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1. Introduction
Models to simulate the transfer of radionuclides through air, water and terrestrial ecosystems have been

developed and used regularly over the last 20 years. RadCon was developed as a simple model to assess the

radiological consequences, as dose, to humans of short-term depositions of radionuclides. Internal exposure via

inhalation and ingestion are included in this model as well as external exposure from the passing cloud

(cloudshine) and from radioactivity deposited on the ground (groundshine).

RadCon was also developed to provide user flexibility in parameter input and permit a focus on particular

climate types, and in this case particularly tropical and subtropical climates. RadCon allows the user to specify

the radionuclide of interest, the age of the person receiving the dose, and aspects of their race such as dietary

components and lifestyle. The operator may use a number of default categories, but regional information may

also be entered and incorporated into the radiological model, allowing assessment of dose to critical groups using

site specific data.

Initially, the RadCon model will deal with the Australian and South East Asian region but flexibility has been

incorporated into the design to allow application in other regions. In a manner similar to a geographic

information system, the display of input and output data allows quick access to the results, both numerically and

graphically. Coloured concentration gradients, stepping through time, are superimposed on the area of interest to

present atmospheric and ground concentrations of the radionuclides and, after the calculations, human dose. The
model has portability across computer platforms.

This report summarises the parameters and some of the transfer factors underlying the calculations. While the

focus was on the tropical and subtropical regions in Australia, for many parameters the values may only have

been available for temperate regions, in which case this has been used as the default value. The parameter

flexibility is a major aspect of this model and a report to describe the editor has been written (Crawford and

Domel, ANSTO/M-129)

The aim of this document is to chronologically expand on the formulae and parameter tables presented in the

Technical Guide (Crawford et al., ANSTO/E-744, May 2000). The two documents should be read together with

the Technical Guide presenting the mathematical computations and this report presenting some of the input
values used to calculate the endpoint results from the computations. An additional report sets out the data and

parameter acquisition process and references the prepared database of tables and literature (Domel R, ANSTO

SD/TN-1/2000, October 2000). A further report uses the data and parameters to describe the sensitivity analysis

of Australian scenarios (Domel and Crawford, ANSTO SD/TN-2/2000, October 2000). A User Guide to assist in

the implementation of RadCon has also been written (Crawford and Domel, ANSTO/M-128).

Where a reference is made to expert judgement, the parameter values have not been elicited directly from the

reference given but required further analysis based on site/country-specific knowledge. This is particularly the

case where census data was obtained and judgements made to fit the data into the RadCon categories.

2. Pathways

The major pathways used in this model are:

•  external irradiation from material deposited on the ground (Groundshine)

•  external irradiation from material in the atmosphere (Cloudshine)

•  internal exposure following inhalation of the material in the atmosphere

•  internal exposure from ingestion of contaminated food.

The definitions of the pathways are presented in the Technical Guide and have not been repeated here in any

detail.

The three radionuclides contributing the major dose to humans via the ingestion pathway are 
137

Cs, 
131

I and 
90

Sr.

Their decay constants and half-lives are given in Table 1.

Table 1. Radionuclide decay

Radionuclide Decay constant (days) Half lives
137Cs 6.3e-5 30 years
131I 0.086 8.04 days
90Sr 6.54e-5 29 years

Data source:  ICRP 68. (1994)
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2.1 Groundshine

External irradiation of a person exposed to radioactive material deposited on the ground for a time period t0 to t1

after the end of the accidental deposition, (ie t0 ≥≥≥≥ time at which deposition stops) is measured from the end of the
deposition for a time period specified by the assessor. The parameter values for Equation 1 and Table 1 in the

Technical Guide are described below.

Parameter values

G(r) – total ground deposition data provided by whichever meteorological model is used. Measured data can be

used if available. Wet + dry deposition is used at present

S(r) – shielding factors are calculated as the: Fraction of Time Outdoors x Outdoor Shielding Factor + Fraction

of Time Indoors x Indoor Shielding Factor. Occupancy factors and shielding factors are user supplied. For

general Australian conditions the occupancy factors and shielding factors are given in Tables 2 and 3

respectively

d(r) – dose conversion factor for groundshine. These values are given in Table 4

αααα(r,s) –  mobile component factor. This parameter is not used at this stage as values for tropical/Australian
conditions are not available

λλλλ(r) –  radionuclide decay rate. These values are presented in Table 1

λλλλ1(r,s) – migration rate, fixed component. This is a site-specific parameter and needs to be determined for the

region under study

λλλλ2(r,s) – migration rate, mobile component.  This is a site-specific parameter and needs to be determined for the

region under study

[t0,t1] – interval of exposure (days)

c – 3600 x 24 (to convert days to seconds)

Table 2. Occupancy factors for Australia

Building type Male Female Persons

URBAN

Indoor 0.83 0.834 0.8

Outdoor 0.17 0.166 0.2

RESIDENTIAL

Indoor 0.78 0.837 0.8

Outdoor 0.22 0.163 0.2

RURAL

Indoor 0.704 0.81 0.7

Outdoor 0.296 0.19 0.3

Ref. McLennan (1997) and expert judgement.

Table 3. Shielding factor for groundshine - Australia

Rural Residential Urban

Indoor 0.1 0.23 0.01

Outdoor 1 1 0.3

Ref. Brown et al., (1991), Krajewski (1994), and expert judgement

Table 4. Dose conversion for groundshine (Sv Bq
-1

 m
2
 s

-1
)

Radionuclide Dose conversion factor
137Cs 2.99e-18
131I 3.64e-16
90Sr 1.64e-18

Ref. Eckerman and Ryman (1993) and IAEA Safety Series No. 115-1 (1994)
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2.2 Cloudshine

Cloudshine is the term used to describe radiation received by an exposed person immersed in a travelling plume

of radioactive material. The parameter values for cloudshine used in Equation 2 and Table 2 as presented in the

Technical Guide, are given below.

Parameter values

A(r,t0, t1) – airborne concentration. The data can be provided by whichever meteorological model is used, or

measured data can be used if available

S(r) – shielding factors. These are calculated as for the groundshine. The occupancy factors and shielding

factors are user supplied. For general Australian conditions, the occupancy factors and shielding factors for

cloudshine are given in Tables 2 and 5 respectively

d(r) – dose conversion factor for cloudshine. This value is given in Table 6

c – 3600 x 24 (to convert days to seconds)

[t0,t1]  – interval of exposure (day)

Table 5. Shielding factor for cloudshine - Australia

Radionuclide Rural Residential Urban

Indoor 0.3 0.1 0.05

Outdoor 1 1 0.6

Ref. Brown et al., (1991) and Krajewski (1994)

NB These rates may be further refined with respect to occupancy factors.

Table 6. Dose conversion for cloudshine (Sv Bq
-1

 m
3
 s

-1
)

Radionuclide Dose conversion factor
137Cs 9.28e-17
131I 1.69e-14
90Sr 9.83e-17

Ref. Eckerman and Ryman (1993) and IAEA Safety Series No. 115-1 (1994)

2.3 Inhalation

Inhalation accounts for the contribution of the dose to humans from inhaled radionuclides. The inhalation

parameter values for Equation 3 and Table 3 as presented in the Technical Guide, are given below.

Parameter values

A(r,t0, t1) – airborne concentration. As described above, the data can be provided by whichever meteorological

model is used, or measured data can be used if available

F(r) – filtering factor. This proposes a presumption of differences in radionuclide concentration between the

inside and outside of buildings. The values are given in Table 7

I(r,a) – inhalation rate. The rate was averaged depending on physical activity eg, resting, working, alternate

activity (sitting, light exercise) (ICRP 71, 1995) and the values are given in Table 8. This calculation was done

for three age groups - an adult, a child and an infant. An example of the inhalation rate calculation for the

standard Caucasian adult is presented below:

Inhalation Rate, m
3
h

-1
 = fraction working x inhalation during work

+ fraction resting x inhalation during resting

+ fraction alternate activity x inhalation during alternate activity, for the particular age group.

eg,Total inhalation rate for an adult  =  0.903 m
3
h

-1 
 ± 0.0903
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d(r,a) – dose conversion factor. The values for inhalation are given in Table 9

[t0,t1] – interval of exposure (day)

Table 7.  Filtering factor for inhalation

Radionuclide Rural Residential Urban

Indoor 0.3 0.3 0.6

Outdoor 1 1 1

Ref. Brown et al., (1991), Krajewski (1994), and expert judgement

Note: In this report ‘adult’ refers to persons 19 years and over.

Table 8. Physical activity and inhalation rates

Activity Infant

fraction

phy. act.

Infant

inhalation

m3h-1

Child

fraction

phy. act.

Child

inhalation

m3h-1   

Adult

fraction ± SD

phy. act.

Adult

inhalation

m3h-1  ± SD

Working 0.28 0.35 0.39 1.12 0.41 ± 0.041 1.5 ± 0.15

Resting 0.14 0.22 0.19 0.38 0.25 ± 0.025 0.54 ± 0.054

Alternate 0.58 0.15 0.42 0.31 0.34 ± 0.034 0.45 ± 0.045

Inhalation

Rate

0.216±0.022 0.639±0.064 0.903 ± 0.0903

SD = standard deviation, was set at 10%  (due to sufficient precision for calculation purposes, ICRP 71, 1995)

and demonstrated for adults.

NB These rates may be further refined with respect to occupancy factors.

Table 9. Dose conversion factors for inhalation (Dose per unit activity inhaled: Sv Bq
 -1

)

Radionuclide     Factor

Cs137 4.8e-09

I131 7.6e-09

Sr90 2.4e-08

Ref. Eckerman and Ryman (1993) and IAEA Safety Series No. 115-1 (1994)

2.4 Ingestion

Exposure to radionuclides can result from direct ingestion of contaminated food, which may include:

•  drinking water

•  crops

•  animal products

•  aquatic food.

Currently, in this model, ingestion from only crops and animals is considered. These two ingestion pathways

account for the major long-term dose.

In estimating the dose to humans from these pathways, the following are considered:

•  soil-to-plant transfer

•  direct deposition on foliage

•  interception fraction and translocation by foliage

•  plant-to-animal and plant-to-human transfer

•  animal-to-human transfer

2.4.1 Radionuclide concentration in plant products

Contamination of plants can occur through:

•  root uptake

•  direct deposition on the foliage
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•  interception fraction and translocation by foliage

•  uptake from contaminated water supplies.

Uptake from contaminated water is not implemented in the RadCon model at this stage.

The parameter values for root uptake used in Equation 4 and Table 4, as presented in the Technical Guide, are

described below.

2.4.1.1 Contamination due to root uptake

Parameter values

G(r) – ground concentration. This is the same parameter as that used to assess groundshine (see page 5)

Tsp(r,p,s) – transfer factors from soil to plants. This parameter depends on soil type, climate and the

radioisotope required. For tropical and subtropical climates, the transfer factors for the RadCon food categories

were analysed from the raw data of the IAEA Draft TecDoc (1997) for Cs and Sr on four soil types and are

presented in Tables 10, 11, 12 and 13. Analysis of the raw data for the other isotopes has not yet been done. TF’s

are given as the arithmetic mean. On each soil type, sample numbers vary between 1 and 107. For I, a TF of 0.1

Bq kg
-1

 plant fresh weight per Bq kg
-1
 soil dry weight for all plant categories was used, sourced from ECOSYS-

87  (Müller and Pröhl, 1993)

P(s) – initial soil bulk. This parameter value is site specific. Here the value is given as 40 for sand, as suggested

by Krajewski (1994). It has proved difficult to find the relevant information in the literature

K(s) – soil reduction factor. This parameter value is soil specific and has not been implemented at this stage

λλλλ1(r,s)  - rate of migration below the root zone of the mobile component of the radionuclide. The parameter

value is site specific and has been described previously for groundshine

λλλλ2(r,s) - rate of migration below the root zone of the fixed component of the radionuclide. The parameter value

is site specific and has been described previously for groundshine

αααα(r,s) –  mobile component factor. This parameter is not used at this stage as values for tropical/Australian

conditions are not available

λλλλ(r) - radioactive decay. The value is described in Table 1

λλλλ f(r,s) - rate of fixation. The value is given as 8 years half-life – derived from tropical studies (work in
progress: M. Frissel)

t - time

Table 10. Soil-to-crop transfer rates for Cs in sand and clay soil

(Bq kg-1- crop dry weight per Bq kg-1 soil dry weight)

Crop/Vegetation Sand
SE min max

Clay
SE min max

Rice 0.128 0.031 0.083 0.25 0.027 0.0044 0.0008 0.075

Grain 0.004 0.0006 0.0001 0.054 0.014 0.003 0.0002 0.03

Leafy vegetables 0.40 0.132 0.008 1.46 1.099 0.113 0.0011 2.895

Ground fruit 0.203 0.093 0.002 1.27 0.807 0.661 0.0007 2.301

Legumes/pulses

including soybeans

0.045 0.02 0.0024 0.232 0.2 0.033 0.0031 0.769

Root crops 0.096 0.042 0.025 0.196 0.384 0.115 0.005 0.811

Tubers 0.21 0.15 0.06 0.363 0.71 0.143 0.563 0.997

Tree fruit 0.041 0.024 0.003 0.111 0.014 0.0038 0.0006 0.035

Poor grade feed

(grass, hay, straw)

0.032 0.02 0.0005 0.756 0.022 0.017 0.0043 0.056

High grade feed

(legumes, grains)

0.21 0.12 0.018 0.54 0.027 0.008 0.0129 0.041

Ref. Draft IAEA Tecdoc (1997)
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Table 11. Soil-to-crop transfer rates for Cs in loam and coral soil

(Bq kg-1- crop dry weight per Bq kg-1 soil dry weight)

Crop/Vegetation Loam

SE min max

Coral

SE min max

Rice 0.015 0.0015 0.007 0.018
c

Grain 0.0042 0.001 0.001 0.026 4.439 0.89 0.2 31

Leafy vegetables 0.217 0.079 0.005 1.42 40.9 8.98 2.9 144

Ground fruit 0.015 0.002 0.0029 0.028 3.89 0.89 1.9 9.7

Legumes/pulses

including soybeans

0.173 0.027 0.002 0.56 3.9
a

Root crops 0.501 0.153 0.001 3.5
c

Tubers 0.009
a

3 1.136 1.7 3.8

Tree fruit 0.263 0.091 0.003 1.15 8.37 0.87 0.13 41

Poor grade feed

(grass, hay, straw)

0.0136 0.003 0.0034 0.062 7.41 0.72 0.49 24

High grade feed

(legumes, grains)

0.028
a

8.23
b

0.592 1.4 32

a 
 one data point only available

b
 dried coconut

c
 no data points available

Ref. Draft IAEA Tecdoc (1997)

For iodine, the tropical/subtropical raw data is very sparse. A default value of 0.1 Bq kg-1 plant fresh weight per

Bq kg-1 soil dry weight for all the plant products, sourced from ECOSYS-87  (Müller and Pröhl, 1993), is being

used.

Table 12. Soil-to-crop transfer rates for Sr in sand and clay soil

(Bq kg-1- crop dry weight per Bq kg-1 soil dry weight)

Crop/Vegetation Sand

SE min max

Clay

SE min max

Rice 0.64 0.25 0.39 0.89 0.13 0.02 0.053 0.23

Grain 0.31 0.03 0.01 1.39 0.03 0.0048 0.02 0.038

Leafy vegetables 4.99 2.3 1.24 17.2 4.02 0.48 0.052 11.97

Ground fruit 1.6 0.92 0.19 7.9 1.34 0.32 0.019 4.23

Legumes/pulses

including soybeans

1.1 0.39 0.21 8.5 2.75 0.54 0.045 6.6

Root crops 6.23 2.81 2.4 11.7 1.62 0.62 0.054 3.9

Tubers (0.26) {0.05} {1.4} 0.22 0.15 0.053 0.66

Tree fruit (0.2) {0.05} {0.8} 0.062 0.069 0.0071 0.19

Poor grade feed

(grass, hay, straw)

1.16 4.64 2.8 17.6 2.23 2.25 4 23.2

High grade feed

(legumes, grains)

12 4.64 2.8 17.6 6.25 2.25 4 8.5

Ref. Draft IAEA Tecdoc (1997)

(   ) no tropical values available; Ref. TRS No. 364, IAEA, 1994

{   } italics indicate not min/max but 95% conf. range
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Table 13. Soil-to-crop transfer rates for Sr in loam and coral soil

(Bq kg-1- crop dry weight per Bq kg-1 soil dry weight)

Crop/Vegetation Loam

SE min max

Coral

SE min max

Rice 0.12 0.012 0.02 0.55 na

Grain 0.47 0.42 0.018 9.26 na

Leafy vegetables 3.32 0.43 0.81 8.6 na

Ground fruit 0.34 0.14 0.029 2.3 na

Legumes/pulses

including soybeans

0.45 0.17 0.045 2.6 na

Root crops 1.62 0.44 0.048 4.5 na

Tubers (0.029) {0.0029} {0.28} na

Tree fruit na 0.14 0.036 0.0006 0.83

Poor grade feed

(grass, hay, straw)

2.23 0.42 0.042 8.6 na

High grade feed

(legumes, grains)

12.7 5.42 5.1 23.2 0.12 .0015 .0019 .037

Ref. Draft IAEA Tecdoc (1997)

na  = not available

(   ) no tropical values available; Ref. Nisbet et al, NRPB-R304, 1999

{   } italics indicate not min/max but 95% conf. Range

NB. There were no tree fruit values available specifically for loam – the sand value may be used instead.

Table 14. Transfer factor conversion for dry weight to fresh weight

Crop/Vegetation Average
*

(% d.w.)

Fodder M (green cut maize) 20**

Fodder (straw) 31

Grass 1 (dry hay) 10

Grass L (legumes for fodder) 19

Poor grade feed 31
High grade feed 19

Tree fruit 6

Ground fruit 10

Root vegetables 13

Legumes, pulses (including soybeans) 19

Cereals, grain, rice 86

Leafy vegetables 8

Vegetables (includes ground fruit veg.) 10

Potato 21

Tubers 19

Wild Berries 50
***

Wild Mushrooms 10

*Ref TRS No. 364, IAEA, 1994

** Ref Iput test scenario tables
*** Ref Drissner et al., 1998

%d.w. = % of food that is left after drying

NB In most cases it is necessary to convert the transfer parameters to fresh weight because the amount of

ingested food (both for people and animals) is given as fresh weight. Appendix 1 provides a fresh weight

conversion for the above Cs and Sr transfer parameters

2.4.1.2 Concentration due to direct deposition and interception
This is modelled as in ECOSYS-87  (Müller and Pröhl, 1993).
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Concentration in plant products and grass due to direct deposition and interception is modelled as in Müller and

Pröhl (1993).  A distinction is made between plants that are used totally (e.g. maize, leafy vegetables) and those

that are used only partially (e.g. cereals, potatoes and fruit). For plants with a specific edible part, the

translocation of the activity from the foliage to the edible part is modelled, for those used totally a weathering

factor is included. Grass forms a third group, where harvesting is continuous. In the implementation, an indicator

is used for each crop presented to the model to indicate which process should be included in calculating the

concentration in the plant product at harvest.

The total deposition onto plants is modelled as presented in ECOSYS-87 by Müller and Pröhl (1993). All the

relevant data and parameters from this reference were also adopted (Table 12 and 13) because information for

the tropics and/or Australia is not yet available.

The parameter values for total deposition used in Equation 5 and Table 5, as presented in the Technical Guide,

are described below.

Parameter values

A(r,p) - total deposition onto the plant. This parameter is specific for the plant species

Ad(r,p) - total dry deposition onto the plant. The dry deposition to different plant species is calculated from the

time-integrated air concentration using a deposition velocity specific to the plant and the radionuclide

fw(r,p) - interception fraction for the plant

Aw(r,p) - total wet deposition onto the plant

v(r,p) - deposition velocity for the plant

Vmax(r,p) - maximum deposition velocity for the plant , i.e. for a fully developed plant

LAI(p) * = leaf area index of plant at the time of deposition

LAImax(p) - maximum leaf area index of the plant at the time of fully developed foliage

S(p) - retention coefficient of the plant

Ca(r) - time-integrated activity concentration in air

R - amount of rainfall
*LAI is defined as the total leaf area cover over a unit area of ground.

The deposition velocity for tropical and subtropical climates has not been obtained at present and the values

presented in Table 15 are those for the temperate climate of southern Germany.

Table 15. Deposition velocity for a fully developed canopy or foliage

Crop/Vegetation Deposition velocitya

(ms-1)

aerosol bound

radionuclides

Deposition velocitya

(ms-1)

elemental iodine

Deposition velocitya

(ms-1)

organic iodine

Soil 0.0005 0.003 0.00005

Fodder M (fresh cut

maize)

0.002 0.02 0.0002

Fodder (straw) 0.002 0.02 0.0002

Grass (dry hay) 0.0015 0.015 0.00015

Grass L (legumes for

fodder)

0.0015 0.015 0.00015

Root Vegetables 0.002 0.02 0.0002

Cereals, Grain 0.002 0.02 0.0002

Leafy Vegetables 0.002 0.02 0.0002

Vegetables (includes

ground and fruit veg.)

0.002 0.02 0.0002

Fruit 0.005 0.05 0.0005

Tubers 0.002 0.02 0.0002

Wild Berries 0.002 0.02 0.0002

Wild Mushrooms 0.0015 0.015 0.00015

* dry weight yield
a
 Ref. Müller and Pröhl, 1993 (Tables 2, 3 and 5).
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No values for LAI have as yet been obtained for tropical and subtropical environments. The values given in

Table 16 are those calculated for the temperate climate of southern Germany.

Table 16. Leaf Area Index (LAI) and yield for the vegetation

Crop/Vegetation LAI rangea

(m2m-2)

Max. LAI at time of harvesta

(m2m-2)

Fodder M (fresh cut) 0-5 6

Fodder (straw) 0-6 7

Grass (dry hay) yield used yield used

Grass L (legumes for

fodder)

yield used yield used

Root Vegetables 0-5 5

Cereals, Grain 0-7 7

Leafy Vegetables 0-5 5

Vegetables (includes

ground and fruit veg.)

0-5 5

Fruit 0-5 5

Tubers 0-4 4

Wild Berries 0-5 5

Wild Mushrooms 0-5 5

* dry weight yield
a
 Ref. Müller and Pröhl, 1993 (Tables 2, 3 and 5).

Table 17. Flower and leaf set, harvest and yield for NSW, Australia

Crop/Vegetation Flower Harvest Yield max.

kgm-2

Yield range

kgm-2

Fodder (cereal crops) tbo tbo 0.39 tbo

Fodder (non cereal crops) tbo tbo 0.29 tbo

Grass (other) tbo tbo 0.34 tbo

Grass (lucerne) tbo tbo 0.48 tbo

Root vegetables tbo tbo 3.9 2.2 to 3.9

Cereals, grain (not rice) tbo tbo 0.47 0.17 to 0.47

             rice tbo tbo 0.9 tbo

Leafy vegetables tbo tbo 3.9 0.4 to 3.9

Vegetables (includes ground

and fruit veg.)

includes berries

tbo tbo 4.7 0.2 to 4.7

Tree fruit

Tropical fruit

            bananas

            pawpaw

            pineapple

Evergreen

May – October

Deciduous

June-October

anytime

tbo

tbo

Evergreen

August onwards

Deciduous

June – April

anytime

tbo

tbo

2

4

2.1

16.6

44.5

2 to 4

tbo

tbo

tbo

Tubers tbo tbo 3.2 tbo

Wild berries (european

berries included in ground

fruit, no data for natives)

spring summer tbo tbo

Wild mushrooms (only 20%

mushrooms not grown under

cover ie wild)

tbo tbo tbo tbo

Ref. McLennan (1999); Malcolm – per. comm.

tbo = to be obtained
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   2.4.1.2.1 Modelling of grass
Until further information is obtained for local conditions, the ability to express the LAI of grass by use of yield

has been implemented, as in Müller and Pröhl (1993).

The parameter values for total deposition on grass used in Equation 6 and Table 6, as presented in the Technical

Guide, are described below.

Parameter values

LAI(g) - leaf area index of grass at the time of deposition

LAImax(g) - maximum leaf area index of grass

Y1(g) - yield of grass at the time of deposition

k - normalisation factor

Note: The values for the dilution rate and half-life for grasses are those for the temperate, northern hemisphere

country of Germany, as is the seasonality of the months reflected in the dilution rate. This would need to be

adjusted for Australia when the values become available.

Table 18. Season-dependent growth dilution rates and respective half-lives for grasses in a temperate,

northern hemisphere climate (1), a subtropical - temperate southern hemisphere climate (2) and a tropical

southern hemisphere climate (3).

Month (1)
aDilution rate

(d-1)

(1)
aHalf-life

(d)

(2)
bDilution rate

(d
-1

)

Australia

(2)
bHalf-life

(d)

Australia

(3)

Dilution rate
(d

-1
)

Australia

(3)

Half-life
(d)

Australia

January 0.0 - 0.04 20 t b o t b o

February 0.0 - 0.04 20 t b o t b o

March 0.0 - 0.03 20 t b o t b o

April 0.0165 42 0.03 20 t b o t b o

May 0.0385 18 0.02 30 t b o t b o

June 0.0347 20 0.02 30 t b o t b o

July 0.0365 19 0.02 30 t b o t b o

August 0.0289 24 0.02 30 t b o t b o

September 0.0257 27 0.03 25 t b o t b o

October 0.0165 42 0.03 25 t b o t b o

November 0.0 - 0.04 20 t b o t b o

December 0.0 - 0.04 20 t b o t b o

Ref. 
a
 Müller and Pröhl – Table 6,  1993.

b
 personal judgement and inferred from temperate

tbo = to be obtained

   2.4.1.2.2 Foliar uptake and translocation of radionuclides
Three groups of plants are considered:

•  plants that are consumed totally, eg. leafy vegetables. The concentration of the plant at the time of harvest

(Pd,1 in equation 7 of the Technical Guide) is determined by the amount of radionuclide deposited, followed

by activity loss due to weathering, radioactive decay and dilution due to growth

•  plants that are only partly consumed, eg. cereals, potatoes. The translocation from the deposited material to

the edible part is modelled (concentration is given by Pd,3 in equation 7 of the Technical Guide)

•  grass, due to its continuous harvest. The concentration (Pd,2 in equation 7 of the Technical Guide) is

decreased due to growth, weathering, radioactive decay and translocation to the root zone.

The parameter values for total deposition used in Equation 7 and Table 7, as presented in the Technical Guide,
are described below.

Parameter values

Pd,i(r,p,t) - concentration of the radionuclide in the plant due to deposition and interception at the time of

harvest
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A(r,p) – total deposition onto the plant

A(r,g) – total deposition onto grass

Y(p) - yield of plant at the time of harvest

Y1(g) - yield of grass at the time of deposition

λλλλw(r,p) - loss rate due to weathering for plant or grass

λλλλb(r,g)  - dilution rate by increase in biomass of grass

λλλλ t(r,g)  - rate of activity decrease due to translocation to the root zone in grass

λλλλ(r) - radioactive decay

αααα(r,g)  - fraction of activity translocated to the root zone in grass

T(r,p,t) - translocation factor for plant – fraction of the activity deposited on the foliage that is transferred to the

edible part of the plants until harvest

Loss due to weathering and dilution rates
For vegetables which may be consumed totally (leafy vegetables), a loss rate due to weathering was calculated; a

value equivalent to a half-life of 25 days was assumed. The value for the weathering factor, λw, of ln(2)/25 =
0.027726 was used in the RadCon model.

Translocation factors
For fruit, vegetables and grain, translocation factors for mobile and immobile elements, as a function of time

before harvest, were used. These factors were referenced from Müller and Pröhl (1993) from the data provided in
their Tables 7 and 8. As all the data in the tables was accessed, the tables were reproduced below as Tables 14

and 15. Australian data will be substituted when it becomes available.

Table 19. Translocation factors for mobile elements as a function of time before harvest.

Plant Translocation factor

Winter wheat t 150 95 55 30 0

Τ(t) 0 0.005 0.1 0.1 0.075

Spring wheat t 120 80 50 30 0

Τ(t) 0 0.005 0.1 0.1 0.075

Winter barley t 150 75 50 25 0

Τ(t) 0 0.01 0.1 0.1 0.075

Spring barley,

oats

t 110 75 50 25 0

Τ(t) 0 0.01 01 01 0.075

Rye t 150 90 65 30 0

Τ(t) 0 0.01 0.1 0.1 0.075

Corn cobs t 155 115 85 45 0

Τ(t) 0 0.01 0.1 0.1 0.02

Beet t 174 122 91 0

Τ(t) 0 0.02 0.15 0.15

Potatoes t 128 72 55 0

Τ(t) 0 0.15 0.15 0

Root vegetables t 183 122 14 0

Τ(t) 0 0.1 0.1 0.02

Fruit vegetables t 167 106 14 0

Τ(t) 0 0.1 0.1 0.02

Fruit t 183 106 14 0

Τ(t) 0 0.1 0.1 0.02

Berries t 184 183 14 0

Τ(t) 0 0.1 0.1 0.02

Ref.: Müller and Pröhl – Table7 (1993)
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Table 20. Translocation factors for immobile elements as a function of time before harvest.

Plant Translocation factor

Wheat t 80 55 40 20 0

Τ(t) 0 0.002 0.005 0.02 0.075

Barley, oats t 80 50 40 20 0

Τ(t) 0 0.002 0.005 0.02 0.075

Rye t 100 75 40 20 0

Τ(t) 0 0.002 0.005 0.02 0.075

Corn cobs t 85 0

Τ(t) 0 0.02

Potatoes, beet No Translocation

Root vegetables No Translocation

Fruit vegetables t 150 30 0

Τ(t) 0 0.005 0.02

Fruit, berries t 150 30 0

Τ(t) 0 0.005 0.02

Ref. Müller and Pröhl – Table 8 (1993)

2.4.2 Dose to humans due to ingestion of plant products

This looks at dose to humans from radionuclide ingestion due to consumption of plant products over time.

The parameter values for the ingestion of plant products used in Equation (8) and Table 8, as presented in the

Technical Guide are described below.

Parameter values

Pr(r,p,t) – concentration of radionuclide in plant, calculated from the root uptake

Pd(r,p,t)– concentration of radionuclide in plant, calculated from the surface deposition

d(r,a) – dose conversion factor. The values are given in Table 21

Qp(p) – food consumption. This value is user supplied. For the general Australian diet, the values are presented

in Table 22 for adults and in Table 23 by age and gender. An average intake is given here but the median can

also be supplied

F(p) – fraction of total food consumed which is local. This parameter value is user supplied. The default

assumption adopted for this model is that all food is locally grown and locally consumed

P(p) – activity after food processing. This value is quite site specific and depends greatly on local customs. The

parameter values presented in Table 24 have been adopted from Polish research (Krajewski, 1994) in the absence

of Australian data, whereas other approaches may be more conservative

Table 21. Dose conversion factors for ingestion (Dose per unit activity ingested: Sv Bq
-1

)

Radionuclide Race Adult-male
137Cs Caucasian 1.3e-08
131I Caucasian 2.2e-08
90Sr Caucasian 2.8e-08

Ref. Eckerman and Ryman (1993) and IAEA Safety Series No. 115-1 (1994)
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Table 22. Crop consumption by adults (average grams day-1)

Food group Female Male Females

and males

Australian European

origin

East

Asian

origin

Rice 34.5 46.5 40.4 23.0 34.2 367.1

Grain + cereal-based
products

246.8 357.8 174.8 173.5 187.4 162.8

Leafy vegetables 16.9 16.6 16.8 15.8 25 25.4

Root vegetables 20.0 23.5 21.8 22.1 17.2 11.9

Tree fruit 145.7 141.3 143.5 138.1 217.6 151.6

Ground fruit 108.8 93.3 112.3 110.8 111.7 107.9

Tubers 72.8 106.2 89.3 91.6 76.8 35.7

Legumes and pulses 23.8 33.4 28.5 28.7 25 31.2

Ref. National Nutrition Survey (1995); expert judgement

Table 23. Crop consumption by children (average grams day-1)

Food group  Female
2-3

Female
8-11

Female
12-15

Male
2-3

Male
8-11

Male
12-15

Rice 17.6 28.7 25.1 12.3 31.0 39.8

Grain 182.1 263.2 271.3 123.8 177.1 210.2

Leafy vegetables 3.7 8.7 10.2 191.9 331.6 369.4

Root vegetables 8.0 15.0 15.7 1.6 3.8 7.4

Tree fruit 137.0 115.5 130.6 153.8 131.4 122.0

Ground fruit 30.7 50.8 58.1 28.8 43.9 58.9

Tubers 42.3 69.7 89.0 44.8 81.4 116.1

Legumes and pulses 10.8 15.2 19.4 14.5 16.6 34.8

Ref. National Nutrition Survey (1995); expert judgement

Table 24. Percentage of radionuclide activity remaining after processing

Food group Processing

Rice

Grain 0.55

Leafy vegetables 0.8

Root vegetables 0.6

Tree fruit 0.7

Ground fruit 0.65

Tubers 0.6

Legumes and pulses 0.6

Ref. Krajewski (1994) and IAEA Handbook 384 (1994)

2.4.3 Radionuclide contamination in animal products

This looks at contamination of animals due to consumption of contaminated soil and crops. Inhalation and water
intake by animals is not taken into account in this model. Research from the temperate climate studies has

demonstrated minimal dose from these two pathways (Safety Series 57, IAEA, 1982).

2.4.3.1 Animal contamination due to plant product ingestion

This looks at radionuclide concentration in meat product due to the consumption of feed crop. Biological transfer

and excretion were included in these calculations.

The parameter values for the plant-to-animal transfer used in Equation (10) and Table 9, as presented in the

Technical Guide, are described below.
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Parameter values

Pr(r,p,t) – concentration of radionuclide in the plant, calculated from root uptake

Pd(r,p,t) – concentration of radionuclide in the plant, calculated from surface deposition

T – age of animal

 λλλλm1(m,r) – removal rate constant (fast) of the radionuclide concentration in an animal due to physiological

processes, as presented by fraction 1 in Table 27

λλλλm2(m,r) – removal rate constant (slow) of the radionuclide concentration in an animal due to physiological

processes, as presented by fraction 2 in Table 27

ααααm1(m,r) – fraction of fast removal of radionuclide

Tpm(r,m) – transfer factor from plant-to-animal. It is assumed that the mechanisms are the same in the tropics

as in temperate regions and therefore transfer parameters used are those presented in the IAEA Handbook 364

(1994). These values are given in Table 25

Q(p,m) – consumption of feed crops by animals. This value is user supplied but a default value used is that

presented in the IAEA Handbook (1994) and given here in Table 26

Table 25. Plant-to-animal transfer parameters (day k-1)

Animal 137Cs 90Sr 131I

Dairy cow milk 0.0079 0.00280 0.01

Beef 0.05 0.008 0.04

Lamb 0.49 0.33 0.03

Pig 0.24 0.040 0.0033

Fowl 10 0.08 0.01

Eggs 0.4 0.0028 0.01

Ref. IAEA Handbook 384 (1994)

Table 26. Crop and soil consumption by animals (kg day-1 dry weight)

Animal Low grade fodder

(grass, hay, straw)

High grade fodder

(grains, legumes, concentrates)

Soil

Dairy cow milk 16 0.16

Beef 7.2 0.072

Lamb 1.1 0.011

Pig 2.4 0.024

Fowl 0.07 0.0007

Ref. IAEA Handbook 384 (1994)

Note. If the wet weight is required, the conversions in the Appendix can be used.
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Table 27. Biological half-lives and their fractions of contribution as applied in RadCon

Element Product Biological

half-life 1.

(d)

Fraction

1.

Biological

half-life 2.

(d)

Fraction

2.

Cesium Milk 1.5 0.8 15 0.2

Beef (cow), veal 30 1

Beef (bull) 50 1

Pork 35 1

Lamb, roe deer,

chicken

20 1

Eggs 3 1

Strontium,

barium

Milk 3 0.9 100 0.1

a
Meat 10 0.2 100 0.8

Chicken 3 0.5 100 0.5

Eggs 2 0.5 20 0.5

Iodine Milk, eggs 0.7 1
a
Meat, chicken 100 1

Ref. Müller and Pröhl – Table 12 (1993)
a
meat includes: pork, beef, veal, lamb, roe deer

2.4.3.2 Animal contamination due to soil ingestion

This looks at concentration in meat product due to consumption of soil.

The parameter values for the contamination due to soil ingestion used in Equation (12) and Table 10, as

presented in the Technical Guide are described below.

Parameter values

Cs(r,t) – concentration of radionuclide in the soil, as calculated for the plants

Tpm(r,m) – transfer factor for radionuclide to meat

Q(m) – quantity of soil consumed. This value is site specific and so user supplied but a default value is used as

supplied in the IAEA Handbook 364 (1994) and presented here in Table 26.

2.4.4 Dose to humans due to ingestion of animal products

This looks at dose to humans from radionuclide ingestion due to consumption of animal products.

The parameter values for the dose to humans due to the ingestion of animal products used in Equation (13) and

Table 11, as presented in the Technical Guide are described below.

Parameter values

Mc(r,m,t) – concentration of radionuclide in animal produce

d(r,a) – dose conversion factor for ingestion. This parameter value is presented in Table 21

Q(m) – quantity of meat consumed. This parameter value is user supplied for the specific area. For Australian
populations values are given in Tables 28 and 29

F(m) – fraction of total food consumed which is local

P(m) – fraction of the radionuclide dose remaining after processing. This parameter value is presented in Table

30
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Table 28. Meat consumption by adults (grams day-1)

Food Group Female Male Female

and male

Australian European

origin

East Asian

origin

Milk, milk products 257.7 321.9 289.3 295.3 251.3 227.1

Beef 46.7 84.55 65.5 63.65 69.2 74.1

Pork 18.5 37.05 27.8 28.4 27.2 25.1

Lamb 14.7 26.6 20.5 20.75 20.7 22.3

Fowl 35.4 51.5 43.4 43.5 38.3 60.7

Eggs 11.2 16.3 13.7 14.0 9.4 17.9

Ref. National Nutrition Survey (1995); expert judgement

Table 29. Meat consumption by children (grams day-1)

Food Group  Female

2-3

Female

8-11

Female

12-15

Male

2-3

Male

8-11

Male

12-15

Milk, milk products 467.1 359.4 336.6 507.8 427.1 501.5

Beef 21.9 37.9 47.6 28.7 43.7 61.0

Pork 8.9 17.3 16.1 11.4 27 28.5

Lamb 2.9 11.7 9.8 3.8 15.8 19.2

Fowl 13.7 31.4 35.1 17.9 30 35.3

Eggs 7.4 9 6.3 5.9 9.9 11.4

Ref. National Nutrition Survey (1995) and expert judgement

Table 30. Radionuclide activity after processing (%)

Animal Processing

Dairy cow milk 0.6

Beef 0.7

Lamb 0.7

Pig 0.6

Fowl 0.5

Eggs 0.9

Ref. Krajewski (1994) and IAEA Handbook 384 (1994)
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APPENDIX

Table 31. Soil-to-crop transfer rates for Cs in sand and clay soil – fresh weight conversion

(Bq kg-1- crop fresh weight per Bq kg-1 soil dry weight)

Crop/Vegetation Sand

SE min max

Clay

SE min max

Rice 0.1101 0.0267 0.0714 0.2150 0.0232 0.0038 0.00069 0.0645

Grain 0.0034 0.0005 0.0001 0.0464 0.0120 0.0026 0.00017 0.0258

Leafy vegetables 0.0320 0.0106 0.0006 0.1168 0.0879 0.0090 0.00009 0.2316

Ground fruit 0.0203 0.0093 0.0002 0.1270 0.0807 0.0661 0.00007 0.2301

Legumes/pulses

including soybeans

0.0086 0.0038 0.0005 0.0441 0.0380 0.0063 0.00059 0.1461

Root crops 0.0125 0.0055 0.0033 0.0255 0.0499 0.0150 0.00065 0.1054

Tubers 0.0399 0.0285 0.0114 0.0690 0.1349 0.0272 0.10697 0.1894

Tree fruit 0.0025 0.0014 0.0002 0.0067 0.0008 0.0002 0.00004 0.0021

Poor grade feed

(grass, hay, straw)

0.0099 0.0062 0.0002 0.2344 0.0068 0.0053 0.00133 0.0174

High grade feed

(legumes, grains)

0.0399 0.0228 0.0034 0.1026 0.0051 0.0015 0.00245 0.0078

Table 32. Soil-to-crop transfer rates for Cs in loam and coral soil – fresh weight conversion

(Bq kg-1- crop fresh weight per Bq kg-1 soil dry weight)

Crop/Vegetation Loam

SE min max

Coral

SE min max

Rice 0.0129 0.0013 0.00602 0.0155

Grain 0.0036 0.0009 0.00086 0.0224 3.8175 0.765 0.172 26.66

Leafy vegetables 0.0174 0.0063 0.00040 0.1136 3.2720 0.718 0.232 11.52

Ground fruit 0.0015 0.0002 0.00029 0.0028 0.3890 0.089 0.190 0.97

Legumes/pulses

including soybeans

0.0329 0.0051 0.00038 0.1064

Root crops 0.0651 0.0199 0.00013 0.4550

Tubers 0.0017 0.5700 0.216 0.323 0.72

Tree fruit 0.0158 0.0055 0.00018 0.0690 0.5022 0.052 0.008 2.46

Poor grade feed
(grass, hay, straw)

0.0042 0.0009 0.00105 0.0192 2.2971 0.223 0.152 7.44

High grade feed

(legumes, grains)

0.0053 1.5637 0.112 0.266 6.08
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Table 33. Soil-to-crop transfer rates for Sr in sand and clay soil – fresh weight conversion

(Bq kg-1- crop fresh weight per Bq kg-1 soil dry weight)

Crop/Vegetation Sand

SE min max

Clay

SE min max

Rice 0.550 0.215 0.3354 0.765 0.112 0.017 0.0456 0.198

Grain 0.267 0.026 0.0086 1.195 0.026 0.004 0.0172 0.033

Leafy vegetables 0.399 0.184 0.0992 1.376 0.322 0.038 0.0042 0.958

Ground fruit 0.160 0.092 0.0190 0.790 0.134 0.032 0.0019 0.423

Legumes/pulses

including soybeans

0.209 0.074 0.0399 1.615 0.523 0.103 0.0086 1.254

Root crops 0.810 0.365 0.3120 1.521 0.211 0.081 0.0070 0.507

Tubers (0.049) {0.0095} {0.266} 0.042 0.029 0.0101 0.125

Tree fruit (0.012) {0.0030} {0.048} 0.004 0.004 0.0004 0.011

Poor grade feed
(grass, hay, straw)

0.360 1.438 0.8680 5.456 0.691 0.698 1.2400 7.192

High grade feed

(legumes, grains)

2.280 0.882 0.5320 3.344 1.188 0.428 0.7600 1.615

 (   ) no tropical values available; Ref Nisbet et al, NRPB-R304, 1999
{   } italics indicate not min/max but 95% conf. Range

Table 34. Soil-to-crop transfer rates for Sr in loam and coral soil – fresh weight conversion

(Bq kg-1- crop fresh weight per Bq kg-1 soil dry weight)

Crop/Vegetation Loam

SE min max

Coral

SE min max

Rice 0.1032 0.0103 0.01720 0.473

Grain 0.4042 0.3612 0.01548 7.964

Leafy vegetables 0.2656 0.0344 0.06480 0.688

Ground fruit 0.0340 0.0140 0.00290 0.230

Legumes/pulses

including soybeans

0.0855 0.0323 0.00855 0.494

Root crops 0.2106 0.0572 0.00624 0.585

Tubers (0.0055) (0.00055) (0.053)

Tree fruit 0.008 0.00216 0.000036 0.050

Poor grade feed

(grass, hay, straw)

0.6913 0.1302 0.01302 2.666

High grade feed

(legumes, grains)

2.4130 1.0298 0.96900 4.408 0.0228 0.00029 0.000361 0.007
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