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2. Model description

2.1 Name of the model, model developer, model user

Name of model: LINDOZ (for Finland environment)
Model developers: D. Galeriu
Model users: D. Galeriu

LINDOZ model was developed by Dan Galeriu, with support from A.I. Apostoaei,
N. Paunescu, and N. Mocanu. At the moment the only user is Dan Galeriu, until a user
friendly version of the code will be available.

2.2 Important model characteristics

LINDOZ is a process-level oriented model That is, the developer has tried to
model the contaminant transfer phenomena, rather than using empirical transfer
coefficients. The model explicitly consider the physico-chemical form of fallout pollutant,
the foliar absorption, the translocation in plants, and the growth dilution.

2.2.1 Intended purpose of the model in radiation assessment,

LINDOZ model was developed as a realistic assessment tool for radioactive
contamination of the environment. It was designed to produce estimates for the
concentration of the pollutant in different compartments of the terrestrial ecosystem (soil,
vegetation, animal tissue, and animal products), and to evaluate human exposure to the
contaminant (concentration in whole human body, and dose to humans) from inhalation.
ingestion and external irradiation. The user can apply LINDOZ for both routine and
accidental type of releases.

2.2.2 Intended accuracy of the model prediction

LINDOZ model was designed to produce best estimates It is expected from an
experimented user to obtain estimates in a factor of 2 or 3 about the real values. The
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accuracy may, however, vary depending on the quantity and quality of the input data and
on the site-specific characteristics.

2.2.3 Method used for deriving uncertainty estimates

The initiaJ version of the model did not permit numerical evaluation of the
uncertainties. Confidence intervals were judgment results of an experienced user ("expert
judgment") Later versions of the code include propagation of uncertainty using Monte-
Carlo method (Latin Hypercube Sampling Technique).

2.2.4 Past experience using this model

The user has experience in using LINDOZ in assessment of the consequences of
the Chernobyl accident in Romania. In addition, the model has been tested by the user
against data sets from the model testing exercises within BIOMOVS - A4 Scenario, and
VAMP - CB Scenario.

2.2.5 Modifications made for this scenario

S Scenario required several improvements of the LINDOZ model. The main
modifications of the code consisted of a better sub-model for predicting the contamination
of the cereals, a new sub-model for mushroom contamination, and a new sub-model for
Cs-137 transfer in aquatic ecosystem (specifically, a fish model). Description of these
improvements are provided in the next sections.

2.3. References describing detailed documentation of the model

2.4 Model structure

2.5 Description of procedure, equations and parameters used in different
components of the model

Most of the model structure, procedures and equations are already described in the
appendices of the CB Scenario final report Therefore, only modifications in the parameter
values, description of the new equations, and specific scenario interpretation issues are
presented below

2.5.1 Total deposition

An average trend of the concentration in air was derived from the experimental
data from the first and second station, as they were reported in the scenario. For the
period of time when data are missing, a complex bi-gaussian structure of the cloud was
assumed. From the fit of the known data, daily mean values were derived (1 Bq/m3 for
April 27, 5 Bq/m3 for April 28, etc.)

In order to derive the deposition, the detailed data on rain pattern was used. The
washout ratio was evaluated assuming a gaussian cloud at 1500 m center height, with z
increasing from 600 m in the first day to an uniform distribution after 10 days. The rain
washed out the highly contaminated cloud, which was located at a high altitude, and which
was not detected by measurements of air concentrations at soil level. This explain high
value of 2E+07 for the washout ratio for April 27, The deposition submodel was run, and
the washout ratio was scaled until the deposition pattern was reproduced.
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2.5.2 Food items contributing to the total diet

2.5.2.1 Vegetation.

Plant contamination is influenced by the amount of Cs-137 present in soluble form
in the fallout, because this form is readily absorbed by the leaf cuticle. The initial fallout in

, Finland was assumed to be only partly in soluble form Based on measurements from
Norway, 25% of the deposited material was conside; cd in soluble form.

2.5.2.2 Pasture-Cow-Milk, and Pasture-Cow-Beef

Using the information provided by the scenario and the dependence of the
vegetation period on the mean temperature, April 25 was considered the starting of
vegetation period. Similarly, May 25 was chosen for the beginning of the grazing season.
It was assumed that on June 10, 60 % from cow diet was fresh grass. Cow diet (Table 1)
was established by analyzing the necessary caloric content of the feed in Nordic climate
and by using a milk production of 5000 L/a, which is the average value derived from the
scenario.

Table 1. Dairy cow diet
summer winter

kgfw
pasture 32 0
silage 4 24 (grass and trifolium)
hay 2 4
grain 2 4

The values in Table 1, reduced at 65%, were used for the diet of beef cows.

2.5.2.3 Pork and Chicken

The diet for pigs was assumed to contain 0 3 kg/d of milk residuals
Chicken diet is uncertain. The assumption that only grain is used may

underestimate. On the other hand, small amounts of alfalfa concentrate or consideration of
ingested soil may largely influence the result.

2.5.2.4 Fish

A submodel for Cs-137 uptake by fish was developed in collaboration with Dr.
Ring Peterson. The model is based on the following assumptions:

1) the biological removal half live is seasonally variable, having a minimum value
during summer and a maximum value during winter (Table 2), and it was adjusted on a
sinusoidal pattern between these extremes.
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Table. 2. The minimum and the maximum biological removal half-live for fish

fishl
fish2
fish3

bpecies

nonpredatory
predatory 1
predatory2

summer
days

50
200
100

winter
days
200
800
400

2) The product of intake rate and biological removal time is constant (Korhonen,
Health Physics Journal 59(443) 1990)

3) The bioaccumulation factor is specific for a equilibrium situation, in normal summer
temperature.

4) The zooplancton is considered in equilibrium with water.
5) It was assumed that "Predatory 1" fish eats "Nonpredatory" fish, only. "Predatory

2" fish eats both "Nonpredatory" fish (64%) and "Predatory 1" fish (36%).
6) Due to the low solubility of the initial fallout (25% soluble form), the values

assigned for the concentration factors are 2 times lower than those usually reported in
systematic. For S scenario, the bioconcentration coefficients were set to 1000, 3000 and
4000 for the three species offish, respectively.

7) The mean Cs-137 concentration in water was represented by a sum of two
exponentials, with coefficients fitted from scenario data

Using these assumptions, the equations for time dependence offish concentration are

dCn/dt = Cw(t) Bn X1 (t) - M (t) Cn

dCn/dt= Cfl(t) (Bn/Bn)) A.2(t) - A.2(t) C*

dCi?/dt= [Cn(t) f + CQ(I) (1-0] / IB,, f+B,:> (1-0J B,-» X3(l) - A.3(t) C-

where: Bfi = the concentration factor;
X] = the removal rate;
f = the fraction of fish3 ("Predatory 2" fish) diet consisting of fish 1

("Nonpredatory" fish)

2.5.2.5 Mushroom

The time dependency of the concentration of Cs-137 in mushroom was derived
assuming that certain mushroom species have the mycelium at a specific depth in the forest
soil. It was possible to define a transfer factor from a definite layer of soil to mushroom.
Starting from few data available in the literature, the transfer factor was derived for
Boletus and Xerocomus types of mushroom. Using a simple model of radionuclide
migration in forest soil, and the depth soil profile for Cs, the time dependency of the
concentration in mushrooms was obtained. Unfortunately, there were too little data
available to derive probability distributions for the parameters, or to further test the
results.

For the forest soil, 4 organic layers of 1 cm each with a density of 800 kg/m2 and
12 mineral layers (1 cm each, 1300 kg/m2) were considered, fox Boletus type, the
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mycelium is located in the 4th layer, and it shows a transfer factor of 6 [Bq/kgdw per
Bq/kg soil]; for Xerocomus, the mycelium is in the 2nd layer and the transfer factor is 20.
A hypothetical third type of mushroom, with mycelium in first layer (surface) and a higher
transfer factor of 50, was also considered. The transfer rate for migration between soil
layers were fitted to correspond with the scenario data on depth profile for 1986 and
1990.

2.6 Important processes and parameters.

The main problem for S Scenario was to assess the time evolution of various plant
growth in a Nordic climate. The Leaf Area Index of rye was the most difficult issue. It was
observed that for rye the vegetation period is shorter and winter losses are higher than in
Central Europe. The attempt to use the plant parameters and assumptions (grown
restarted in early April and the interception was high at the accident time) considered
normal for Central Europe for the weather conditions in Finland produced strange results
Finally, I understood that in Finnish conditions the day-light period is longer in summer
time and the vernalisation and photoperiod effects are different than in Centra! Europe. In
order to reproduce the real conditions, the sowing was assumed to be done in late
September (Julian day 250). In late autumn (Julian day 290) the yield should be 0.2
kgdw/m2 and the LAI should be 1. However, after the winter, on about May 1st, the yield
is only 0.1 kgdw/m2 and LAI=0.5. After a rapid growth, the maximum LAI is reached
about June 15, and it has a value of 5. The harvest for rye was assumed to be on August
5th.

For pasture, it is very difficult to evaluate the urowih rate at the beginning of
vegetation period. Moreover, the time when fresh grass is the main feed was of main
concern. Based of the mean monthly temperature from the scenario, it was considered that
the vegetation period starts on April 25th and the grazing period on 25 May The stabling
period started on September 20th.

The importance of seminatural product: fish, game, berry and mushrooms was a
surprise. The long removal time for fish is a result of a lower mean temperature and I
would like to thanks to Ulla Bergstrom for pointing this issue. The forest soil properties
are also difficult to evaluate. Aggregated transfer parameters obtained as a mean of
observations in Sweden were used for game and berries

3. Comparison of observed data and prediction.

3.1 Total deposition

Total deposition was estimated very well, because of the sufficient information provided
by the scenario authors. All the information was fully used, as it was described in our
contribution at the November 1993(?)
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3.2 Food items

3.2.1 Milk.

The underprediction for the concentration in milk in August (P/O=0.5) was
followed by an severe overprediction in September (P/0+1.7) and late winter (P/O=2-2.2).
This result can be explained by the early stabulation date we have considered,
corroborated with a high concentration in hay predicted for 1986 harvest. Indeed, pasture
data are overpredicted in 1986 by a factor of 4 - 5. The reason for this overestimation can
be, probably, found in the assumption of increased retention on grass due to wetting after
snow melt is questionable (we assumed that the wet surface intercept 3 times more
material). A lower LAI in late April and a lower wet interception would probably produce
more realistic results.

Starling with January 1st, 1988, severe underpredictions were produced for milk
(P/O=0.1 in 1990), while for pasture predictions are quite close to the observed mean
(P/0=0 6)

3 2 2 Beef

The underprediction produced for the concentration in beef for May 86 (P/O=0.1)
is contrary to result for the concentration in milk at the same time, where the prediction
was close to the observation. Moreover, the underprediction for summer 1986
(P/O=0.35), and the good prediction for the fourth quarter of i 986 and the first quarter of
1987, are not consistent with the predictions for miik. The differences in diet and in
transfer parameters values can be invoked, but, at this time, there are little information to
clearly explain the inconsistency.

3.2.3 Pork

Good predictions for the concentration of Cs-137 in pork were produced for 1986
For 1987 some overprediction are present for the spring and the winter time periods
(P/O=2). A major underprediction can be observed for 1990 (P/O=0.1). A potential cause
for this underprediction can be the milk product component in the pork diet. Note that the
predictions for the concentrations in cereals are, most of the time, reasonable

3.2.4 Cereals.

The predictions for the concentration in wheat are good for 1987-1990, but they 2
times larger than observations for 1986. The predictions for the concentrations in rye
show a similar trend. The concentration in barley was overpredicted with factor 3 in 1986,
and good predictions were produced for later years. It seems that the systematic
overprediction in 1986 is due to the assumption that the contamination of the surface is
present (after seeding) on a layer of 3 cm depth. In addition, a too high soil-to-plant
transfer rate was used.

3.2.5 Leafy vegetable

The concentration in leafy vegetables were systematically overpredicted by a factor
3-6. The reason of the overprediction is a too large amount of peat assumed to be used in
the greenhouse.
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3.2.6 Wild game

The concentration in wild game was only slightly overpredicted (P/0= 1 2-1.6) for
any moment of time. It seems thai the information from Sweden are good for predictions
in Finland conditions

3 2 7 Mushrooms

The overprediction of the concentration in mushroom in the first years by only a
factor of 2, is very satisfactory, since we have used a new approach and a different data
set to derive transfer parameters.

3.2.3 Fish

The concentration in fish is underestimated for 1986 (P/O=0.6), and for 1987
(P/O0.5). Better results were produced for next years: 1989 (P/O=0.9),and 1990
(P/O=0.85). Since the fish model is only the first attempt in modeling the aquatic
ecosystem, we found the results to be very satisfactory. In addition, these results show
that a simple model, with good assumptions, can work well

3.2.9 Berries

The overprediction with a factor 2 in 1986 and the underprediction in 1990
(P/O=0.33) clearly show that the migration of Cs-137 in soil and fixation rate are far from
Finnish forest conditions. However, the results are acceptable, taking into consideration
that again this is only a preliminary attempt to model parts of the forest ecosystem.

3.3 Human Intake

For 1986 and 1987 the predictions for the human intake are close to the values
estimated by STUK (P/O=0.7-l .3). For the following years, underpredictions (P/0=0.4)
are a general rule, for all population groups. This can be related with the milk and meat
underpredictions. The seasonal variation predicted for the intake, is not observed in STUK
estimations.

3.4 Whole body

Only deterministic calculations were performed for evaluation of the concentration
in human body. The predicted values are close to the observations (P/0= 1-1.5 for man; 1-
1.8 for woman and 1-1.5 for child). The results produced for 1989-1990 are better than
the analogue ones for the intake, which is not normal. The key problem is the quality of
data about human intake. It is essential to clarify the way in which the human intake was
estimated: direct measurement of diet, computed intake from food concentration and
assumed diet, or deduced from whole body analysis.

4. Explanation of major sources of misprediction

In analyzing the model performance one must distinguish between the first year
results and the results for the next years. The scenario involves a region having for Nordic
weather conditions, which is a major difficulty for a realistic prediction Moreover, the
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deposition occurred in late April, when the vegetation period is exactly at the beginning
and when a one week shift in plant growth can induce major misprediction This is the
case for grass and rye, the only plants on the field in the fallout time. Unfortunately the
data on grass are quite scarce and we suspect not to be representative for the milk and
meat production area.

The inconsistency between the predictions for milk and beef implies that the dairy-
cow and beef-cow diets are probable incorrectly assessed. The overprediction of milk and
meal in winter of 1986 can be explained by the overprediciion of pasture. Moreover, the
overprediction of milk in September 1986 is induced by a too early stabling date for cows

For cereals other than rye, it is difficult to evaluate the depth distribution of" Cs-
137 after sowing, and the soil-to-plant transfer factor is dependent on the assumptions
made. The average soil properties, characteristic for the whole production area, can be
established quite accurately from the scenario data, using the distribution of soil types in
each agricultural area and the fraction of plant production in each area.

The major underpredictions for the concentration in milk, beef and pork in 1988-
1990 should be explained by some common factors. The relative overprediction for 1986
shows that the assumption of a 25 % soluble fraction in the initial fallout is not an
explanation for the underestimations that occurred in later years, and thus it can not be
abandoned. The pasture-animal model was basically unchanged from CB scenario, and by
analyzing the observations and the model parameters, some key issues were detected.

First issue comes from the comparison of the slope of the model predictions to the
slope of the data for pasture, milk and beef. Studying the slopes, one can deduce that the
fixation rate of Cs-137 in soil used in the model is not appropriate for Finnish conditions,
where less clay fraction is present in the soil, relative to Central Europe. The slope of
experimental data indicate a fixation half-time of 4-5 years, while for Romania and Central
Bohemia the half-life was set to 1 year, a value characteristic for hard soils.

The second issue appeared after discussions in the workshops, where the
possibility of the pasture data being not representative for milk and meat production was
analyzed. Initially, a mean soil type was derived by averaging over all agricultural areas.
Recently, we have noticed that the milk and meat production are not equally distributed
over the whole area, fact that might have influenced the model predictions. A more
accurate average soil can be obtained by weighting with the production fraction in each
agricultural subarea.

4.1 Recommendation for changes to the model

There are several changes that are recommendable for an improvement of
LINDOZ predictions for S Scenario:

• It is necessary to use the real growth stage of the vegetation as derived from real
condition in Finland 1986 In order to proceed with a revision of model parameters
weather information for April 1986 are necessary. The additional information provided
by Aino Rantvaara starts in May 1st

• More information concerning the diet of dairy-cows, beef-cows, pigs, and chicken are
necessary

• Seasonal variability of the consumption rates for fish, mushrooms and wild game are
unknown. These food items are major contributors for activity intake by humans in
1987-1990.
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• Soil-to-plant transfer for animal feed. The representative soil ("mean" soil) type for S
region must be obtained weighting the production fraction in each subarea The mean
soil-to-plant transfer factor is established first for each subarea using the distribution of
soil types given in the scenario. We classify these soils in coarse (sandy and loamy
sand) clay and peat and we use the IUR systematic for pasture and forage Finally, the
subarea transfer factor is weighted by the milk production fraction and the
representative mean soil-to-plant transfer factor is obtained. The new estimated values
are BvP=0.3 for pasture grass and Bvf = 0.25 for forage

• No data for the fixation rate of caesium in soil are directly available from Finland and,
at this moment, we have no available methodology to evaluate the fixation rate from
the clay content in the soil. From the analysis of data (pasture, milk, meat) a fixation
rate of 0.012 d*1 has been derived.

4.2 Examples of how changes improved calculation

Only the last two recommended changes (soil-to-plant transfer factor, and caesium
fixation rate) described in the above section have been made, to date. The revised
predictions for the concentrations in milk, beef and pork are now very close to the data for
1987-1990 (see attached figures) confirming our analysis. For the winter 1986, the
overprediction is now slightly increased due to the higher transfer from soil to plant (the
new values for the transfer factor is 3 times larger than the initial one). However, this
effect is less important than the overprediction of the concentration in pasture grass (a
factor of 4) for May- July 1986.

Furthermore, the human intake, as well as the whole body content, are now
increased by about 40 %, in order to compensate for the seasonal variations in the
consumption of mushroom, and wild game.

5. Conclusions

Each pathway, process or transfer rate can have a different role and importance
depending on the site specificity. What it is of a minor importance for a scenario, can be of
a major importance in other circumstances. The understanding of the processes and of the
relationships between the transfer rates and the site specific information is essential.
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Fig. 1 . Comparison of initial (left) and revised (right) predictions for milk (top),
beef (center), and pork (bottom) for Galeriu/LINDOZ.
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Fig. 2 . Comparison of initial (left) and revised (right) predictions whole body
concentrations for men (top) and women (bottom) for Galeriu/LINDOZ.
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