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REVISED
GENERALISED DERIVED LIMITS
FOR RADIOISOTOPES OF
STRONTIUM, RUTHENIUM,
IODINE, CAESIUM, PLUTONIUM,
AMERICIUM AND CURIUM

ABSTRACT

The publication of the 1990 recommendations of the International Comrnission
on Radiological Protection and the Board's response to them has necessitated
the revision of generalised derived limits (GDLs) previously published by the

Board. Generalised derived limits have been calculated in various environmental

materials for the radiologically significant isotopes of strontium, ruthenium,
iodine, caesium, plutonium, americium and curium, derived from the annual
effective dose limit of 1 mSv. The most recent age-dependent dosimetric models
have been used and the opportunity has been taken to review and update
where necessary the methods and data used in calculating the GDLs. The values
presented here are intended for use as convenient reference levels against
which the results of environmental monitoring can be compared.

Generalised derived limits are calculated using deliberately cautious assumptions
and are based on the assumption that the level of environmental contamination
is uniform over a year. If a measured environmental concentration exceeds
about 10% of the GDL then the doses should be examined more closely, taking
account of site-specific factors and the length of time the measured level is likely
to be maintained. More detailed practical guidance on the application of the GDLs
presented here is given in a companion paper.

This paper replaces that published as Documents of the NRPB, 7, No. 1 (1996)
which superseded NRPB-GS8 and NRPB-GS10. This was necessary as the dose
coefficients used there were taken from the draft Basic Safety Standards of the
International Atomic Energy Agency and some of these dose coefficients were
modified prior to publication of the final document and ICRP Publication 72. In
Publication 72, ICRP also gives recommendations on the default lung absorption
types to be assumed in the absence of specific information. These
recommendations are adopted here and in some cases lead to differences in the
lung type used.

PREPARED BY C A ATTWOOD, J G TITLEY. J R SIMMONDS AND C A ROBINSON
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INTRODUCTION

1 The Board has previously published generalised derived limits (GDLs) for
radioisotopes of a range of elements'? and these have found wide application. The
1990 recommendations of the International Commission on Radiological Protection
(ICRP), published in Publication 60%, introduced the concepts of effective dose and dose
constraint. The Board has published guidance on the ICRP recommendations® and has
considered their implications on public exposure®. Further, the implications of the ICRP
recommendations on GDLs were discussed and it was noted that revised GDLs would
be required®. Revised GDLs were subsequently published”; however, the dose
coefficients used were taken from the draft Basic Safety Standards of the International
Atomic Energy Agency (IAEA) and some of the dose coefficients were modified prior
to publication of the final Basic Safety Standards’ and ICRP Publication 72° In
Publication 72. ICRP also gives recommendations on the default lung absorption types
to be assumed in the absence of specific information. These recommendations are
adopted here and in some cases lead to differences in the lung type used.

2 Derived limits (DLs) are convenient reference levels against which the results of
monitoring can be compared:; they may be set for such quantities as dose rate in a
workplace, or contamination of air or other environmental materials. They are related to the
primary dose criteria by a defined model and are calculated such that compliance with them
would ensure virtual certainty of compliance with the appropriate dose criteria. Generalised
derived limits are intended for general application. as opposed to derived limits which are
developed for specific situations for defined groups of individuals;: GDLs are directly
measurable quantities, such as concentrations in environmental materials (eg milk and
other foods, grass and sall), and are calculated for single radionuclides, Measured values
may include contributions from a number of sources and from past operations. As
discussed elsewhere”, the dose limit for members of the public covers public exposures
from controlled sources and the Board recommends that exposures arising from past
controlled releases should also be included in any comparison with the dose limit. This
recommendation was accepted by the government in the recent White Paper on
radioactive waste management policy”. Therefore, it is appropriate for doses resulting from
measuremerts to be compared with the overall dose limit for members of the public” of
1mSvy ! and this is the basis for the GDLs presented here. Where appropriate, GDLs will
also be estimated so that the annual equivalent dose to the lens of the eye and the skin do
not exceed the recommended dose limits for the public of 15 and 50 mSv. respectively”.
However, these organ-specific dose limits are rarely limiting in determining GDLs in
environmental materials, Derived quantities for discharges of radionuclides to the
environment are clearly related to the current operation of a single controlled source
and should therefore be based on the appropriate dose constraint”. Generalised derived
constraints® (GDCs) will therefore be developed for discharges of radionuclides to the
environment based on the upper value of the constraint on effective dose for members of
the public of 0.3 mSv y~' recommended by the Board®.

3 This report contains values of GDLs for a range of environmental materials for
radioisotopes of seven elements that have all been considered in previous publications
on GDLs***. The GDLs have been calculated using effective dose as defined in ICRP
Publication 60 The values for age-dependent dose coefficients (previously known as dose
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per unit intakes) from inhalation and ingestion are as given elsewhere®. The opportunity has
also been taken to review the data and methods used to calculate GDLs and this has led
to some additional changes to the GDLs from those published previously. The dietary
intakes used in the calculations have been revised to take account of recent survey data,
and other parameters have been reviewed and changed as appropriate. In addition,
there have been changes in the GDLs considered. There are now GDLs for sea washed
land and sewage sludge, media that were not considered previously. The contamination
of sea washed land is of interest because of the effects of controlled releases of
radionuclides to sea. Also. small quantities of radionuclides are discharged from hospitals
and other small users of radioactivity to the sewerage system, hence the inclusion of a
GDL for sewage sludge. The GDL for surface contamination, calculated previously.
assumed a fresh deposit of radionuclides sustained for a year. It is difficult to see a
practical application for such GDLs and their unrealistic nature could lead to their misuse
and misinterpretation. Therefore GDLs for surface contamination are no longer included.
It is also no longer considered appropriate to present GDLs for seawater. This is because
it is better to measure radioactivity in media, such as seafood and sediments, that more
directly relate to the exposure of people. The GDLs presented here replace all those
given previously'*®, A companion paper'® gives more detailed practical guidance on the
application of GDLs and their comparison with measurements. In future, further reports
will give GDLs for radioisotopes of additional elements and also GDCs for discharges
into the environment.

BASIS FOR THE REVISED GDLs

@ Generalised derived limits are intended for general application as environmental
reference levels. They can be used as simple screening values for low levels of
radionuclides in the environment and are calculated using a set of standardised and
deliberately cautious assumptions concerning the habits of the hypothetically exposed
group. The GDLs are based on the assumption that the level of environmental
contamination is reasonably uniform over a year and they do not relate to transient
conditions. For example, they should not be used in connection with single, short-term
releases of radionuclides into the environment.

5 As outlined above and discussed elsewhere®, GDLs are based on an effective
dose limit of 1 mSvy™*. The supplementary limits on the lens of the eye and the skin
were also considered in calculating GDLs but, for the radioisotopes and GDLs
included in this report. their values were never limiting so only the effective dose
was relevant.

6 The GDLs are based on the dose to the most restrictive age group, taking into account
variations in dose coefficients and dietary and other habits with age. As previously'*®, the
age groups considered are infants (1 year old), children (10 years old) and adults
(assumed to be 20 years old). In addition, for GDLs in milk or where the ingestion of milk
could be the dominant pathway. calculations are also performed for infants on a milk diet
in the first year of life based on dose coefficients for a 3 month old. For some elements
enhanced absorption at this stage of development leads to more restrictive GDLs. The
use of the ingestion dose coefficient for a 3 month old, together with a milk intake more
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applicable to an older infant to represent the first year of life, will lead to a cautious
estimate of the GDL. This is particularly the case for radicisotopes where there is a
marked reduction in the dose coefficient between 3 and 12 months. It is not considered
appropriate to use the 3 month old dose coefficient for intakes of other foods as they are
generally only consumed by older infants for whom a lower dose coefficient usually
applies. Although data on dose coefficients are available for additional age groups”, the ages
considered here are thought to cover the range and to be adequate for the purposes of
calculating GDLs. For calculating doses from intakes of radionuclides the lifetime of an

Committed effective dose per unit intake (SvBq ) FARLEL; ke
coefficients for intake
Infant Infant Child Adult by ngeston

Nuclide £ (3 months) (1) (10y) (20y)
75 30107 36107° 1.8107° 58107° 26107
#sp 30107 23107 73107° 60107° 28107
*Ru 50107* 71107° 461077 15107 731071
Ru 50107% 84107 49107° 15107 7010°°
29 10 52107 57107° 31107° 15107°
s 1.0 181077 22107 19107 1110”7
B 1.0 18107 181077 52107 2210
= 10 30107 24107 621071 29107
1 1.0 4910 44107 10107° 43107
b 1.0 111077 75107 21107" 111074
B9 1.0 10107° 89107° 22107 93107
HiCs 10 26107 1610°° 14107° 19107®
oCs 1.0 15107 95107° 44 107" 301077
% Cs 10 21107 12107° 1.0107° 13107
Zipy 50107 40107° 40107 24107 23107
Py 50107% 42107 42107 271077 25107
#opy 50107° 42107 42107 27107 25107
#ipy s0107" 56107° 57107 51107 45107°
My 50107 4010™® 401077 26107 24107
#Am 50107 3710°° 37107 22107 20107
“Am 50107 50107 22107 64107 30107
B am 50107* 36107 37107 22107 20107
#Cm 50107° 591077 76107 24107° 1.2107°
#BCm 50107° 32107 33107 161077 151077
#Cm s50107" 29107 20107 14107 12107

Note

(a) The gut transfer factars (£,) for each nuclide given are the same for all age groups with the following exceptions:

Isotopes of Sr 3monthold: 60107 1 yand 10y old: 40 107
Isotopes of Ru 3 month old: 1.0 107"

Isotopes of Am, Pu, Cm 3 month old: 50 107
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TABLE 2 Dose
coetficients for intake by
Inhalation

individual is taken to be 70 years. Although this is slightly shorter than the average
lifetime of individuals in the UK. its use is sufficiently cautious because intakes and risks
decrease in old age.

The values of the effective dose coefficients for intake by inhalation and ingestion
are as described elsewhere®. They have been calculated for each age group considered
using the most recent age-dependent dosimetric models. Tables 1 and 2 give the values
for the effective dose coefficients used in this report for intake by ingestion and
inhalation, respectively. The recommended® default absorption types for particulate
aerosols were used to select the appropriate inhalation dose coefficients for the

GDL calculations.
Commited effective dose per unit intake (SvBq ')
Infant Child Adult
Nuclide f Type® (1y) (10y) (20y)
s 10107" M 2410 21107 61107
@5 10107 M 11107 51107 36107°
%Ry 501072 M 84107° 35107 24107
™Ry 50107 M 11107 41107° 28107
| 10 F 23107 11107° 511077
| 10 F 86107° 67107° 36107°
B 1.0 F 7210™° 1910°° 741077
B 1.0 F 96107 22107" 94107
= 1.0 F 18107° 381077 151077
9 1.0 F 37107 97107 " 45107
= 1.0 F 37107° 79107% 32107
PiCs 1.0 F 73107 53107 661077
BCs 10 F 52107 20107 12107
oo 10 F 54107 37107 46107°
“opy 50107 M 741077 44107 461077
Py 50107% M 771077 48107 50107
#49py 50107 M 771077 48107 50107
“lpy 50107* M 971077 83107 90107
i 50107% M 731077 451077 48107
M Am 50107 M 69107 401077 42107
“2Am 50107 M 59107 24107° 1.7 107°
“Am 50107° M 6610 40107° 41107
*2Cm 50107 M 18107 73107° 52107°
*Cm 50107 M 61107 31107° 311077
*Cm 50107 M 57107 27107 27107
Nore

(a) Absorption types M (moderate) and F (fast) describing absorption from the respiratory tract.
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As presented here, GDLs relate the concentration of a single radionuclide in a single
environmental material to the dose limit for members of the public. In practice, people are
likely to be exposed to a number of radionuclides in a variety of materials. In comparing
environmental measurements with GDLs it is therefore necessary to take account of all
possible sources of contamination to ensure that the appropriate dose limit is not exceeded,
as discussed later.

REVISED GDLs

The general approach and formulae used to calculate the GDLs are given in Appendix A.
The principles and methods of calculation are generally the same as used previously'2®.
The data on occupancy and rates of intake of air, water, terrestrial and aquatic foods
have been reviewed and the values used to calculate GDLs are presented in
Appendix B. The intake data for foods are based on a number of recent national
surveys'' and update and replace those used previously. One major change from
previous GDL calculations is that account has been taken of the reduction in external
irradiation doses during the time spent indoors: the factors and occupancies adopted are
given in Appendix B. In addition, the environmental models used in the calculation of
GDLs are discussed in Appendix B. Appendix C discusses the limiting age groups and
exposure pathways for relevant GDLs and also outlines differences between the new
GDLs and those published previously.

Generalised derived limits for terrestrial foods and other terrestrial and aquatic
materials are given in Tables 3, 4 and 5. respectively. In each case the GDL is based on
the most restrictive age group, which is indicated. Not all GDLs are presented for
each radionuclide as values are only given when the particular GDL is relevant to the
radionuclide. For example. a GDL in air is inappropriate for isotopes of strontium. iodine
and caesium because this GDL is based on inhalation only and for these elements
other exposure pathways are of much greater relative importance. Similarly, GDLs in
grass are only appropriate for those radioisotopes for which foods derived from
grazing animals are important contributors to dose: this does not apply to isotopes of
plutonium, americium and curium. In addition, GDLs are not given for some short-
lived radioisotopes in materials where time is required for mixing which results in
significant radioactive decay. Such GDLs are for well-mixed soil and sea washed land,
together with marine and freshwater sediment. The situation of continuous input of
short-lived radionuclides to such media is included in the GDCs for discharge to the
environment which will be considered in future reports.

Many of the GDLs given in Tables 3, 4 and 5 are the same as, or similar to, the previous
values'? Where there are differences between the old and new GDLs they are often due to
a combination of factors as discussed in Appendix C. The most important reasons are
differences in the dose coefficients for particular radionuclides and changes to the habit
dara, notably food intakes. In addition, external exposures are lower, as account is now
taken of the reduction in external dose during the time spent indoors: previously, people
were assumed to be outdoors 100% of the time.

Texr continues on page 13
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INVESTIGATION LEVELS AND SITE-SPECIFIC ASSESSMENTS

12 Generalised derived limits are intended for screening purposes and have been
calculated in such a way that the resultant doses are expected to be overestimated in
most circumstances. However, it is possible that some underestimation may occur under
particular conditions. for example, where additional pathways are possible. It has,
therefore, been recommended that an implied dose of 0.1 mSv y™! is a reasonable level at
which to trigger further investigation®. This corresponds to 10% of the GDL for environ-
mental materials and if this is exceeded the situation should be examined more closely.
taking account of site-specific factors. the source of the activity, and the length of time the
situation is likely to persist. A single measurement in excess of 10% of the GDL does not.
of course, necessarily imply that the effective dose of 0.1 mSvy ™' will be exceeded.
Factors to be considered in site-specific calculations are discussed in a companion
paper'®, where advice is also given on the interpretation of environmental measurements
for comparison with GDLs and how the GDLs should be applied in particular situations.

13 In practice, people will be exposed to more than one radionuclide and from more than
one environmental medium. Account must be taken of exposures from all relevant
exposure pathways and radionuclides that contribute significantly to the total effective
dose for comparison with the dose limit. When interpreting the results of environmental
measurements, therefore, it is necessary to give due consideration to all relevant modes
of exposure. This can be done by summing proportions of the relevant GDLs or. if
necessary. the doses from each route and radionuclide can be calculated and the sum
compared with the dose limit. For example, in a particular area both green vegetables
and root crops could be grown and found to contain ***Cs, '*’Cs, “Sr and '#°I. The
measured concentrations can be expressed as a percentage of the relevant GDL and
the eight resulting percentages summed. If this sum exceeds 10% then further
investigation is required.

CONCLUSIONS

14 Revised GDLs for the most significant radioisotopes of strontium, ruthenium, iodine,
caesium. plutonium, americium and curium are presented in this report. They are based
on an annual effective dose limit for members of the public of 1 mSv and take account
of the 1990 recommendations of ICRP, including the definition of effective dose®. In
calculating the GDLs revised dosimetric models have been used and the opportunity has
been taken to review, and revise if appropriate, the data and methods used. Values
are specified for a range of materials from the terrestrial and aquatic environments. In
each case the GDL presented is the most restrictive of those calculated for the age
groups considered.

15 If environmental contamination exceeds about 10% of the GDL the doses to the most
exposed group should be examined more closely, taking into account site-specific factors
and the likely duration of the situation.
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Appendix A

PRINCIPLES AND METHODS OF CALCULATING GDLs FOR
ENVIRONMENTAL MATERIALS

Introduction

Generalised derived limits (GDLs) have been calculated for twelve materals which are
important for. and relevant to, monitoring and control in the aquatic and terrestrial
environments. The twelve GDLs can be divided into two groups, GDLs for materials which
give rise to doses over a single exposure pathway and GDLs for materials which give rise to
doses over multiple exposure pathways. Five environmental materials are considered to
give rise to doses over a single exposure pathway: air, terrestrial and marine foods, drinking
water and freshwater fish. Seven environmental materials are considered to give rise to
doses over multiple exposure pathways: well-mixed soil, sea washed pasture, grass,
freshwater, marine sediments, freshwater sediments and sewage sludge. The GDLs are
presented for a total of twenty-five radionuclides. However, it Is inappropriate to consider all
the radionuclides in all the materials for various reasons, as discussed in the main report.

Some of the radionuclides considered are likely to have radioactive decay products
(progeny) and these may need to be taken into account when determining GDLs. Progeny
ingrowth only needs to be considered explicitly if sufficient time is likely to elapse for
ingrowth to occur, Some radionuclides, suchas *°°Ru, *"Cs and ***Am, have very-short-lived
progeny and can be assumed to be in secular equilibrium for determining all GDLs. For the
materials which give rise to doses over a single exposure pathway, the ingestion or inhalation
can occur without a significant delay and so other progeny ingrowth does not need to be
considered explicitly. However, for materials which give rise to doses over multiple exposure
pathways, such as soil and sediments, exposure may continue to occur sometime into the
future: in these cases ingrowth of longer lived progeny may need to be considered explicitly.

GDLs for materials which give rise to doses over a single exposure

pathway

This group comprises GDLs for air, terrestrial foods, marine foods, drinking water and
freshwater fish. The GDLs for three age groups, infants (1 year old), children (10 years old)
and adults (assumed to be 20 years old), were calculated and the most restrictive of these
are presented in Tables 3. 4 and 5 of the main text. An additional age group is considered in
calculating GDLs for milk, unweaned infants in the first year of life (3 months old). The GDLs
for single exposure pathways, ingestion or inhalation, are calculated using equation Al.

GDLy = -2 (A1)
e 4m
where GDL,,, = GDL for a particular material (m), and age group exposed (Bqkg™'. Bql™*

or Bgm™),
D = effective dose limit of 107 Svy ™",
H, = dose coefficient for inhalation or ingestion (SvBq ™),
I = annual intake of the material (m). by each age group (kgy™". 1y~ or
my™).

15



Documents of the NRPB, Vol 9, No 1, 1998

TABLE Al Pathways
considered for multiple
exposure GDLs

GDLs for materials which give rise to doses over multiple exposure

pathways

The GDLs which fall in to this group are grass, well-mixed soil, marine and freshwater
sediments, sea washed pastures, freshwater and sewage sludge. Ingrowth of **'Am
progeny from **'Pu has been taken into account in the derivation of these GDLs. Although
the maximum possible activity concentration of ingrown **' Am is 30 times lower than that
of the parent **' Pu, the ingestion and inhalation dose coefficients of **' Am are a factor of 50
and 70 times higher. respectively, than those of *' Pu. Therefore ingrowth of **' Am will lead
to higher doses than ?*'Pu and a more restrictive GDL. The GDL for **'Pu was therefore
calculated as the GDL for **' Am multiplied by 30.

Pathways considered in the calculation of multiple exposure GDLs are summarised
in Table Al. The GDLs for three age groups, infants (1 year old), children (10 years old)

GDL Exposure pathways

Well-mixed soil Exrernal exposure from well-mixed soil
Inadvertent ingestion of well-mixed soil
Inhalation of resuspended well-mixed soil
Ingestion of plant products from well-mixed soil
Ingestion of animal products from well-mixed soil

Grass Ingestion of animal products
Marine and freshwater External exposure from sediment
sediments Inadvertent ingestion of sedirment
Inhalation of resuspended sediment
Freshwater Aquatic exposure pathways
Ingestion of river water
Ingestion of freshwater fish

External exposure from shoreline sediment
Inhalation of resuspended shoreline sediment

Exposure pathways from soil irrigation
External exposure from imrigated soil
Inadvertent ingestion of irrigated soil
Inhalation of resuspended irrigated soil
Ingestion of plant products from irrigated soll

Sewage sludge Exposure at sewage works
External exposure from sludge tanks
Inhalation of resuspended sewage sludge
Inadvertent ingestion of sewage sludge

Exposure pathways associated with conditioning of soil with
sewage sludge

External exposure from conditioned soil

Inadvertent ingestion of conditioned soll

Inhalation of resuspended conditioned soil

Ingestion of cereal products from conditioned soll

Ingestion of animal products from conditioned soil

Sea washed pasture External exposure from sea washed pasture
Inadvertent ingestion of soil
Inhalation of resuspended soil
Ingestion of animal products from sea washed pasture
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and adults (20 years old), were calculated and the most restrictive of these are presented
in Tables 4 and 5 of the main text. For each environmental material, the GDL was calculated
by summing the contributions from all the significant exposure pathways and is given by
equation A2,
a
151 &3
GDLm {=1 GDL]m
where GDL,,, = GDL for the material (m). and exposed age group. summed over all
exposure pathways (i) (Bq kg™ or Bql™),
GDL,,; = GDL for the material (m), age group and particular exposure pathway (/)
(Bq kg ™' or Bgl™),

n = number of exposure pathways considered.

Four major exposure pathways were considered: external gamma irradiation from
contaminated materials, internal exposure from inhalation of resuspended material, internal
exposure from inadvertent ingestion of the material, and internal irradiation from ingestion
of foods or drinking water. The GDLs for sewage sludge and freshwater include pathways
arising from conditioning and irrigation of land, respectively. These applications were
modelled as a surface deposit using dynamic foodchain and soil models. as outlined in
Appendix B. The methods for estimating GDLs for the main exposure pathways are
outlined below.

External gamma exposure

The external dose is dependent on the energy and frequency of emissions, the
properties of the materials, shielding and occupancy. The external dose modeland effective
external dose rates 1 m above various materials, together with occupancies, shielding and
physical properties of the materials, are described in Appendix B. The external gamma
components of the multiple pathway GDLs are given by equations A3 and A4.

D
GhL. = = A3
L. £ (A3)

where GDL., = GDL for external gamma exposure for each age group (Bq kg™*),
D = effective dose limit of 10~ Sv y ™,
E = effective dose from external irradiation from a unit activity
concentration in the materials for each age group (Sv y~* per Bq kg™).

For soils, E is given by
E= G{-ﬁnd ?:nd + Eml T::ut) (AQ)

where G = extemnal effective dose 1 m above the materials, integrated over 1 year
(Svy™' per Bakg™).
F.q = fraction of a year spent indoors (dimensionless),
Tina = indoor location factor (dimensionless).
F.. = fraction of a year spent outdoors (dimensionless).
1., = outdoor location factor (dimensionless).

The term location factor is defined as the ratio of the dose received in the protected
location (indoors or outdoors) to that received outdoors over undisturbed pasture for the
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period during which the person is in that location. The term location factor therefore
describes the shielding offered at a particular location compared with a situation where no
shielding is available.

For sea washed pasture, sewage sludge in tanks, freshwater and marine sediments, £ is
derived from the product of external effective dose 1 m above the materials. integrated
over 1 year, and the fraction of the year spent above the materials.

Inhalation of resuspended materials
Two pathways have been defined for the inhalation of resuspended materials: ambient
resuspension, which gives rise to low. but persistent levels of resuspended material, and
mechanical resuspension by ploughing of agricultural land, which gives rise to enhanced.
local levels of resuspended material. The mechanical resuspension component of
inhalation exposure has been calculated for sails, on the assumption that only adults are
exposed. The GDL for inhalation of resuspended materials is given by equation A5.
GDLiy, = s (A5)
{Orncch Lrncch + Owind I«vind)H;:(mh} B
where GDLyy, = GDL for inhalation of resuspended materials (Bq kg™*).
D = effective dose limit of 107 Svy™,
H. iy = dose coefficient for inhalation (SvBg ™).
B = breathing rate (m*h™),
Ohee, = OCcupancy in air containing mechanically disturbed soil (hy™)
(adults only),
Liyecy = concentration of soil in air due to mechanical disturbance (kg m™),
Ouing = Occupancy above materials for ambient resuspension (h y™),
Lyina = concentration in air due to ambient resuspension (kg m™).

Inadvertent ingestion

The third exposure pathway considered was inadvertent ingestion. This pathway was
not considered in the GDLs calculated in NRPB-GS8' and NRPB-GS10°. Inadvertent
ingestion as described by equation A6 was included in the calculation of GDLs for marine
sediment, freshwater sediment, sea washed pasture, well-mixed soil and farmland treated
with sewage sludge and freshwater irrigation.

GDIy = — 2 (A6)

L Heing) Om

where GDL, = GDL for inadvertent ingestion of materials for each age group (Bqkg™),
D = effective dose limit of 107 Svy™’,
I, = inadvertent ingestion rare for each age group (kgh™),
H.(ngy = dose coefficient for ingestion (Sv Bq™).
O, = number of hours per year exposed to the particular material for each age
group (hy™).

1}

In some cases, eg well-mixed soil, 100% occupancy of the area is assumed and
allowance only has to be made for the time spent indoors. In these cases, [, is replaced by
the annual inadvertent ingestion rate (kg y™') taking into account indoor occupancy (see
Appendix B) and O, is no longer required.
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Ingestion of food products

The fourth pathway considered was ingestion of foods produced on contaminated
soils. The GDLs for grass, well-mixed soil, sea washed pasture and farmland treated with
sewage sludge and irrigated with freshwater have contributions from food ingestion. The
GDLs for actinides in grass were not considered because transfer to animal food products is
not the most important exposure pathway.

The GDLs for each foodstuff produced on well-mixed soil and sea washed pasture are
given by equation A7.

L= 2 (47)

‘!f hr<:lmg} Csf

where GDL; = GDL for the ingestion of foods (f). grown on contaminated soil for each
age group (Bqkg™ or Bql™).

D = effective dose limit of 107> Svy ™,
I; = food ingestion rate (kgy ™" orly™).
H.ing = dose coefficient for ingestion (SvBq ™).
Cs = concentration factor relating the radionuclide activity concentration in

soil to the radionuclide activity concentration in food (Bqkg ™' or Bql™ in
food per Bqkg™ in the soil).

The GDLs for foodstuffs derived from land treated with sewage sludge or irrigated
with freshwater used activity concentrations predicted by dynamic foodchain models
following deposition of the radionuclides. The modelling approach adopted is described in
Appendix B.

The GDLs for each foodstuff produced on grass were derived from equation A8.

GDL;¢

GDL!'(grdss} =
1’:1 Cf[n-a}

(A8)

where GDLg (.55 = GDL for each foodstuff (f) produced on contaminated grass for each
age group (Bgkg ™" or Bql™').
GDL; = GDL for each foodstuff (Bqkg™ or Bql™).
fraction of the daily activity intake via grazing animal diet transferred
to a unit mass of foodstuff (Bq kg™ or Bq 1™ of foodstuff per
Bqd™! ingested),
I, = amount eaten per animal per day (kg d™').

Cfip-a}

Aquatic exposure from freshwater

The GDL for freshwater (expressed as whole water, for both dissolved and suspended
fractions) had a unique method of derivation. The GDL is divided into two main
components: exposure associated with aquatic exposure pathways and exposure due to
irrigation. Exposure due to irrigation was modelled as described in Appendix B. The GDLs
from aquatic exposure pathways were derived from the GDLs calculated for each exposure
pathway using equation A%:

GD
6L = _Clml_ (A9)
f
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where GDL¢., = GDL for dissolved fraction of, or filtered, freshwater (Bql” h.
GDL,gex = GDL for the aquatic exposure pathways: ingestion of freshwater fish,
inhalation of and external exposure from shoreline sediment
(Bakg ™).
Cy = concentration factor between environmental material or fish and
filtered freshwater (Bqkg ™ per Bql™).

For the pathways associated with sediment (external exposure and inhalation), the
concentration factor used was the element-dependent sediment water distribution
coefficient (K,). For the GDL associated with the consumption of fish, the element-
dependent freshwater fish concentration factor was used. These values are given in
Table BS. The GDL for freshwater expressed in terms of unfiltered water (ie dissolved and
solid phase) was derived using equation A10;

GDL gyarer = GDwaaq(l +K;5) (A10)

where GDLgqer = GDL for freshwater (dissolved and suspended fraction) (Bq1™),
Ky sediment water distribution coefficient (Bq kg™ per Bq1™).
S = freshwater suspended sediment load (5 10 kgl™).

1l
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Appendix B

ENVIRONMENTAL MODELS AND HABIT DATA

Habit data

Generalised habit data for radiological protection purposes have been reviewed and
updated since publication of NRPB-GS8' and NRPB-GS10%. The revised habit data are
discussed in detail elsewhere®, but the main developments are outlined here for ease of
reference. The habit data used to calculate generalised derived limits (GDLs) are those
considered appropriate for critical groups, ie people in the population who are
representative of those who receive the highest radiation exposures. The terrestrial food
ingestion rates given in Table B1 have been revised to take account of recent national
surveys of diet and have been agreed by the Ministry of Agriculture, Fisheries and Food and
the Board®. The 97.5th percentile of the national distribution of intake has been used to
represent the critical group habits. Generalised critical group intakes of marine foods, and
occupancies of intertidal areas, beaches and river banks, are based on a review of site-
specific surveys conducted by MAFF® and on behalf of Her Majesty's Inspectorate of
Pollution®, now part of the Environment Agency. These data are given in Tables B2 and B3
and are discussed further elsewhere®, A 2000 hy™" occupancy for adults was assumed for
the sewage works and represents a working year. An effective occupancy of 1000h vy~ was
assumed for plant operators close enough to sewage tanks to receive an external dose.

Inhalation rates have been revised to be consistent with the revision of the ICRP model
of the respiratory tract”. No additional information on water intake is available since

Critical group intakes (kg y ™)

Food group Infant (1y) Child (10y) Adult (20y)
Domestic fruit 35 50 75
Potatoes and root vegetables 45 95 130
Green and other domestic

vegetables® 15 35 80
Pig meat 55 25 40
Cattle meat 10 30 45
Sheep meat 30 10 25
Offal 55 10 20
Poultry 55 15 30
Milk® (1y™") 320 240 240
Milk products 45 45 60
Eggs 15 20 25
Cereals 30 75 100

Notes

(@) Intakes summed over green vegetables and other domestic vegetables including legumnes.
(b) The GDL for milk. consumed by infants in the first year of life, assumed a milk intake of 3501y~ &
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TABLE B2 Critical
group intake rates of
aquatic foods

TABLE B3

Occupancies

above marine and
freshwater sediment and
sea washed pasture

TABLE B4 Critical
group mhalation and
water intake rates

TABLE Bs Grtical
group inadvertent
ingestion ratés

TABLE B6 Occupancies
associated with external
exposure from
contaminated farmiand

Critical group intakes (kgy™)
Food group Infant (1y) Child (10y) Adult (20y)
Freshwater fish 1 5 20
Marine fish 5 20 100
Crustaceans 1 5 20
Molluscs 1 5 20
Occupancy (hy™)
Substrate Infant (1y) Child (10y) Adult (20y)
Marine sediment 30 300 2000
Freshwater sediment 30 500 500
Sea washed pasture 30 300 2000

previous GDL publications'? and the drinking water intakes used are unchanged. Table B4
gives the inhalation and water intake rates used in the calculations.

Inadvertent ingestion rates of soil and sediment have been derived and are presented in
Table B5. Annual critical ingestion rates for soil and sediments are given which take account
of time spent outdoors during the course of the year. Hourly inadvertent ingestion rates are
also given for use with an occupancy value for time spent on an area of soil or sediment. For
example, the hourly ingestion rate (kg h™*) was used in conjunction with occupancy (hy ™)
on intertidal sediment. The adult inadvertent ingestion rates were assumed to apply also to
people working at a sewage treatment works.

The proportion of time spent indoors and outdoors is necessary for the calculation of
external dose in order to account for the shielding effect of buildings. These proportions are
given in Table Bé, and are discussed in more detail elsewhere®.

Infant (1y) Child (10y) Adult (20y)
Inhalation rate (m®y ') 1900 5500 7300
Drinking water (1y ™) 260 350 600

Infant (1y) Child (10 y) Adult (20y)
Inadvertent ingestion rate 5107 1107% 5107
whilst occupying a
substrate (kgh™')
Annual inadvertent ingestion 44107 18107% 83107
rate accounting for indoor
occupancy (kgy™')

Occupancy (%)

Infant (1y) Child (10y) Adult (20y)
Indoor S0 80 50
Outdoor 10 20 50
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For the pathways associated with inhalation of resuspended material, the air
concentrations of resuspended material are assumed to be the same indoors as those
outdoors and are therefore not affected by indoor occupancy. Breathing rates were
combined with occupancies above various media. Adults were assumed to receive an
additional inhalation dose due to mechanical resuspension of soil. An exposure time of
300hy™! for ploughing was assumed for this purpose.

Environmental models

Equilibrium transfer factors for terrestrial foods

Simple equilibrium foodchain transfer models were used to determine the
concentration of radionuclides in foods for the GDLs for well-mixed soil, sea washed
pasture and grass. Concentration factors relating the radionuclide activity concentration in
soil to radionuclide activity concentration in plant and animal foodstuffs were calculated
using equations B1 and B2, respectively:

o= (B1)
A
Ci= Cﬂp—a]‘Cf{s—pbfp + 1) (B2)
where C¢ = concentration factor relating the activity concentration in the food to
the activity concentration in the soil (Bq kg™ or Bq1™* per Bq kg™

dry mass soil),
A, = activity concentration in the plant (Bqkg™" fresh mass),
A, = activity concentration in the soil (Bqkg™ dry mass).

Ciis-py = equilibrium concentration factor relating the activity concentration in
food crops to the activity concentration in soil (Bq kg ™! fresh mass plant
per Bqkg ™! dry mass soil),

Cip-» = equilibrium concentration factor for the transfer of activity to animal
products arising from a daily intake of activity in the animal diet
(Bqkg ' or Bql™* per Bgd™).

I, = animal food intake (kgd™* fresh mass),
I, = intake of soil by cattle or sheep (kgd™" dry mass).

The element-dependent equilibrium concentration factors between soil and plant, and
between animal diet and animal products. were taken from NRPB-R273° and are given in
Tables B7 and B8, respectively. The intakes of food and soil by grazing animals were 1.5kg
and 03kgd ™", respectively, for sheep and 13 kg of food and 0.52kg d ™" of soil for cattle®.

Aquatic environment distribution and transfer coefficients
Element-dependent freshwater to sediment distribution coefficients and fish
concentration factors used in the derivation of the freshwater GDL are given in Table B9,

External exposure model

External exposure pathways were included in the GDLs for well-mixed soil. sea washed
pasture, marine and freshwater sediment, freshwater and sewage sludge. Doses from
external irradiation were estimated using an external dose model®, which predicts the
effective dose rate 1 m above an infinite area of contaminated material. External irradiation
was modelled for a unit activity concentration of each radionuclide well mixed to a depth of
0.3 m in soil, sea washed pasture, and freshwater and marine sediment. External irradiation
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TABLE B7
Element-dependent
concentration factors for
the uptake of activity
from soll to plant

TABLE B8
Element-dependent
equilibrium transfer

factors for the uptake of
activity from animal
Intakes to animal
products

TABLE B9
Element-dependent fish
concentration factors
and sediment water
distribution coefficients
for freshwater

Concentration factor, G; (Bqkg ™ food per Bakg ™" sofl)
Food type
Potatoes
Domestic and root Green
Element fruit vegetables vegetables Cereals Pasture
Sr 4107 1107 3107 2107 5107*
Ru 2107 11077 1107° 1107 1107
I 4107° 2107% 2107% 2107 2107
Cs 21072 5107F 7107 110°% 3107¢
Pu 3107* 51077 11077 21077 1107%
Am 8107* 8107® 51077 5107 1107
Cm 8107 31077 5107° 2107° 1107
Equilibrium transfer factor. C; (Bqkg™ or Bql™" food per Bqd™* of animal intake)
Animal product
Carttle Sheep Cartle Sheep Milk
Element meat meat offal offal Milk products
Sr 3107 31077 3107" 3107 2107 221072
Ru 1107 1107° 1107 11072 1107 1.1107°
I 2107 5107 2107 5107 5107 55107%
Cs 3107° 510" 3107% 5107 5107 55107%
Pu 1107* 4107" 2107¢ 31077 1107 11107
Am 1107* 4107 2107% 3107° 1107 111077
Cm 310°% 4107 2107 31077 1107° 11107
Fish concentration factor, G Distribution coefficient, K4
Element (Bakg ' perBql™') (Bqks ' perBgl™)
Sr 6010 2010°
Ru 1010 7.010°
[ 2010 30107
Cs 2010° 2010°
Pu 3510° 10107
Am 2510' 4010
Cm 2510 4010°

was also calculated for sewage sludge tanks, containing uniformly contaminated sludge
to a depth of 1 m. The physical properties assumed for each material are summarised in
Table B10. The external doses per unit activity concentration in well-mixed materials
integrated over 1 year are shown in Table B11. External irradiation of individuals will be
influenced by the degree of shielding. For the well-mixed soil GDL. individuals were
assumed to spend time inside buildings as indicated in Table B6. Location factors for the
reduction in gamma doses to people indoors and outdoors were assumed to be 0.1 and
1.0, respectively”.
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Characteristic Soil Sediment Sewage sludge
Depth (m) 03 03 10
Dry bulk density (kgm™) 1250 1500 50
Wet bulk density (kgm™) 1500 1700 1000
Effective gamma dose rates (Svy ™' per Bgkg™)
Parent Well-mixed Well-mixed Sewage sludge in
nuclide soil sediments tanks
sr = - 31107
gy 15107 12107 57107
95Ry — = 13107
19%Ry 20107 22107 27107
| —_ — 351077
9 25107" 22107° 12107
14 19107° 20107° 24107
ey 78107 84107 10107
#5py 291071 25107 L1107
Py 55107 561071 131071
20py 36107 351071 131071
2y 801071° 861071 121077
1 Am 961077 94107° 38107°
“am 19107 20107 44107
20m = — 73107"
2¥Cm 131077 13107 251077
MCm 25107 271071 431071
Resuspension model

Inhalation of resuspended materials is included as a pathway in GDLs for well-
mixed soil. sea washed pasture, marine and freshwater sediment. sewage slidge and
freshwater. Inhalation of resuspended materials used a dust loading approach throughout.
Resuspension of materials was assumed to occur by two processes, wind driven
resuspension and mechanical disturbance. Wind driven resuspension was assumed for
soils and sediments. All age groups were assumed to be exposed continuously to an
airborne dust concentration'® of 10" kgm ™. Resuspension of sewage sludge as liquid
droplets from stirring processes assumed an air concentration'! of 10~7 kg m™=, Mechanical
resuspension of soil was assumed to occur during ploughing. and was therefore included in
the GDLs for well-mixed soil, conditioning of soil with sewage sludge and irrigation of land
with freshwater. Adults only were assumed to be exposed for 300 h y™! at an airborne dust
concentration'® of 1077 kg m ™.

Treatment of agricultural land

Conditioning with sewage sludge

Sewage sludge can be applied to agricultural land as a soil conditioner. This gives rise to
possible routes of exposure to man. and therefore needs to be considered in the derivation
of the GDL for sewage sludge. The sewage sludge GDL considered the conditioning of
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TABLE B12

Activity concentrations
in foods for a surface
deposit predicted for the
50th year by the
foodchain mode!
(sewage sludee
application to land)

pasture and arable land used for cereals, and resulting exposure from treated soil and
ingestion of animal products and crops. Conditioning of pasture was assumed to occur
annually in early spring. approximately 1 month before grazing animals were allowed on to
the pasture. It was further assumed that the grass grew after the application, and that there
was no direct contamination of the grass by radionuclides in the sludge. For cereals, it was
assumed that sewage sludge was applied to bare soil, and ploughed in before seeding. For
both pasture and cereals it was assumed that the agricultural land was treated every year
for 50 years with sewage sludge from the same source. The dynamic foodchain model
FARMLAND® was used to predict the activity concentrations in cattle meat, offal, milk.
sheep meat, sheep offal and cereals in the 50th year, per unit deposit (Table B12). The
activity concentrations in the animal and plant products were scaled by the application rate
of sewage sludge using equation B3.

Af = Aﬂuj Rs ':53}

where A; = food product activity concentration in the 50th year from conditioning of
farmland with sewage sludge (Bqkg ™' per Bqkg ™ of sludge).
Apyy = food product activity concentration in the 50th year per unit deposition
(Bakg ' per Bqm2y™"') (Table B12),
R. = soil conditioning rate with sewage sludge (kgm™=y™).

The conditioning rate for sewage sludge'? was assumed to be 8 kg m™* and the sewage
sludge activity concentration was 1 Bq kg™".

Soil activity concentrations from surface deposition were estimated by use of the soil
part of the FARMLAND maodel®, The following assumptions were made. For exposure from
inhalation of ambient resuspended soil and inadvertent ingestion of soil only the top 0.01 m

50th year activity concentration in foods from a surface deposit of sewage sludge

(Bqkg™' or Bql™ per Bqm?y™")
Nuclide  Grain Cowmeat Cowliver Cowmik  Sheepmeat  Sheepliver
Mer 901077 221077 22107 111071 241077 241077
Wy 111077 72107 72107 34107 47107" 47107"
%Ru 30107° 47107 47107 88107° 10107 10107*
= 1010°° 74107 74107 12107 24107 24107°
1291 19107% 99107" 99107 15107° 83107 83 107
BiCs 62107° 46107 46107 92107 10107¢ 10107
s 57107" 83107 83107 16107° 23107° 2351077
Py 23107° 20107° 241077 14107° 35107° 25107
“Pu 2710° 21107 261077 15107° 371077 26107
H0py 27107° 211077 25107 15107 37107 26107°
22py 27107° 211079 261077 15107 371077 26107
HAm 53107° 261077 31107 19107° 381077 27107%
MAm 55107° 261077 32107 19107° 38107 28107°
#2Cm 37107 46107 551077 33107 22107° 16107°
5Cm 16107° 21107 251077 15107 34107 24107
#4Cm 13107 191077 23107 13107 32107° 23107
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of the soil profile was involved. while for inhalation of mechanically resuspended soil the top
0.3m of the soil was subject to resuspension. Activity concentrations in the top 0.01 m of
soil were obtained for surface deposition for 50 years on to an undisturbed soil profile.
Activity concentrations in the top 0.3 m of the soil were obtained for surface deposition
for 50 years on to well-mixed soil. External doses from conditioned soil were modelled for
the exposed group occupying undisturbed soil contaminated by surface deposition of
radionuclides in sewage sludge.

Activity concentrations in the soil and external doses per unit deposit are given in
Table B13. The activity concentrations in the soil and external doses were scaled by the
application rate of sewage sludge using equations B4 and Bs.

5,1 = -Sa(ul Rs (B4)
Dext = exr{uJRs (BS)

where S, = soil activity concentration in the 50th year from conditioning of farmland

with sewage sludge (Bqkg ™' per Bakg ™ of sludge).

Syu = soil activity concentration in the 50th year per unit deposition (Bqkg ™
perBqm~y™),

D.,; = external dose in the 50th year from conditioning of farmland with sewage
sludge (Svy™' per Bqkg™ of sludge),

Deyuqy = external dose in the 50th year per unit deposition (Svy™* per
Bqm™Zy™).
R, = soil conditioning rate with sewage sludge (kg m™2y™Y).

- TABLE B13

50th yn::]ar activity ggn_clenrratlon Eﬁec{i}re dose ratg in ?oth year Activity concentiaions
(Bakg™ per Bqm™y™) Ery= per Bqmy") and external dose rates
In top 03 m of In top 0.01 m of Above Above in the 50th year above
well-mixed undisturbed well-mixed undisturbed | ol per unit deposit

Nuclide soil soil soil soil

5 53107* 15107 661071 311072

XSy 681077 16107 10107 131077

%Ru 38107 86107 111077 49107°

=1 63107 18107* 2110712 301071

s 11107 33107 281071 48107

b 781077 141077 17107 67 107°

B 691072 30107 55107° 11107

=5py 941072 32107 281072 52107%

9y L1107 33107 6110712 L1110

40y 11107 33107 41107% 6710712

2py 11107 33107 90107 151071°

#am 11107 33107" 1010°° 2010°°

*=Am 11107 3310°! 2210 40107®

“20m 171073 45107 75107 81107

#B3Cm 671072 30107 86107 19107

#MCm 531077 29107 14107 30107
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TABLE B14

Activity concentrations
in foods for a surface
deposit predicted for the
50th year by the
foodchain model per
unit deposit (for
lrrigation)

Irrigation with freshwater

Freshwater can be applied to agricultural land for irrigation, and this route therefore
needs to be considered in the derivation of the GDL for freshwater. The pathways
considered were due to irrigation of vegetables and cereals only, and included exposure
from the treated soil. It was assurmed that irrigation occurred over the 120 day period of
crop growth up to harvest, and that irrigation occurred every year for 50 years using
freshwater from the same source. The dynamic foodchain model FARMLAND® was used
to predict the activity concentrations in root vegetables, green vegetables and cereals
in the 50th year per unit deposit on to the soil (Table B13). The activity concentrations
in the animal and plant products per unit deposition were scaled by the application rate
of freshwater using equation B3. Sewage sludge parameters were substituted by a
freshwater unit activity concentration and an application rate', assumed to be 1Bql™
and 100kgm ™y, respectively.

Soil activity concentrations from surface deposition were estimated by use of the
soil part of the FARMLAND model®. In this case. the following assumptions were made.
For exposure from inadvertent ingestion of soil and inhalation of both ambient
and mechanically resuspended soil. the top 0.3m of the soil was involved. Activity
concentrations in the top 0.3m of the soil were obtained for surface deposition for
50 years on to well-mixed soil. External doses from conditioned soil were modelled for the
exposed group occupying well-mixed soil contaminated by surface deposition of
radionuclides in freshwater.

Activity concentrations in the soil and external doses per unit deposit are given in
Table B14. The activity concentrations in the soil and external doses per unit deposition

50th year activity concentration in foods from a surface deposit of

irrigation water (Bqkg™* per Bqm™y™)

Green Roat
Nuclide vegetables vegetables Cereals
Bigr 85107 541077 48107
¥Sr 271072 30107 18107
1%Ru 98107 201077 54107
25 99107 711077 30107
129 15107 12107° 501077
BiCs 13107 11107 47107%
1%Cs 131077 12107° 49107
Z5py 101072 36107 52107
Hpy 101072 41107 5210°°
#opy 1010°% 41107 52107*
2ipy 101077 41107 52107%
“Am 101072 64107 5210
“SAm 1.0107% 661077 52107
2 Cm 93107° 49107"° 48107"
23Cm 10107° 17107 52107*
24Cm 101077 15107 52107
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were scaled by the application rate of freshwater using equations B4 and BS. with the
substitution of sewage sludge parameters by the freshwater unit activity concentration and
application rates given above.
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Appendix C

IMPORTANT EXPOSURE PATHWAYS FOR GDLs

Introduction

Details of the limiting exposure pathways and age groups for the generalised derived
limits (GDLs) presented in the main report are discussed in this appendix in the light of habit
and environmental data used in the calculations. In addition. the differences between the
GDLs presented here and those published previously are discussed.

Single exposure pathway GDLs

Inhalation of air

The GDLs for air were only calculated for radioisotopes of plutonium, americium
and curium. The GDL is inappropriate for radicisotopes of strontium. ruthenium., caesium
and iodine because of the much greater importance of other exposure pathways for
these radioisotopes.

Adults are the limiting group for all radionuclides except **?Am and ***Cm where
10 year old children are limiting. The dose coefficients for intakes by inhalation are greater
for 2**Am and ?**Cm in children than in adults.

Terrestrial foods

The GDLs for terrestrial foods were calculated for twenty-five radionuclides for the
three main age groups. infants (1 year old), children (10 years old). and adults (assumed to
be 20 years old). An additional age group was considered for the GDL for milk to take
account of infants in the first year of life whose diet was assumed to consist entirely of milk
(3 months old). Table 3 of the main text indicates the limiting age group for each terrestrial
food GDL and a number of trends are worthy of discussion. Infants in the first year of life
generally constitute the limiting group for the ingestion of milk. The reasons for this are two-
fold. For radionuclides other than *#*I and '#°1 dose coefficients for ingestion by 3 month old
infants are higher than the corresponding values for 1 year olds to take account of the higher
gut transfer factor appropriate for infants on an all-milk diet. The milk intake rate of 3501y~"
for infants in the first year of life is also the highest and 1 year old infants are the limiting age
group for the GDLs for '*1 and **°I only. Adults dominate the GDLs for *4Cs and ¥Cs
across all foods considered except milk. Children (10 years old) and infants (1 year old) tend
to restrict the GDLs for isotopes of strontium, ruthenium and iodine, whereas adults are
more likely to dominate GDLs for the actinides. The importance of milk, milk products, eggs
and pig meat in the diets of infants and children is reflected in the pattern of limiting
age groups.

Diririking water

Children (10 years old) and infants (1 year old) are the limiting group for isotopes of
strontium, ruthenium and iodine. Infants are also limiting for the GDLs in drinking water for
156Cg 242Am 2420 and 2%Cm. Although the drinking water intakes of infants (2601y™")
and children (3501y™") are considerably less than that for adults (6001y ™). this is offset by
higher child and infant dose coefficients for ingestion. The remaining GDLs are limited by the
adult age group.
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Aquatic foods

The GDLs for marine fish, crustaceans, molluscs and freshwater fish are limited by the
adult age group for all radionuclides. This is a function of the higher adult critical group
intakes of these foods. as shown in Table B2.

Multiple exposure pathway GDLs

Grass

The GDL for grass is presented for radicisotopes of strontium., caesium and iodine only,
because foodstuffs derived from grazing animals are important contributors to doses from
these elements. The foodstuffs considered for this GDL were cattle meat, sheep meat, offal,
milk and milk products. The GDL for grass was calculated for the main age groups and for
infants in the first year of life. due to the potential importance of milk ingestion to this GDL.

For #°Sr and iodine isotopes milk products and milk account for 60% and 38% of the
GDL. respectively, and infants (1 year old) are the limiting age group. For %Sy infants in the
first year of life consuming only milk are the limiting age group. Adults are the limiting group
for '**Cs and **”Cs where milk products contribute 33% and sheep meat 27% of the GDLs.
For **Cs infants are the limiting age group and 80% of the GDL is due to ingestion of milk
and milk products.

Well-mixed soil

This GDL applies to deposits of radionuclides in soil well mixed to a depth of 03 m by
natural weathering or farming activities. The GDL for well-mixed soil is not relevant for
radionuclides with a half-life less than about 1 year. and has therefore only been presented
for 14 radionuclides.

The dominant pathways in the GDLs for well-mixed soil vary, depending on
radionuclide. Ingestion of foods (root vegetables, green vegetables and cereals)
contributes 99% of the GDLs for *°Sr and '*°I which are limited by the child (10 years
old) age group. External irradiation accounts for between 54% and 83% of the GDLs for
106Ry, Y¥4Cs and **’Cs and the adult age group is limiting for these radionuclides. Dietary
intake is also an important contributor to these GDLs. External irradiation and inhalation of
resuspended soil contribute 80% of the GDLs for ***Am and ***Cm. For the remaining
actinides, inhalation of resuspended soil by mechanical disturbance contributes between
68% and 73% to the GDLs. which are therefore limited by the adult age group.

Sea washed pasture

This GDL is intended for coastal land which is occasionally inundated by spring high
tides. Contamination of the land can result from authorised discharges of radionuclides to
the marine environment.

The GDLSs for ®Srand *°l are dominated by the milk ingestion pathway. For *Srinfants
in the first year of life consuming milk only are limiting, while for **°I other foods also
contribute and the GDL is limited by infants on a mixed diet. External exposure accounts for
97% of the GDL for "%Ru which relates to adults. For **Cs and '*”Cs external irradiation and
terrestrial foods are the dominant exposure pathways. These pathways each contribute
around 50% to the overall GDL for *4Cs, while for '*’Cs the ingestion of terrestrial foods
provides 64% and external exposure 36% of the GDL. For the radicisotopes of plutonium
and for ?**Am and 2**Cm the GDL is dominated by the consumption of terrestrial foods
(around 80%), largely due to offal ingestion. For ***Am and ***Cm external irradiation and
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ingestion of terrestrial foods are the main exposure pathways, each contributing around
45% to the overall GDL.

Shoreline sediment

These GDLs apply to deposits of radionuclides in sediments well mixed to a depth of
0.3 m by natural scour, wave action and biological activities. The GDLs for freshwater and
marine sediments are not relevant for radionuclides with a half-life less than about 1 year.
Therefore GDLs have only been presented for 14 radionuclides.

Marine sediment

Inadvertent ingestion accounts for 98% and 69% of the GDLs for *Sr and '*°I,
respectively. The external pathway accounts for between 82% and 99% of the GDLs for
1Ry, 4Cs. *7Cs, **Am and ***Cm. The GDLs for “**Pu, ®*°Pu, *°Pu and **?Pu are
dominated by the inhalation of resuspended sediment (77%) with inadvertent ingestion
contributing about 23% of the GDL. For **'Am and **'Pu inhalation of resuspended
sediment contributes 62% of the GDL with a further 18% coming from external radiation. In
all cases the limiting age group was adults, a function of the 2000 hy~* occupancy assumed
for marine sediments.

Freshwater sediment

The exposure pathways dominating the freshwater sediment GDLs are similar to those
for marine sediment; however, 10 year old children are limiting for all radionuclides because
of the higher inadvertent ingestion rate assumed for children than for adults. An occupancy
of 500 hy ™! over freshwater sediments was assumed for both adults and children.

Freshwater

This GDL is intended for the monitoring of freshwater from inland rivers and lakes. The
GDL for freshwater accounts for the activity dissolved in solution and associated with
suspended sediment. and is expressed as Bq 1™ of whole water (dissolved and suspended).
The GDL takes into account exposure from ingestion of fish and drinking water and external
irradiation and inhalation of resuspended sediments. In addition, pathways associated with
the irrigation of agricultural land with freshwater were also considered.

For isotopes of strontium and iodine. ingestion of drinking water, freshwater fish and
terrestrial foods are the most important contributors to the GDL. External irradiation from
shoreline sediments accounts for about 93% of the freshwater GDL for '*Ru. Ingestion
of freshwater fish contributes between 70% and 80% of the GDL for **Cs and *"Cs. a
reflection of the high fish concentration factor for caesium (2000Bqkg™ per Bq 17,
Table B9). External irradiation from shoreline sediments also makes an important
contribution (about 20%) to the freshwater GDLs for caesium isotopes, which are limited
by adults.

Inhalation of resuspended shoreline sediment is the most important exposure pathway
for the GDLs for isotopes of plutonium and **! Am, contributing about 40% of the total. The
ingestion of drinking water and terrestrial foods is also significant, contributing around 30%
and 25%, respectively, to the GDLs for #°Pu, #°Pu, **°Pu and ***Pu. Freshwater GDLs for
“¥2Cm and ***Cm are dominated by the inhalation of resuspended shoreline sediments.
External irradiation from shoreline sediment accounts for about 75% of the freshwater
GDLs for ***Am and ***Cm.
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Sewage sludge

This GDL is intended for the monitoring of sewage sludge which has become
contaminated by previous authorised discharges to sewers, and is presented for wet
sewage sludge (Bqkg ™). Two main exposure situations were considered in the calculation
of the GDL. The first exposure situation considered sewage sludge at a treatment works
(adults only), and the second considered exposures due to the conditioning of agricultural
land with sludge (all age groups). The sewage sludge GDL has been calculated on the
basis that the groups of people exposed in the two situations are not the same, therefore
simply to sum exposure over all the pathways was considered inappropriate. The most
restrictive value arising from the two exposure situations has been presented as the GDL
for sewage sludge.

The most restrictive GDL was due to conditioning of agricultural land for all the
radionuclides considered, except '®Ru and ®Ru, where exposure at the sewage works is
limiting. Of these, '°*Ru has a relatively short half-life and was not considered for application
to agricultural land; exposure at the sewage treatment works is therefore the only exposure
route considered. External exposure from contaminated sludge in holding tanks is the most
important exposure pathway for both ruthenium isotopes. For the remaining isotopes
a combination of exposure routes associated with agricultural land was important.
Consumption of terrestrial food accounts for 99% of the GDLs for strontium and iodine
isotopes. For '**Cs and '*’Cs external irradiation from land treated with sewage sludge
contributes about 60% of the GDL and around 40% comes from terrestrial foods. For “*Am
and ***Cm external exposure accounts for between 35% and 40% of the GDL, inhalation of
resuspended soil contributes 38% and ingestion of terrestrial foods the remainder. For
24 Am. 2%Cm and the remaining isotopes of plutonium two pathways, inhalation of
resuspended soil (60% -70%) and ingestion of terrestrial foods (25% -35% ). particularly
offal, are the most important. For **>Cm, the limiting pathways were inhalation and ingestion
of soil, each accounting for 44% of the GDL.

Differences between the new GDLs and those published previously

Differences between the new GDLs presented in Tables 3. 4 and 5 of the main text and
those published in NRPB-GS8' and NRPB-GS10” are likely to be of interest to those involved
in the monitoring and control of activity in the terrestrial and aquatic environments.

Single exposure pathways

The differences between the current and previous GDLs for single exposure pathways
can be explained by two major factors: revision of dose coefficients for ingestion and
inhalation® and changes in the critical group intake rates of various materials**. In addition.
the GDL for “*'Pu in terrestrial and aquatic foods and drinking water was derived
without consideration of the ingrowth of ***Am, resulting in a less restrictive GDL than
reported previously'.

Multiple exposure pathways

The differences between GDLs arising from doses over multiple exposure pathways
can be explained by a number of factors. As discussed for single exposure pathway GDLs,
revision of dose coefficients for ingestion and inhalation and estimates of critical group
intake rates of various materials has occurred. In addition, revisions have been made to the
model used to estimate external dose®. A new pathway (inadvertent ingestion of materials)
has been included in GDLs for well-mixed soil and sediment. For radionuclides where food
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ingestion pathways were limiting (*’Sr, 'Ru and '*I), changes in food intake rates are the
main reasons for changes in the well-mixed soil GDLs. However, changes to the dose
coefficients® and concentration factors for the uptake of activity from soil to foods also
contribute”. For ***Cs and '*’Cs the external irradiation pathway was limiting for the GDLs
for well-mixed soil and sediments presented in this publication and those published
previously. The well-mixed soil GDLs for ***Cs and *”Cs were affected by the introduction
of location factors for shielding by buildings. The inhalation of resuspended material was the
limiting exposure pathway for the actinides considered in this publication and previously.
The GDLs calculated previously used a resuspension factor to link air concentrations to the
activity in soil. The current calculations account for occupancy over the substrate of
interest and replace the resuspension factor by a process driven dust loading.

Freshwater GDLs published previously did not account for exposure from irrigation of
farmland. Differences between some GDLs for freshwater and those published previously
are attributable to the contribution to doses from foods produced on irrigated soil, external
exposure pathways and inhalation of resuspended soil.
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APPLICATION OF
GENERALISED DERIVED LIMITS

ABSTRACT

This document is intended for use by those who are required to make
measurements of radionuclides in environmental materials and assess their
radiological significance. It sets out the place of generalised derived limits
(GDLs) within the overall framework of an environmental measurement and
assessment programme. The GDLs are environmental reference levels against
which the results of monitoring can be compared; they can be applied to
circumnstances where exposure is continuous throughout the year. but they do
not apply to transient situations such as the aftermath of an accident.

The calculation of GDLs has been based on information considered appropriate
for the UK. Consequently, the resultant values may not be applicable to other
countries. However, the overall approach to the calculations and the practical

advice in this document are of more general utility.
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Application of Generalised Derived Limits

INTRODUCTION

Generalised derived limits (GDLs) are convenient reference levels against which the
results of monitoring may be compared: they enable a preliminary assessment to be made
of the radiological impact of environmental contamination on members of the public’. The
Board has published GDLs for radioisotopes of strontium, ruthenium, iodine, caesium,
plutonium, americium and curium elsewhere in this issue'; values for important
radioisotopes of other elements will be published in the future. This paper contains
practical guidance that can be applied to the GDLs for any radionuclide; advice on the
radionuclides considered so far is used for illustration and example.

This document is intended for use by those who are required to make measurements of
radionuclides in environmental materials and assess their radiological significance. It sets
out the place of GDLs within the overall framework of an environmental measurement and
assessment programme. Factors governing the choice of the most appropriate material to
sample and the selection of the relevant GDL are discussed. The use of GDLs in situations
where a number of different radionuclides are present in the environment and the action
required if the GDL screening level is exceeded are explained.

The GDLs are calculated using information that is considered appropriate for the UK.
Consequently. the published values may not be applicable to other countries. However.
the overall approach to the calculations' and the advice given here are of more
general utility.

BASIS OF THE GDLs

Measured activity concentrations in environmental materials often contain
contributions from more than one origin, or from discharges that have occurred over a
number of years. Consequently, dose estimates that are based on such measurements
should be compared with the appropriate dose limit%. They should not be compared with
any dose constraints, because these apply only to a single source or site and are
prospective upper bounds on the process of optimisation of radiological protection. The
GDLs are therefore related to an annual dose limit of 1 mSv for members of the public, a
value that has been recommended by the Board? and subsequently endorsed by the UK
government™ ; they are derived using a defined model and are calculated using deliberately
cautious assumptions such that compliance with the GDL will ensure virtual certainty of
compliance with the dose limit.

Since GDLs are directly related to the dose limit for members of the public, they are only
appropriate for those sources of exposure to which the dose limit applies. Thus, they relate
to levels of radionuclides in the environment which result from the combined effects of past
and present controlled releases. Since the limit is given in terms of an annual dose, the
calculation of GDLs is based on the assumption that exposure continues for the whole year.
The GDLs are not appropriate for assessing transient exposure situations. Strictly, they
do nor apply to accidental releases of radionuclides into the environment. for which
comparisons with the dose limit are inappropriate?. However, in the longer term after an
accident, when the original deposit has reached near-equilibrium in the environment, the

*The current statutory dose limit for members of the public s 5mSvy™'. However. guldance issued by government
departments is based on 1 mSvy ™
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GDL system can be used to provide a simple, preliminary assessment of the radiological
consequences of widespread, low level contamination.

6 The assumption of annual exposure also implies that contamination of the material
under consideration is relatively widespread. This can be illustrated by the calculation of
GDLs in foodstuffs, for which it is implicitly assumed that concentrations are constant
throughout the whole of the annual intake. To supply the amount of vegetables or
fruit required by a single consumer, an area of 50-100m* would be needed, which
corresponds to a substantial garden. The provision of a year's supply of meat, offal or milk
would require a larger area of land to sustain sheep or cattle. The area then required to
provide sufficient food for a single person could be around a few hectares, ie the size of
a smallholding,

7 Since GDLs relate to levels of radionuclides in the environment that arise from human
activities, they do not apply to levels that occur naturally. Where a radionuclide may be of
natural origin, as would be the case for *°Po and **°Ra for example, the GDL relates only to
possible incremental concentrations resulting from human activity, and not the total. For
such radionuclides, it is therefore necessary to have some estimate of the ambient levels in
the area in order to assess the radiological impact of the practice under consideration.

8 Deliberately cautious assumptions are made in GDL calculations in order to make
them generally applicable as screening levels. The hypothetically exposed individuals are
assumed to be representative of those members of the public likely to receive the highest
doses as a result of their habits (the hypothetical critical group). Thus, the ingestion rates
assumed for foodstuffs are representative of people who consume higher than average
amounts, the occupancy of beaches and riverbanks is consistent with the frequent use
of such areas for occupational or leisure purposes. and high outdoor occupancy rates
are used for both adults and children. The GDLs are also based on the most restrictive
age group, taking into account variations in dose coefficients and dietary and other habits
with age.

SINGLE AND MULTIPLE EXPOSURE PATHWAY GDLs

9 Radiation doses resulting from the presence of radionuclides in the environment
arise by the following main pathways: external exposure, where the source of the activity
is outside the body: internal exposure, which occurs after a radionuclide has been
either ingested or inhaled. The exposure pathways of potential interest depend on the
environmental material under consideration. For example, for individual foodstuffs, only
one exposure pathway would be involved and so the relevant GDL would be termed
'single exposure pathway'. In the case of soil, which could be used to grow crops or to
accommodate people or farm animals, more than one exposure pathway could be involved
and so the relevant GDL would be termed ‘multiple exposure pathway’. Where multiple
exposure pathways are involved, the combination of cautious assumptions included in the
calculations is unlikely to be applicable to all situations, particularly those where several
expucire pathways contribute significantly to the resultant value of the GDL: the level
of caution built in will depend on the radionuclide concerned. There are, however,
some instances where a multiple exposure pathway GDL is dominated by one or two
exposure pathways, and the combination of habits relating to these pathways might
then be quite plausible.
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There are some potential exposure pathways that are not included in GDL calculations
which may require consideration in a site-specific assessment. An example would be the
ingestion of foodstuffs found in the wild, such as berries and mushrooms. These are unlikely
to be of general significance, but in particular circumstances their contribution may be
worthy of evaluation as part of a rigorous dose assessment. This issue is discussed in more
detail later (see paragraphs 56 and 57).

SAMPLING AND MEASUREMENT PROTOCOLS FOR COMPARISON WITH

THE GDLs

The selection of the most appropriate material to sampie depends on current
knowledge about the situation. Ideally, the material sampled should be that directly
responsible for the resultant exposure of man. Thus, for example, if the consumption of milk
was the probable exposure pathway of interest, then milk would be sampled in preference
to grass or soil. However, if information is lacking then a material such as soil that can
give rise to all the possible exposure pathways would be more appropriate. at least for
the purposes of a preliminary assessment. Soil would be of particular value for initial
investigations where information on individual radionuclides was absent.

Information about the radionuclide of interest is a primary factor in deciding upon a
sampling strategy, since this determines the exposure pathways of potential importance.
The calculations used to derive the appropriate multiple exposure pathway GDL can be of
assistance here, since they provide the contributions from each individual pathway to the
GDL. The contributions relating to those radionuclides considered elsewhere in this issue’
are set out in the appendix: corresponding data will accompany future advice for other
radionuclides. In the absence of specific information, these data enable the exposure
pathways of potential importance to be identified and thereby provide an indication of the
most appropriate environmental materials to be sampled.

A sampling programme may be constrained by practical considerations. Taking animal
products as an example, milk is relatively easy to obtain, but meat or offal are obviously
more difficult; again, recourse to a material such as soil or grass might be a more practical
option for the purposes of a first assessment. In the case of land contaminated with
actinides, for which the resuspension pathway may be of importance, the costs and
difficulties in installing high-volume air sampling equipment might be prohibitive, and an
initial assessment would then be best served by the collection of soil samples.

There is also a need to ensure that the chosen programme provides data that are
adequately representative of the situation under consideration. For example, it would
generally be more appropriate to collect samples of milk from a bulk tank, which would then
be representative of an entire herd, rather than an individual animal. In the case of sea
washed land, the amount of sediment deposited is very dependent on altitude, and while
single samples collected from areas of high deposition may be sufficient for an initial
assessment, more extensive information might be required for rigorous evaluations, This
topic is discussed further in paragraphs 24 and 25.

The number of samples that are collected may be affected by the subsequent analytical
effort required. For example, some radionuclides such as **'Cs can be readily and rapidly
determined using gamma-ray spectrometry. a non-destructive technique, whereas others
such as *Sr or isotopes of plutonium require dissolution and radiochemical isolation prior
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to measurement. The former are amenable to a more comprehensive study. perhaps
involving sampling overa wider area. or in a variety of materials, which in turn would include
comparisons with more than one GDL. In the case of the latter. it would be more important
to decide in advance upon which exposure pathways were likely to be of greatest
importance. and therefore upon the optimum sampling strategy.

In all cases, the date of collection of the sample, the location of the collection point and
the subsequent treatment of the sample should be recorded. The latter is of particular
importance because inappropriate treatment can invalidate the resultant analytical data.
Reported activity concentrations should relate to the date of collection of the sample and
not to the date of measurement.

The sampling procedure employed and the subsequent treatment must take account
of the assumptions used in the derivation of the GDL. Some of the more important
considerations are set out below.

Foodstuffs

The consumption rates and transfer parameters used in the GDL calculations relate to
the edible portion of the foods concerned. Thus. measurements should be performed on
the edible fraction of food. In some cases, the identification of this fraction is straightforward.
In others, a more cautious approach may be advisable. An example would be potatoes,
where because of changes in dietary preferences in recent years, it would be more
appropriate to determine concentrations in whole tubers rather than after peeling®. The
measurement results are expressed in terms of fresh mass. Samples of foodstuffs should
not be allowed to deteriorate before measurements begin.

Consumption rates refer to the mass of the processed food that is ingested. whereas
transfer parameters and measurements generally refer to the fresh raw food. However. a
recent assessment of the effects of food processing on radionuclide content indicated that,
for critical group assessments, it would be reasonable to assume that domestic cooking
processes did not give rise to any changes in the amount of activity ingested”, Generally,
therefore, measurements can be made on the raw food.

Grass

The GDLs for grass have been derived for selected radionuclides that are readily
transferred to animal products. The values are given in terms of dry mass: measurements
should therefore be expressed on the same basis. This does not necessarily imply that
samples should be dried prior to measurement, since some radionuclides such as isotopes
of iodine are potentially volatile. In such cases. a separate portion of the sample should
be used to determine a dry-to-fresh mass ratio; this can then be applied to the original
measurement data. Grass would normally be cut to within 10 mm of the ground. Although
not needed for a comparison with the GDLs, it is advisable to collect the grass from
measured quadrats, typically 1-5m? in area, and to determine the amount of grass
collected, Information on the foliar density might be of use if a more rigorous assessment
was subsequently required.

It should be noted that the GDLs for grass apply to conventional pasture. Some
domesticated animals spend much of their time grazing on unmanaged land such as uplands
or heaths. In this case, their diet may consist of a variety of plant species and may change
during the year. The GDLs for grass have not been intended to apply to such situations.
Emphasis should instead be placed on measurements on the animal products themselves.
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Water

22 The GDLs are presented separately for drinking water and for freshwater. The former is
based on the drinking water pathway only and is for comparison with measurements made
on water in the form in which it will be consumed., ie following any treatment processes.
In contrast, freshwater may be used in a variety of ways; it may also contain sediment
suspended in the water column. In addition to direct consumption, the GDL for freshwater
therefore includes other exposure pathways such as ingestion of freshwater fish. and
pathways arising from exposure to sediment and from irrigation of land. Consequently, a
different approach is required in which measurements of activity concentrations are made
in both the aqueous phase and the particulate material. Samples should therefore be taken
directly from the appropriate freshwater system and any suspended particulate material
separated by filtration before any analytical work begins. This should not add to the
analytical effort required, since the two phases would generally be separated prior to
analysis for purely practical reasons. The suspended sediment load. ie the mass of sediment
per unit volume of water, should be recorded, since this is required in the calculation of the
final results. Moreover, it may be an important factor if a more rigorous assessment is
subsequently required. For a given radionuclide, the quantity that should be compared with
the GDL for freshwater is the total activity concentration in the original sample., ie taking
account of any activity originating from suspended sediment.

Well-mixed soil and sea washed pasture

23 The GDL for well-mixed soil is calculated on the assumption that the activity is
uniformly distributed to a depth of 300mm in the soil. This represents an aged deposit
that has been mixed by natural and agricultural processes. Samples should therefore be
collected over this depth of soil and homogenised before any aliquots are taken for analysis.
This procedure would be appropriate for cultivated agricultural or horticultural land, but not
to land that had recently received a fresh surface deposit. The GDL for well-mixed soil
would also not be applicable to areas of permanent pasture that had been established
before deposition began. In this case, the GDLs for grass would be more appropriate
(paragraph 20).

24 Separate GDLs have been calculated for sea washed pasture, and these are also based
on a uniform distribution of activity to a depth of 300 mm. The sampling requirements are
therefore the same as those for well-mixed soil. Interest in sea washed pastures mainly
concerns the northwest coast of England. north Wales and southwest Scotland and arises
because of discharges into the Irish Sea from the Sellafield nuclear fuel reprocessing plant.
The distribution of radionuclide concentrations with depth in sea washed pastures and
saltmarshes is not uniform; in practice, concentrations are highest at some depth in the soil,
which is consistent with the marked decreases in discharges from Sellafield over the last
20 years®. The assumption of a uniform distribution with depth would then be cautious for
all of the exposure pathways considered. The present approach is considered reasonable
for the current situation in the UK. but it might not be appropriate in situations where
discharges are increasing,

25 For both types of sample, the GDLs are expressed in terms of dry mass: the measure-
ment data should be presented on the same basis. If potentially volatile radionuclides are
thought to be present. then the samples should be treated in a manner similar to that
described for grass.
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Shoreline sediment

The GDLs for marine and freshwater sediment apply to shoreline sediment, including
intertidal zones, but not to material that is permanently submerged. These GDLs are based
on the premise that the material has been well mixed by physical and biological activities to
a depth of 300 mm. However, obtaining sediment cores in unconsolidated material is not
always straightforward, while in some instances the depth of the deposited sediment may
be very much less than 300 mm. In these circumstances, a sample from the surface is all that
can be reasonably achieved for the purposes of an initial evaluation. In such cases, the
sampling details should be recorded. As in the case of soils. the GDLs are expressed in terms
of dry mass, and the measurement data should be presented in the same form.

Sewage sludge

The GDLs are presented in terms of the wet mass of sewage sludge, since this is the
form in which it is applied to agricultural land. The measurement data should be presented
on the same basis. While it is more convenient to dry the sludge prior to beginning any
measurements, if potentially volatile radionuclides are present consideration might need to
be given to the generation of reliable data using the original material. Where appropriate, the
ratio of the wet and dry mass of the sludge should be determined.

APPLICATION OF GDLs

The process of comparing measurement data with the appropriate GDL is illustrated in
the figure. Before proceeding, it is advisable to check that the material was collected,
processed and analysed in a manner suitable for comparison with the GDL. The reliability of
the analytical data should also be assured. If the quality of the data is in doubt, then the
analysis and., if necessary. the sample collection should be repeated.

Screening level

The Board recommends a screening level of 10% of the GDL. or the corresponding level
of dose of 0.1 mSv y ™, which if exceeded indicates the need for further investigation of the
exposure pathways and likely critical group doses'?. The action required in such cases is
considered later in this paper (see paragraphs 45-58).

Terrestrial environment

Soilis a relatively easy material to collect and measure, and the GDL for well-mixed soil
takes account of all of the most important exposure pathways arising from contamination in
the terrestrial environment, It is particularly useful for radionuclides that require a great deal
of analytical effort, because it allows the combination of exposures from more than one
pathway to be taken into account. As noted earlier. this GDL is only applicable to soil
samples taken from areas of tilled agricultural or horticultural land which have received
deposits over a number of years, and not to samples from areas of permanent or sea
washed pasture, or to semi-natural systems such as uplands or moorlands.

In the past, GDLs for well-mixed soil have erroneously been applied to sea washed
pasture. The assurnptions used in the calculation of GDLs for well-mixed soil include
permanent occupancy of the contaminated land and the production of all foodstuffs. The
former is clearly inappropriate for land that is periodically inundated by the sea, while the
agriculture that sea washed land can support is limited. A GDL has now been calculated
specifically for soil that originates from sea washed pasture, taking account of the
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appropriate occupancy factors and agriculture. Although termed 'pasture’, this GDL can be
applied to other intertidal land such as saltmarsh, but not to shoreline sediment. for which
separate values have been derived.

A specific GDL has been developed for grass from permanent pasture which takes
account specifically of exposure pathways from grazing animals. The GDLs for grass have
deliberately been derived only for those radionuclides for which such exposure pathways
are likely to be significant.

The GDLs for individual foods are valuable where the agricultural land use is known and
food samples are easily obtained. and where the radionuclides are readily measurable.
However, the availability of samples will vary with season, and a complete evaluation may
therefore take some time. Activity concentrations in milk often provide the most useful
basis for comparison with the GDLs, provided that the milk is produced in the area of
concern. This is because cows are efficient integrators of deposited radioactivity. and milk
is an easily obtained food sample, although seasonal grazing habits also need to be taken
into account.

There are, however, occasions when measurements on the foodstuffs themselves
may not be the best approach. One example would be radionuclides for which the
more convenient analytical methods cannot achieve sufficiently low detection limits. For
example, in the case of isotopes of ruthenium, the detection limits that can be achieved
for milk using gamma-ray spectrometry approach the value of the screening level; lower
limits could be achieved using radiochemistry. but the effort and expertise required are
considerable. However, the transfer of ruthenium to milk is very small, and widespread
contamination with '**Ru and "**Ru could result in other pathways becoming worthy of
consideration. In such cases, measurements in other materials such as soil would be more
useful. Not only are all potential exposure pathways taken into account, but the detection
limits that can be achieved by gamma-ray spectrometry are then well below the relevant
screening level.

In using single exposure pathway GDLs such as those for individual foodstuffs. it is
important to remember that other pathways also contribute to the doses received by
members of the public. For example, a person might consume more than one foodstuff
produced within a contaminated area. Such possibilities merit consideration. For readily
measurable radionuclides such as *’Cs. it may be practicable to make measurements in
each of the terrestrial foods grown in a contaminated area. The measured value in each food
should then be expressed in terms of a percentage of the relevant GDL, ie the percentage
of the GDL utilised. The sum of the percentages utilised can then be compared with the
10% screening level. This approach might not be suitable for radionuclides such as *Sr,
which require radiochemical isolation prior to measurement. In such cases, measurements
in well-mixed soil could be a better option. This is particularly so in the case of *Sr.
because the ingestion pathway for vegetables and cereals is the dominant contributor
(99%) to the GDL for well-mixed soil’,

Marine environment

Generalised derived limits are not calculated for seawater because it is better to
measure radionuclide concentrations in media such as sediment or seafoods that more
directly relate to the exposure of people. The GDLs are presented for each radionuclide in
marine fish, crustaceans and molluscs and, for radionuclides with halflives greater than a
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year, in marine sediment. The GDL for marine sediment refers to material that has been
deposited on the shoreline and so takes account of those pathways that are directly related
to time spent at that location, ie external exposure, inhalation of resuspended material and
the inadvertent ingestion of sediment. However, in contrast to the corresponding GDL
for well-mixed soil. it does not include the ingestion of marine foodstuffs and so does
not represent the combined exposures from all important pathways in the marine
environment. In practical terms therefore, it is important to consider whether the ingestion
of marine foods is important in a given situation, and if so to make appropriate
measurements and comparisons with the GDLs. The overall impact can then be
assessed in the same manner as that set out for multiple radionuclides (paragraph 44).

The relative importance of the ingestion and the sediment-dependent exposure
pathways depends on the radionuclides concerned. For example, *’Cs is readily
transferred to fish, and following adsorption on to sediment would also give rise to
external irradiation during occupancy of shoreline areas. In this case, ease of measure-
ment means that a more extensive investigation would be relatively straightforward.
However, similar considerations apply to isotopes of plutonium, which are taken up by
molluscs as well as being strongly adsorbed by sediment. and here there would be
no option but to make measurements in both materials. It would be imprudent to make
broad extrapolations between measured concentrations in sediment and likely levels in
marine foodstuffs: fish in particular are not confined to a given area, and moreover there
is not a simple relationship between activity concentrations in sediment and those in
such foodstuffs.

Freshwater environment

The GDL for freshwater takes account of the ingestion of fish, exposures to shore-
line sediment and exposures arising from the irrigation of land in addition to the use
of the water for drinking. A separate GDL specifically for drinking water is also provided;
this GDL should not be applied to water that is used for any purpose in addition to drinking.
As in the case of marine systems, the GDL for freshwater sediment refers to the
shoreline and so takes account of the external exposure, resuspension and inadvertent
ingestion which may take place during time spent there, but does not include the ingestion
of freshwater fish.

In many cases, the simplest and most relevant approach would be to make measure-
ments on freshwater and compare them with the corresponding GDL. Samples are
relatively easy to collect and the GDL represents the sum of exposures arising from the
freshwater environment. A more extensive measurement programme could be mounted
for radionuclides that require little analytical effort. For example, if the consumption of
freshwater fish was a possibility. then additional measurements would be prudent, since as
in the case of the marine environment this foodstuff could have originated from a wide area.
Equally. for some radionuclides suchas *“Ru, the dominant exposure pathways result from
occupancy of the shoreline, and so sampling of the shoreline sediment itself would be the
preferred approach.

There are instances where the inhalation of resuspended material could be the
exposure pathway of interest. for example following irrigation of agricultural land. The
problems of sampling airborne dust were noted earlier, and initially at least an evaluation
based on freshwater itself could provide a simpler approach,

45



Documents of the NRPB, Vol 9. No 1, 1998

41

42

GDLs for sewage sludge
following application to
farmiland and retention
at the sewerage works

(Bgkg™ wet mass)

Sewage sludge

The primary form of control of discharges of radionuclides into sewerage systems
is provided by generalised derived constraints (GDCs). However, a GDL for sewage
sludge has also been calculated in order to allow exposures arising from combinations of
discharges from more than one operator to be assessed. This GDL is intended for
measurements of sludge at the sewerage plant. Two sets of circumstances were
considered: exposures arising at the sewerage plant; exposures arising from the
application of the sludge to agricultural land. The basis of the calculations is given
elsewhere in this issue’; only the more restrictive values have been recommended for
general use’,

The table contains the results of both sets of calculations for the radionuclides
considered so far', In most cases the more restrictive values relate to the application of
sludge to agricultural land. the two exceptions being '**Ru and '*Ru (see the appendix.
Figure A7). For a given radionuclide the differences between the two sets of values are
in some cases several orders of magnitude. On the basis of the published GDLs. undue
restrictions could therefore be placed on operations at a sewerage plant if in practice the
sludge was never intended for use as a soll treatment. Consequently, the values relating to
exposures at the sewerage plant are presented formally here as a means of assessing
the radiological impact on the workforce. This two-tier approach differs in concept to the
derivation of GDLs for other materials.

The GDCs for discharges from individual facilities to sewerage and freshwater systems
will be published in due course.

Application to farmland At sewerage works
Nuclide GDL Limiting age group GDL Limiting age group
805y 7 10° Infant 6107 Adult
N 610° Infant 7 10° Adult
10%Ry - - 7 10* Adult
%Ry 510* Adult 310* Adult
12 210t Infant 210° Adult
129] 410° Infant 510° Adult
P4 Cs 210° Adult 410° Adult
¢ 110° Adult 910° Adult
opy 410° Adult 110° Adult
“py 310° Adult 110° Adult
#4%py 310° Adult 110° Adult
“ipy 110° Adult 210° Adult
242py 310° Adult 110° Adult
2 Am 410° Adult 810* Adult
BAm 210° Adult 210° Adult
42Cm 410° Infant 110° Adult
#3Cm 410° Adult 310* Adult
24Cm 810° Adult 210° Adult
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Treatment of multiple radionuclides and groups of materials

44 The dose limit applies to the sum of exposures from sources subject to the ICRP system
of radiological protection for practices, taking account of both current and previous
discharges. It is therefore necessary to ensure that all relevant radionuclides are taken into
account when carrying out any assessment of radiological impact; this includes evaluations
that make use of GDLs. The selection of the most appropriate material or groups of
materials has been discussed already. but it is conceivable that more than one radionuclide
may be involved. In such cases, it is not appropriate to assess radiological impact on
the basis of individual comparisons with the 10% screening value, Instead, the overall
impact should be assessed by calculating the percentage of the GDL utilised for each of
the radionuclides of interest, ie the measured value expressed as a percentage of the
appropriate GDL. These percentages should then be summed and the total compared with
the screening value of 10%. A further investigation would be warranted if the total exceeded
10%. irrespective of whether this value was exceeded by any. or indeed none, of the
individual values.

Action required if the screening level is exceeded

45 A single measurement in excess of the screening level does not necessarily imply that
an effective dose of 0.1 mSvy ™" will be exceeded. Rather, it indicates that the applicability of
the GDL to the situation in question deserves a more thorough appraisal. Since there is a
degree of caution built in to the calculation of GDLs, a simple assessment of the actual
situation will often be all that is required.

46 For situations involving more than one radionuclide, the process of determining the
overall utilisation of the GDL (paragraph 44) will identify the radionuclides of primary
importance. In the case of multiple exposure pathway GDLs, the next step is the
identification of the most important exposure pathways. which are radionuclide-dependent.
For those radionuclides that have been considered earlier in this issue’, the contribution
from each exposure pathway to these GDLs is given in the appendix.

47 The identification of the important exposure pathways enables the assumptions made
in the calculation of the GDL to be elicited’. The applicability of these assumptions to a
particular situation can then be evaluated (see the figure). The radionuclide-dependent
parameters such as soil-to-plant transfer factors that were used in the calculation of GDLs
were the best estimates currently used by the Board’, and it is not generally necessary to
consider these at an early stage. Instead, emphasis should be placed on radionuclide-
independent parameters. Some of the more important factors are discussed below.

Land use

48 Information on land use may enable estimates of the potential contributions from
foodstuffs to be refined. As an example, the GDLs for grass include all animal products, of
which milk and milk products are the dominant contributors for most of the radionuclides
considered (see the appendix). Consequently. if dairy animals are not given access to a
givenarea, then the contributions from milk to the GDLs can be disregarded. Similarly, some
of the crops considered in the calculation of GDLs for well-mixed soil might not be
cultivated in the area under consideration.

Habit data
49 Generally, it is unlikely that suitable, representative data on the consumption rates of
foodstuffs would be available for specific areas. Certain coastal areas are a notable
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exception®, In view of the need for caution. GDLs have been calculated using higher than
average rates appropriate for the UK generally. that have been agreed by the Board and the
Ministry of Agriculture, Fisheries and Food”. However. for more realistic assessments the
assumption that an individual consumes all foods at higher than average rates is implausible.
Such assessments could reasonably be based on the premise that an individual might
consume no more than two foodstuffs at higher than average rates and the remainder at
average rates'®. For assessment purposes. the two foodstuffs selected would be those that
potentially contributed most to the estimated dose. Data on average consumption rates
appropriate for the UK have been published”. It is worth noting also that the consumption of
grain is taken into account in the calculation of GDLs. although for most people the grain in
the diet comes from a very wide area. Consequently. if grain was identified as a potentially
important contributor to the estimated dose, then the possibility of people achieving self-
sufficiency in the production of grain from within the area of interest should be investigated.

Occupancy factors for use in general assessments have been published'’, and are the
values used in the calculation of GDLs'. It is unlikely that site-specific occupancy factors will
be available, although data in the use of intertidal areas in northwest England have been
published'*', It is worth noting. however. that the GDL for well-mixed soil is based on
continuous occupancy, the time spent indoors being taken into account’, For radionuclides
such as **’Cs or **°Pu, for which occupancy is an important factor in the calculation of the
GDL. dose estimates could therefore be readily revised if it was known that the area under
consideration was not permanently inhabited'!,

Ancillary measurements

For some GDLs, the ancillary measurements made on the samples are of value in a
more site-specific assessment. For example, in the case of freshwater, the GDL has been
calculated using a suspended sediment load of 50 mg I~ Some radionuclides are extensively
sorbed on to sediment. and for actinides the inhalation of resuspended shoreline sediment
is an important contributor to the GDL. The activity concentrations in the suspended
sediment fraction alone may therefore merit evaluation. For shoreline sediment, the depth
of sediment that could be sampled could be important for those radionuclides for which
external irradiation contributes significantly to the GDL. This would not, however, be the
case for those where resuspension and inadvertent ingestion are important. because the
activity ingested or inhaled would come from the surface layer. In the case of sewage
sludge. it would be useful to compare the actual rates and frequency of application with
the values assumed in the calculation of the GDL'. In the case of grass. the activity
concentrations observed in a sample may contain significant contributions from soil
adhering to the foliage: factors such as animal husbandry and the quality of the grazing land
affect the amount of soil resuspended on to foliage and the amount inadvertently ingested
by the animal. Ingestion of soil-associated activity can be the dominant contributor to
intakes of certain radionuclides, particularly actinides, although experimental evidence
indicat=s that the availability of soil-associated radionuclides for uptake by animals is less
than the values assumed in the calculation of GDLs*®. Consequently, the amount of soil
adhering to the grass and its influence on the observed activity concentrations could merit
consideration. This factor could be of particular importance in the case of sea washed land.

If after an analysis of the applicability of the basic assumptions there is still a need
for a more specific assessment, then two further factors merit consideration. These are:
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(a) the extent of the contamination,
(b) whether additional measurements are required.

The extent of the contamination may not be sufficient to fulfil the criterion given earlier.
ie that the predicted level of exposure continues over the whole year. Thus, for example,
a contaminated area might not be large enough to produce the required amount of food.
In addition. the measured levels of contamination might not be representative of the
entire area.

Before a decision is taken on the need for further measurements. published
measurement data should be examined to determine whether any relevant information
is available, The exposure pathways of importance will have already been identified
(paragraph 44). and so this examination should not be confined to the original material
under consideration but extended to others that may be of more direct application to a
dose assessment.

Additional measurements need not necessarily entail further sample collection and
analysis. For some radionuclides in certain materials. external irradiation is an important
contributor to the GDL. External irradiation has been taken into account in the calculation of
GDLs for materials such as well-mixed soil, sea washed land and sediment. In the case of
grass, this exposure pathway was not considered. although a person might spend some
time on contaminated grassland, and this pathway might merit evaluation when a site-
specific assessment is required. In recent years, equipment to measure external dose rates
has become widely available as part of contingency planning for emergency response. and
guidance on measurement protocols has been published'”. Such equipment is portable and
relatively cheap, and moreover a single measurement provides an estimate of dose rate
that is representative of an area of around 10-20 m in diameter. Measurements can be
made relatively quickly, and so a large area can be surveyed in a short time. For
radionuclides for which this pathway could be of importance, such as **Cs and "*/Cs, it
would therefore be straightforward to take account of external exposure by measurements
of dose rate, combined with estimates of the time that people spent in the area under
consideration. Such an evaluation would need to subtract the contribution to external dose
rates due to the ambient background radiation. Background dose rates have been published
for materials such as sands and sediments'®. However, for inland soils the variability in
background values across the UK is considerable'’, and the preferred option might be to
make comparative measurements at a suitable control site.

In some cases, more extensive sampling of the original material is unavoidable if the
extent of the contaminated area is to be defined. In the particular case of sea washed
land, information on the distribution of activity with depth in the soil may be helpful.
Alternatively. measurements could be made in other materials that would provide a
more direct estimate of exposure. In the case of foodstuffs, it might also be appropriate at
this stage to evaluate any additional minor pathways that are not considered in the
calculation of the GDLs. An example would be the collection of food from the wild, such
as mushrooms or berries. It should be recognised that a possible consequence of the
compilation of information is that the limited data used in the original comparison with the
GDL may form no part of the final evaluation.

If a more rigorous assessment is still indicated. then the introduction of a site-specific
habit survey could be considered. The structure of such a programme should be based on
the exposure pathways of interest, but in any case should focus on data that would be
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representative of a full year. The determination of site-specific radionuclide transfer
parameters might also be necessary. It must be emphasised that the effort and resources
involved in carrying out rigorous habit surveys and radicecological investigations can
be substantial; a decision to undertake either type of study should not be made without
expert guidance.

If a rigorous site-specific assessment implies that doses could approach 1 mSvy ™%, the
dose limit for members of the public. it would be prudent to seek expert guidance on the
assessment protocols adopted. Regulators might in any case require an independent

‘opinion to be satisfied with this conclusion. If the estimated dose exceeded 1 mSvy™,

then the situation should be discussed with the appropriate government departments
or agencies.

CONCLUSIONS

Generalised derived limits are convenient reference levels against which the results of
monitoring can be compared, but care is required in their use. Sampling and measurement
procedures should be designed to produce reliable data that can be directly compared
with the relevant GDL. The environmental material selected for study should be that
which gives the most direct estimate of exposure. although in many cases a material that
could give rise to more than one exposure pathway could be sufficient for the purposes
of a preliminary assessment. The material selected may in any case be determined by
practical constraints.

It is important to assess land use and the characteristics of each of the radionuclides of
importance in the area in order to get a true picture of the doses received by members of
the public. All relevant exposure pathways and radionuclides should be taken into account.
The Board recommends a screening level of 10% of the GDL, or the corresponding level of
dose of 0.1mSvy~", which if exceeded indicates the need for further investigation. The
screening level applies to the total utilisation of the GDL by all radionuclides and all exposure
pathways: the 10% value does not apply to each individual component.

If the 10% value is exceeded, this does not necessarily imply that the resultant dose
exceeds 01mSvy™; rather, a more specific assessment is indicated, taking actual
circumstances into account. The GDL system can be used to identify the radionuclides
of importance, and the exposure pathways that merit consideration. These exposure
pathways and the default assumptions made in the calculations can then be assessed in
terms of their applicability to the situation under consideration. Since there is a degree of
caution built into the calculation of the GDLs. in many cases inspection of the applicability of
radionuclide-independent parameters such as occupancy factors or land use could be
sufficient to demonstrate that no further action is required.

If a more extensive measurement programme is indicated, the availability of relevant
published data should first be explored. Comprehensive habit surveys and radioecological
investigations involve considerable effort and expense, and should not be undertaken
without expert guidance.

It would be prudent to seek expert advice if an assessment gave implied doses that
approached 1 mSvy ™. Regulators might in any case require expert opinion to be satisfied
with such a conclusion. Dose estimates in excess of 1 mSv vy~ should be discussed with the
appropriate government departments or agencies.
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Appendix

CONTRIBUTION OF INDIVIDUAL PATHWAYS TO THE MULTIPLE
EXPOSURE PATHWAY GDLs FOR RADIOISOTOPES OF
STRONTIUM, RUTHENIUM, IODINE, CAESIUM, PLUTONIUM,
AMERICIUM AND CURIUM
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FIGURE A1
Contribution of each
expasure pathway to
the GDL for well-mixed
soil (%)
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FIGURE A2
Contribution of each

o C S S S S OSSOSOy b
gy o L L A A A A A A =0 ) exposure pathway to
B A A AN AN AR 2 inhalation
PAAFAFAAAN A the GDL for sea
washed pasture (%)

ERY

. 255 Food
Fi] ingestion

A A PR P AL PILLG
'\n\\$\!\\\.\\'\.\.\. LNt Syt Yt Ly

Soil
ingestion

129| R

g e e e
il T Yy ENSEN |

SN PO \
palaty’ 2 ey PRSI

W40 MR

13 ?CS

TR TR TR B
D P P AP AP P PN
: ‘ RELA AR AR IS IAIEILAL,
N N NPT
23Dy RERRELE B I B B A AT IR SR
-, E R R N R N A N R AN DE

¥, N I A T I N A A

PN A S AR ) o S

3

238p U

240Pu

D R R A A AL R LA R R A
s . ISR
A I A,

e

N

NN \

T I T A B BB RAALINA \
A T I T

nnane, annn: AN

B o
T T A e N
243 B D N X NN NN T
< Am e e
OB BBBLOEBEN,

R R R
= e e e e
s

e v -
A N N NN '%

TS,
Wl

SN
5y

0% 20% 40% 60% 80% 100%
Contribution

55



Documents of the NRPB, Vol 9, No 1, 1998

FIGURE A3
Contribution of each
exposure pathway to
the GDL for grass (%)
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FIGURE A4
Contribution of each
exposure pathway to
the GDL for marine
sediment (%)
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FIGURE A7

Contribution of each
exposure pathway to the
GDL for sewage

sludge (%)
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