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Abstract Quantitative assessments of the ef-
fects on radiation-dose reductions from nine ty-
pical countermeasures against accidental food
contamination have been carried out with dyna-
mic radioecological models. The foodstuffs are
assumed to be contaminated with iodine-131,
cacsium-134 and cacsium-137 sfter a release of
radioactive materials from the Ringhals nuclear
power station in Sweden resulting from s hypo-
thetical core melt accident. The release of activ-
ity of these radionuclides is assumed at 0.07% of
the core inventory of the unit 1 reactor (1600
TBq of I-131, 220 TBq of Cs-134 and 190 TBq of
Cs-137). Radiation doses are cstimated for the
55,000 affected inhabitants along the south-cast-
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e coast of Sweden eating locally produced food-
stuffs. The average effective dose equivalent to an
individual in the critical group is predicted to be
29 mSv from food consumption contaminsted
with I-131. An accident occurring during winter
is estimated 10 cause average individual doses of
032 mSv from Cs-134 and 0.47 mSv from Cs-
137, and 9.4 mSv and 6.8 mSv from Cs-134 snd
Cs-137, respectively, for an accident occurring
during summer. Doses from the intake of radio-
jodine may be reduced by up to a factor of 60 by
rejecting contaminated food for 30 days. For the
doses from radiocaesium, the largest effect is
found from deep ploughing which may reduce
the dose by up to a factor of 80.
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1 Introduction

The present work is a continuation of a previous
study oa radiatioa doses to critical groups from
food contaminated after a hypothetical relesse of
radicactive msterial from the Ringhals nuciesr
power station (Niclsen and Ohlenschizger 1991).
The present project comprises 3 quantitative a3~
sessmment of the dose reductions from various
countermeasures applied sgainst & hypothetical
radicective contaminetioa of foodstuffs. For this
purpose, a set of computer models which simu-
Jate the radiological effects of the counvermes-
sures has been developed. The assessment does
not include other exposure pathways Like inhala-
vion of aitborne radionuclides snd exrernal irrs-
ground. Such exposures may be comsidered in

2 Accident Scenarios

The accident scenarios are based on a hypotheti-
cal core-melt accident in a unit of the Ringhals
nuclear power station followed by 2 release of
radioactive material 10 the surroundings. The re-
lease is assumed as the equivalent of 0.07% of the
core inventory of iodine and caesium isotopes of
the Ringhals nuclear power siation unit 1 (corre-
sponding to 0.06% of the inventory of the
Forsmark reactor unit 3, Vattenfall 1982).

The calculations of average doses to individ-
uals in the critical group living in the contamina-
ted area and eating locally produced food are

based on the following assumptions:

Release: 0.07% Ringhals release of 10
hours duration

Isotopes: I-131 (1600 TBq), Cs-134 (220
TBq) and Cs-137 (190 TBq)

Meteorology:  Dry condition, Pasquill D, wind
speed 5 m/s
Rain, Pasquill D, wind speed 5
m/s, precipitation 0.5 mm/h

Seasons: Winter and summe-

Soil types: High and low root uj take

Annual diet:  Milk (190 Vy), beef (15 kg/y),

pork (40 kg/y), white bread (75

kg/y), vegetables (25 kg/y), pots-
toes (75 kg/y) and apples (50

kg/y)
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sher aa sccidental release.

The report preseats in Chapeer 2 scenerios of
calculations. Chepeer 3 identifies the coumter-
measures examined and describes the scemarios.
Chaprer 4 describes the models for the calculs-
tion of radiation doses from the acciden: and the
doses resulting from the implementation of the
countermeasures. In Chaprer 5 the resulss sre
(deposition demsities) of the accidental relesse
with maps of the contaminased area. Chapeer 6
examines the effects of the counteymessures with
caiculation results and Chapeer 7 gives the con-
clusions.

The activity ratio between the two cacsium iso-
topes in the predicted release (Cs-134/Cs-137 =
1.2) differs from the ratio found from the Cher-
nobyl sccident (Cs-134/Cs-137 = 0.55). The res-
son for this is believed to be differences in reac-
tor type and fuel bumn up.

It is assamed that grass is on the fields from 1
May 10 31 October, beet- and potato-leaves and
leafy vegeiables emerge on 20 May. The harvest
of cereals is assumed 10 occur on 28 August, leafy
vegeiables and apples on 27 September, and beets
and potatoes on 27 October.

For the calculation of the doses from the ani-
mal produce, it is assumed that the cows sre on
pasture from 15 May 10 15 October. During that
period the cows are grazing and being outdoors
day and night. They are taken to the swable in the
centrates (not contaminated) in addition to cer-
cals of local origin. The winter fodder for the
cows is based on the following composition (dai-
ly consumption figures): 12 kg hay (harvested on
14 June), 3 kg concentrates (not contaminsted),
10 kg barley (harvested on 28 August) and 2 kg
fodder beets (harvested on 27 October). The fod-
der for the pigs is 1.4 kg cereals per day (harves-
ted on 28 August).

For 1-131, the radiation doses are calculated
for a summer period only and without distinc-



tion between soil types. This is because of the
lack of vegetation on the fields in winter, and the
rapid decay of I-131 (halflife § duys) would make
the impact of an sccident during winter triviel
The effects of the differemce between the sodl
Types oa root uptake are not noticesble ia this
case, since the halflife is too short o make indir-
ect contamination by root uptake significant.

made for the accident SCeRarios ocCurTing in win-
ter (20 January) and summer (19 July) o ille-
strate two seasonal extremes. In ordey to calculase

mit of the general wse of the deposition model.

3 Countermeasure Scenarios

The countermeasures considered in this project
are applied 10 reduce the internal radiation expo-
sures 10 humans through consumption of food-
stuffs contaminated with radicective materials
from the release. The countermeasures wese
Chemnobyl accident in 1986. Some countermes-
sures are implemented directly in the agriculrar-
al activities and others in the food processing as
well as the food trade. They are ss follows:

a) ordinary ploughing and deep ploughing,

b) fersilizati

<) rejection of foodstuffs for shorter or longer
time periods,

d) storage of food 10 allow for decay of radivio-
dine,

¢) change of milk consumption (production of
cheese and butter),

f) use of cereals and frvit for animal consump-
uon,

g) reduction of meat contamination by feeding
with clean fodder before slsughter,

b) dilution of contaminated cereals with un-
contaminated cereals,

i) administration of Prussian blue to animals.

The countermeasures were implemented ss de-
scribed in the following scenarios. The scenarios
were constructed without taking the socio-econo-
mic impacts due 10 the implementations of the
countermeasures into consideration. The numer-
ical values of the model parameters in the scenar-
ios were based on experimental data from reports
by the Commission of the Communi-
ties (CEC 1991a, CEC 1991b) and the Swedish

2one with uncontaminated soil. A reduction of
the smount of radicsctivity to be transferred 10
animals from soil ingestion during grazing is also
included. Two types of ploughing were studied -
ordinary ploughing and deep ploughing. For the
scenario, fields of grass, cereals, vegetables, pota-
toes and beets were assumed 10 be ploughed (no
treatments were considered for apples).

Ordinary ploughing is similsr to that carried
out in ordinary agricultural practice. In the sce-
nsrio, with the first ordinary ploughing after the
deposition, the contaminated soil in the root
zone was mixed with soil in deeper layers to
which the contaminstion had not migrated. In
this way, the radiocaesium concentration in the
soil of the root zone was diluted. A value of 2 was
adopted a3 3 dilution factor (CEC 1991a). The
first ordinary ploughing was assumed to be car-
ried out on the day no. 300 (27 October) of the
year of the accident.

Deep ploughing is a special treatment by
which the contaminated soil in the root zone is
sssumed to be replaced almost entirely with un-
contaminated deeper soil without any distur-
baace of fertility in the soil. Considering experi-
mental data (Nilsson 1983, Roed 1990, Roed
1992), 5% of the total radioactivity which was
contained in the upper soil layers (and in the
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grass on the pesture fields) before ploughing were
assumed 0 remain in the surface soil sad rest
20nc after ploughing. In the scemario this coun-
wrmessure was implessented two days afeer the
mital deposition. No harvest of these crops was
assumed in the cvent year, since all crops in the
Hiclds would have been cut or destroyed before or
a the ploughing. The cows were kept in the
stables and fod with ciean fodder afeer the de-
struction of the grass. Although the experimental
data cited sbove support an average resestion of
sbout 5% of the weal radicactivity in the rest
2onc afeer deep ploughing, it mest be noted tha
the data on deep plonghing sre rather scarce
compared o the data on ordinary ploughing. Ad-
divionally, deep ploughs are not generally avail-
able as ordinary ploughs are, for what reasom this
penticular countermensure could be difficulr o
implement for 2 large sea.

b) Fertilization

Fertilization with potassium hss proved to re-
duce radiocaesium uptake by crops (CEC 1991b;
Rosén 1991). The effect depends on the nutri-
tional conditions in the soil to which potsssium
is applied. For the scenario, cultivation in soil
with low plant-available potassium is assumed.
Potassium fertilization of 100-200 kg/ha was ap-
plied to the fields of grass, cereals, vegetsbles,
potatoes and beets. The first application sfter the
winter deposition was carried out on the days
before the crops emerged in the year of the acci-
dent. For the summer scenario, the fertilization
was carried out on the day after the deposition of
radioactivity. Potassium is spplied every year to
mainiain the effect.

) Rejection of Foodstufls for Shorter or
Longer Time Periods

This countermeasure reduces the amount of
radioactive material wransferred 10 humans at the
Iast stage of the food chain. The scenarios were
made scparately for iodine and caesium. In case
of radioiodine contamination, milk and veget-
ables are totally rejected. The rejection starts the
day after the deposition and lasts for 30 days. In
case of caesium contamination, milk, beef and
apples are rejected in case of the winter deposi-
tion whereas milk, pork and bread are rejected in
case of the summer deposition. These foodstufis
are the three dominant contributors to the total
dose (from all foodstuffs) for the first year after
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the deposition when Be COURMTIRCSUITS 3T 0p-
plied. The rejections of milk, beef snd pork are
efiective for one year afier the accident. Apples
and ceveals for bread making are rejeced at harv-
est of the year of the accident.

d) Sieage of Feod to Allow for Decay of
Radiciodine

This countermensure wtilises the short halfiife of
J-131 in order %0 reduce the amount of radicsc-
tivity ingested by humans. In the scenerio, all the
milk sad vegrisbices contaminased with J-13] are
stored for certaim periods prier % humen con-
semption w allow for radivective decay of e
suclide. Two differeat storage periods - 2 normel
period and 2 meximum period in the geaeral
food uade - sre cxamined. For milk, the normal
storage period is assumed to be 3 days and the
maximum period 7 days (CEC 1991a). For veget-
ables, the normal and the maximam periods are 5
days and 10 duys, respectively (ibid.). The coun-
termensure starts the day after the deposition and
lasts for 30 days.

¢) Change of Milk Consumption (Production
of Cheese and Milk)

Caesium as well a3 iodine has a tendency to con-
centrate in more aqueous products during milk
processing, whilst high-protein or fat products,
eg cheese and butter, are relatively depleted in
these clements (CEC 1991a, CEC 1991b). In this
countermessure, the distribution of the elements
among dairy products during the processing of
the contaminated milk sre utilised to reduce the
amoumt of radioactivity to be ingested by the po-
pulation. The milk production is assumed to be
changed completely to that of cheese and butter,
and uncontaminsted milk becomes available for
human milk consumption. The production and
consumption of the cheese and the butter starts
the day afier the deposition and lasts 30 days for
the iodine contamination and one year for caesi-
um.

f) Use of Cereals and Fruit for Animal
Consumption

This countermeasure reduces the amount of
radiocsesium transferred to milk and beef. In the
scenario, the cows are fed cereals and apples
which are less contaminated than summer grass
or winter silage. The altered fodder plan for the



cows (daily comsumption) comprises 10 kg bar-
ley, 3 kg apples and 3 kg concentrates (ot conts-
minated). The countermensure starts at the be-
ginning of the pasture season after the wimter
depesition or on the day afeer the summer depo-
sition and lasts until the begianing of the mext
pasture season. The cows are kept stabled during
this period.

2 Reduction of Meat Contamination by
Feeding with Clean Fodder

A change voward qualitatively beteer animal fod-
der just prior 0 siaugheer is COIIMOR Pracuce in
livestock farming (CEC 199]a) This coumeer-
measure applies the practice to reduce the radio-
cacsium concentrations ia beef and pork. In the
scenario, the cows and the pigs are fed uncomta-
mnated fodder in the last quarver of their lives:
150 days before each cow is shaughtered and S0
days before each pig is slaughtered, assuming
that the lives of a typical cow and pig are 600
days and 200 days, respectively (ibid.). The coun-
termeasure starts the day sfter the deposition sad
lasts 2 years afier the accident. Simultancously,
consumptions of contaminated beef and pork are
prohibited until uncontaminsted mest becomes
available.

4 Models

For the calculation of the radiation doses from
contaminated foodstuffs without any counter-
els (hereafier referred to a3 the besic models).
The main parts of the basic models are developed
from Danish experience with radiosctive fallout
from nuclear weapons testing and from the Cher-
nobyl accident (Qhlenschlzger 1991), and these
models were used for the previous project. A re-
vision of the previous model for radiocaesium
was made in the present project. Models simuls-
ting the countermeasures were developed based
on the countermeasure scenarios and implemen-
ted into the basic models. The models were im-
plemented as Fortran codes which were made
using a model development system for personal
computers, TIME-ZERO (Kirchner 1989).

The dose factors for committed effective doses
from ingested radionuclides were reviewed with

h) Dilstion of Cereshs

comcemiration im cereals sad cereal products. The
contaminsted cevealls are assumed 0 be wanspor-
ted w0 2 mill, mixed with ceresls from unconts-
miasted regions snd thereby dilased. As a resuk
of this practice, ceresls for the fodder for cows
asnd pigs snd for bread making are dilused corre-
spondiag %0 a factor of 5. The numerical value of
the factor is adopeed from experiences in Sweden.
The counsermessure is trested a3 2 permament
peactice suarting & the first harvest afeer the de-
pesition.

It should be added, that the mizing of cereals
is commeon practice ia Swedish ceresl mills, and
that the dilwtion facsor varies across the country
depending on the quality of the harvessed cereals.
However, for the basic case we assume that o
diletion occwrs.

i) Administration of Prussian Blue

It is known that sdministration of Prussisa blue
(smmoniumbexscyanoferrate) to animals can re-
duce their caesium uptske (CEC 1991a). The
countermessure is applied w0 cows and pigs
the accident.

the new ICRP Publication 56 (ICRP 1989) and
those used in the previous report for caesium
isotopes were revised:

I-131: 110nSv Bq'! for children

1-131; 13 Sv Bq! for adults
Cs-134: 190Sv Bq! for adults
Cs-137: 130Sv Bg! for adults
4.1 Basic Models

The revision of the basic models has comprised
corrections of coding errors and modifications
for improved simulations of the levels of radio-
cacsium from the Chermobyl accident observed
in Denmark in the period of 1988-1991 after the
levels peaked in 1986-87 (Aarkrog et al. 1991) as
well as more realistic treatments of the different
soil types. A sub-model simulating the metabol-
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ism of pigs was added o the basic models for the
clculation of radiocacsium comceatrations ia
pork. The main points of dhe revision sse de-
scribed below. Tables comparing the old and the
changed parameter values are presemted in the
Appendix A

Improved Simulation of the Radiocacsiom
Lewels

For the simuistion of cacsium tramsfer between
made: sa introductica of rain splesh effects of
contamination from serface soil omso the exseswel
surfaces of the grass, an introduction of s timede-
peadent fixation rase of cacsiem in the soil rest
20ne changing its samerical value on the 1800th
day after an initial deposition, revisions of the
sumerical values of densities of the crops on the
ficlds, a revision of the numerical value of the
ratio of caesium concentration in grass w that in
fruit. The fixation of cacsium ia s0il corresponds
10 an ecological halflife of 2 years for the first five
years after the accident afeer which it is changed
10 10 years (Aarkrog 1992).

The model for the cow metabolism was revised
in terms of the numerical values of the pars-
meters which represent wransfer of radiocaesium
between the model comperiments (rate coe-
stants).
of the levels of radiocacsium from the Chernobyl
accident observed in Denmark.

More Realistic Treatment of Soil Types

An assumption in the previous models that vege-
tation (grass) is present on the field all the yeor
around regardless of the growing seasons resulted
in an overestimation of the level of contsmins-
tion for the winter scenario. This led 10 an un-
derestimation of the relative contribution from
the root uptake, which depends on the soil type.

The models were revised to simulste the grow-
ing season of the crops and to eliminate unrealis-
tic contributions from the deposition on plant
surfaces to the total contaminstion. In addition
the numerical values of the concentration ratios
of the plants were revised.

With this treatment, realistic effects of differ-
ence in soil types on radiosctivity concentrations
in crops were vbuined compared 10 the results
from the previous study.
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Implesnestation of the Pig Model

A simple rwo-compertment pig model was deve-
loped similer w0 ot wied for the wamsfer of
radiocatsinm o lamb (Nicken 1992). The model
incorpermes compertments for the gastro-imeesti-
nal ract snd for the mest. The implementstion
of the metsbolism incledes sn assumption of 3
biclogical helflife of 40 deys for cacsiam (CEC
19%91a)

Relichility of Model Predictions

The medelling of the vamsfer of radiocacsiom
from soil 0 vegeration and farther 1 the spimal
produce has been chenged and improved from
the previcws model version as described sbove.
However, the selection of the model parameters
have always been such that the mode] predictions
hnhnl-dumwuhlhamdludsd’
ndiccatsivm observed im Denmark after the
Chernobyl accident. The model predicrions of
concentrations of radsonuclides in foodstufls will
therefore gemersily agree within a facsor of 3
compared with actual Jevels for a given contami-
nation Jevel.

4.2 Models for Countermeasures

For simulstion of the countermessures, the basic
thematical sub-models or the psrameter values
were modified 10 represent the countermeasure
scenarios described in Chapter 3. The implemen-
tation of the countermesasures is described below.

Ordinary Ploughing and Decp Ploughing

In order to simulste the reduction of rvot uptake
by ordinary ploughing, the results of the radioac-
tivity concentrations in the mixture of the sur-
face soil, root-zone soil, deeper-lsyer soil and
plants (in the case of grass field) were divided by
2 st the moment of the first ordinary ploughing.
For deep ploughing, in order to represent the
residusl radiosctivities in the soil lsyers after
ploughing, the numerical valoes of the concen-
trations were multiplied by 0.05 at the moment

of deep ploughing.

Fertilization

For simulation of the reduction of radioactivity
transfer through roots by fertilization, the con-
centration ratios for root uptake were reduced by

9



of the crops: 10 for grass and cereals, 1.5 for leafy
vegetables and 1.0 (20 effect) for root vegesables.
The sumerical values of the factors were based
on cxperimental deta after the Chernobyl acc-
dent (Rosén 1991) and were applicd regardiess of
the soil types.

Rejection of Feodstulls

The radicactivity concentrations in the rejecsed
foodstefls were set w0 2ev0 during the rejection
peviods for simulation of the consumption mede
of these foodstaffs by the populstion.

Sterage of Food
The radiciodine concentration in the stored food
at 3 moment of consumption was determined by

Change of Milk Consumption (Preduction of
Cheese and Buttes)

In order 10 estimate the radivcectivity concentrs-
tons in cheese and bunter produced from the
contaminated milk, ratios of radicectivity com-
centration of those products to the original milk
were introduced. For Cs-134 aad Cs-137, the ra-
tios are 0.5 for cheese and 0.3 for butter, and for
I-131 the ratios are 2 for cheese and 0.9 for butter
on 3 fresh weight basis (CEC 1991s). The annual
individual consumption of cheese and buter is
assumed t0 be 12 kg and 7 kg, respectively
(ibid.).

Use of Cereals and Fruit for Animnel
Consumption

A sub-model representing the fodder plan for the
cows was modified to simulste the aliered fodder
plan. The value for the cow’s intake rate of radio-
activity from contaminsted surface soil during

grazing wes 3t 80 2e70 for the application peried
of ths countermensure

Feeding with Cicon Fodder Before Siaughter
Dwring saimal feeding with clean fodder, the
rediscacsiom conceauations ia beef or povk are
sssumned w decrease with effective halflives based
oa a combinstion of the radisactive halllife and
the biclogical helflife To check the effective
halfiives implemensed for cows and pigs in the
medels, the basic mode! wes run using a constant
deily inmake of radisactivity. The halllifes for
Cs-134 were found from the simulations w0 be 32
days ia beef and 38 days in posk, and for Cs-137
© be 34 days in beef snd 40 doys im pork. These
values compare ressonshly well with the defank
values from CEC (1991a) which for Cs-137 are 40
days for beef and 35 deys for pork. Fer the imple-
mentation of the present coumscrmesswre the
radiocatsium CORCERITAtions in the Mmeat ot 3 mo-
memt of consumption were estimated by calcule-
ting the decrease during the periods of wsing
clean fodder before slaughter (150 duys for cows
aad 50 duys for pigs).

Dilution of Cereals
The calculstion of radiocatsium concentrations
in the cereals and cereal products which were
mented by maluplying the concentrations by a
dilution factor of 0.2

Administration of Prussian Blee

For simulstion of the reduction of radiocacsium
uptake by domestic animals given Prussian biue,
the radiouctivity concentrations in the foodstuffs
were reduced by the following factors st human
consumption: 5.5 for milk, 4.0 for beef and 9.1
for pork. The numerical values of the factors
were adopted from experimental deta (CEC
1991a).
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5 Dose Calculations

The radiation doses 0 the population withowt
spplication of the comhitymensures were estitne-
ted using the basic models. In order %o obtsin
average individual doses from the deposition, the
ciculations were made ia theee seeps:

1) A deposition patvern for each radicaunclide
was caiculsted over the contaminsted ares
and weighted with the population distribu-
tiom in the aves 10 obtaim populstion-weigh-
wed concentrations (person By m2). The po-
pulstion density was besed on statistics for
the Hallend cousty (Nyholm 1992).

2) Duoses (Grst-yesr deses sad dose commmit-
ments) from wnit depositions of radisactiv-
ity were calculmed for each radicanclide (Sv
prBem?)

3) The resulrs from 1) sad 1) were combined
calcuime collective dosts (person Sv) divi-
ded by the total populstion to obtain average
individual doses (Sv) from the deposition.

5.1 Deposition Map over the
Contaminated Area

persion model (Thykier-Niclsen 1990). For 1-131
there was only a marginal difference (20%) be-
tween the resalts for the dey and the wet deposi-
selected. The relntively small difierence between
wet and dvy deposition is due t0 the highly resc-
tive clemental jodine which is assumed at 10% of
the total jodine release. The chemical form of the
remaining jodine frartion is sssumed w be orgs-
pic. The depositior map for I-131 is shown in
Figure 1. Figures 2 and 3 show the maps for
Cs-134 for the dry and the wet condition, respect-
ively, and Figures 4 and § for the dry snd the wet
deposition of Cs-137. From the calculation, the
population-weighted radicectivity concentrs-
tions were estimated for the affecied area. The
population distribution was used st the finest re-
solution (1 x 1 km?) aad a coarser presentation
of the des i3 shown in Figure 6. The following
list gives the populstion-weighted concentrs-
tions:
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E131: 51 person GBq m=2 averaged for the
two conditions,

1.6 person GBq m-? for the dry condi-
tom,

3.7 person GBq m2 for the wet condi-
Gem,

1.4 persen GBq m~? for the dry condi-
Gom,

3.1 persen GBq m~2 for the wet condi-
tem.

Cs-134:

Cs-137:

A wotal of 55,000 persons are found w be affected
by the contaminstion shown ia the Figures 1 - 5
by summing the popuistion disribwtion within
the secsor 140°-160° from Figure 6. The varisbil-
ity of the contaminstion over this ares is illustre-
sed in the figures snd in Table 1 which gives the
If we insevpret the varisbility of the contamine-
tiom in terms of dose varisbility by sssuming tru-
ly local food production, we find that the
maximum doses rise 2 facror of sbout 14 over the
average doses, and that the minimurs doses lie a
facror of sbout 3 lower than the sverage doses.

5.2 Doses from Unit Deposition

‘The doses were calculsted from the deposition of
1 Bq m of each radionuclide and expressed as
total doses (summetion of the doses from all
foodstuffs). The results of these calculations are

given in Appendix B.

5.2.1 Deses from }-131

The doses from consumption of milk and veget-
sbles contaminated after the unit deposition of
J-131 are unchanged from the previous study and
shown in Table Bl. The doses for children are
due 1o milk consumption only while those for
adults are from the consumprion of both milk
snd vegemsbles. A fraction of 37% of the adult
dose is due to the consumption of vegetsbles and
63% to thet of milk.

$.2.2 Doses from Cs-134 and Cs-137

The doses from unit depositions of the cacsium
isotopes are shown for Cs-134 in Table B2 and



Figure 1. Deposition of inorganic 1-131 calculated by the PLUCON model for a release of 1600 TBq of 1-131

I

from the Ringhals power station for an average of dry and wet conditions.
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Figure 2. Deposition of Cs-134 calculated by the PLUCON model for a release of 220 TBq of Cs-134 from the
Ringhals power station for dry conditions.
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Figure 3. Deposition of Cs-134 calculated by the PLUCON model for a release of 220 TBq of Cs-134 from the

Ringhals power station for wet conditions.
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Figure 4. Deposition of Cs-137 calculated by the PLUCON model for a release of 190 TBgq of Cs-137 from the
Ringhals power station for dry conditions.
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Figure 5. Deposition of Cs-137 calculated by the PLUCON model for a release of 190 TBq of Cs-137 from the
Ringhals power station for wet conditions.
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Figure 6. Population distribution used for the calculation of average individual doses from ingestion of contami-
nated foodstu/Ss (Nyholm 1992),
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for Cs-137 in Table B3. The doses are given as
first-year doses (doses received during the first
365 days after the accident) and dose commit-
ments for the winter and summer deposition as
well as for two soil types. The doses were estima-
ted for adults. The dose commitments for radio-
caesium were calculated from the estimated dose
rates for sufficiently long time periods to ensure
a negligible truncation (< 1%). For the winter
deposition each simulation time was 50 y and for
the summer deposition each simulation time was
30 y. The reason for this difference is that for the
winter scenarios the root uptake is an important
transfer mechanism where the rate of fixation of
caesium t0 the soil (10 y halflife) is the limiting
process. For the summer scenario it is the direct
contamination of the crops that dominates and
the root uptake is negligible.

The relative contributions to the total doses
from consumption of each foodstuff category are
shown in Table B4 and Table BS for Cs-134 and
in Table B6 and Table B7 for Cs-137.

The dose from pork consumption shows a
higher contribution to the total dose for the sum-
mer deposition than for the winter case. This is
due 10 the higher contamination levels of cereals
in case of an accident during summer and the
fact that cereals are used for the pigs’ fodder.

5.3 Doses from the Total
Deposition

Average individual doses were calculated in the

way described above. The calculations were made
for mineral soil which is characteristic for the
soil types of the area considered (Eriksson 1992).

53.1 Doses from 1-131

Table 2 shows the results of the individual aver-
age doses of the affected population. The doses
are estimated as effective dose equivalent com-
mitments. The fraction of the children (under
the age of one year) was assumed as 1.4% of the
total population based on the Swedish statistics
data (Statistical Yearbook 1993).

53.2 Doses from Cs-134 and Cs-137

Table 3 shows the results of the individual aver-
age doses to the affected population from the de-
position for the dry conditions and in Table 4 for
the rainy conditions. The doses are estimated as
first-year doses (effective dose equivalents com-
mitted from the first-year’s food consumption)
and effective dose equivalent commitments to
adults.

53.3 Collective Doses

Collective doses were calculated for the popula-
tion affected (55,000 individuals) and the results
are shown in the Tables 5,6 and 7.

6 Effects of the Countermeasures

The countermeasures were simulated with the
models described in Chapter 4 and radiation
doses to the critical group from the implementa-
tion of these countermeasures were calculated as-
suming an initial deposition of each radionuclide
of 1 Bq per m-2, The effect of each countermea-
sure is expressed as the ratio of the radiation dose
with the countermeasure applied (reduced doses)
to that without any countermeasures (the basic
dose, see Chapter 5.). The effects were estimated
for nuclide-specific doses. The effects on the
first-year doses and the dose commitments were
examined in connection with the seasons and the

soil types.

6.1 Effects on Iodine
Contamination

The dose reductions found from the calculations
are shown in Table 8. There was no significant
difference between the effects on the doses to
adults and those to children.

The largest reduction of the radiation dose, a
factor of 60, was realised by the rejection of milk
and vegetables for 30 days after the deposition,
reflecting extensive decay of radioiodine during
this period. The storage of milk and vegetables in
fresh form for their maximum possible periods

Risp-R-665(EN)



could save half of the doses due to the physical
halflife of 1-131. Powdered milk or frozen veget-
ables, for example, could be stored for longer per-
iods and thus provide a further dose reduction.
The change of milk consumption by production
of cheese and butter could halve the doses even
under the assumption of immediate consumption
after their production. Cheese and butter have an
advantage of permitting storage for a long period.
A possibility to store these products for a longer
period could therefore be considered to allow for
further decay of I-131.

6.2 Effects on Caesium
Contamination

The dose ratios found from the calculations are
shown in Tables 9 and 10 for Cs-134 and in Ta-
bles 11 and 12 for Cs-137. The trends of the ef-
fects for Cs-134 are similar to those for Cs-137.
The influence on the dose ratios from the two
scasons (winter and summer) is significant
whereas that from the two soil types is less pro-
nounced. This is attributed to a dominant contri-
bution to the contamination of crops from the
direct deposition onto the plant surfaces com-
pared to that from the root uptake.

The largest reduction of the doses is found
from deep ploughing using the assumptions
made. This particular countermeasure yields a
reduction of up to two orders of magnitude. This
results from a large reduction of the caesium
transport in every pathway to food contamina-
tion. The destruction of the highly contaminated
first year’s harvests at the ploughing also contrib-
utes 10 the effect. The other countermeasures
against root uptake of radioactive materials by
crops - ordinary ploughing and fertilization -
produce little or no effects except for winter de-
position on organic soil. This is due to a relative-
ly small contribution from soot uptake to the
total contamination except for organic soil. The
assumptions of the time of initiation for the
countermeasures also influence the results. For
example, the assumed ordinary ploughing at the
end of October causes no effects on the first-
year’s harvest.

We have also studied the effect on doses from
Cs-137 of an ordinary ploughing carried out
shorly after the deposition occurs accompanied
by the destruction of all crops on the fields. The
effect of ploughing carried out after a summer
deposition and the rejection of all contaminated

Risp-R-665(EN)

food except fruit was estimated to reduce the
first-year dose from the mineral soil contamins-
ted with Cs-137 by a factor of 80, and a factor of
30 for the dose commiunent. The reduction for
the first year is similar to that from deep plough-
ing and atributed primarily to the interruption
of the consumption of the contaminated food-
stuffs. For the case of winter deposition, we have
examined an ordinary ploughing at the time of
resowing in the end of winter, accompanied by
destruction of the crops sown in the previous
year. The dose reduction was found to be a factor
of 3 for the first-yesr dose and mainly due to a
reduced amount of radiocasesium transferred
from the diluted surface soil 10 grass by rain
splash, and for the dose commiunent a reduction
factor of 2 was found.

Rejection of selected foodstuffs for one year
after the deposition has a relatively large effect on
the first-year doses. The effect on the first-year
doses depend on the remaining components of
the diet (Table B4 or B6) and this is why the
effect is smaller in summer than in winter. The
effect on the dose commitments was related to
the dose saved in the first year since the rejection
was assumed to last only one year after the event.
A contribution of the dose saved in the first year
to the dose commitment js insignificant in the
winter deposition. The effect in this case is there-
fore smaller on the dose commitment than on the
first-year doses.

Use of cereals and fruit for animal consump-
tion is found to be effective mainly on the first-
year doses after the winter deposition. In the
summer case, higher levels of contamination of
cereals by the initial direct deposition on the
crops weaken the effect. The higher cereal conta-
mination, on the contrary, strengthen the effect
of dilution of cereals with uncontaminated crops
in the summer deposition, since this counter-
measure affects caesium concentration in bread -
a major dose contributor for the summer scenar-
io.

Change of milk consumption could save about
70% of the first-year dose in case of the winter
deposition. In the first year after the deposition,
the individual intake of radiocaesium from in-
gestion of cheese and butter corresponds 1o 4% of
the intake from the original milk. However, the
reduction of the intake does not lead to a similar
reduction of the total dose since the contribution
of milk consumption to the 1otal dose is 70% at
the most.

The effects of using clean fodder for the ani-
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mals before slaughter are independent of the ses-
sons and not very significant Residual radio-
cacsium in the meat after feeding clean fodder
arc estimated as 5% and 40% of untrested beef
and pork, respectively. Nevertheless, the decrease
of radioactivity in the meat does not significantly
reduce the total doses due to the limited contri-
bution from the meat to the total doses.

The wrend of the effects for the two
found from administration of Prussian blue is
analogous to that found from change of milk con-
sumption: Relatively large dose reductions are
obtained only for the first-year doses from the
winter deposition. The first-year doses can be re-
duced by up to a factor of S, and the dose com-
mitment by up 1o a factorof 2.

6.3 Ilustrative Example

As an illustrative example we may consider the

7 Conclusions

Quantitative assessments of the effects on radia-
tion dose reductions from various countermea-
sures assumed against accidental food contami-
nation have been carried out with dynamic radio-
ecological models developed for this purpose.

The foodstuffs were assumed to be contamina-
ted after a release of radioactive materials from
the Ringhals nuclear power station after a hypo-
thetical core melt accident. The release was as-
sumed to amount to 0.07% of the core inventory
of iodine-131 (1600 TBq), caesium-134 (220
TBq) and caesium-137 (190 TBq) for the
Ringhals nuclear power station unit 1.

The size of the contaminated area was estima-
ted using the Risg PLUCON dispersion model
and assuming a north-north-west wind direction
towards Varberg. The deposition of radioiodine
from a release of 1600 TBq inorganic I-131 was
predicted to reach a distance of about 40 km
along the coast of the area at levels higher than
400 kBqg m-2. The same distance was estimated
for the dry deposition of radiocaesium at levels
higher than 15 kBq m-2 from releases of 220 TBq
of Cs-134 and 190 TBq of Cs-137. The deposition
levels were higher for the rainy condition.

The radiation doses were calculated with dyna-

mic radinecnineical madels mine tvmical Swed.

effect of a set of countermessures on the average
doses from the three isotopes after a release of
sctivity during summer in dry conditions. We
assume that selected contaminsted foodstuffs
(milk, beef, pork and vegetables) are rejected for
one year sfter the accident.

The basic case without countermesasures gives
10 the total populstion an average individual dose
commitment of 29 mSv from I-131, 4.1 mSv
from Cs-134 and 3.] mSv from Cs-137 or a total
dose commitment of 10.1 mSv.

For the effects of the countermeasures we have
found a reduction factor for I-131 of 0.017 (Table
8), a factor of 0.22 (Table 9) for Cs-134 and a
factor of 0.24 (Table 11) for Cs-137. We thus find
an sverage individual dose commitment of 0017
X29+022x 41 + 024 x 31 = 1.7 mSv
corresponding to an overall reduction factor of
1.7/10.1=0.17.

The doses were expressed as average dose com-
mitments to individuals of the critical group eat-
ing locally produced food. The dose commitment
from I-131 was estimated 10 be 2.9 mSv covering
the range of 15 mSv to children under 1 year and
2.7 mSv to aduits. The dose commitments from
dry deposition of Cs-134 and Cs-137 were predic-
ted to be 0.14 mSv and 0.21 mSv, respectively,
for an accident during the winter season and 4.1
mSv and 3.1 mSv, respectively, for an accident
during the summer. The dose commitments
from wet deposition of Cs-134 and Cs-137 were
predicted to be 0.32 mSv and 0.47 mSv, respect-
ively, for a winter accident and 9.4 mSv and 6.8
mSv, respectively, for an accident during the
summer.

Nine typical countermeasures have been im-
plemented into the radioecological models. The
effects of these countermeasures have been esti-
mated in terms of reduced doses to individuals in
the critical group. Against I-131 contamination,
the countermeasures utilising the short halflife of
the nuclide appear quite effective. Especially, re-
jecting contaminated food for 30 days can reduce
the dose by a factor of 60. Against radiocaesium
contamination, the largest effect is found from
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the given assumptions. However, the dose-reduc-
tion effect of this particular countermessure is
Jess well documented than those of the other
countermeasures. Rejection of contaminsted
food for one year has a relstively high effect on
the first-year dose, but this high effect does not
extend to the dose commitment where we find
reductions up 1o a factor of sbout 4. On the other
hand, the first-year dose is a substantial fraction
of the dose commitment. The other countermes-
sures reduce doses by a factor of two at most.
The results of the present assessment are as
good as the data on which the models and their
parameters are based. The models for the wransfer
of radioactivity through the foodchains are runed
to experimental data from Denmark after the
Chemnobyl accident giving predictions that agree
with observations within a factor of 3. No formal
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Tables

Table 1. Depesition of radionuclides over the ares considered showing evevege, meximun and
minimum velnes (MBg m2). The deposition is colcwiased wish she PLUCON disprrsion model
(Thykier-Nielsen 1960).

Nucide Condition Average Maximum Minimum
deposilion deposiion deposiion
(MBqm2) (MBqm2) (MBqmr2)
131 Average 09 1 04
Cs-134 Dry 0.03 05 0.015
Cs-134 Wet 007 1 0.02
Cs-137 Dry 0.03 04 0.018
Cs-137 Wet 0.06 08 0.015

Table 2. Average individual effective dose equivalent from the wial depesition of I-131.

Dose to children Dose 10 adults Dose 1o
fotal population
(mSv) (mSv) (mSv)
15 27 29

Table 3. Average individual effective dose equivalens from dry deposition of radiocsesium on mineral
soil,

Isotope Season First-year dose Dose commitment
(mSv) (mSv)
Cs-134 winter 0.070 0.14
Cs-134 summer 35 4.1
Cs-137 winter 0.053 0.21
Cs-137 summer 2.4 31

z:w.AmwwmmmmmmaJMmm

Isolope Season First-year dose Dose commitment
(mSv) (mSv)
Cs-134 winter 0.16 0.32
Cs-134 summer 8.1 9.4
Cs-137 winter 0.12 0.47

Cs-137 summer 52 6.8




Table 5. Collective effective dose equivalent from she swsal deposision of I-131.

Dose 10 children Dose 10 adults Dose 0
ftotal populaion
(man Sv) (man Sv) (man Sv)
11 150 160

Table 6. Collective effective dose oquivalent from dry deposition of rediocacsiom on meinevel soil

isolape Season Fust-yemr dose Dose commament
(men Sv) (man Sv)
Cs-134 winder s 77
Cs-134 summes 190 220
Cs137 winler 29 12
Cs-137 summes 130 170

Tabie 7. Collective effective dose equivaiens from wes deposition of radiscacsim on minerel soil.

isolope Season First-year dose Dose commiament
(man Sv) (man Sv)
Cs-134 winler 89 18
Cs-134 summer 440 520
Cs-137 winler 65 28
Cs-137 summer 290 370

Toble 8. Effects of the coumtermeasures agains: dose commusments duwe w0 deposicion of I-131 expressed as
dose redwetion retivs.

Countermeasure Ratio = Reduced dose / Basic dose
Children Aduls

Rejection of foodsiufls 0.017 0.017

Storage

mik; 3days 0.75 0.72

veg.; Sdays

milk ; 7 days 0.53 048

veg.; 10days

Change of mitk consumption - 048




Tabie 9. Effexss of she counteymenswes apuinst fist-yoar doves and dove commuisments 10 adults dus w
dzrosinem of Cs-134 on muneval sodl expressed as dose reduction vasiss.

Countermeasure Ratio = Reduced dose / Basic dose
Winter Summer
Frstyewr Commament Fistyesr Commament

Ploughing

ordinasy 10 090 10 10

desp 0.011 0.044 0011 0012
Ferthizaion 10 0% 10 10
Rejection of foodshulls 0.017 0.50 0.17 o2
Change of mik consumplion ox 065 061 069
Cereals & fWwuRt for feed 0.034 o 059 068
Feeding with clean fodder 0.75 0.7 0.70 0.74
Diution of cereals 10 092 054 05
Prussian blue 022 0.60 038 0.48

Teble 10. Effects of the conmsermeasuwes agoinst furst-youvr doses and dose commioments w aduics dwe w
deposivion of Cs-134 on evpawic soil expressed a3 duse reducrion raies.

Countermeasure Ratio = Reduced dose / Basic dose
Winter Summer
Fiest-year Commitment Firstyear Commitment
Ploughing
ordinary 10 0.63 1.0 0.94
desp 0.010 0.07 0.011 0.020
Fertiization 0.96 045 10 0.94
Rejection of foodstulls 0.069 084 017 0.29
Change of milk consumplion 034 089 0.61 0.69
Cereals & fruit for feed 0.11 0.79 0.60 0.69
Feeding with clean fodder 0.72 089 0.70 0.75
Dilution of cereals 0.93 068 054 0.50

Prussian bive 0.23 0.89 037 0.51




Table 11. Effects of the countermeasures against first-year doses and dose commitments to adults due to
deposition of Cs-!37 on mineral soil expressed as dose reduction ratios.

Countermeasure Ratio = Reduced dose / Basic dose

Winter Summer
First-year Commitment First-year Commitment

Ploughing

ordinary 1.0 0.78 1.0 1.0

deep 0.011 0.076 0.012 0.015
Fertilization 0.95 0.84 1.0 1.0
Rejection of foodstuffs 0.017 0.75 0.16 0.24
Change of milk consumption 0.31 0.83 0.63 0.72
Cereals & fruit for feed 0.035 0.65 0.63 0.72
Feeding with flean fodder 0.71 0.88 0.71 0.74
Dilution of cereals 0.95 0.87 0.52 0.48
Prussian blue 0.21 0.80 0.38 0.52

Table 12. Effects of the countermeasures against first-year doses and dose commitments to adults due to
deposition of Cs-137 on organic soil expressed as dose reduction ratios.

Countermeasure Ratio = Reduced dose / Basic dose

Winter Summer
First-year Commitment First-year Commitment

Ploughing

ordinary 1.0 0.59 1.0 0.88

deep 0.011 0.096 0.012 0.036
Fertilization 0.88 0.39 1.0 0.81
Rejection of foodstuffs 0.075 0.94 0.18 0.44
Change of milk consumption 0.36 0.96 0.63 0.81
Cereals & fruit for feed 0.12 0.94 0.65 0.81
Feeding with clean fodder 0.75 0.94 0.71 0.81
Dilution of cereals 0.96 0.65 0.52 0.51

Prussian blue 0.25 0.96 0.38 0.63




Appendix A

Parameter Values for the Caesium Model

Description and Unit Previous Value Present Value
Dose factor [nSv Bq~'] for adults
Cs-134; 20 19
Cs-137: 14 13
Date of ploughing and sowing [Day No.] 135 (15 May) 300 (27 October)
Resuspension factor [m~1} 1.72E-6 < 2000 days:
1.4E-5"((time-event)
**(-1.26))
otherwise: 1.0E-9
Splashing rate [d-?) not used 3.0E-5
Deposition velocity, dry deposition [m d-) 86.4 172.8
Washout coefficient 1.0E+6 1.0E+6
Transferfactor (TF) from upper soil to root zone [d-1) 1.98E-2 6.3E-4
Root —one depth [m] 0.25 0.25
TF, fixation of Cs in root zone [d-1] 3.2E-3 <1800 days: 1E-3
>1800 days: 2E-4
Weathering constant [d-1) 0.08 0.08
Fraction of surficial deposit absorped into plant 0.05 0.05
Density of plants
Grass: 0.1 0.14
Beet leaves: 3.5 2.0
Beetroot (Potatoes): 6.5 30
Vegetables: 20 2.0
kgm?)
Concentration ratio of Cs for mineral soil
Grass: 0.032 0.03
Beets: 0.04 0.3
Beet leaves: 02 1.2
Vegetables: 0.5 05
Cereals: 0.02 0.1
[Bg kg1 plant per Bq kg-! soil-dry weight)
Concentration ratio of Cs for organic soll
Grass: 0.3 0.3
Beets: 0.04 0.6
Beet leaves: 0.2 1.2
Vegetables: 0.5 1.0
Cereals: 02 1.0

[Bq kg1 plant per Bqkg-' soll-dry weight]
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Parameters for metabolism of cows
RC: Rate constant, unit [d-1)

Description and Unit Previous Value Present Value
Breathing rate [m3d-1] 388 130
RC: soil consumption 0.03 0.03
RC: from lungs to stomach 2.46 10
RC: from lungs to circulating fiuids 1.54 10
RC: from stomach to intestines 1.39 0.07
RC: excretion from intestines 33 5.0
RC: from intestines to circulating fluids 6.7 14.8
RC: excretion from circulating fluids 2.0 0.827
RC: from circulating fluids to soft tissues 0.138 0.253
- long retention time
RC: from soft tissues to circulating fluids 0.05 0.0265
- long retention time
RC: from circulating fluids to soft tissues 1.732 0.565
- short retention time
RC: from soft tissues 1o circulating fluids 0.462 0.297
- short retention time
RC: from circulating fluids to udder 08 0.15
RC: from udder to milk production 4.0 40
Parameters for metabolism of pigs
RC: Rate constant, unit [d-1]
Description and Unit Previous Value Present Value
RC: from Gl-tract to meat not used 1.08
RC: excretion from Gl-tract not used 1.0
RC: excretion from meat not used 0.0173




Parameter Values for the Iodine Model
The parameter values are unchanged from the previous report (Nielsen and Qhlenschlzger 1991).

RC: Rate constant, unit [d-!]

Description and Unit Default Value

Dose factor [SvBq-1] Children (1 year old): 1.1E-7
Adults: 1.3E-8

Interception factor [-] 3.0E-1

RC: from soil layer no.1 to soil layer no.2 6.65E-4

RC: from soil layer no.2 to soil layer no.3 1.72E4

RC: from soil layer no.1 to external piant no.1 6.48E-6

RC: from external plant no.1 to soil layer no.1 4.95E-2

RC: from soil layer no.1 to external plant no.2 2.67E4

RC: from external plant no.2 to soil layer no.1 1.00E-0

RC: from soil layer no.1 to intemal plant no.1 6.67E-4

RC: from internal plant no.1 to soil layer no.1 1.00E-0

RC: from soil layer no.2 to intemal plant no.2 1.67E-4

RC: from internal plant no.2 to soil layer no.2 1.00E-0

Transfer factor of iodine: daily intake to milk 1.0E-3

[Bg ' milk per Bqd-1)




Appendix B

The tables in this appendix give the results of the calculations for the basic model without
the application of countermeasures for unit depositions of activity (1 Bq m-2 ). The Tables Bl
to B3 give the individual dose equivalents and the Tables B4 to B7 give the relative contribu-
tions from different foodstuffs to the total dose from ingestion for the various scenarios.

Table Bl. Effective dose equivalent from deposition of I-131 (1 Bg m~2).
Dose to children (nSv) Dose to adults (nSv)

16 29

Table B2. Effective dose equivalent from deposition of Cs-134 (1 Bgm2).

Season Soil type First-year dose (nSv) Dose commitment (nSv)
winter mineral 24 48

winter organic 29 19

summer mineral 120 140

summer organic 120 160

Table B3. Effective dose equivalent from deposition of Cs-137 (1 Bgm-2),

Season Soil type First-year dose (nSv) Dose commitment (nSv)
winter mineral 2.1 8.3

winter organic 24 54

summer mineral 93 120

summer organic 93 160

Table B4. Relative consributions from different foodstuffs 1o the effective dose from ingestion (firss-year doses and
dose commitments) in the case of Cs-134 deposition on mineral soil.

Season  Dose Milk Beef Pork White  Vege- Potatoes Apples
type bread tables
(%) (%) (%) (%) (%) (%) (%)

winter 1.yr. 72 28 0.7 0.4 0.1 0.4 1.0
winter Comm. 57 22 33 4.0 0.6 9.9 3.1




Table BS. Relattve contributions from different foodstuffs 1o the effective dose from ingestion (first-year doses and
dose commitments) in the case of Cs-134 deposition on organic soil.

Season  Dose Milk Beef Pork White Vege- Potatoes Apples
type bread  tables
(%) (%) (%) (%) (%) (%) (%)
winter 1.yr. 68 24 29 1.9 0.2 1.0 1.0
winter Comm. 37 14 14 16 0.6 13 5.0
summer  1.yr. 40 15 21 22 0.2 0.02 1.1
summer Comm. 34 13 22 27 03 1.7 16

Table B6. Relative contributions from different foodstuffs 1o the effective dose from ingestion (first-year doses and
dose commitments) in the case of Cs-137 deposition on mineral soil.

Season  Dose Milk Beef Pork White Vege- Potatoes Apples
type bread tables
(%) (%) (%) (%) (%) (%) (%)
winter 1.yr. 7 26 0.7 0.5 0.1 0.5 1.1
winter Comm. 44 18 57 7.0 1.2 20 50
summer  1.yr. 38 15 22 24 0.2 0.003 1.1
summer Comm. K} 13 24 29 0.3 1.2 13

Table B7. Relative contributions from different foodstuffs 1o the effective dose from ingestion (first-year doses and
dose commitments) in the case of Cs-137 deposition on organic soil,

Season  Dose Milk Beef Pork White  Vege- Potatoes Apples
type bread tables
(%) (%) (%) (%) (%) (%) (%)
winter 1.yr. 67 24 3.1 21 0.2 20 1.1
winter Comm. 30 12 16 19 0.7 15 6.0
summer  1.yr. 38 15 22 24 0.2 0.02 1.1
summer  Comm. 31 12 22 27 03 4.7 28
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