Annex 1

THE POPULATION DOSE CRITERION

The decision to introduce a countermeasure should be based on a
balance of the radiation risk avoided and the risks and disadvan-
tages caused by the countermeasure itself. The intervention level
determines the initiation of a particular type of remedial action and
it is implicit in its selection that the exposed individual should be
put in a ‘‘better’’ position by the remedial action, i.e., that the
health risk to the individual should be reduced at a reasonable cost
in financial and social terms.

The decision to introduce a remedial action can be based on a con-
ceptual cost-benefit analysis, such that the action is taken only if
the net benefit is positive. This benefit could be expressed as

B=Y -Y-R-X

Q

where

B is the net benefit,

Y; is the radiation detriment cost if the remedial action is not
taken,
Y, is the remaining radiation detriment cost if the remedial ac-

tion is carried out,

R is the detriment cost caused by risks due to the remedial ac-
tion itself, and

X is the cost of the remedial action.

In practice it is difficult to quantify all the terms in the equation
and it is necessary to make subjective value judgements, similar to
those involved in most social and economic decisions.

If intervention is decided on, then the selection of the appropriate
intervention level may maximize the net social benefit. If the detri-
ment cost due to the risks from the countermeasure itself is in-
dependent of the intervention level, the optimization condition is

X | dy,
Y =0
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Derived intervention levels for food

where I is the intervention level or any derived intervention level.
The cost of the countermeasure (X) may appear minimal if assessed
only locally; ideally, however, the cost assessment should be con-
ducted on a wide basis and should include the costs of production
of the foodstuff wherever they are incurred, as well as those of
transportation and administration.

If one assumes that in the far field and long term only the so-
called o-term of the detriment cost is relevant for optimization, the
optimizing condition can be expressed as

dX({) ds,
i + aa- =0

where X(J) is the part of the countermeasure cost that is a function
of the intervention level, & is the monetary value assigned per unit
collective dose, and S, is the collective dose remaining after the
countermeasure has been applied.

A simple optimization procedure can be formulated for situations
where the intervention is fully effective while it is applied, and
where both the collective dose and the cost of the countermeasure
are proportional to the number of individuals affected by the
countermeasure, If the countermeasure is applied for a time T, dur-
ing which individual doses are zero, and then removed, the cost
and the remaining collective dose can be expressed as

X = CNT
oo

S, = NfH(t)dt
T

where C is the cost of the countermeasure per person and per unit
time, H(¢) is the individual dose as a function of time if the
countermeasure is not applied, and N is the number of people af-
tected by the countermeasure.

The optimizing condition described previously can now be expressed
as

dX(1) ds,
—_ a
dt dt
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and therefore

H/(t) = %

where H(T) is the optimum value for the individual dose interven-
tion level. It should be noted that the ratio C/a is expected to be
more insensitive to geographical location than either C or «,
because richer countries where C would be higher are likely to
assign higher values to «.
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FOOD CONSUMPTION DATA
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Food consumption data have been reviewed for about 140 countries
and areas, and data for food components with a consumption rate
of more than 20 kg per year (as well as for fish, see page 23)
have been tabulated. Countries and areas with similar food con-
sumption patterns have been grouped into regional types, from
which an average consumption has been derived (Tables 7-14).
Fight average diectary patterns can be discerned and these are listed
in Table 1, page 22.

The following abbreviations are used in the tables:

DS Diet Survey

FBS Food Balance Sheet
HE Household Expenditure
INT Interview

INV  Inventory

RC Recall

WS Weighing Survey.

Dashes in table columns indicate that no data are available.
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RADIATION DOSE PER UNIT INTAKE

ICRP (1979, 1980) has recommended dosimetric models and
metabolic data based on ‘‘reference man’’ for estimating radiation
doses from intakes of radionuclides. These models and data have
been developed for adults exposed to radiation at work, and ICRP
does not recommend their use for calculating the committed dose
equivalent for individual members of the public from the intake of
radionuclides in the environment. Several factors will influence the
average dose to a mixed population.

Body size and biokinetics

Even if there were no differences between children and adults in the
uptake and retention of a radionuclide, the dose equivalent in a
particular tissue per unit intake of the radionuclide would be
greater in the former, because of the smaller mass of their organs
and tissues. For short-lived radionuclides emitting low-penetrating
radiation {(f-particles, a-particles, photons with energies below 10
keV), the dose equivalent per unit intake will be greater in children
than in adults according to the inverse ratio of organ or tissue
masses. For long-lived radionuclides emitting low-penetrating radia-
tion, which are retained longer in the body, this ratio will be only
about 2, because, as the mass of an organ or tissue increases with
age, the activity concentration of the retained radionuclide
decreases. For radionuclides emitting penetrating radiation (photons
with energies above 10 keV) the modifying factor for body size is
smaller, because the dose per unit intake factor in a particular
organ is less dependent on the mass of the organ. Even if only dif-
ferences in body size are allowed for, the committed dose
equivalents per unit intake calculated for young members of the
public will therefore be greater than those for adults, by factors
ranging from less than 2 to 10, depending on the type of radiation
emitted by the radionuclide and its effective half-life in the body
organs or tissues.

The biokinetics of radionuclides may also differ substantially bet-
ween children and adults. This may result in a larger fraction of
the radionuclide being deposited in the organs or tissues of children
or, frequently, in the more rapid elimination of a radionuclide by
children. For example, since caesium-137 has a more rapid turnover
in children, the dose equivalent in body tissues from a unit intake
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of caesium-137 for a one-year-old is only about three-quarters that
for an adult.

The biological half-life of iodine in the thyroid increases with age,
but the deposition of iodine in the thyroid is slightly higher in the
first months of life than in the young child, adolescent, and adult.
However, because of the comparatively short half-life of iodine-131,
age-related differences in biological turnover are of little conse-
quence to the effects of this radionuclide, so that the greater
thyroid mass in adults (10 times that of infants) is the major factor
influencing the ratio of the dose equivalent per unit intake for the
young child to that for the adult.

The committed dose equivalent per unit intake of long-lived
strontium-90 for the six-month-old child is about five times the
adult value. However, for strontium-89, which has a much shorter
half-life, the corresponding ratio lies in the range 20-40, depending
on the ‘“‘bone model’’ used for calculations.

The differences between children and adults in the biokinetics of
radionuclides (and in the mass of organs and tissues) are reflected
in organ dose factors. For an infant these range from 0.7 to 40
times the values for the adult.

Gastrointestinal absorption

Animal experiments have shown that the absorption of radio-
nuclides from the gastrointestinal tract is higher in the newborn
than in adults, but falls to adult values by about the time of wean-
ing. Although the extent of absorption in the very young is depen-
dent on the radionuclide considered, in general, the smaller the rate
of gastrointestinal absorption in adults, the greater is the ratio of
the rate in the newborn to that in the adult. If, for a six-month-old
infant, the age-dependency of absorption of plutonium-239 from the
gastrointestinal tract is taken into account, and the body-mass-
dependent factor of 2 for long-retained radionuclides is applied, the
committed dose equivalent per unit intake of dietary plutonium-239
is about 20 times that for the adult.

The dose per unit intake factors for calculating the Annual Limits
on Intake given by ICRP (1979, 1980} are usually appropriate for
the chemical forms of a radionuclide most likely to be encountered
in the workplace. Chemical forms of the same radionuclide found
in the environment, or in food, may differ markedly from these,
and may therefore exhibit a different biokinetic behaviour. Other
factors that may influence the absorption of radionuclides from the
gastrointestinal tract are nutritional status, valence, and the presence
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of other elements in foodstuffs that could compete with transport
mechanisms. Consequently, the dose equivalent per unit intake is
liable to vary, especially if the absorption of the radionuclide in the
upper gastrointestinal tract is enhanced, which will decrease the ab-
sorbed dose per unit intake to the large intestine.

Exposure of the fetus

ICRP has so far made no recommendations on methods 1o be used
for calculating radiation doses to the fetus after intakes of radio-
nuclides by the mother. A number of dosimetric models have been
published for specific radionuclides. However, human data are
available only for a few radionuclides such as caesium-137,
strontium-90, and iodine-131.

In the case of intakes of iodine-131 by pregnant women, the value
of the dose equivalent per unit intake for the fetal thyroid is of
special concern. Before week 12 after conception, no iodine ac-
cumulation occurs in the fetal thyroid; therefore the dose per unit
intake factor for iodine-131 before week 12 is comparable to that
for maternal soft-tissue, which is orders of magnitude below that
for the maternal thyroid. After the first trimester, the fetal thyroid
gradually develops and increases in function, so that the dose per
unit intake factor for the fetal thyroid is approximately half that
for the maternal thyroid in the second trimester, and approximately
equal to it towards the end of pregnancy.

Exposure of children

For the 10-year-old age group, the dose factors for caesium-134 and
caesium-137 are lower than the adult values. The factors for
strontium-90 and plutonium-239 are marginally higher than for the
adult, but only to a degree that should be compensated for by the
lower food consumption rates associated with the younger age
group; that is, the smaller intake of radioactive contamination will
balance out the higher dose per unit intake factors. For these four
nuclides, therefore, derived intervention levels designed to protect
adults will also protect the 10-year-old age group.

For iodine-131, however, the adult dose per unit intake factors are
less than half of those for 10-year-olds, which in turn are lower
than those for infants. The application of the derived intervention
level for infants would give more than adequate protection not only
to adults but also to the 10-year-old age group.
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Conclusions

Except for a limited number of elements, such as strontium, iodine,
and caesium, attempts to extend the ‘‘reference man’’ dosimetric
and metabolic criteria to members of the general public are
hampered by lack of information regarding the biokinetic behaviour
of ingested or inhaled radionuclides. With some exceptions, a con-
servative approach, in the absence of relevant information on age-
dependent biokinetics, is to use the metabolic data for the adult for
the derivation of dose per unit intake factors.

The dose per unit intake factors for different radionuclides listed in
Table 4 (page 25) are based on such considerations and on a

review of the age-dependent dose per unit intake factors published
by CEC, IAEA, the Institute for Radiation Hygiene, Federal Health
Office, Federal Republic of Germany, and the National
Radiological Protection Board, England. The values in Table 4
should be used when critical-group calculations are undertaken. For
calculating guideline values for derived intervention levels for the
general population, however, the two rounded-off dose per unit in-
take factors of 107° and 107% Sv/Bq have been used here (Table 5,
page 26).
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SAMPLE CALCULATIONS
OF DERIVED INTERVENTION LEVELS

The derived intervention levels presented in Table 5 (page 26) have
been calculated on the basis of a single radionuclide in a single
foodstuff leading to the intervention level of dose. The recommen-
dation is made that, if more than one food category is affected, or
if there are several radionuclides present, modified derived interven-
tion levels should be calculated according to the additivity formula

Z CG, H < ] (1)
~ 4~ DILG. )

i

where C(, f) is the activity concentration of nuclide i in foodstuff f
and DIL(i, f) is the derived intervention level calculated on the
assumption that only nuclide i is present and only in foodstuff f.
The effect of using the additivity formula is to control the radia-
tion dose to individuals so that it does not exceed the intervention
level of dose (5 mSv effective dose equivalent).

In any given situation there will be many ways of meeting the dose
criterion. In this Annex a number of examples are given in which
derived intervention levels are calculated for various combinations
of radionuclide concentrations in several food categories. Before
these situation-specific derived intervention levels (DIL* values) can
be calculated, the inequality in equation (1) needs to be transform-
ed. It can be shown that, for a given set of contamination assump-
tions, the resulting DJIL* for nuclide / in foodstuff f will be

DIL*G, f) — g(t, f) )

where g(i, /) is a function that represents the specific pattern of
contamination. As g(i, f} appears in both the numerator and the
denominator of equation (2), it can be expressed simply in relative
terms, i.€., as the ratio of activity concentrations found in different
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foodstuffs, or the ratio of activities of different radionuclides. This
is illustrated in the examples below.

It should be emphasized that, although the results are presented
with arithmetic accuracy, they should be rounded off before ap-
plication, as in Example 1.

Example 1. Base case: all foodstuffs contaminated with
caesium-137

In this case the total diet is taken to be contaminated with a single
radionuclide, caesium-137, which has a dose per unit intake factor
of 107* Sv/Bq. Food intake is taken as 550 kg per year, so that
the DIL* leading to 5 mSv is given by

5 x 1077 (Sv/year) = 550 (kg/year) X DIL* (Bg/kg) x 107% (Sv/Bq)

DIL* = _5 X 1077 Bg/kg
550 x 107°

DIL* = 909 Bqg/kg.

Thus if all foodstuffs are uniformily contaminated with
caesium-137, the specific derived intervention level can be taken as
1000 Bq/kg, which would also be applicable to any radionuclide or
mixture of radionuclides whose dose per unit intake factor were
107% Sv/Bq.

Example 2. Two food categories contaminated with caesium-137

In this example it is assumed that caesium-137 has been found in
two food categories, meat and milk. The general derived interven-
tion levels for caesium-137 are (from Table 5, page 26):

meat 10000 Bg/kg
milk 4500 Bag/ke.

For the: first calculation it is assumed that the activity concentration
found is the same in both meat and milk. The ratio of the g(i,f)
values for equation (2) ¢an be taken as 1 for both milk and meat.
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Thus for both milk and meat

DIL* _ 1 1 1 — 3103 Bg/kg.

10000 4300

For the second calculation, it is assumed that the activity concen-
tration in meat is four times that in milk. Thus the relative g(i.f)
for meat is 4 and that for milk is 1, which gives

DIL*(meat) — 4 _ 6429 Bg/ke
4 1
10 000 4500
DIL*(milk) = 1 - 1607 Bg/kg.
4 1

+.
10000 4500

The DIL* values from both calculations can be compared with the
derived intervention levels quoted for milk and meat in Table §

(page 26).

Example 3. Three food categories contaminated with one
radionuclide

In this example it is assumed that meat, milk, and cereals are con-
taminated with caesium-137. The reference derived intervention
levels from Table 5 (page 26) are:

meat 10000 Bqg/kg
milk 4500 Bqg/kg.
cereals 3500 Bqg/kg.

For the first application it is assumed that milk and cereals are
contaminated at the same activity concentration of caesium-137 and
that meat has twice that concentration. Thus the relative g(/,f)
values are:

meat 2
milk 1
cereals 1

and the DIL* values are given by

DIL*(meat) = 3 21 1 = 2825 Bq/kg

s e
10000 4500 3500
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DIL*(milk) = — 11 —— = 1412 Ba/ke.

- -+ -
10000 4500 3500

The DIL*(cereal) is 1412 Bg/kg because the same activity concen-
tration was assumed as for milk.

If the relative activity concentrations arc now given as:

meat 7
milk 2
cereal |

the DIL* values are

DIL*(meat) = = 4895 Bq/kg
—— =2+
10000 4500 3500

DIL*(milk) = 5 3 [ = 1398 Bqg/kg
0000 ' 4500 3500
1
DIL* = = 699 Bg/kg.
(cereal) Z 3 I 99 Bq/kg

_— 4+ 5 4
10 000 4500 3500

Restricting the activity concentrations of caesium-137 in these three
foodstuffs to below these DIL* levels would ensure that no in-
dividual received a dose of 5 mSv from intakes in the first year
after the accident.

Example 4. One foodstuff contaminated with two radionuclides

In this example it is assumed that milk is the only foodstuff af-
fected, but that both iodine-131 and caesium-137 are present.

Calculations have been done for three ratios of activity concentra-
tion of iodine-131 to caesium-137:

(@ 10 : 1
b 3:1
and (¢) 1 : 10.

55



Derived intervention levels for food

This covers the range of possibilities from there being 10 times as
much iodine-131 as caesium-137, to there being 10 times as much
caesium-137 as iodine-131. The reference derived intervention levels
are taken as 1600 Bq/1 for iodine-131 (the value for infants) and
4500 Bq/1 for caesium-137.

(@) DIL*U-131, milk) = — 10 = 1545 Ba/l
16000 4500

DILX(Cs-137, milk) = — 1 — = 155 Bq/l
1600 | 4500

(0) DIL*U-I31, milk) = — 3 —— = 1430 Ba/l
1600 4500

DILX(Cs-137, milk) = — 1 — = 477 B/l
1600 4500

© DIL*(-I31, milk) = — 1 = 351 By/I
1600 4300

DIL*(Cs-137, milk) = 10 — 3512 Bq/I

1 + 10
1600 4500

From these three examples it can be seen that for a given radio-
nuclide the DIL* value moves closer to the reference value as the
nuclide becomes dominant in terms of activity concentration.

Example 5. Two foodstuffs contaminated with two radionuclides

Here the assumption is made that cereals and meat are con-
taminated by plutonium-239 and caesium-137 in different relative

activity concentrations. Suppose that the relative activity concentra-
tions are:
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meat
cereals

Pu-239 Cs-137
1 10000
10 1000.

Annex 4

The reference derived intervention levels from Table 5 (page 26)
are for meat: plutonium-239 100 Bg/kg, caesium-137 10000 Bg/kg;
and for cereals: plutonium-239 35 Bqg/kg, caesium-137 3500 Bqg/kg.

Consequently

DIL*(Pu-239, meat)

DIL*(Pu-239, cereals)

DIL*(Cs-137, meat)

DIL*(Cs-137, cereals)

1

10 | 1000

10000

35 3500

10

10 000

10 1000

+

10 000

35 3500

10 000

10000

10 + 1000

10 000

35 3500

1000

10000

-+

10 1000

+

+ 10000

35 3500

10 000

Finally, for relative activity concentrations of:

meat

cereals

Pu-239

Cs-137

10

1

the denominator in the equation is

L
35

10

100

1000

1000
100

100

3500

10000

and the resulting DIL* values are (in Bq/kg):

meat

cereals

Pu-239

Cs-

137

39

3889

3.9

389.

= 0.257

il

0.63 Bq/kg

6.3 Bg/kg

6323 Bq/kg

632 Bg/kg.
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