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ABJTRACT
j The uncertainty associated with dose predictions for cesium-137
I and radium-226 in a specific ecosystem has been studied. The
»method used is a systematic method for determining the effect of
parameter uncertainties on model prediction called PRISM. The
ecosystems studied are different types of lakes where the following
transport processes are included: runoff of water in the lake,
irrigation, transport in soil, in groundwater and in sediment.

The ecosystems are modelled by the compartment principle, using
the BIOPATH-code. Seven different internal exposure pathways are
included.

The total dose commitment for both nuclides varies about two
orders of magnitude. For cesium-137 the total dose and the uncer-
tainty are dominated by the consumption of fish. The most important
factor to the total uncertainty is the concentration factor
water-fish. For radium-226 the largest contributions to the total
dose are the exposure pathways, fish, milk and drinking-water.
Half of the uncertainty lies in the milk dose. This uncertainty is
dominated by the distribution factor for milk, j
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1 INTRODUCTION

Radioecological models have been developed in

order to make prognoses over the possible

doseburden to man now and in the future from

different types of releases from nuclear installa-

tions. To be able to make decisions based on

such calculations, the need of model validation

is obvious. However, portions of the dose

prediction models can be difficult to validate

due to the amount of time and the level of

founding required for this effort or due to the

lack of possibilities. In the absence of valida-

tion uncertainties in model predictions may be

evaluated if the model can be assumed to be an

appropriate approximation of reality, within the

present knowledge of the variability or

uncertainty in model parameter values.

Besides, the goal to investigate and get knowledge

about the total uncertainty, the statistical

approach is very valuable as a tool to judge

where efforts ought to be concentrated to

decrease the uncertainty.

This approach has been applied in numerous

studies (G Schwartz et al 1980).

The purpose of this work is

to determine the total uncertainty when

calculating the individual dose from

several exposure pathways for an

application of the BIOPATH-code in a

specific ecosystem
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to determine the contribution from the

separate parameters to the total

uncertainty for the separate exposure

pathways as well as for the total

doseburden.
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2 SOURCES OF UNCERTAINTY

There are always uncertainties associated with

the applications of mathematical models for

environmental radiological assessments, as

quoted in (Hoffman et al 1982) "This uncertainty

arises from a number of sources, most of which

are related to elements of the real world not

accounted for in the mathematical structure of

the model or in the quantification of model

parameters".

The basic assumption in order to make adequate

prognoses is that the model structure used is an

appropriate representation of the particular

situation so the predictions will not be biased.

Besides the selection of values for model

parameters has to be correct without any

systematic errors.

A source of variability in the assessments is

the variability in model parameters. This is

especially sensitive when deterministic models

are used when only a single value quantifies

each model parameter.

Values taken from the literature for different

parameters may vary considerably, sometimes

within several orders of magnitude. To some

extent the variations may be explained by

environmental factors, experimental techniques

and random experimental factors (Hoffman et al

1982).
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3 METHOD

In this report an integrated system of computer
programs called PRISM (R H Gardner et al 1983)
has been used to make the uncertainty analysis.
The program uses a systematic sampling method to
generate random model parameter values. It
iteratively simulates and saves the model
predictions for each parameter set and analyses
the results to determine means, variances and
important statistical relationships between the
model predictions and results.

The PRISM system can easily be adopted to a
variety of models for easy implementation.

In the first part of the system PRISM 1, the
means, standard deviations, types of distribution
and upper and lower limits of each parameter are
used to define probability density functions.

Latin Hypercube sampling methods are used to
generate the sets of random parameters. It is an
efficient and cost-saving procedure which
assures that all values within the ranges are
included in the analysis.

In the next step PRISM 2 dose predictions are
done for each set of parameters of the input
file. Finally PRISM 3 uses some general statisti-
cal methods which have proven to be most useful
for this type of calculation.

The general statistics for each parameter and
response contains the following;

the arithmetic mean
the standard deviation
the coefficient of variation
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the geometric mean

the percentils (5, 25, 50, 75, 95 %)

the five highest values and

the five lowest values respectively.

Correlations between and among the model parameters

and responses are also obtained from this last

part of the analysis. The correlations are given

both for simple Pearson correlation coefficient

as well as for Spearman R using the correlation

in terms of ranked values. In general the

criterion for an accepted coefficient is 0.25.

For each correlation coefficient the squared

value times 100 is also given for the percent

variance that one variable accounts for in the

other.

The regression procedures are used to get the

relationship between medel parameters and

uncertainties.

The selection of parameters to be entered into

the regression analysis is chosen among those

which have the greatest improvement in the sum

of squares of regression.

The output from PRISM 3 consists of all statistic

information needed (intercept, slopes and mean

values) to write the regression equation for the

relationships between model parameters and

response. In these calculations the relative

contribution to the total uncertainty from the

parameter is also obtained. In this case the

total dose received is obtained from summation

via seven food pathways. This means that simple

analytical equations can be allowed to characterize

the relationships between total dose and each

exposure pathway.
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NODELSYSTEM

4.1 Ecosystem

The BIOPATH-code (Bergström et al 1982) is

applied for an ecosystem, see Figure 1. The

nuclides cesium-137 and radium-226 are continously

released to a lake during 10 000 years. In the

lake the nuclides are in a continuous process of

sedimentation, and transported away with the

outflow or brought to the surrounding farmingland

by use of the water in the lake for irrigation.

The nuclides brought to the upper soil layer are

migrating downwards to deeper situated soil.

When reaching the groundwater the nuclides are

transported back to the lake by the groundwater.

Nuclides in the sediments are supposed to either

leak back to the water or to be removed from the

system by the sediments partly acting as a sink.

The exchanges between different reservoirs are

expressed as the number of turnover per year.

The relationship for the different amounts of

activity in the reservoir system is expressed

mathematically in vector form by

•

Y(t) - K x Y(t) + Q(t)-Ax Y(t)

The vectors Y and Y refer to activity and

activity changes per unit time in the system's

different reservoirs at time t, The coefficient

matrices K (year' ) and Q(t) (Bq/year) describe

the transfer rates between the reservoirs and
-1,release within the reservoir. A (year

physical decay constant.

) is the
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4.2 Exposure pathways

In this case the exposure has been calculated

via drinking water and different food stuffs.

These are:

milk

meat

vegetables

root-fruits

cereals

fish.

The internal exposure from these food-stuffs has

taken place via a number of links in the ecological

transport and for the exposure pathways considered

the following summary is applicable.
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Exposure pathway Transport Pathways From reservoir

Drinking-water Lake

Milk, meat Animal's consumption

of water Lake

Uptake in pasturage via

root uptake Upper soil

Consumption of soil when

grazing Upper soil

Retention of irrigation on the

surface of vegetation Lake

Vegetables Uptake via roots Upper soil

Retention of irrigation on

the leaves Lake

Cereals, rootfruits Uptake via roots Upper soil

Fish Uptake from surrounding water Lake
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The expressions used are the following:

Ugtake_in_milk_and_meat

(in Bq per litre) =

F (MC x EÄ + MC ) x C + MC, x C, + y x IRR x C, x R xm p p - , s s i i i
MC x IA )
P

and
U. (in Bq per kg)

M C J x C + MC, x C, + T x IRR x C, x R x

MC x IA .)

Ugtake_in_vegetables

Uy (in Bq per kg)

E x C + Y X R X COV^ x IRR X C,,-1

Ugtake-in_grain_and_root_vegetables

Uptake in grain, U_, and root vegetables,

U , is assumed to take place primarily through

the root system.

Thus,

Ug (in Bq per kg) = Eg x Cg,

and

Ur (in Bq per kg) x C

U~ (in Bq per kg) * Ef x Cf<

Symbols:

U. » Uptake of a particular nuclide in

food-stuff i. Given in Bq per unit of

food (kg, 1itre or piece).
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Distribution factor for a given nuclide

for food-stuff _i. Given in day per unit

of food (kg, litre or piece).

m
1

k

v

g
r
f

P
s

milk (litres),

water consumption per animal

(litres),

meat (kg),

green vegetables (kg),

grain (kg),

root vegetables (kg),

fish (kg),

pasturage (kg),

soil (kg).

Concentration of a certain nuclide in

reservoir j.. Given in Bq per unit of

reservoir.

w

a

1

s

groundwater

air (kg),

lake water

soil (kg).

(litres),

(litres),

n

n

Concentration factor for certain

nuclide for uptake via pathway n, where

p soil * pasturage,

v soil * green vegetables,

g soil * grain,

r soil * root vegetables,

f water * fish.

MC, Daily consumption of water, food-stuff

(dry weight) and soil for animal in

dominant transport links (I/day, kg/day)

IRR
NW70 ASG
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IA * irrigated area (m )

R * average residence time on vegetation

(day)

The concentration factor, C , between soil and

plant as well as the distribution factor F. are

specific for each individual nuclide.

4.3 Types of parameters

The parameters may be divided into following

groups

transfer coefficients

biological uptake and distribution

factors

consumption values for man and cattle.

In addition there are some parameters such as

mass intereception factor and retention on

vegetation.

The set of transfer coefficients can also be

further divided into nuclide specific as well as

nuclide independent coefficients.

The nuclide specific transfer coefficients which

are of large importance for the results are

those describing the sedimentation as well as

those describing the migration in the upper

soil-reservoir.
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These have consequently been treated in detail

below, while the other ones have been more

generally treated.
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5 CALCULATION OF TRANSFER COEFFICIENTS

FROM UPPER SOIL

The transfer coefficient used for the upper 30

cm of the soil has not been introduced in the

calculations as a parameter with a certain

variation. The coefficient is dependent on a

number of parameters each varying within a wide

range. A calculation of the transfer coefficient

using these data has instead been added to the

program and is described in detail in (Andersson

K 84). In the following the choice of parameter

values and ranges are discussed. In Tables 1 and

2 the values which have been used are summarized.

When available data for deciding type of parameters

are missing judgement has been used to get

approximate distributions from a limited amount

of information.

In similarity with other reports (Hoffman F O

et al, 1982) parameter values which vary by more

than one order of magnitude are assumed to

belong to lognormal distributions. The logtriangular

distribution has also been used for the statistical

description of such parameters.

Experience has also showed that the lognormal

distribution most frequently describes parameters

which range over several orders of magnitude.

For parameters varying within the same order of

magnitude the triangular distribution has most

often been used.

5.1 Hydraulic conductivity and gradient

The hydraulic conductivity (or permeability) of

a soil type may vary within a large range.
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Values between 10 and 10 m/s for saturated

soils have been reported (Freeze and Cherry

1979). For unsaturated soil the hydraulic

conductivity may vary over at least as large

range as for saturated soil.

The parameter has been assigned a lognormal
—8 —5distribution between 10 and 10 m/s with a

probable value of 10** m/s.

H^draulic_gradient

The value 1 m/m of this parameter means that the

flow direction is vertical. A lower value implies

also a horizontal component of the velocity

(Freeze and Cherry 1979). The assumed range of

this parameter has been set to 0.01 to 1 with a

lognormal distribution and a probable value of 0.8,

5.2 Soil characteristics

Density,_of_soil

The density of the solids in the soil will be an

average of the values for inorganic and organic

constituents. The inorganic materials (minerals)

have densities in the range of 2 * 10 -

5.5 ' 103 kg/m3 (typically about 2.5 * 103)

while the density of the organic compounds will

be much lower. An average value of 2.5 " 10

kg/m3 with the range from 2 ' 103 to 3.3 ' 103

kg/m and triangular distribution has been

assumed.

Porosit^_of_soil

The porosity of a soil may vary over a wide

range. Values between 0.25 to 0.70 have been

reported (Freeze and Cherry 1979) with 0.4-0.6

in cultivated soils (Wiklander 1976) although it
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may be much higher in organogenic soils and

lower in some other soils. For the purpose of

this exercise 0.25 to 0.70 has been assumed with

a probable value of 0.4 and lognormal distribution.

5.3 Distribution coefficients

Sorption data for cesium have been included in a

literature survey on sorption of fission

products on geologic media (Andersson and Allard

1983).

For the most common clay minerals found in

Swedish soil, i.e. illite, distribution

coefficients between 0.C01 and 200 m /kg have

been reported at trace concentration and pH

8-8.5. In a study of sorption of trace Cs

(10~8 M) on a well defined illite, a

distribution coefficient of >5 m /kg was

observed at pH 8. (Andersson, Torstenfelt,

Allard 1983).

One particular effect observed for Cs-sorption

on illite (as well as for vermiculite and micas)

is that an irreversible fixation of a large part

of the Cs occurs. The same is observed for K ,

Ru and NH. . Presence of large quantities for

these ions also inhibit Cs-sorption. (Andersson

and Allard 1983).

In the present study only an instantaneous,

reversible sorption of Cs has been assumed. For

release cases where the transport in soil is of

large importance to the dose commitment an

improvement to the biosphere model would be to

include a fixation in the rooting zone. This,

however, requires a knowledge of the availability

to plants of "fixed" Cs. The data used were:
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range 0.02 to 30 m /kg with a probable value of

0.5 m /kg and a logtriangular distrxbution.

For radium actual measurements of distribution

coefficients are rarely reported. In a literature

review performed by Sheppard (Sheppard 1980) the

range of distribution coefficients for soils is

given to 0.1-0.5 m /kg. Values down to 0.025 m /kg

have however been reported.

A comparison with sorption data for strontium

which is chemically similar to radium may be

performed. For illite, the range of distribution

coefficient for Sr in 0.004-1.0 m /kg (Andersson

and Allard 1983) and for Na-montmorillonite

values of 3.0 m /kg have been reported

(Andersson, Torstenfeldt, Allard 1983). The

distribution coefficient for Ra may be expected

to be higher than for Sr.

The distribution coefficient has been set to a

range of 0.02-3.0 m /kg with a probable value of

0.5.

5.4 Result

The mean values of the transfer coefficients

obtained may be compared with values found in

the literature (Andersson, K 1983):

Nuclide

Cs

Ra

This

4.6

2.0

work

x 10"3

x 10"2

Literature data

2.1 x 10~3, 6.8 x 10"2

8.8 x 10"4, 1.0 x 10"2
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6 CALCULATION OF TRANSFER COEFFICIENTS

HATER - SEDIMENTS

Also for lake sediments the transfer coefficients

have been calculated from a number of parameter

values, each with a certain range cf variation.

The underlaying discussion, as well as the

equation used, may be found in (Andersson, K

1984).

The following parameter values and ranges have

been used.

6.1 Amount of suspended solids, sedimenta-

tion and depth of the lake

Amount_of_susgended_solids

This value may vary considerably. Sky (Sky 1978)

reports for lakes and rivers 50 * 10 kg/m (St

Lawrence river basin, Colorado river) while for

Swedish forest lakes (0.1-10) * 10"3 kg/m3 of

phytoplankton has been reported, (Bergström et al

1983).

For the present study the range has been set to

the same one as reported for the Swedish lakes,

i.e. (0.1-10) * 10"3 kg/m3.

Sedimentation_rate

The flux of material to the sediment, i.e. the

rate of /.ass transport to the sediment per unit

area ana time unit (kg/m , s) may also vary

within a wide range.

It seems probable that there exists a relation

between sedimentation rate and amount of suspended

solids. No discussion on this subject has

however been encountered in the studied litera-

ture.

NW70 ASG



STUDSVIK ENERGITEKNIK AB STUDSVIK/NW-84/656
1984-02-22

20

The ranges of sed

in the literature are from 2

3

et al 1978).

ntation in fresh water found
-9

10

10* kg/n , s (Stum et al 1981, Krishnaswami

10~ kg/m ,s with a probable value of

10~8 kg/»2,s (0.3 kg/m2,y) and lognormal

For the calculations the range 2 * 10 to

2

1

distribution have been assumed. The probable

value may be somewhat low for Swedish lakes

(C.f.Bergström 1983) corresponding to one mm or

less sediment growth per year, but the range

will cover the conditions found in Swedish lakes

quite well.

Df£th_of_lake

In present case the depth of the lake has been

set to 10 m. This parameter may of course be

varied as well.

6.2 Distributions coefficients

The distribution coefficient, K., is usually

somewhat higher for sediments than for soils due

to a very large specific surface area of the

sediment.

The sediments consist of both inorganic and

organic materials. Among the inorganic material,

illite is very common. For cesium the distribution

coefficient has been shown to be proportional to

the illite content (Aston and Duuursma 1973).

Linear sorption isotherm, i.e. not concentration

dependent sorption has been observed for lake

sediments by Lerman et al (Lerman and Lietzke

1975).
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Distribution coefficients for Cs in lake and

river sediments of 3.5 - 27 m/kg have been

found in literature (Lerman et al 1975,

Vanderploeg et al 1975, Gardner et al 1964).

The range of the distribution coefficient chosen

for the uncertainty analysis was 3-30 m /kg with

a probable value of 5 m /kg and a triangular

distribution.

For radium, very few data on distribution

coefficients are available in the literature.

Some data for concentrations in water and

sediments in lake Hornborgasjön and river Flian,

Västergötland, Sweden (Agnedal 1967) may be

interpreted as distribution coefficients in the

range of 1-10 m /kg. The same ratio seems to

exist for river sediments and water from

northern Sweden (Ek et al 1982). For French

river sediments a distribution coefficient of

about 1.9 m /kg in river water has been reported

(Rancon 1978). Higher values (up to 200 m /kg)

have also been reported (Bergström et al 1983

and Holm 1981).

Since there are very few data available and the

range of these is large the distribution

coefficient for radium in lake sediments has

been varied from 0.5 to 100 m /kg with a

logtriangular distribution and a probable value

of 10 m3/kg.
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Table 1. Th« statistical properties and values for the general
parameters to calculate the transfer coefficients fro» upper
soil to deeper soil and the transfer fro» water to the sedi-
ments respectively

Parameter Type of . Mean or standard Minimus Maximus
distribution probable deviation value value

value
Hydraulic
conductivity(m/s)

Hydraulic
gradient (m/m)

Density of soil
<kg/mJ'i

Porosity of soil

Mount of suspens
ded solids (kg/mJ)

Sedimentation
rate tkq/m'.s)

L

L

T

L

L

L

io'7

o.a

2.5x10"

0.4

3x10

1x10

-3

14.3

3.1

1.6

3.1

3.1

-5

0.01

2xlO3

0.2S

1x10

2x10

10

3.3x10"

0.70

-4

-9

1x10-2

2x10
-7

L • lognormal distribution
T • triangular distribution

Table 2. The statistical.properties and values for distribution
coefficients (m /kg) for soil-water and sediment-water
respectively

»uclide Media

Cs

Ra

Cs

Ra

soil-water

sediment-water

Type of ,
distribution

LT

LT

r LT

LT

Mean

0.5

0.5

5

10

Minimum
value

0.02

0.02

3

0.5

value

30

3

30

100

LT * logtriangular distribution

6.3 Results

The mean values of the coeff icients obtained are
compared with values in the literature
(Bergström, U et al 1983).
Nuclide This work Literature values

Base Forest
CS 0 .84 0 . 0 8 4 0 . 4

Ra 2 .17 0 . 2 2 1.8
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7 REMAINING TRANSFER COEFFICIENTS

7.1 Migration in deep soil and groundwater-

transport

For cesium-137 with a physical half-life of 30

years the transport in the deeper soil and

groundwater is of negligible interest as snail

amounts can be transported to these compartments

before decaying.

For radium-226 the transfer coefficients are

also of minor importance although the half-life

of 1600 y makes the importance of these compart-

ments greater than for cesium-137. The mean

value used for migration in the deeper soil is

6.7*10"5 y"1 taken from (Bergström et al 1983).

The distribution is assumed to be logtriangular

and the range used are 10" y" to 10~ y" .

The transport of the nuclides with leakage of

groundwater back into the lake is a process with

a lot of variability, concerning the turnover

time for groundwater and the behaviour of the

nuclide. Also for this process the mean value

used in this case is taken from (Bergström et al

1983). The distribution is also assumed to be

logtriangular. Therefore, the following values

have been used: a mean value of 1.7*10" y, with
—6 —1 —2

ranges from 10 y up to 10 y.

7.2 Turnover in the sediments

Obviously, there are difficulties to obtain

information about this process. The leakage from

the sediments has been assumed to be rather

high, varying from an extreme value of 1 down to

1 x 10~ year . The distribution has been

assumed to be lognormal with a mean value of

1.6 x 10"2 (Cf Bergström et al 1983).
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The transfer from upper sediments to the deeper

situated sediments is also dealt with but has

less importance. Minimum value is zero with no

transfer at all. The maximum value is set to

2*10~2 y"1 with a mean value of l*10~3 y"1 and

lognormal distribution.

7.3 Irrigation

In Sweden the annual average addition of water

for irrigation is about 150 mm per year for

pasturage and vegetables (A-B Wilkens 1980).

Naturally, it varies depending on type of croops

and annual precipitation.

This parameter value is supposed to have

triangular distribution with a very low minimum

value corresponding to 15 mm of water. The

maximum value is put to a double mean value of

300 mm.
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8 BIOLOGICAL UPTAKE FACTORS

For calculation of the exposure through

food-chains at relative equilibrium two kinds of

factors are applied. These are dimensionless

concentration factors and distribution factors

expressed in day per unit of volume or mass. The

latter is defined as the fraction of daily

intake which is likely to be recovered per litre

of milk or per kilo of meat at equilibrium.

8.1 Plant to soil factors

The concentration factors or also called soil-

factors in the terrestrial environment are often

expressed in

Bg_ kg dry soil

kg dry veg Bq

However, in this report they are related to the

weight of fresh vegetation for the food-stuffs

which are directly consumed by man.

The values which are used here are taken from

Bergström et al 1983 including ranges and

standard deviations for lognormal distributions.

The ranges for the concentrations factors can be

in several orders of magnitude. Therefore, the

intervals used for the calculations are from

zero to a very large value.

To use lognormal distributions to characterize

these values seems to be reasonable according to

several reports by Ng and Hoffman (Ng et al

1983).

In Table 3 the soil factors are given.
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Table 3. Means and standard deviations for the

soil factors (Bq/kg per Bq/kg)

Nuclide Mean Standard

deviation

Pasturage
•

Cereals
•

Vegetables
n

Root-fruits

Cs
Ra

Cs
Ra

Cs

Ra

Cs

Ra

1
2

1

1

2

7

2

3

10

10

10

10

10

10

10

10

-1

-2

-2

-2

-2

-2

-2

-3

2.4

2.5

1.8

2.5

1.9

2.5

1.9

2.5

8.2 Distribution factors

The distribution factors seem to be lognormal

distributed also according to (Ng et al 1983).

The values have also been taken from Bergström

et al 1983. The values used with lognormal

distribution are given in Table 4.

For radium-226 the minimum and maximum values

have been determined, based on values found in

the literature.

Table 4. Means, standard deviations and intervals for the
distribution factors (day/1 or kg)

Nuclide Foodstuff Mean Standard
deviation

Minimum Maximum

Cs

Ra

Cs

Ra

milk

milk

meat

meat

7 ' 1 0 " 3 1 . 6

3 ' 1 0 ~ 3 3 . 9

, - 2
3 ' 1 0 2 . 1

7 ' 1 0 " 4 1 . 2

. -4
no-
1*10

l ' 1 0 S

no'

-2
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8.3 Uptake in fish

The concentration factors for the aquatic

environment are supposed to be triangularly

distributed in the calculations. However, in the

literature (Blayloch, B G 1982) the concentra-

tion factor for cesium was lognormally distri-

buted which ought also to be the case for

radium. The importance of using lognormal or

triangular distributions is discussed later in

chapter 12. The values used are given in Table

5. They are taken from Bergström et al 1983.

Table 5. The mean, minimum and maximum values

for the triangular distributed

concentrations factor to fish for

cesium and radium.

Nuclide Mean Minimum Maximum

Cs-137 1300

Ra-226 25

200

10

5000

100
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9.1

CONSUMPTION VALUES

Man

A review of the present diet and food consumption

values has earlier been done (Appelgren, 1983).

The result has been used with a few exceptions.

The consumption of freshwater fish has been

based upon data compiled by a group of experts

(Nordisk Hygienisk Tidskrift 1970). The consump-

tion values used are given in Table 6. There are

few available data on the variance of the values

and to what type of distribution the consumption

values belong to. In the following, all consump-

tion values have been considered to be triangularly

distributed. The minimum values have logically

been set to zero. For most food-stuffs the

maximum value used runs to about twice the mean

value. For fish the maximum value is set to

50 kg/year to ensure that high consumers are

included. The maximum value for milk is also

high. 720 1 per year, corresponding to 2 1 per

day. In extreme cases this would apply to

teenages with a high energy intake.

Table 6. Mean, minimum and maximum values used

for consumption of different

food-stuffs

Mean

440

190

55

25

75

75

10

Minimum

0

0

0

0

0

0

0

Maximum

880

720

100

200

200

200

50

water (I/year)

milk (I/year)

meat (kg/year)

vegetables (kg/year)

root-fruits (kg/year)

cereals (kg/year)

fish (kg/year)
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9.2 Cattle

The daily consumption of food-stuffs and water

for animal is taken from Bergström et al 1983.

The distributions are triangular.

In Table 7 the values used are given.

Table 7. Daily consumption of food-stuff and

water for a lactating cattle

Mean Minimum Maximum

Dry matter (kg/day) 16

Water (I/day) 90

10

75

20

110
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10 MASS INTERCEPTION FACTOR AND WEATHERING

CONSTANT

factor

The interception fraction r is a parameter

representing the fraction of deposited activity

that is retained directly on the surfaces of the

vegetation. The retention is among other things

strongly dependent on the surface density of

vegetation.

Retention and yield values are consequently

combined into a single parameter, the mass

interception fraction. Analysis of this factor

has been done in the literature (F 0 Hoffman et al

1979).

A difficulty is that the data derived are

obtained from aerosol deposition on vegetation

and not from irrigation. The lognormal distribu-

tion and values found in the literature have

been used.

The geometric mean value used is 1.8 m /kg with

a standard deviation of 0.8.

The halftime of the radionuclides deposited on

the surfaces of vegetation varies strongly

depending on the vegetation, climate and season.

The triangular distribution has been used with a

medium value of 14 and a range of 10 to 30 days.

Another type of distribution, namely the lognormal

has been presented by (Miller, Hoffman 1981) .
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11 CALCULATION CASE

Three cases have been analyzed.

Type of cases calculated:

Base: A normal Swedish ecosystem, fanningland

with an eurotrophic lake with a typical

turnover time of the water which varies

from 0.3 to 1 year. All parameters are

varied.

Forest: The lake is an oligotrophic type with

low pH, a very long turnover time for

the water and low sedimentation rates.

All parameters are varied.

Const: Base case with constant consumption

values for human beings.

Table 8. The parameters affected and values used when describing

the different calculation cases

Table 8. The parameters affected and values used when describing

the different calculation cases

Parameter Type of
distri-j
bution*' Base

Case

Forest Const

Water exchange mean T 2

- " - ranges 1-3

Sedimentation rate mean L

" " ranges

1x10

0.05

0.01-0.1

1x10
-9

2

1-3

1x10-8

2xlO'9-2xl0"7 2xl0"10-2xl0"8 2xl0"9-2xl0~8

x) T • triangular
L - lognormal
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12 RESULTS AND DISCUSSION

12.1 Cesium-137

The contributions of the different exposure

pathways to the total dose due to ingestion are

given in Figures 2-4. The relative importance of

these to the total uncertainty of the model

prediction is also given in the figures.

The total dose commitment (Sv per released Bq/y)

is given in Figures 5-7. The resulting total

dose commitment varies about two order of

magnitudes in spite of the fact that some

parameters are varied within several orders of

magnitude.

The dose from consumption of fish dominates

totally the exposure as well as the uncertainty.

The most important variable for the dose from

consumption of fish as well as the total dose is

the concentration factor fish-water with 56 %

and 53 % contribution, respectively. This

depends naturally on the high bioaccumulation

factor for cesium in fresh water system. This

factor is varied from 200 up to 5000 in the

calculations.

Although the range is not so wide compared with

many of the other variables, it has a dominating

importance for the results.

The transfer coefficients to the sediments will

vary within an interval of about 4000 but this

has only a marginal effect on the concentration

in the water.
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and water exchange, the total dose coamitaent

will increase. The increase is about a factor of

20 and naturally depends on the low turnover of

water assumed in this case, 40 times lower than

in the base case. However, the coefficient of

variation for the concentration in the water is

only slightly affected, 36 compared to 27 in the

base case, which corresponds to about a factor

of 10 between the highest and lowest value for

the concentration. However, the contributions to

the uncertainty of the concentration in the

water is changed. In the base case the turnover

of the water dominates the uncertainty followed

by the rate of sedimentation. It is the reverse

for the forest case.

When all consumption values are considered to be

constant the uncertainty is totally dominated by

the variation in the concentration factor (85 %)

followed by the turnover rate of the water in

the lake and the rate of sedimentation.

In Table 9 the percentual contribution of the

parameters of importance to the uncertainty in

the total dose for the three cases is given. In

the table the value of R2 (the regression sum of

squares divided by the total sum of squares and

multiplied by 100) is also given. When R2 is

high it implies a high accuracy in the regression

equations. As seen from the table the accuracy

in the regression equations for cesium is

obvious.
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Table 9. The percentual contribution ot the parameters to the

uncertainty of the total dose for the calculation cases,

cesium, ranked regression

Paraaeter

Concentration factor
fish-water
Consumption of fish
Mater exchange
Sedimentation rate

%
Base
R2*91

S3
32

3
2

Contribution
Forest
R2-IS

49
29

7
2

Constant cone
R2«93

•5
-

4
4

Obviously the concentration factor fish-water

will then have the largest correlation to the

total dose.

In Figures 8-10 there are plots of the total

dose to the concentration factors for the three

cases. The correlation coefficients are shown in

Table 10.

Table 10. Correlation coefficients total dose to

concentration factor fish-water

Case

Base
Forest

Const

Simple
correlation

0.67

0.68

0.88

Spearman
ranked

0.73
0.70
0.91

The next contribution to the uncertainty is the

consumption of fish. In Figure 11 the total dose

is plotted against the consumption of fish for

the base case. Also in this case it is a
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good correlation but lower. The correlation
coefficient is 0.55 for the two types of
correlations used.

The concentration factor used for fish is so

important for the consequences of released

cesium to a fresh-water recipient that some

information about conditions influencing the

factor could well be mentioned. In the litera-

ture you may find a wide range of values. Two

main factors can be recognized, which are of

importance in this case namely type of lake and

type of fish.

In eutrophic lakes, i.e. a lake rich in nutrients,

with a high primary production, the uptake of

cesium is lower than in oligotrophic lakes with

limited nutrient supplies and poor vegetation.

In oligotrophic waters the enrichment of cesium

is increased because of the low potassium level.

There are also differences due to the quality of

food eaten by the fish. Concentration factor for

predatory fishes are higher than for herbivourous

specimens. (Feldt, w 1966) Following summary can

be done according to (Kolehmainen et al, 1966).

Typ« of lake Type ot fish Concentration factor

Oligotrophic Predator 5 000-20 000

" Herbivourous 1 000- 5 000

Eutrophic Predator 200- 2 000

" Herbivourous 100- 1 000

In a Swedish report (P-o Agnedal 1964) the lakes
Magelungen and Orlången have been investigated
concerning the level of cesium in water and
fish.
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The following was reported

activity level in water 2-12 pCi/1

activity level in fish

predatory 0.2-0.4 pCi/g w.w.

herbivourous 0.04-0.6 "

This gives concentration factors in the range of

3-300.

Magelungen is a typical eutrophic lake.

The variability in the dose prediction for

cesium can be reduced if the bioaccumulation

factor used is based on site specific data on

the quality of water, fish species, or, in other

words, the trophic level of the fish consumed

and the potassium content in the water.

The contribution to the total dose from the

consumption of milk and meat is only about 3

percent respectively in the base case. However,

it is interesting to look closely upon these

exposure pathways especially for consideration

of cases where the radionuclides are deposited

directly on the ground.

The contributions from the dominant parameters

to the uncertainty of these exposure pathways

are shown in Tables 12 and 13 respectively. As

you may observe from the tables, it is the value

for consumption and the distribution coefficient

which dominate the uncertainty. The mass

interception factor and weathering constant have

much lower importance. These two factors are

questionable in this system as they are based on

the continous deposition from atmosphere as

previously mentioned.
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A comparison with these results with an American

report (Hoffman et al 1982) covering the same

subject but using a Monte Carlo method has been

undertaken. The difference is that these authors

are treating a pure deposition case.

However, the same factors in the same order and

with about the same contribution values are

obtained in this report as in the one referred

to.

Table 11. Parameters of large importance to the

uncertainty of meat dose, cesium, base

case ranked regression R2 = 89

Parameter Percentual contribution

Meat distribution factor

Consumption of meat

Mass interception factor

Weathering constant

49

22

9

3

Table 12. Parameters of large importance to the

uncertainty of the milk dose, cesium,

base case, ranked regression R2 - 89

Parameter Percentual contribution

Consumption of milk

Milk distribution factor

Mass interception factor

Weathering constant

39

24

12

5
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12.2 Radium-226

Radium-226 has a quite long haIfIife (1 600 y)

and will thus have time to pass through several

steps in the biosphere transfer sequence before

decaying.

The contributions of the different exposure

pathways to man due to ingestion are given in

Figures 12-14. In these figures also the relative

importance of these exposure pathways to the

total uncertainity of the model prediction is

given. The largest contribution to the total

dose comes in all three cases from consumption

of fish, milk and drinking water and in all

cases about half of the total uncertainty lies

in the milk dose.

The total dose commitment (Sv per released Bq/y)

is given in Figures 15-17. The total dose

commitment will vary within less than two orders

of magnitude although some parameters have been

changed within four to six orders of magnitude.

This is due to the large influence of the value

of the distribution factor. The contribution to

the uncertainty of the dose from consumption of

milk is as shown in Figures 12-14 about 50 %.

A change of the properties of the lake to an

acidified "forest-lake" with low pH, sedi-

mentation and water exchange gives an increase

in the total dose by one to two orders of

magnitude although the contributions from the

different pathways are almost unchanged (Figures

12-14). The relative contribution to the total

dose by fish consumtion is decreased as well as

the contribution to the total uncertainty by the

fish dose.
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In Table 13 the percentual contribution of the

parameters of importance to the total

uncertainty is given.

Table 13. The percentual contribution of the parameters to the

uncertainty of the total dos* for the calculation cases,

radium, ranked regression.

Parameter

Distribution coefficient, »ilk

Consumption of fish

Hydraulic conductivity

Hater exchange

Consumption of Bilk

Concentration factor fish-water

Sedimentation rate

Base

112*73

21

IS
t
1

7

7

Forest

R2-77

16

13

11

6

t

Constant

R2-I0

33

-

10

12

-

t

Plots of the distribution factor for milk versus

the total dose are given in Figures 18-20 for

the cases studied. This factor is the one having

the largest correlation to the total dose

(r 0.45, 0.49 and 0.40, Spearman ranked values).

The second largest contribution to the total

dose comes from the consumption of fish. In

Figure 21 the consumption value for fish is

plotted versus the total dose. The correlation

of this parameter to the total dose is 0.33 for

the ranked values.

Lower contributions to the total dose comes from

cereals, rootfruits and vegetables grown on the

irrigated land. Of large importance to these

doses is the residence time of the radionuclides

in the rooting zone. This is governed by the

hydraulic conductivity and hydraulic gradient in

the soil (giving the water velocity) and by the
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sorptive properties of the radionuclide in the

soil.

As mentioned above the hydraulic conductivity

may vary within a large range. For water saturated

soil a prediction of the conductivity for a

known porosity and particle diameter may be

performed, but for the unsaturated zone this is

not possible.

A high correlation is found between the cereal

dose and the hydraulic conductivity of the soil

(CP), cf Figure 22 (r » 0.63). A variation of CP

by three orders of magnitude leads to a

variation in cereal dose by over four orders of

magnitude. The same high correlations are found

for the rootfruit and vegetable doses.

This means that for cases where the radionuclide

is spread directly over the ground, e.g. in

connection with reactor accidents, the hydraulic

gradient influencing the water transport through

the soil will be of large importance. Other

important soil transport parameters are hydraulic

gradient and sorption/fixation on the soil.
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Table 14. Parameters of large importance to

water dose

Base Const

Consumption of water

Water exchange in lake

Sedimentation rate

Resuspension of sediment

K~ sediment

R2

69

13

3

2
-

89

-

62

9

7

4

82

Table 15. Parameters of large importance to fish

dose

Base Const

Consumption of fish

Concentration factor fish/w

Water exchange in lake

Sedimentation rate

53
30

5

1

—
74

11

3

R2 90 90

Table 16. Parameters of large importance to milk

dose

Base Const

Milk distribution factor

Consumption of milk

Retention on vegetation

Water exchange in lake

65

16

4

3

82

6

2

R2 92 94
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12.3 Truncations and type of distribution

For many of the parameters the truncations of

the distributions are put to really extreme

arbitrary values and do not represent true

levels which may occur, e.g. soil-root uptake

factors. However, for the most important

parameters the truncations have been more severe

to restrict the total dominance which otherwise

might occur. A comparison has been done for

the distribution factor of radium in milk with

different levels of truncation.

The result of the comparison study gave a

difference of a factor of 2 for the 95th

percentile of this particular parameter value.

No analysis of the resulting doses has been

done.

As mentioned earlier it is found in the literature

that most biological uptake factors belong to

lognormal distributions (Hoffman et al 1982).

However, in this work the concentration factors

to fish have been assumed to be triangularly

distributed. Using the lognormal distribution

the variability of the doses especially for

cesium would increase somewhat in this case.

The importance of type of distribution used can

not be generally treated as the outlook of the

distribution randomized is not only depending on

type chosen. The relation between the ingoing

parameters such as ranges and most probable

value is also of importance.
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For radium the exposure is dominated by the

consumption of milk, and the most important

factor thereby is the distribution factor.

The values of this parameter have been considered

to belong to lognormal distribution. Choosing a

logtriangular distribution does only slightly

affect the results.
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13 CONCLUSIONS

The uncertainty for the total dose commitment

for cesium-137 released to a freshwater-system

is to a large extent depending on the concentra-

tion factor fish-water, followed by the amount

of fish consumed. The lack of detailed knowledge

about the transfer processes, e.g. sedimentation,

is of low importance compared to the uncertainty

for the biological factors. The same conclusion

could be drawn for the terrestrial environment

e.g. the uncertainty in the distribution factors

for milk and meat respectively dominate the

uncertainty for these exposure pathways. This

naturally depends on the relatively short

half-life of cesium-137, which implies that the

accumulation can not be that high in the environment.

The uncertainty may then to some extent be

reduced if site specific data for uptake in fish

are considered. In such a case only the natural

variations have to be considered.

For radium-226 the uncertainty in the total dose

is also dominated by the biological factors,

like the distribution factor for milk.

However, for radium with a half-life of 1600

years, the accumulation in the environment is

nacurally of greater importance than for cesium-137.

It is interesting to note that the uncertainty

for the build-up in soil is dominated by hydrolo-

gical conditions of the soil like hydraulic

gradient. The third important parameter concerns

the distribution factor water-soil.
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Fig. 3 Relative contributions to total dose and uncertainty

Cesium, Forest case
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Fig. 4 Relative contributions to total dose and uncertainty

Cesium, Constant food consumption
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FOREST CASE, CESIUM

TOTAL DOSE
FREQUENCY

50 i—

45

40

35

30

25

20

15

10

0 I i 111

1.00E-14
ll SV

1.00E-13 1.00E-12 1.00E-11
VALUE
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CONSTANT CONSUMPTION, CESIUM
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Fig 8. The total dose commitment versus the concentration
factor water-fish, base case, cesium
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Fig 9. The total dose commitment versus the concentration
factor water-fish, forest case, cesium
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Fig 10. The total dose coiranitment versus the concentration
factor water-fish, const case, cesium
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Fig 11. The total dose commitment versus the consumption of fish
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Fig. 12 Relative contributions to total dose and uncertainty
Radium, Base case.
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Fig. 13 Relative contributions to total dose and uncertainty
Radium, forest case.
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Fig. i4 Relative contributions to total dose and uncertainty
Radium, constant food consumption.
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FOREST CASE, RADIUM
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Fig 16. The distribution of the total dose commitment,
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CONSTANT CONSUMPTION, RADIUM
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Fig 18. The total dose commitment versus the distribution
factor Bilk, base case, radium
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Fio 19. The total dose commitment versus
tha distribution factor milk, forest
case, radium
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Fig 20. The total dose commitment versus
the distribution factor milk,
const case, radium
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Fig 21. The total dose commitment versus
the consumption of fish, base case
radium
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Fig 22. The cereal dose versus hydraulic
conductivity, radium
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