual
components. In applying the guidelines, no distinction is
made between the various food types comprising this
group.

Action levelsare applied to food as prepared for consump-
tion. In general, foods will be assessed on the basis of their
fresh weight. Washing or peeling fresh fruit and vegetables
may be effective at removing surface contamination, but no
allowance should be made for these actions by consumers. In
the case of dried or concentrated foods and beverages, the
measured concentration should be divided by the factor nor-
mally used for dilution or reconstitution. For classes of food
that are consumed in small quantitiesand represent avery small
fraction of thetotal diet, such as spices, adilution factor of 10is
recommended (IAEA 1994, 1996).

Although the withdrawal and substitution of food does not
preclude actions that may be taken to reduce radionuclide con-
centrations before food reaches the marketplace, the action
levels given in this document apply strictly to foods as offered
for saleand to the distribution of public water supplies. Recom-
mendations on countermeasures other than the withdrawal and
substitution of food and water supplies, including the accept-
ability of various agricultural and industrial practices, are

beyond the scope and jurisdiction of these guidelines. In all
cases, the acceptability of the food supply is assessed in terms
of the action levels for food as marketed and as consumed.

Supplementary Action Levels for
Other Radionuclides

Following a nuclear emergency, radionuclides other than
thoselistedin Table 1.1 may a so be present in the food supply,
but usually at much lower concentrations (USFDA 1998). As
an aid to the responsible authorities in the event that other
radionuclides are detected in food samples, action levels for a
number of additiona radionuclides are given in Table 1.2.
These are expected to be minor contributors to the dose from
ingestion.

The radionuclides listed in Table 1.2 are not specifically
mentioned in the recommendations of the Codex Alimentarius
Commission, and have therefore not been harmonized with the
Codex guidelines. Thevauesin Table 1.2 have been derivedin
amanner consistent with the action levels of Table 1.1. How-
ever, some of these values may not be acceptable to the public
given that background levels are significantly lower, other
jurisdictions may have lower action levels for these classes of
radionuclides, or the radionuclide may be of particular public
concern, as is the case with 3H (tritium) in drinking water
resulting from routine reactor operating emissions.

In regards to drinking water, emergency action levels may
be substantially higher than those used for non-emergency con-
ditions, since the latter are based on an intervention level of
0.1 mSv (Health Canada 1996). In cases where public concern
may be of overriding importance, it is the responsibility of the
decision maker to take account of the appropriate sociopolitical
considerations when setting emergency levels based on the
action levelsgivenin Table 1.2.

Advice on the Alteration of Action Levels

Controls on food and water may be in place for extended
periods of time, during which periodic re-assessments of the
appropriateness of the action levels, in terms of public confi-
dence and availability of alternate supplies, can be performed.
In general, thevariability inthevalues of parametersusedinthe
derivation of the action levels, and therel ative ease in obtaining
nutritionally adequate alternate food supplies should preclude
the need to alter the action levels given in Table 1.1, particu-
larly during the course of an emergency. Such alterations could
lead to aloss of public confidence, or possibly to international
trade disputes. Specific exceptions include those situations in
which implementation of this advice could result in severe
shortages of essential foods or nutritionally adequate alterna-
tives for extended periods of time. In these cases, the interven-
tion criteria may need to be relaxed. It is unlikely that values
lower thanthosegivenin Tables1.1and 1.2 would berequired,
except in the cases, discussed above, where public concern is
the overriding factor.
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Any modification to the recommended action levels ~ Table 1.2 _ . .
should be taken with cation and sufficient iustification. takin Recommended action levels for radionuclides of lesser
: ou W_|. _' ic ’ justiti ‘ 1on, '_ g significance to dose from the ingestion of contaminated food
into account specific social and economic factorsin determin- . e
. . . . . . Action Levels (Bg kg™)
ing suitable intervention criteria and risks. In all cases, the

. . Other
rational e for altering the recommended values must beclear. In Fresh Commercial Public

the event that action levels are raised, the expected doses to the Radionuclide Liquid  Foods and Drinking
target population should be assessed and monitored, and reas- Milk _ Beverages Water
surances of the safety of the food supply should beprovidedby ~ *H 30000 100 000 100 000
public health authorities. Hc 3000 10 000 3000
sicr 30 000 100 000 10 000
Fe 1000 3000 1000
Fe, ®°Co 100 1000 100
55zn, Y 300 1000 300
%zt 1000 3000 1000
%Nb 1000 10 000 1000
©Mo 10 000 30 000 10 000
tomag 300 1000 300
1527 1000 3000 1000
10Ba 1000 10 000 1000
10| g 3000 10 000 1000
Uice 1000 3000 1000
UiCe 100 300 100
27Np 3 10 3
29Np 3000 30 000 3000
21py 100 1000 100
244py 1 10 1

Notes:
(1) Bq L for Drinking Water.
(2) Action levels for °*H are based on organically-bound tritium for

Fresh Liquid Milk and Other Commercial Foods and Beverages,
and on tritiated water for Public Drinking Water.

10
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PART 2:

RATIONALE USED IN THE

DEVELOPMENT OF

GUIDELINES FOR
RADIOACTIVELY CONTAMINATED
FOOD AND WATER

An Overview of
Nuclear Emergency Planning in Canada

The goals of nuclear emergency planning, preparedness,
and response are the protection of the public from the immedi-
ate and delayed health effects due to exposure to uncontrolled
sources of radiation, the mitigation of the impacts of a nuclear
emergency on property and the environment, and the continu-
ance of public confidence in the ability of responsible authori-
ties to protect health. In the event of a nuclear emergency
resulting in significant releases of radioactive material to the
environment, emergency response organizations will be called
upon to provide guidance on the management of radiological
contamination, to assess the radiation doses that may be
received by members of the public, and to introduce counter-
measures to reduce or avert these doses. Protective actions that
may be considered include evacuation, sheltering, and adminis-
tration of stableiodine, aswell aslonger term measures such as
relocation and the withdrawal of contaminated foods. The
effectiveness of such measures will be influenced to a large
degree by the formulation, prior to an emergency, of
appropriate criteria and guidance for use by decision makers.

In Canada, the operators of nuclear facilities are responsi-
blefor on-site emergency planning, preparednessand response.
Off-site, provincia governments have the primary responsibil-
ity for protecting public health and safety, property and the
environment within their borders. The federa government,
under the Federal Nuclear Emergency Plan, coordinates with,
and provides support to, provincesin their response to an emer-
gency. Heath Canada administers, and is the lead federa
department for, the Federal Nuclear Emergency Plan, which
describes the federal government’s preparedness and coordi-
nated response to a nuclear emergency (Health Canada 1997).
The federal government also manages nuclear liability and is
responsible for coordinating the national response to a nuclear
emergency in a foreign country affecting Canadians. As a

result, off-site planning, preparedness and response to nuclear
emergencies are multi-jurisdictional responsibilities shared by
all orders of government.

The Government of Canada, under the Food and Drugs
Act and Regulations (Health Canada 1981/1998), has primary
responsibility for the safety of all domestic and imported food
offered for sale within Canada, and hasthe authority to prohibit
the sale of foods containing any “poisonous or harmful sub-
stance” as specified in Section 4A of the Act. Legislative and
regulatory responsibility for the Food and Drugs Act resides
within Health Canada.

Thequality of public drinking water sources, except within
areas of federal jurisdiction, is primarily the responsibility of
the provinces, territories, and municipalities. Health Canada
worksin collaboration with provincial health and environment
ministries to establish national guidelines for drinking water
quality under non-emergency situations (Health Canada 1996).
The recommendations herein that refer to drinking water may
be used by these governments asabasisfor setting action levels
for water following anuclear emergency. Provinces may adopt
these in whole or in part, or may establish their own criteria.

At the federal level, the CFIA is responsible for monitor-
ing and enforcing the food safety standards established by
Health Canada, including taking all necessary enforcement
actionsin food-related emergencies. Theroles, responsibilities
and methodologies for implementing and enforcing these
guidelines are subject to the existing jurisdictional context and
the rel ationships established by the CFIA with provincial min-
istries and officials, the food industry, and other stakeholders
and partners. As this document deals solely with the setting of
guidelines for radioactively contaminated food following a
nuclear emergency, implementation issues are not discussed.

11
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In so far as the Canadian Nuclear Safety Commission?
constrains public doses arising from licensed nuclear practices
under normal conditions by adose limit of 1 mSv y-1, there are
no additional federal guidelines restricting radioactivity levels
in food under non-emergency situations.

Rationale for the Restriction of
Radioactively Contaminated
Food and Water

Health Effects of lonizing Radiation

Following arelease of radioactive material to the environ-
ment under emergency conditions, members of the public may
be exposed to ionizing radiation through a number of exposure
pathways. These include immersion in radioactive airborne
plumes or contaminated water, inhalation of airborne radioac-
tivity, irradiation from deposited radionuclides and inhalation
following their resuspension into the air, and ingestion of con-
taminated food and water. The resulting doses may be received
either through direct external irradiation, or internally from
radionuclides taken into the body through inhalation, ingestion
or absorption through the skin.

The health effects associated with ionizing radiation expo-
sure can be divided into those mainly linked to cell killing,
called deterministic (or threshold) effects, and those linked to
cell modification, called stochastic (or non-threshold) effects.
Deterministic effects are characterized by a generally accepted
minimum level of dose, or threshold, below which they are not
expected to occur, and result from the body’ s inability to cope
with the death of a significant number of cellsin certain tissues
or organs. The severity of these effects, such as nausea, skin
burns or acute radiation syndrome, increases with dose above a
clinical threshold, and with few exceptions appear within days
to weeks after exposure. The threshold for early observable ef-
fects such as nausea or temporary blood cell changes is about
250-500 mSyv received in a short period of time (ICRP 1991).

Stochastic effects result from damage to cellular DNA,
and may not show up until years after the exposure has oc-
curred. The effects of primary concern are an increased risk of
radiol ogically-attributable cancer in exposed persons and po-
tential genetic disordersin their offspring. Thelikelihood of ex-
periencing these effects, rather than their severity, is assumed
to be proportional to dose, and it isgenerally assumed that there
isno level of radiation, however small, that is completely free
of therisk of stochastic effects. These two assumptions are re-
ferred to as the linear no-threshold hypothesis. Stochastic

3. Formerly the Atomic Energy Control Board (AECB). The
public limit of 1 mSv per year for doses arising from licensed
practices, such as nuclear reactor operations, appliesto the
dose from all exposure pathways, including food and water.

effects are the primary health risk associated with exposure to
low doses of radiation, including those due to the consumption
of contaminated food and water.

Radiological risk factors for stochastic effects following
low dose irradiation have been derived from epidemiological
studies of humans exposed to much higher doses. Based on
extrapolations from these studies, the International Commis-
sion on Radiological Protection (ICRP 1991) recommends a
popul ation-averaged lifetimerisk estimate of 5.0 x 10° per mSv
(5 in 100 000 per mSv) of effective dose for radiologically-
attributable fatal cancers following exposureto ionizing radia-
tion at low doses and doserates. In addition to fatal cancer, risk
coefficients have been estimated for thetotal harm produced by
all non-threshold health effects, including fatal cancers, non-
fatal cancersweighted for severity and ease of curing, theyears
of lifelost or seriously impaired, and therisk of serious genetic
disorders devel oping in subsequent generations. The ICRP risk
estimate for total harm is 5.6 x 105 per mSv of effective dose
for an adult population and 7.3 x 105 per mSv of effective dose
for the general population (ICRP 1991). Thelifetimerisk of de-
veloping afatal cancer may be about afactor of three greater for
those exposed as children than as adults, with the majority of
thisrisk expressed after age 65 years (IAEA 1994).

One consequence of the assumption of a linear
no-threshold relationship between dose and health risk is that
for alarge population, all receiving small radiation doses, it is
possible to estimate statistically the expected number of
non-threshold effects that could be attributabl e to the exposure,
even though at very low doses, these effects would not be dis-
cernible against the natural cancer incidence. Thereiscurrently
some question asto whether the linear no-threshol d assumption
accurately predicts health risk at low doses, or whether in fact
there might be abeneficia adaptive response to small doses, or
a threshold dose below which no biological effects are pro-
duced. At present, thelinear no-threshold hypothesisrepresents
a convergence of international scientific and regulatory opin-
ion, although it has been suggested that effects from doses be-
low 10-20 mSv per year for a few years be referred to as
hypothetical due to a lack of direct observable proof (ACRP
1996).

General Concepts of the
ICRP and IAEA on Intervention

Inthe event of anuclear emergency, the source of radiation
exposure is uncontrolled, and doses to individuals and popula-
tions can only be reduced through intervention in the environ-
ment and restriction of human actions. Since any form of
intervention is associated with its own degree of harm, interms
of hedlth risk, cost, and inconvenience, the ICRP (1993) and
IAEA (1994, 1996) have recommended that actions to reduce
radiological risk be justified in the sense that the benefits out-
weigh thetotal risk, and that the levels of dose at which thein-
tervention is introduced, and later withdrawn, be optimized to
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produce the maximum net benefit. As aresult, the radiological
risks associated with emergency intervention levels will likely
be higher than risk levels associated with normal conditions,
where the competing physical risk of the intervention is not
relevant.

Under the|CRP and | AEA approach, intervention levels at
which countermeasures are introduced are expressed in terms
of the dose that is expected to be avoided by the specific coun-
termeasure (averted dose), rather than the dose that would be
received in the absence of the countermeasure (projected dose).
The concept of averted dose isimportant since the countermea-
sure may not be fully effective in reducing the total projected
dose, and doses received before implementation entail a health
risk that will occur whether or not the countermeasure is
introduced.

The ICRP states that while the input to justification and
optimization studies includes factors related to radiological
protection, the final decision on intervention may also depend
on political and socia factors. Radiological factors include
those describing the averted dose, and those describing the
costs and other disadvantages in averting dose. Less quantifi-
ablefactorsinclude reassurance to the public and workers pro-
vided by the protective action, anxiety caused by its
implementation or lack of implementation, and individual and
societal disruption (ICRP 1993).

In order to simplify decisions concerning the introduction
of countermeasures, action levels are based on measurable
guantities, such as activity concentrations of radionuclides in
food, above which a protective action would be implemented.
Intervention and action levels established through a cost-
benefit optimization depend on the specific emergency condi-
tions. The ICRP (1993) and | AEA (1994) have provided exam-
ples of generic optimizations for various protective measures
based on a strict cost-benefit approach, with sociopoalitical
factors intentionally excluded, in order to form a common
baseline for decisions. Although these factors have been
excluded from the generic optimizations, sociopolitical and
psychological factors may contribute to, or even dominate,
some decisions, in which case deviation from the generic levels
becomes a matter of national policy, circumstances or
site-specific factors (IAEA 1994).

Intervention with Regards to
Contaminated Food and Water

The principal health risks associated with the ingestion of
contaminated food and water are an increased probability of
radiation-induced cancer in exposed persons and potential ge-
netic disordersin their offspring. The non-radiol ogical impacts
of intervention to avoid these risks include the necessity and
costs of supplying nutritionally adequate alternative supplies,
the disposal or diversion of contaminated foods, and the eco-
nomic liability associated with lost production and sales.

Additional societal risks include the potential loss of public
confidencein both the safety of the food supply and in the abil-
ity of responsible authorities to protect health.

Intervention with regards to contaminated foodstuffs typi-
caly takes the form of limits placed on the levels of
radionuclides allowed in the commercial food and public water
supplies. Food and water containing radionuclides at concen-
trations above the action levels would normally be withdrawn
from sale or distribution and substituted with alternate supplies.
The ICRP and IAEA provide general advice on interventionin
relation to food, and propose generic optimized action levels
for the withdrawal and substitution of foodstuffs, taking into
consideration the radiological risk and the estimated costs of
intervention. The IAEA stresses that action levels for food
should take due account of the need for consistency with
national food and public health laws, and the need to build and
maintain public confidence (IAEA 1994).

Health Canada’s Guidance for
Intervention in Relation to Food

Health Canada has devel oped its advice for interventionin
relation to contaminated food and water on the principle of
dose and health risk limitation, recognizing the need to main-
tain the safety of, and public confidence in, the commercial
food supply, consistent with the objectives of the Food and
Drugs Act. Thisapproach establishes upper limitson radiol ogi-
cal risks, and results in unambiguous operational limits against
which foods can be measured, regardless of assumptions about
thetype of accident and contamination, the composition of diet,
or the costs of food substitution.

The decision to base action levels on health risk limitation
follows from a review of international recommendations for
food intervention (Appendix B), including the generically-
optimized action levels recommended by the ICRP (1993) and
|AEA (1994). Consideration has also been given to opportuni-
ties for harmonization with recommendations of the FAO/
WHO Codex Alimentarius Commission (1995) for theinterna-
tional trade of food that has been contaminated with
radionuclides in the first year following a nuclear emergency,
to the extent that the health, safety, and confidence of the
Canadian public are protected.

Calculation of Action Levels for
Radionuclides in Food

Action levels for radionuclides correspond to the activity
concentrationsin consumed foodstuffsthat could lead to an in-
dividual receiving adose equal to aspecifiedintervention level,
assuming that a portion of the diet remains at the action level
for the duration of the assessment period. In order to providean
adequate level of protection to all segments of the population,
action levels have been derived using conservative

13



Canadian Guidelines for the Restriction of Radioactively Contaminated Food and

Water Following a Nuclear Emergency: Guidelines and Rationale

assumptions. Therefore, radiation doses to members of the
public will likely not exceed theintervention level if the action
levels are not exceeded.

The action level for agiven radionuclide within a particu-
lar food and age group is calculated as:

IL

; ; 21
M;, DC;, f

AL« =

action level for radionuclide i in food
group j and age group k (Bq kg1)

where AL

IL = intervention level (Sv)

W = mass of food group j consumed by age
group k over the assessment period
(kg)

DC,x = ingestion dose coefficient for radio-

nuclidei and age group k (Sv Bg1)
contamination factor, equivalent to
the fraction of an individua’s dietary
intake of food group j assumed to be
uniformly contaminated to the full
vaueof AL;;,

Both the mass of food consumed and the radionuclide
ingestion dose coefficients are age-specific, and their values
reflect the classification of the population into alimited set of
representative age groups. The above definition of the action
level resultsin a distinct value for each radionuclide, age and
food group combination. The data used in the derivation of the
action levels are discussed in the following sections.

Radionuclides of Interest

The radiological impact of a particular radionuclide re-
leased into the environment during a nuclear emergency is a
function of its abundance and its environmental, biological and
radiological properties. The radionuclides which are most
likely to be predominant contributorsto dose through ingestion
following a nuclear reactor accident are dependent on the type
of facility and the severity of the event. Typically, those having
the most significance to dose from the ingestion of contami-
nated food and water are 8990Sy, 103/106Ry, 131] 134/137Cg,
238/239py and 241 Am (IAEA 1989, 1994). For accidents involv-
ing Canadian CANDU reactors, tritium (3H) may also be pres-
ent, although it is not expected to be amajor contributor to the
ingestion dose. Other radionuclides may also be detected, but
they are generally of lesser importance.

Intervention Level

Theintervention level, IL, defines the committed effective
dose received by anindividual consuming contaminated foods
over aspecified time period, above which the necessity of with-
holding food from the marketplace should be assessed in terms
of the availability of nutritionally adequate alternate supplies.

The primary consideration in the choice of theintervention
level is the need to maintain the safety of, and public confi-
dencein, thecommercial food supply, particularly with regards
to infants and children, recognizing that food is only one of
several potential exposure pathways. Based on the principle of
dose and risk limitation, Health Canada regards the dose from
food and water above which intervention would be warranted
to be on the order of 3 mSv apportioned egually among three
food groups, or 1 mSv per food group. The rationale for this
decision is discussed below.

The intervention level of 1 mSv per food group follows
from the judgement that the maximum projected dose from the
total dietary consumption above which intervention would be
warranted isin therange of about 1-10 mSv in oneyear, assum-
ing that the withdrawal and substitution of food is completely
effective at averting dose. This range is consistent with inter-
vention levels recommended by international agencies, and
corresponds to alifetime risk of hypothetically-attributable fa-
tal cancers of about 5-50 in 100 000 from the ingestion of con-
taminated food for one year, based on the ICRP (1991)
population-averaged risk coefficient. Higher levels are consid-
ered unjustified given the primary goal of protecting public
health and preserving confidence in the safety of the food
supply by minimizing radiological risk. Notwithstanding the
potential disruptionto farmersand producers, it isexpected that
food countermeasures can be introduced with relative ease
compared to other more disruptive countermeasures having
higher intervention levels (e.g., evacuation or relocation).

Theradiological risk from contaminated foodsisrelated to
the dose received from the total diet. However, to avoid confu-
sion inimplementing restrictions, the decision to ban a specific
supply of food must be independent of the contamination of
other foods and other exposure pathways. Food sampl es should
be directly measured against the applicable action level, using
standardized assumptions about diet and contamination levels.
Consequently, the diet has been divided into three distinct
groups, discussed later, to which the intervention criterion is
independently applied. To ensure that the dose received from
all food will not exceed a few millisievert, the range of maxi-
mum projected dose for the total diet is apportioned equally
among the three diet groups on the basis that restrictions placed
on asingle food group are independent of the contaminationin
other groups.
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The apportioning of total dose results in a range of inter-
vention levels for each food group of about 1 to 3 mSv to the
most radiosensitive age group. In general, radiological risk fac-
tors are higher in infants and children than in adults (ICRP
1991a), and therefore additional protection should be provided
toinfants, who often eat the same food as adults. Consequently,
theintervention level hasbeen set at thelower end of thisrange,
i.e., 1 mSv per food group,* from which action levels for indi-
vidua radionuclides are calculated. Higher levelswould gener-
aly only be warranted if nutritionally adequate aternate
supplies of essential foods are unavailable, or if the interven-
tion could result in food shortages, asthe health risk fromanin-
adequate diet should not be greater than the radiological risk in
the absence of intervention. The period over which the dose is
assessed is one year for long-lived radionuclides and 2 months
for radionuclides with half-lives less than about 300 hours
(12-13 days), after which time they will be essentially absent
from the food supply.

It is emphasized that the intervention level of 1 mSv per
food group is conceptually different from the public dose limit
of 1 mSv per year recommended by the ICRP (1991) for
licensed facilities. The intervention level for emergencies
refers only to doses arising from the consumption of contami-
nated food, and it is applied independently to each of the three
food groups. Additionally, the intervention level, and by infer-
encetheaction levels, do not represent maximum valueswhich
must not be exceeded, asis the case with the public dose limit
for licensed practices. Rather they represent levelsabovewhich
action would generally be warranted in order to minimize
potential health effects, and sustain public confidence.

Population Age Groups

Age-specific parameters used in the calculation of action
levels include the ingestion rates for the various foods con-
sumed by Canadians, and the radionuclide dose coefficients.
Six age groups, shown in Table 2.1, are used in the calculation
of actionlevels, using the categori zation empl oyed by the ICRP
(1996) for specifying age-dependent dose coefficients.

Table 2.1
ICRP age groups

ICRP Age Group Range
3 months from 0 to 1 year of age
1 year from 1 year to 2 years
5 year more than 2 years to 7 years
10 year more than 7 years to 12 years
15 year more than 12 years to 17 years
Adult more than 17 years

4. For water, an intervention level of 1 mSv per year represents a
ten-fold increase over the reference dose level used to derive
drinking water guidelines for use in normal situations (Health
Canada 1996).

Food Groups and Consumption Rates

The identification and control of contaminated food is
facilitated by specifying a minimum number of distinct food
groups to which the intervention criterion is independently
applied. The following groups are used in the specification of
action levels:

m  FreshLiquid Milk;
m  Other Commercial Foods and Beverages; and
m  Public Drinking Water.

Fresh Liquid Milk appears as a separate food group due to
theimportance of thisfood ininfant diets and the fact that mar-
keted supplies of fresh milk are typically drawn from local
sources. Public Drinking Water also generally comes from a
single, local source and is typically contaminated by environ-
mental pathways that are different than for the other groups.
Other Commercial Foodsand Beveragesincludeall other fresh
or processed foodstuffs that are offered for sale, including all
other dairy products (e.g., butter, cheese, powdered milk), and
labelled baby-foods. Unlike the other two groups, this group
will typically be composed of amuch lower percentage of con-
taminated local products dueto thelarger production and distri-
bution network from which supplies are drawn. This is
discussed later in relation to contamination factors.

Average annual age-specific consumption rates are based
on recommended Canadian reference values derived from a
1970-1972 Canada-wide survey for food consumption and a
1977-1978 survey for water consumption (Health Canada
1993; HWC 1976, 1981). Annual consumption rates for the
various food types and for tap water are given in Appendix A:
Tables A.1 and A.2, respectively, for age groups defined by
Health Canada. Consumption rates for water include al bever-
age forms.

The annual dietary intakes for the age groups of Table 2.1
were derived from the Health Canada age-specific consump-
tion rates using the methodology shown in Appendix A:
Table A.3. The resulting age-specific reference consumption
rates used in the calculation of action levels are given in
Table 2.2. In calculating action levels for short-lived
radionuclides, these values are scaled to a two-month time
period. Consumption rates for 3-month-old infants have been
based on individual s that consume formulamilk prepared with
tap water at arate of 400 mL day-! (Health Canada 1993).
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Table 2.2
Food groups and average consumption rates
for Canadian populations

Consumption Rate (kg y*) by Age Group®

Food Group  3month 1year 5vyear 10year 15year Adult
Fresh Milk 145 185 215 205 190 85
Other

Commercial

Foods and

Beverages 155 215 380 450 520 500

Drinking Water @ 150 275 275 425 425 730

Notes:
(1) In calculating action levels for short-lived radionuclides, annual
consumption rates are to be divided by 6 for use in equation 2.1.

(2) Units of L y*. Reference Values for Canadian Populations
(Health Canada 1993) recommends an adult rate of 1.5 L d*
(550 L y1) for drinking water consumption. A value of 2 L d*
(730 L yY) is used here for consistency with the Canadian
Drinking Water Guidelines, 6th edition — Radiological
Characteristics (Health Canada 1996).

Contamination Factor

The contamination factor describes the average fraction of
anindividua’sintake of afood group that isassumed to be uni-
formly contaminated to the full value of the action level for the
duration of the assessment period. In general, the distribution
of food iswidespread, and individuals arelikely to obtain most
of their food from a wide variety of sources. Consequently,
only aportion of the total diet islikely to be directly contami-
nated as a result of an accident. This amount is dependent on
several factors, including thetypes of food consumed, the prox-
imity to the source of contamination, the time and severity of
the accident, and the growing season. Most people eat avaried
diet, and are unlikely to rely upon a few highly contaminated
foods. Thedietary contributorsthat are most likely to belocally
produced are fresh milk, seasonal vegetables, and water and
locally bottled beverages.

For Other Commercial Foods and Beverages, a contami-
nation factor of 20% is assumed, based on the expectation that
normally less than 10% of the annual dietary intake of most
members of the public could consist of food directly affected
by the emergency ( 1987, OECD 1989). This assumption has
been supported by measurements of different levelsof environ-
mental contamination following the Chernobyl accident
(OECD 1989), and recognizes the importance and ready avail-
ability of uncontaminated food from unaffected areas, as well
as the many factors that could reduce or eliminate contamina-
tion of local food by the time it reaches the market (USFDA
1998). A factor of two hasbeen applied to the expected value of
10% to account for sub-groups that might be more dependent
on local foods and may therefore be consuming a larger frac-
tion of foods directly impacted by the emergency.

In situations where a significant portion of the diet may be
composed of food that is produced and consumed localy, a
higher contamination factor may be appropriate. For the con-
sumption of Fresh Liquid Milk; it is assumed that the entirein-
take by all age groups is contaminated over the duration of the
assessment period (i.e., f =1). Marketed fresh milk supplies
(rather than processed dairy products) generally come from
local and regional sources, and therefore an individual’ sintake
may be composed entirely of supplies that have been directly
affected by the emergency. A contamination factor of 1 isalso
assumed for drinking water drawn from public supplies, sinceit
isusual for most individualsto obtain their water from asingle
source.

Ingestion Dose Coefficients

Ingested radionuclides may remain in certain tissues and
organs for extended periods of time, resulting in an exposure
that isreceived over thelifetime of theradionuclidein the body.
This is dependent on the radiological and biological half-lives
of the radionuclide, and the age of the individual at intake.
Committed effective dose coefficients are estimates of theinte-
grated dose expected to be imparted to the whole body of aref-
erenceindividual over adefined time period following asingle
intake by ingestion of 1 becquerel of activity of a specific
radionuclide. Effective dose coefficients take into consider-
ation all affected organs and tissues, accounting for their indi-
vidual susceptibilitiesto radiation-induced harm.

Committed effective dose coefficients to age 70 years for
the six age groups given in Table 2.1 have been taken from
ICRP Publication 72 (1996) for ingestion by members of the
public. These values represent the latest international recom-
mendations at the time of publication of these guidelines.
Vaues used in the calculation of action levels are provided in
Appendix A: Table A.4.

Calculated Action Levels

The parameters used to calculate action levels for the
various radionuclide, food, and age groups are summarized in
Table 2.3.

Guidelines implemented to protect the general population
must protect the most susceptible age-group, since infants and
young children often consume the samefood as adults. Accord-
ingly, age-specific action levels have been calculated for
radionuclides of potential importance in each food group using
the parameterslisted in Table 2.3. Thisresultsin six values per
radionuclide and food group. The requirement for straight-
forward, practical guidelines leads to a single action level for
each radionuclide per food group, selected as the most restric-
tive among the six age groups (Appendix A: Table A.5).
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Table 2.3

Parameter values used to calculate action levels

Food Intervention Level Contamination Age Radionuclides Dose
Group (mSv)® Factor, f Groups of Interest Coefficients
Fresh Liquid 1 1 3 months 89/%0gy

Milk 1 year 10311063, Default
Other Commercial Foods 5 years 134137Cg age-dependent
and Beverages 1 0.2 10 years 238/230/2401242p VaI‘IJSSR 207”2]
Drinking 15 years 21Am (1996)
Water 1 1 Adult 131

Notes:

(1) Assessment period for intervention level is 12 months for long-lived radionuclides and 2 months for radionuclides with radioactive half-lives

less than about 300 hours.

In order to reflect their uncertainty and simplify imple-
mentation by minimizing the number of unique values, the cal-
culated action levels were grouped into similar categories
based on two numerical values per order of magnitude.®
Rounding to within a factor of three, the calculated action
levels were assigned to representative single values of 1, 3, 10,
30, 100, 300 or 1 000 Ba kg1, shownin Appendix A: TableA.6.

The screening of food using the values in Table A.6 will
ensurethat, interms of radiological risk, thefood supply is safe
for consumption by Canadians in the event of a nuclear emer-
gency. However, as unnecessary differences in guidelines be-
tween jurisdictions may jeopardize public confidence and
interfere  with international trade, opportunities for
harmonization with the FAO/WHO Codex Alimentarius Com-
mission (1995) recommendations were investigated. Differ-
encesin vaueswill exist due to the choice of age groups, diets
and dose coefficients used in the derivation. Although not bind-
ing on a country, the Codex recommendations may be referred
to in the event of disputes regarding differences in national
guidelines. The generically optimized levels recommended by
the IAEA for food are based on, and consistent with the Codex
guideline values, but are limited to the radionuclides usually
considered relevant to emergency exposure situations (IAEA
1994, 1996). The advantages of harmonization therefore in-
clude consistency with international trade guidelines, and rea-
sonable assurance that recommended action levels represent a
balance of risk and benefit, based on the IAEA (1994) generic
optimization.

Codex guidelines, which apply inthefirst year following a
nuclear emergency, are specified for three groups of
radionuclides, classified by their dose coefficient values
(105/106, 1077, and 108 Sv Bg1), and for two food groups:
i) Foods Destined for General Consumption, and ii) Milk and
Infant Foods (Appendix B: Table B.5). Representative

5. Someinternational organizations, such asthe IAEA and Codex
Alimentarius Commission have grouped action levels based on
dose coefficient ranges. This method is not used here since the
limiting age groups upon which Health Canada’s action levels
are based are not the same for al radionuclides.

radionuclides are given for each dose coefficient class. With
few exceptions, the action levels calcul ated for Other Commer-
cial Foods and Beverages for the most significant
radionuclides are similar to the Codex recommendations for
Foods Destined for General Consumption (Appendix A:
Table A.6). Consequently, these values have been harmonized
with valuesin the Codex and |AEA guidelines, with the excep-
tion of 1Ry, for which alower limit is recommended in these
guidelines.

With the exception of 1%3Ru, 131| and the actinides, levels
for Fresh Liquid Milk are generally less than those recom-
mended by Codex for Milk and Infant Foods. Action levelsfor
Fresh Liquid Milk have therefore not been harmonized with
Codex values. Asfresh milk is generally not an internationally
traded commodity, differences in national guidelines should
not giveriseto trade disputes. Codex guidelines do not contain
specific recommendations for public drinking water, although
the IAEA (1996) has recommended grouping Drinking Water
with Milk and Infant Foods.

In determining compliance with these guidelines, the con-
tribution from all radionuclides in the food sample is assessed
using Equation 1.1 (Part 1). This approach, while ensuring that
the total dose from the ingestion of contaminated food remains
below theintervention level, differs from the Codex guidelines
(FAO/WHO 1995), which allow the summation of activities
within each of three independent radionuclide groups, but not
between groups. This difference could result in situations
where food acceptable under the Codex guidelinesis unaccept-
able under these guidelines?; however, the same criteriawould
apply to all domestic and imported food. With regards to food
exports, products meeting these criteriawoul d al so meet Codex
guidelines. Aswith Codex guidelines, no provision is made for
the summation of radionuclide activities in different food
samples or groups.

6. For example, a sample containing two radionuclidesin
different radionuclide groups as specified in the Codex
guidelines, each at an activity greater than 50% of its action
level, would meet the Codex guidelines (since the groups are
independent), but would fail these guidelines.
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Table 2.4

Recommended action levels for radionuclides of greatest significance to dose from ingestion,

and dose to most limiting age-group

Action Levels (Bqg kg™)® and Dose to Limiting Age Group (mSv)®

Radionuclide and Half-life

Fresh Liquid Milk

Other Commercial Foods

and Beverages Public Drinking Water

895y 50.5d 300 (1.6) 1000 (1.1) 300 (1.6)
90sr 29.1y 30 (1.0) 100 (0.8) 30 (1.0)
103RY 39.3d 1000 (1.0) 1000 (0.2) 1000 (1.3)
106RY 101y 100 (1.2) 300 (0.8) 100 (1.3)
131 8.04 d 100 (0.6) 1000 (1.3) 100 (0.8)
134Cs 2.06y 300 (1.1) 1000 (2.0) 100 (1.4)
BCs 30y 300 (0.9) 1000 (1.4) 100 (0.9)
Z8py 87.7y 1 (0.6) 10 (1.2) 1 (0.6)
Bopy 24100y 1 (0.6) 10 (1.3) 1 (0.6)
240py 6540y 1 (0.6) 10 (1.3) 1 (0.6)
242py 376 000 y 1 (0.6) 10 (1.2) 1 (0.6)
24Am 432y 1 (0.5) 10 (1.1) 1 (0.6)
Notes:

(1) BqL*for Drinking Water

(2) Doses (in parentheses) in the above table do not correspond exactly with the intervention level of 1 mSv due to rounding of the calculated
action levels and harmonization with Codex guidelines. Actual doses will likely be lower since not all food will be contaminated to the action

level.

Recommended Action Levels
for Radionuclides of Interest

Recommended action levels for the most significant
radionuclides (Part 1: Table 1.1), and the corresponding doses
to the limiting age groups, are given in Table 2.4 for the three
food groups, based on the assumption that the consumed food is
contaminated at the action level for the duration of the assess-
ment period. This assumption is very conservative and will
likely overestimate potential doses by a significant amount.
These action levelsfor the withdrawal and substitution of food
and drinking water following a nuclear emergency are appro-
priateif thereisno shortage of food or other social or economic
constraints.

While radionuclides other than those given in Table 1.1
may be detected in food following a radiological emergency,
these are generaly of less significance to the total ingestion
dose. In the event that some of these are present in food sam-
ples, corresponding action levels have been presented in Part 1.
Table 1.2. These radionuclides are not specificaly listed in the
recommendations of the Codex Alimentarius Commission, and
have therefore not been harmonized. A more detailed discus-
sion on implementation is given in Part 1 of these guidelines.

Implications of Guidelines on Dose,
Risk, and Public Confidence

Implications on Dose and Risk

In the screening of food for compliance with the guide-
lines, itisassumed that anindividual’ stotal consumption of the
relevant food group will be contaminated to the level measured
in the samplefor the entire assessment period. By way of illus-
tration, if asample of fresh milk contains a given concentration
of %S, the screening criteria assumes that an individual con-
sumes this milk at the measured %Sr concentration for the
entire year, regardless of the time of sampling, or of the
radionuclidelevels measured in other samples. No allowanceis
made for milk already consumed, since only those supplies
which meet the screening criteriawill be allowed into the mar-
ketplace. Application of the summation criterion givenin Part 1
ensuresthat, if multiple radionuclides are present, theinterven-
tion level will not be exceeded.

Theavoidance of doses arising from theingestion of Fresh
Liquid Milk or Public Drinking Water is straightforward since
each group consists of only one food type. With regards to
Other Commercial Foods and Beverages, which is composed
of many different food types (Appendix A: Table A.1), action
levels have been derived using the total dietary intake of all the
food types comprising the group. However, when a food
sample is evaluated against the applicable action levels, it is
assumed that thetotal dietary intakeis composed exclusively of
the specific food type in question. Therefore, if an individual
consumes only food that meets the screening criteriafor single
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or multiple radionuclides, the intervention level will not be ex-
ceeded. This conservative assumption allows each food typeto
be assessed independently, without having to account for actual
dietary patterns or contamination levelsin other foods.

In practice, not al food will be contaminated to the same
level following arelease of radioactive material to the environ-
ment, or with the same radionuclides. The dose an individua
receives from ingestion reflects the levels of radionuclide
concentrations in the food consumed, and will therefore vary
between individuals. The effect of intervention is to limit the
maximum dose that could be received from contamination in
the food and water supply, and thereby to limit the expected
number of radiologicaly-attributable heath effects in the
entire population.

The hypothetical population-averaged risk of fatal cancer
associated with the intervention level of 1 mSv is about 5 in
100 000. If the three food groups were each continuously con-
taminated at the action levels and consumed at the estimated
fraction of the total diet, the effective dose received from the
commercial food and public water supply would be on the
order of 3 mSv in the first year following the emergency.” At
this dose, the hypothetical excesslifetime risk of radiologically-
attributable fatal cancersin the general population would be on
the order of 15 in 100 000 from one year of exposure, based on
the ICRP (1991) population-averaged risk coefficient. The an-
nual effective dose from ingestion due to contamination in the
years following an emergency is likely to be considerably less
than that received in the first year, and would approach back-
ground levels within afew years.

In general, theaverageleve of radionuclide contamination
of the diet will be much lower than the action levels. Therefore,
the actual dose received by individuals, and the corresponding
radiological risk, will be substantially |ess than would be esti-
mated on the assumption that al food is contaminated at the
action level for the duration of the assessment period (IAEA
1994). Further, the assumptions on which the action levels are
derived would most likely over-estimate the expected dose to
most members of the population by a substantial amount, since
the limiting age groups are not the same for al food groupsand
radionuclides. Therefore, itisvery unlikely that doseswould be
higher than theintervention level, evenif anindividual’sdietis
significantly different from the assumptions used in the deriva-
tions of the action levels.

7. Thisisan approximate value since the harmonized action
levels do not correspond exactly with the intervention level,
and the summation criterion for multiple radionuclides
combines different assessment periods for long- and
short-lived radionuclides.

The doses received by individuals of the population will
vary depending on the specific emergency conditions, and the
type and quantities of food consumed. However, the action
levels recommended in this document should not need adjust-
ment unlessit is shown that they are excessively inappropriate
for the situation (see Part 1).

Per spective on the Dose and
Risk from Contaminated Food

The health risks associated with the emergency interven-
tion level of 1 mSv per food group are higher than what would
be expected from background levels of radionuclides in food
under normal conditions, as they must be balanced against the
physical risks associated with intervention. The following
section compares these risks with other natural and man-made
radiological risks.

In Canada, the average dose due to naturally occurring
background radiation isabout 2 mSv per year (AECB 1995), of
which about one-half comes from the inhalation of naturally-
occurring radon and its short-lived decay products. About
0.7 mSyv per year, nationally-averaged, arises from cosmic and
terrestrial gammaradiation (Tracy, et al., 1996). The portion of
the background dose resulting from ingestion of natural
radionuclides in food is about 0.25-0.4 mSv (Jacobi 1988;
Harley 1988).

In addition to the background radiation, doses arising from
the routine operation of nuclear power stations aretypicaly in
the range of 0.002-0.02 mSv per year to the most exposed
groups (Health Canada 1998), of which only aportion isdueto
the consumption of food. Guideline levels for natural and
man-made radionuclides in drinking water under non-
emergency conditions are based on a dose level of 0.1 mSv y-1
(Health Canada 1996), although actual dosesreceived from the
consumption of water are typically much less. For example, the
average annual dose from tritium in water supplies near all
Ontario nuclear reactorsis on the order of 0.0001-0.0005 mSv.
The hypothetical health risks associated with these exposures
are shown in Table 2.5.

The hypothetical excess lifetime risk associated with one
year of exposureto thetotal background radiation doseis about
1in 10 00O for attributable fatal cancers. The risk associated
with alifetime exposure (70 years) isabout 7 in 1 000. Thisis
2.5% of the total cancer mortality of 280 per 1 000 observed in
the Canadian population in 1991 and 1992 (Heath Canada
1998; Statistics Canada 1993, 1995). The impacts from thein-
gestion of contaminated food, although not negligible, would
be difficult to detect against the total cancer incidence.
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Table 2.5

Comparison of dose and health risk associated with the intervention level and other radiation sources

Source Effective Dose

Risk of Fatal Cancer

Emergency Intervention Level for
Contaminated Food and Water

1 mSv y* for each of 3 food groups

1 mSv: 1in 20000 y* per group

3mSv: 1in 6500 y?! maximum
(for duration of contamination)

Dose Level for Drinking Water Guidelines 0.1 mSv y* from water

(non-emergency)

1in 200 000 y*

Natural Background Radiation, 2mSvy?
including:

= radon and decay products = 1 mSvy?

m external gamma dose = 0.7 mSvy?

m internal radionuclides from food and water = 0.25-0.4mSvy*

1in 10 000 y*
7 in 1000 lifetime (70 years)

= 1in 20 000 y*!
= 1in 30 000 y*!
= 1in 50 000 — 80 000 y-*

Nuclear Power Plants®,
including:
m tritium in drinking water

0.002 — 0.02 mSv y*

= 0.1-0.5 uSv y?!

1in1x10%-1x10"y*

m1in4x10"-2x10%y?

Note:
(1) For the most exposed groups.

Implications for Public Confidence

As the intervention level decreases, the quantity of food
failing the criteria is likely to increase. The ICRP (1994) and
IAEA (1996) address the general cost-benefit implications of
thisrelationship in their generic optimizations by setting action
levels for emergency conditions that are not site- or country-
specific, based on estimates of the typical costs and benefits of
intervention. However, when applied within a particular
national context, intervention and action levels based solely on
cost-benefit analysis may not necessarily take account of soci-
etal tolerance for an additional health risk due to unforeseen or
uncontrolled events at a nuclear facility. Although excluding
sociopolitical factors from its generic anaysis, the |IAEA
(1996) has stated that action levels for food should take due
account of the need for consistency with national food and pub-
lic health laws, and the need to build and maintain public
confidence.

It is Health Canada's judgement that food intervention
levels based on strict radiation protection criteria and
cost-benefit analysis, without consideration to social factors
relevant to apost-emergency situation, may result in levelsthat
could be regarded by consumers, distributors, and the food
industry as unacceptable. Thiswill increase therisk of aloss of
confidenceinthe safety of thefood supply, and the potential re-
jection of all foodsfrom an affected region or province, regard-
less of actual contaminant levels, if aternate supplies are
available. A comparable reaction was observed in the general
public outside of the former Soviet Union following the 1986
Chernobyl accident, due to a lack of confidence in the advice
received from public officials (OECD 1996).

In the event of a nuclear emergency in Canada or abroad,
unaffected provinces and countries will likely impose immedi-
ate, temporary embargoes on all foods imported from the
affected region, pending confirmation of any contamination.
This underscores the need to maintain public confidence in
food safety, and the low tolerance of the public for radiation
risk, particularly from food, which may have a radiological
health impact far beyond the affected region. Other experiences
concerning risk acceptability, including public consultations
on proposed criteria for tritium in Ontario drinking water
(ACES 1994), have shown the public’'s aversion to any addi-
tional radiological risk. In developing a single guideline for
contaminated food, Health Canada hastaken into consideration
a lower acceptability of risk in unaffected regions to which
food may be exported.

It is possible to factor the economic impact of rejecting a
food supply into acost-benefit analysis; however, thiswould be
very complex and has only been considered qualitatively inthe
following discussion. Referring to Figure 2.1, an intervention
level set at a higher value, IL,, would lead to the banning of
food from arelatively small area A. Lowering the intervention
level to | L, extendstheareaof interdictionto asomewhat larger
areaB. However, an intervention level set at avauethat, while
theoretically resulting in a smaller area of interdiction (e.g.,
IL,), could result in aloss of public confidence, may lead to a
boycott of all foods from area C, representing the entire region
or province. A boycott of food that is perceived to be unsafe
will result inamuch larger quantity of unmarketable foods, and
hence a more severe economic impact. Even with alarger area
of interdiction, fresh foods that are withheld from market may
neverthel ess be suitable for alternate uses, or processesthat can
reduce the levels of contamination (IAEA 1992).
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Figure 2.1
Comparison of areas from which
locally produced foods would be unmarketable (hypothetical)
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A:  Area affected by intervention level, IL,
Area affected by intervention level, ILg< IL,

C: Area affected by a boycott of all food originating in
region or province
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This risk is significant for restrictions placed on foods
originating in the affected zone, and which may be distributed
and marketed in regions not directly impacted by the emer-
gency. In the context of the Canadian marketplace, foods pro-
duced in a variety of areas within and outside the country are
readily avail ableto consumers, who will havethe option of pur-
chasing or regjecting products originating from regions affected
by the emergency.

In these guidelines, the food supply is considered ‘safe’ in
the sense that radiation dose and health risk are limited, if the
expected ingestion dose is below the intervention level of
1 mSv per food group. It isHealth Canada’ sjudgement that this
intervention level provides an adequate degree of safety, and
represents a reasonable expectation of what the public will
accept in the event of an emergency, in that the level provides
assurance that doses for a single food group will not be above
the limit for normal practices. Thisisimportant for food, as it
may be exported to regions that are not directly affected by the
accident, and will potentially affect alarger population. Action
levels based on 1 mSv per food group will be greater than the
normal levels detected in food, but as shown in the preceding
rationadle, are similar to the guidelines of the Codex
Alimentarius Commission. (FAO/WHO 1995). Intervention
levels exceeding 1 mSv per food group could significantly in-
creasetherisk of aloss of public confidencein the safety of the
food supply, and the ability of regulatorsand officialsto protect
public health.

Comparison with International
Recommendations — Summary

Appendix B presents an overview of the approaches taken
by various international organizations and foreign govern-
ments in the development of intervention criteria for foods
following an emergency. The two main approaches used in the
development of action levels for contaminated food and water
are dose limitation and optimization of intervention. The man-
ner in which these are applied by the various organizations is
shown in Table B.1. A comparison of the resulting recom-
mended action levelsis given below in Table 2.6, which shows
that although the approaches taken by different organizations
may vary, there is a general consistency in the
recommendations.

As stated previously, Health Canada’ s guidelines for con-
taminated food and water have been developed on the basis of
dose limitation as this approach does not require information
that may not be readily available during the early phases of an
emergency. In developing these recommendations, Health
Canada has taken into consideration the need to maintain the
safety of, and public confidence in, the commercial food sup-
ply, consistent with the objectives of the Food and Drugs Act.

The action levels given here for contaminated food and
water are generally consistent with the guidelines of other orga-
nizations, in spite of the differences in the choice of interven-
tion level, the number of food groups, and national versus
globally-averaged food consumption rates. The fact that these
levels are in reasonable agreement with those of the IAEA for
devel oped countries provides assurance that they are not incon-
sistent with action levels derived from cost-benefit analysis.

Aswith all approachesto controlling doses resulting from
accidental contamination of food and water, these recommen-
dations represent a balance between the benefits and risks of
intervention; they do not represent boundaries between safe
and unsafe levels of radiation exposure. The approach recom-
mended in these guidelines attemptsto limit health risk and en-
sure public confidence, while providing an easily implemented
methodology of control. In all cases, the specific conditions
following a radiologica emergency should be considered to
ensure that these guidelines are implemented in an appropriate
manner.
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Table 2.6
Comparison of action levels recommended by different organizations
International Recommendations for Equivalent Food Groups (Bq kg™)
Radionuclide Health CODEX
Canada and IAEA CEC® WHO® USFDA® ICRP®
Milk and Infant Infant Total Single
Fresh Liquid Milk Infant Foods Dairy Foods Milk Milk Diet Foodstuff
1¥Cs 300 1000 1000 400 4 500 - 1200 10%-10*
1¥7Cs 300 1800
1%Ru 1000 -| |____ 6800]
1%6Ru 100 - 450
85gr 300 125 75 - -
ogr 30 100 160 160
13 100 500 w0 | 1] 1 600 170
21Am 1 1 20 1 45 - 2 10-100
238/239Pu 1 7
Other Commercial Foods and Beverages | [
1¥Cs 1000 1000 1250 (n/a) 3500 - (n/a)
1¥7Cs 1000 35 000
1%Ru 1000
1%6Ru 300
85gr 1000 750
0gr 100|100
18 1000 2000,
21Am 10 10 80 35-350
238/239Pu 10
Public Drinking Water |1
1¥Cs 100 1000 1 000 700 700
1®¥7Cs 100
13Ru 1000
106RY 100
89Sr 300 125
%0sr 30 100 160
18 100 s0f 4
21Am 1 1 20 7 7
238/239Pu l
Notes:

(1) Council of European Communities (CEC).

(2) World Health Organization (WHO). Contribution from all detected radionuclides is summed over all food and radionuclide groups.

(3) United States Food and Drug Administraiton (USFDA).

(4) ICRP: Applies to a single foodstuff, with range of optimized values given as:
1 000-10 000 Bq kg (beta/gamma emitters); 10-100 Bq kg (alpha emitters).

Numbers within solid outlined box indicates that contributions from radionuclides are summed. Dotted lines indicate summed
values with different action levels.
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APPENDIX A: PARAMETERS USED IN THE
CALCULATION OF
ACTION LEVELS FOR
FOOD AND WATER

The following tables contain information on the parame-
ters used to derive the action levels given in these guidelines.
They may also be used to assist in deriving action levels for
different radionuclides or situations.

Table A.1
Mean annual consumption of various food types by Canadians (Health Canada 1993, HWC 1976)

Consumption (kg y'H®

Food Group 0-6 mo 7mo-4y 511y 12-19y 20+y
Fresh Liquid Milk 145 230 205 190 85
Other Commercial 156 309 450 519 499

Foods and Beverages

Other Commercial
Foods include:

= Infant Formula® 33 - - - -

m Diary Products 22 14 16 18 19
(non-fresh milk)

= Meat, Poultry, 14 33 44 62 67
Fish, Eggs

m Cereal Products 19 61 109 119 90

m Fruit and Fruit 41 69 74 58 68
Products

m Vegetables 15 46 72 91 91

m Fats 0.3 4 8 11 9

m Nuts and 0.1 2 5 7 4
Dried Legumes

m Foods Primarily 9 17 21 24 21
Sugar

m Mixed Dishes 2 26 30 33 37
and Soups

m Soft Drinks, Alcohol 0.7 37 71 96 93

Notes:

(1) Calculated from daily intake values in g day* provided by Health Canada (1993).
(2) Tap water consumption of 400 mL day is assumed for the preparation of concentrated formula.
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Table A.2
Average annual tap water consumption and ranges
for Canadians (Health Canada 1993, HWC 1981)

Table A.3

Relationship between Health Canada (1993)
consumption rates by age group and ICRP age groups

Tap Water Consumption (L yH)®

10th 90th
Age Group Mean Percentile Percentile
5y and under 277 84 548
6-17y 416 135 807
18 and over 544 234 946
Notes:
(1) Calculated from daily intake values in L day™ provided by

Health Canada (1993).

Health Canada (1993)

Food and Water Consumption Rates

Fresh Liquid Milk / Public
ICRP Other Commercial Foods Drinking Water
Age Group (from Table A.1) (from Table A.2)
3 months 0-6 mo value 400 mL day*
for bottle-fed infants
1 year Average of 0-6 mo and Mean value for 5y
7 mo-4 y values and under

(excluding rate for

infant formula)
5 year Average of 7 mo-4y Mean value for 5y
and 5-11 y values and under
10 year 5-11 y value Mean value for 6-17 y
15 year 12-19 y value Mean value for 6-17 y
Adult 20+ y value Adult value from

Guidelines for Canadian
Drinking Water, 6th Edition
(Health Canada 1996)
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Table A.4
Age-specific committed effective dose coefficients for ingestion (ICRP 1996)

Ingestion Dose Coefficient, e(t), to Age 70y (Sv Bq?)

Radionuclide Half-life 3 month 1lyear 5year 10 year 15 year Adult
Radionuclides of Potential Significance to Ingestion Dose
8951 50.5d 3.6e-08 1.8e-08 8.9e-09 5.8e-09 4.0e-09 2.6e-09
05y 291y 2.3e-07 7.3e-08 4.7e-08 6.0e-08 8.0e-08 2.8e-08
185Ru 39.3d 7.1e-09 4.6e-09 2.4e-09 1.5e-09 9.2e-10 7.3e-10
106RY 101y 8.4e-08 4.9e-08 2.5e-08 1.5e-08 8.6e-09 7.0e-09
181 8.04d 1.8e-07 1.8e-07 1.0e-07 5.2e-08 3.4e-08 2.2e-08
184Cs 2.06y 2.6e-08 1.6e-08 1.3e-08 1.4e-08 1.9e-08 1.9e-08
B7Cs 30y 2.1e-08 1.2e-08 9.6e-09 1.0e-08 1.3e-08 1.3e-08
28py 87.7y 4.0e-06 4.0e-07 3.1e-07 2.4e-07 2.2e-07 2.3e-07
29py 24100y 4.2e-06 4.2e-07 3.3e-07 2.7e-07 2.4e-07 2.5e-07
240py 6540y 4.2e-06 4.2e-07 3.3e-07 2.7e-07 2.4e-07 2.5e-07
242py 376 000 y 4.0e-06 4.0e-07 3.2e-07 2.6e-07 2.3e-07 2.4e-07
21Am 432y 3.7e-06 3.7e-07 2.7e-07 2.2e-07 2.0e-07 2.0e-07
Radionuclides of Lesser Significance to Ingestion Dose
3H tritiated water 1235y 6.4e-11 4.8e-11 3.1le-11 2.3e-11 1.8e-11 1.8e-11
Organically-bound tritium 1210 12610 73e-11 57e11  42e11 4.2e-11
1c 5730y 1.4e-09 1.6e-09 9.9e-10 8.0e-10 5.7e-10 5.8e-10
SiCr 27.7d 3.5e-10 2.3e-10 1.2e-10 7.8e-11 4.8e-11 3.8e-11
%Fe 27y 7.6e-09 2.4e-09 1.7e-09 1.1e-09 7.7e-10 3.3e-10
*Fe 445d 3.9e-08 1.3e-08 7.5e-09 4.7e-09 3.1e-09 1.8e-09
%Co 527y 5.4e-08 2.7e-08 1.7e-08 1.1e-08 7.9e-09 3.4e-09
Zn 244 d 8.5e-09 5.6e-09 3.0e-09 1.9e-09 1.2e-09 9.5e-10
Sty 58.5d 2.8e-08 1.8e-08 8.8e-09 5.2e-09 2.9e-09 2.4e-09
szr 64d 8.5e-09 5.6e-09 3.0e-09 1.9e-09 1.2e-09 9.5e-10
SNb 35.1d 4.6e-09 3.2e-09 1.8e-09 1.1e-09 7.4e-10 5.8e-10
Mo 2.75d 5.5e-09 3.5e-09 1.8e-09 1.1e-09 7.6e-10 6.0e-10
Hompg 250 d 2.4e-08 1.4e-08 7.8e-09 5.2e-09 3.4e-09 2.8e-09
182Te 3.26d 4.8e-08 3.0e-08 1.6e-08 8.3e-09 5.3e-09 3.8e-09
140Ba 12.7d 3.2e-08 1.8e-08 9.2e-09 5.8e-09 3.7e-09 2.6e-09
140 g 1.68d 2.0e-08 1.3e-08 6.8e-09 4.2e-09 2.5e-09 2.0e-09
¥ice 325d 8.1e-09 5.1e-09 2.6e-09 1.5e-09 8.8e-10 7.1e-10
4cCe 284d 6.6e-08 3.9e-08 1.9e-08 1.1e-08 6.5e-09 5.2e-09
Z'Np 2.14e+06 y 2.0e-06 2.1e-07 1.4e-07 1.1e-07 1.1e-07 1.1e-07
2Z9Np 2.36d 8.9e-09 5.7e-09 2.9e-09 1.7e-09 1.0e-09 8.0e-10
241py 144y 5.6e-08 5.7e-09 5.5e-09 5.1e-09 4.8e-09 4.8e-09
24py 8.26e+07 y 4.0e-06 4.1e-07 3.2e-07 2.6e-07 2.3e-07 2.4e-07
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Table A5
Calculated action levels for radionuclides of greatest significance to
dose from ingestion, based on limiting age-group

Calculated Action Levels (Bq kg™)

. . . Fresh Other Commercial Foods Public
Radionuclide Half-life Liquid Milk and Beverages Drinking Water
895y 50.5d 190 895 185
90gr 29.1y 30 120 30
105Ru 39.3d 970 4 540 790
106Ru 101y 80 385 75
181 8.04d 180 775 120
184Cs 2.06y 265 505 70
187Cs 30y 330 740 105
28py 87.7y 2 8 2
B9py 24100y 2 8 2
240py 6540y 2 8 2
242py 376 000 y 2 8 2
21Am 432y 2 8 2
Table A.6

Comparison of preliminary action levels with recommendations of the
FAO/WHO Codex Alimentarius Commission (1995) and IAEA (1996)®

Preliminary Action Levels (Bq kg™), and Codex/IAEA Recommendations

Radionuclide Liquicli:rl\?lﬁrll other Comarggrégeligzgz Drinking V\Iljazglrl(zc)
89gy 300 (1 000) 1000 (1 000) 300 (1 000)
0gy 30  (100) 100  (100) 30  (100)
L08Ry 1000 (1 000) 3000 (1000) 1000 (1 000)
106RYy 100 (1 000) 300 (1 000) 100 (1 000)
131 100  (100) 1000 (1 000) 100  (100)
1s4Cg 300 (1 000) 300 (1 000) 100 (1 000)
137Cs 300 (1 000) 1000 (1 000) 100 (1 000)
238/239/240/242|:)uY 241Am 1 (1) 10 (10) 1 (1)

Notes:
(1) Preliminary values in the above table are only for comparison with Codex/IAEA values before harmonization.
(2) Only IAEA has given action levels for drinking water.
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APPENDIX B:

INTERNATIONAL GUIDANCE ON

FOOD INTERVENTION

Prior to the 1986 Chernobyl accident, general principleson
the planning of intervention in the event of a nuclear emer-
gency had been given by several national and international
radiation protection agencies, including the ICRP (1984),
WHO (1984) and IAEA (1985). Recommended intervention
levels for various countermeasures were based on two levels
of effective dose, the lower below which intervention would
unlikely be warranted, and the higher above which it would
almost certainly be necessary.

Sincethat time, the | CRP has published new recommenda-
tions for protection against ionizing radiation under both nor-
mal and emergency situations (ICRP 1991, 1993). Following
an uncontrolled release to the environment, the ICRP recom-
mends that the levels at which countermeasures are introduced
and later withdrawn should be expressed in terms of the dose
expected to be avoided by the action, and should be optimized
to produce the maximum net benefit. This approach has also
been recommended by the IAEA in its Basic Safety Series
(IAEA 1996). However, these recommendations are not bind-
ing on individual countries.

The following section discusses the current approaches to
intervention in the distribution of food by various national and
international organizations. A comparison of methodologies
(TableB.1) isprovided first. Thistable, together with the com-
parison of action levels recommended by different organiza-
tions (Part 2: Table 2.6) demonstrates that although the
methodologies may vary, there is a general consistency in the
recommended action levels for food and water.
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Table B.1
Comparison of methodologies adopted by various international organizations
Intervention Food Contamination Action Level
Organization Level Groups Factor Groups Implementation
Health Canada 1 mSv per food 3 food groups f =1 for fresh liquid For individual Applied independ-

group

milk and tap water;
f=0.2 for all other
foods.

radionuclides.

ently between food
groups; all
radionuclides addi-

tive within single

food group.
ICRP 10 mSv averted dose for a single food — optimized values for specific For 2 dose coeffi- Applied independ-
foods based on cost-benefit analysis. cient categories. ently to single food-
stuffs — actual
intervention criteria
based on real acci-
dent conditions.
IAEA Optimized action 2 groups classified Not applicable. For 3 dose coeffi- Applied independ-
levels derived from by cost per kg cient categories. ently between food
cost-benefit and radionuclide
analysis. groups; additive
within single group.
Codex 5 mSv whole body 2 groups f=1.0 As above. As above.
CEC 5 groups For 4 radionuclide As above.
groups.
WHO 5 mSv whole body, Adult — 8 groups f=1.0 For 2 dose coeffi- Additive between all
50 mSv thyroid Infants — 1 group cient categories. food and
radionuclide groups.
USFDA 5 mSv whole body, Applied to total diet. f=10.3, except For 5 groups of 9 Applied independ-

50 mSv thyroid

f=1.0for1 & Tein
infant milk diet

radionuclides. ently between
radionuclide groups;
additive within single

group.

International Commission on
Radiological Protection

In 1993, the ICRP introduced revised guidance on inter-
vention following a radiological emergency, superceding its
previous recommendations (ICRP 1984). The ICRP recom-
mends that intervention be justified and optimized in order to
produce the maximum net benefit, recognising that any action
that minimizes radiation risk may itself be associated with its
own degree of cost and detriment. The ICRP advocates the use
of these two principles to determine the appropriate level at
which intervention should be considered, rather than the use of
pre-determined limits as the basis for providing intervention.
Justification and optimization studies should be based on the
dose averted by a specific protective action. The sum of the
remaining doses from all pathways after implementation of
protective actions should be kept under review.

To ad in the implementation of its recommendations,
generic intervention levels for which action is almost always
justified have been established for various protective measures.
For the control of radiologically-contaminated food and water,
the ICRP recommends that for any single foodstuff, an inter-
vention level that isalmost alwaysjustified is an averted effec-
tive dose of 10 mSv in a year, providing that there are
nutritionally adequate alternative supplies.

Using the cost of the food per unit mass, the consumption
rate of the food per person, and the appropriate dose coeffi-
cients, a simplified generic optimization has been carried out,
resulting in the optimized intervention levels shown in the
following table. Higher valueswould be expected in the case of
severe food shortages. It is assumed that, in general, contami-
nated food contributes only a fraction of the total diet of a
consumer.
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Table B.2
ICRP recommendations

Table B.3
IAEA recommendations

Action Levels

Action Levels (Bq kg™)

Radionuclide Category (Bq kg™)
Foods for Milk,

Radionuclides with low dose coefficients 1 000 — 10 000 General Infant Foods,
(e.g., most beta and gamma emitters, Radionuclide Consumption Drinking Water
such as ¥Cs, 131)

184Cs, BCs, 10%Ry, %Ry, #Sr 1000 1 000
Radionuclides with high dose coefficients 10— 100 _
(e.g., alpha emitters, such as 2*Pu) 13 100

gy 100

241Am, 238PU, 239PU, 24OPU, 242Pu lo 1

International Atomic Energy Agency

Thelatest IAEA recommendations provide aset of generic
intervention levels for the major protective measures to be
taken in the event of a nuclear emergency, based on justifica-
tion and optimization (IAEA 1994, 1996). Generic levels have
been based on radiological protection principles, and on the
premise that the level of effort allocated to such protection
should be at least as great as the level of effort and resources
allocated to the protection of public health from other risks of a
similar magnitude and nature. Psychological and political fac-
tors have been excluded in the development of generic levels,
in order to form acommon baseline for decisions on protective
measures. Although excluded from the generic optimizations,
these factors may contribute to, or even dominate, some deci-
sions, in which case deviation from the generic levels becomes
a matter of national policy, circumstances or site-specific
factors (IAEA 1994).

Generic action levelsfor the withdrawal of food have been
calculated by applying asimple cost-benefit analysis. Thefood
supply has been classified into two broad groups defined by
their value per kilogram, with associated annual consumption
rates. Action levels are specified for three groups of
radionuclides with similar dose coefficients, leading to a set of
six generically optimized ranges of values for which with-
drawal and substitution of foods should be considered. On the
basis of these ranges, but with account taken of existing
national and international legislation and of the issue of practi-
cality, asingleset of action level shasbeen selected that encom-
pass the Codex Alimentarius Commission’s guideline values
for foods moving in international trade (FAO/WHO 1991).

Theselevelsapply to food asconsumed. Levelsareapplied
independently of one another; however, within a single group,
the radionuclide concentrations are additive. Classes of food
consumed in small quantities (less than 10 kg y-1) may have
action levelsten-fold higher.

World Health Organization

WHO issued guidelinesin 1988 (WHO 1988), intended to
assist national authorities in countries at some distance from
the accident site in developing intervention levels for food.8
WHO recommends a simple and conservative methodology
based on alimiting annual individual dose, and the assumption
that al food iscontaminated at theintervention level. WHO has
chosen an intervention level of 5 mSv in a year, based on a
comparison with global variations in the effective dose due to
natural radiation, and because no remedial measures have been
recommended for avoiding exposure from other natural
sources at doses of 5 mSv or less. WHO has pointed out that
cost-benefit analysis based on a population dose criterion
resultsin an intervention level of several mSv per year. How-
ever, when the cost of intervention is low, it may well be
justified to reduce the detriment to a lower level of dose. An
intervention level of dosefor thethyroid of 50 mSv hasbeen set
as a secondary limit.

8.  WHO has not issued new guidance following the latest
recommendations of the ICRP (1991), which include revisions
in its methodol ogy and terminology for expressing radiation
doses. WHO uses terminology previously defined in the
former | CRP recommendations (ICRP 1977).
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Table B.4
WHO recommendations

Derived Intervention Levels by Food Group (Bq kg™)

Class of Roots ' _ ' Drinking
Radionuclide Cereals and Tubers Vegetables Fruit Meat Milk Fish Water
i. High dose 35 50 80 70 100 45 350 7
coefficients,
10° Sv Bg*!
ii. Low dose 3500 5000 8 000 7 000 10 000 4 500 35000 700
coefficients,
108 Sv Bg*!
Guideline values for infants on milk diet
90Sy 160
131 1600
B7Cs 1800
29py 7

WHO has divided the food supply into eight categories,
including drinking water. The annual consumption rate of a
particular food category is derived from a hypothetical diet
based on above-average consumption rates of different food
componentsin different partsof theworld, normalized to atotal
consumption of 550 kg y-1. The radionuclides most likely to be
of significance in food pathways after a nuclear emergency
have been grouped into 2 broad categories of high and low dose
coefficients. Separate guidelines were developed for infants
on amilk and water diet, as it was felt that the rounded dose
coefficients and normalized hypothetical diet did not provide
adequate protection.

If several food categories are contaminated by one or more
radionuclides, a summation over al radionuclides and food
groups is required to ensure that the 5 mSv level is not
exceeded. Guideline values apply to food asit is consumed.

FAO/WHO Codex
Alimentarius Commission

The FAO/WHO Codex Alimentarius Commission, a body
set up jointly by the Food and Agriculture Organization (FAO)
of the United Nations, and the WHO, adopted guideline levels
for radionuclides in food in 1989 (FAO/WHO 1989, 1991,
1995). These guidelines apply only to potentially contaminated
food moving in international trade during the first year follow-
ing an emergency. Although not binding on a country, Codex
recommendations will be referred to in the event of trade dis-
putes regarding differences in national guidelines.

Codex guidelinesare largely based on WHO guidance, but
with further simplification. An intervention level of 5 mSv is
used, but there is minimal distinction between food types. The
Codex Commission has recommended intervention levels for

two food groups: Foods Destined for General Consumption,
and Milk and Infant Food. Infant foods are those foods pre-
pared and packaged specifically for infantsin their first year of
life. Levelsin both groups are based on a single annua con-
sumption rate 550 kg y-1, al of which is contaminated.

The Codex Commission has grouped the dose coefficients
for the radionuclides of concern into three classes (10 or 10
depending on food group, 107 and 108 Sv Bql). Levels for
representative radionuclidesin each dose coefficient group are
listed, although any radionuclide can be placed into its appro-
priate group. There isno provision in the Codex guidelines for
summation across radionuclide groups; each level appliesinde-
pendently of one another. Within groups, radionuclide contri-
butions are to be added for comparison with the level.

Table B.5
Codex Alimentarius recommendations
Dose Coefficient Representative Level
(Sv Bg?) Radionuclides (Bq kg?)
Food Destined for General Consumption
10° 24am, 23%py 10
107 %0sr 100
108 181 184Cg, 187Cs 1 000
Milk and Infant Foods
10° 241Am, 2Py 1
107 131y, 90gy 100
108 184Cs, 1¥7Cs 1 000
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Nuclear Energy Agency of the
Organization for Economic
Co-operation and Development

The Nuclear Energy Agency (NEA) has issued guidance
(OECD 1989, 1990) intended to assist national authorities in
the development of policiesand criteriafor the management of
the conseguences of a nuclear emergency. As with the ICRP
and |AEA, the basic principles for intervention are those of
justification and optimization, while recognizing the value to
emergency planning of predetermined criteria. In the planning
and preparedness phase, a generic optimization is recom-
mended in order to develop generic intervention levels for use
immediately following an emergency. In the event of a real
emergency, a more precise optimization is recommended,
resulting in specific intervention levels for use in the medium
and long-term (OECD 1990).

While no specific action levels for food have been given,
the NEA suggests that these be derived on the basis of group-
ings of radionuclides rather than for individua nuclides.
Radionuclides may be grouped on the basis of comparable
radiotoxicity, and the most restrictive dose coefficient in each
group, for the most restrictive age group, should be selected as
the basis for the derived intervention level. Four radionuclide
groups are suggested, namely, iodine isotopes (e.g., 131I),
cesium isotopes (e.g., 137Cs), other long-lived radionuclides
(e.g., 9Sr), and apha-emitting radionuclides (e.g., 29Pu).
Derived intervention levels should be developed only for the
major components of the diet; additivity should be considered
only if the contributions to the ingestion dose from different
foods are of a similar degree of importance, and individually
represent a significant fraction of the corresponding derived
intervention level.

Table B.6
CEC recommendations

Council of the European Communities;
National Radiological Protection Board
of the United Kingdom

Following the 1986 Chernobyl accident, the Council of the
European Communities (CEC) issued Regulations on maxi-
mum permitted level s of radionuclidesin food that would bele-
gally binding on its member countries following a radiological
emergency (CEC 1989, 1989a, 1989b, 1990, 1992). There are
further Regulations dealing with foods imported from, and
exported to, countries outside of the European Communities
(CEC 1987a, 1989h).

Council Food Intervention Levels (CFILS) have been es-
tablished for four radionuclide groups, and five food catego-
ries, and apply to food as marketed, rather than to food as
consumed. Within each radionuclide and food group, the sum
of the concentrations of all the specified radionuclides detected
in the food is compared with the intervention level. However,
eachintervention level isapplied independently of one another.
CFlLshave aso been derived for radioisotopes of Csin animal
feeds.

Although the liquid foods group does not explicitly cover
drinking water, the Regulations state that CFIL s for such foods
should be applied to drinking water at the discretion of compe-
tent authoritiesin member states. In its guidelines, the National
Radiological Protection Board (NRPB 1994) has recom-
mended that levels for liquid food be adopted for al drinking
water suppliesin the United Kingdom.

Council Food Intervention Levels (Bq kg™)

Radionuclide Baby Dairy Minor Other Liquid
Foods Produce Foods Foods Foods

Isotopes of Sr, notably *Sr 75 125 7 500 750 125

Isotopes of 1, notably | 150 500 20 000 2 000 500

Alpha-emitting isotopes of 1 20 800 80 20

Pu and trans-Pu elements

All others with half-lives greater than 400 1 000 12 500 1250 1 000

10 days, notably 34Cs, ¥¥’Cs
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The NRPB emphasizes that these intervention levels rep-
resent the approach of the CEC towards balancing the harm and
benefit of food restrictions. Consumption of food contaminated
at levelswell in excess of theintervention levelsfor short peri-
ods (up to afew weeks) need not give rise to significant radia-
tion risks. Therefore, for the purpose of avoiding significant
doses from food consumption, the immediate withdrawal of
contaminated food suppliesis, in general, not essential.

United States Food and
Drug Administration

The USFDA, Department of Health and Human Services,
has issued recommendations for state and local agencies for
intervention following accidental contamination of food and
animal feeds (USFDA 1998). Derived intervention levels
(DILs) for the distribution of food in the United States are
based on a Protective Action Guide for committed effective
dose fromingestion of 5mSv, or 50 mSv committed equivalent
dose to any organ or tissue, whichever ismore limiting.? They
are intended to apply to the distribution and use of food
produced during the first year after an emergency. If contami-
nation extends beyond the first year, an evaluation of local
longer-term conditions should be conducted to determineif the
DILs should be continued, or if other guidance may be more
appropriate. Food with concentrations below the DILs is
permitted unrestricted distribution. However, State and local
officials have flexibility in whether or not to apply restrictions
in specia circumstances.

DILs recommended by the USFDA have been derived for
those radionuclides, under various accident scenarios, that are
expected to deliver the major portion of the radiation dose from
ingestion during the first year following an emergency. For
each class of radionuclide, DILs have been calculated for the
six ICRP age groups based on thetotal annual dietary intakefor
each age group, and assuming that contamination would occur
in 30% of the dietary intake. An exception was made for 131] in
the diets of the 3-month and 1-year age groups, wheretheentire
intake over asixty-day period was assumed to be contaminated.
Dose coefficients were taken from | CRP Publication 56 (ICRP
1989). A single DIL was selected for each radionuclide group
based on the most limiting age group for the radionuclide

group.

9. The USFDA usesterminology defined in the former ICRP
(1977) recommendations, as there is not yet a consensus
among federal agenciesin the United States on the use of the
1990 | CRP recommendations, which include revisionsin its
methodology and terminology for expressing radiation doses.

Table B.7
USFDA recommendations

Derived Intervention Level (Bq kg™)

Radionuclide Group for Components of the Total Diet

gy 160
131 170
134Cs + ¥Cs 1200
238py + 29py + 1AM 2
C(***Ru) . C(***Ru) <1

“PRu+ R 6 800 450

(1) The USFDA states that, “Due to the large differences in DILs for ‘“*Ru
106, 103, 106,

and ""Ru, the individual concentrations of “"Ru and "Ru are divided
by their respective DILs and then summed. The sum must be less than
one” (USFDA 1998). C(**Ru) and C(**Ru) are the concentrations at the
time of measurement.

The DIL for each radionuclide or radionuclide group is
applied to all components of the diet, and to foods as prepared
for consumption. They are applied independently for each
radionuclide group since they relate to different types of acci-
dents, or in the case of nuclear reactor accidents, to different
limiting age groups.
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