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1. Exposure pathways.

The Belgian population has been exposed to the contamination subsequent to

the releases at Chernobyl in several ways. The most important pathways for

the evaluation of doses are :

- the external irradiation from activity deposited on the soil.

- the inhalation of airborne contamination.

- the ingestion of contaminated foods.

Some minor exposure pathways, as the external irradiation by airborne con-

tamination, the inhalation and ingestion of deposited activity due to re-

suspension or transfer by skin contamination, are discussed for complete-

ness.

2. Doses due to exposure during the first year after the accident.

2.1. Reference contamination of the environment.

2.1.1. Airborne concentrations and ground contamination.

Due to the geographical distribution of rainfall, the contamination due to

the Chernobyl releases, can not be assumed as homogeneous over the whole

Belgian territory (fig. 1).

The basic dose calculations have to consider a reference status of the en-

vironment. The maximum and mean individual doses and the collective doses

will be derived from this reference assessment as described later.

For obvious reasons the site of Mol is chosen as reference location. The

integrated airborne concentrations [Bq.d.m ] and integrated deposition

rates [Bq.m ], observed at Mol are summarised in table 1.

The integrated values are to be understood as the summation of the products

of the airborne concentrations and deposition rates, with their associated

sampling times
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Integrated concentration = Z. (measured concentration), x (sampling time).

[Bq.d.nf3] [Bq.rn"3] [d]

Integrated deposition = z. (measured deposition rate). x (sampling time).
1 -2 -1 X 1

[Bq.m .d ] [d]

The figures of table 1 are mainly built up by observations over one hour

for airborne concentrations and one day for deposition rates [ref.l]

2.1.2. Foodchain products.

The definition of reference levels for foodstuffs is not so straight for-

ward, because of the spread of contamination levels observed in products

from the same area.

The reference contamination of milk is based on the observations on an in-

dividual cow, grazing out-side (peak value 270 Bq/1). The contamination of

leafy vegetables must have been at maximum immediately after the shower on

3rd May. Extrapolation of the earliest measurements, samples of 7th May,

allows to fix reference initial concentrations equal to 1500 Bq/kg in

spinach and 800 Bq/kg in lettuce, considering the evolution of the grass

contamination. The reference contamination of meat can hardly be based on

measurements, because of the large variations in the diet of the animals

before slaughtering and the corresponding wide spread of observed concen-

trations. The reference contamination in muscle was derived from the ob-

served concentrations in milk in a way that the ratio of the integrated

concentration during the first year in muscle to that in milk fits with the

ratio observed by earlier experiments [2] and that predicted by models [3].

The resulting peak concentration of Cs is 26 Bq/kg.

2.2. Reference critical individuals.

The reference individuals are defined by their consumption habits and by

the degree they are protected against the contaminated environment. We

consider three individuals, covering the whole spectrum of consumption

habits and metabolic parameters, i.e. a one-year old child, a ten-year old

child and an adult. This classification is related to the available dose

conversion factors per unit intake [4].

The main dietary intake rates for those individuals are resumed by table 2.

The individuals are never fully exposed to the reference environment.

The shielding by the building materials to external exposure of deposits is

at least a factor ten, while the individual stays no more than 50 % of a

day in the open. The dose calculation assumes a reduction of a factor two
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compared to a permanent stay outside. The out-door dose rate is assumed to

be 70 % of that one meter above an undisturbed terrain.

No reduction factor is retained for inhalation.

The mean peak concentration in vegetables is assumed equal to 500 Bq/kg

I, and corresponding values for other radionuclides. This is equivalent

to an intake of about 70 g spinach or 100 g lettuce, each day.

2.3. Dose assessment to critical individuals.

The committed effective dose equivalent for the exposure to the first year

is given by table 3.

The corresponding committed dose equivalent to the thyroid is given by

table 4.
-4

The total committed effective dose equivalent equals 1.2 10 Sv for
-4 -4

adults, 2.0 10 Sv for a 10 year old child and 2.6 10 for an infant.

For an adult the exposure to irradiation by the deposits gives the main

contribution. For young childs the dose is determined by exposure due to

milk consumption.

The uncertainty to this assessment is rather limited by the artificial def-

inition of the dose. It is a dose calculated for a well defined individual

in a well defined environment. The largest source of uncertainties is the

prediction of contamination levels for the period between the last avail-

able measurements and april '87. The most critical elements are the extra-

polation of external radiation due to irradiation by deposits and the evo-

lution of cesium concentrations in meat. The uncertainties are discussed

in some detail at the end of this paper.

2.4. Secondary pathways.

The external irradiation by the passing cloud is estimated at about 10 Sv

in the open, what is insignificant compared to the doses due to irradiation

by deposits. The committed effective dose due to direct intake of soil by

playing children is evaluated at 1,2 10 Sv, assuming a one-year old child

ingesting 1 kg soil per year, and a surface soil mixing layer limited to 1

cm. Although this result is not insignificant, the dose is not added to

that of the reference individual, because this pathway is not considered as

typical for large groups.

Doses due to inhalation of resuspended particles are estimated, assuming a
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time dependent resuspension factor. The committed effective dose for the

first year is evaluated at 1,3 to 1,9.10 Sv, dependent on age. Resus-

pension models are largely uncertain, specially for the early period after

deposition. Those figures can be too conservative by a factor 10. For

some surface they can be too optimistic by about a factor 3. Even in this

case the dose remains insignificant for the evaluation of the total burden.

2.5. Mean Dose to individuals and collective dose.

The area of Mol, which was taken representative for the critical indivi-

dual, is situated in the most contaminated zone of Belgium (fig. 1). The

average deposition over the country is assessed to be lower by about a fac-

tor 2.5.

The integrated air concentration, which is largely determined by the.situa-

tion on 2nd May, without rain, can be considered as homogeneous over the

territory, the largest observed differences being less then a factor two

[5]. The main difficulty is assessing the mean dose to the population is

to decide on the ratio of the activity uptake of the average individual to

that by the reference critical individual. This ratio depends on quantity

and nature of the diet and on the representativity of the reference con-

tamination levels, to those which are valid for the real food, as ingested,

considering reduction factors by preparing it. For obvious reasons, the

environmental survey program was mainly concentrated on fresh products, so

that we don't dispose over a large dataset suitable for mean dose calcula-

tions. The available data show often a strong bimodal distribution. A

part of the products is contaminated at about the reference level while a

(mostly large) part seems to be only slightly contaminated. On this basis

it was decided on a, as we see it, conservative approach, introducing two

reduction factors, i.e. a geographical factor and a distribution and cook-

ing factor. The former is assumed lower for Iodine than for other radio-

nuclides, considering the caution applied by the average families, reducing

the consumption of suspect food in the early days of May and the higher

volatility of iodine, leading to a more important reduction of concentra-

tions by preparation. The reduction factors are shown by table 5, for each

relevant pathway. The age distribution of the population is assumed con-

stant between 0 and 70 years. The one-year old child is taken representa-

tive for the age category 0-2 years, the ten-years old child for 3-14 years

and the adult for 15 years and older. The resulting collective and mean

doses for the first year of exposure are resumed by table 6.
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The choice of the diet of the average individual can be validated by whole

body counting.

Table 7 gives the observed Cs body burdens at the SCK/CEN Mol [6] for

the period May-June and July-August and the calculated burden for the crit-

ical adult, the average adult, representative for the Belgian territory and

the average adult, representative for the Mol site.

The highest observation at Mol was 600 Bq which is not in disagreement with

the calculated burden of the critical individual (662 Bq).

No definitive conclusions can be formulated, without critical analysis of

the evolution of observations over a larger period, considering in some way

the exposure history of the surveyed individuals.

A preliminary analysis confirms however the conservatism of the calculated

doses. A better agreement between measurement and calculations is possible

by slight modification of the consumption hypotheses. There are however to

many degrees of freedom to enable any firm conclusions.

3. Doses due to exposure beyond the first year after the accident.

The dose assessment beyond the first year after the accident is entirely

based on models. An extrapolation of the first year dose is not possible,

because of the appearance of new phenomena. The contamination of the food-

chain is e.g. controlled during this period by the uptake by roots out of

the soil surface layer by all vegetables, while the dose during the first

year is dominated by the direct contamination of the leafy vegetables

harvested in May, which represent only a fraction of the nominal diet.

The expected burden due to exposure during following years is calculated by

the DOSDIM-ACCIDENT model [3], based on the integrated ground deposition of

Cs, Cs and Sr, for the average adult in the region of Mol. The

consumption hypotheses of this individual are listed by table 8.

The additional committed effective dose equivalents are given by table 9.

The results are valid for Mol. The doses for the Belgian population can be

assessed by applying a factor 0.4. The exposure to external irradiation by

deposits is the dominating pathway. The amounts by other pathways are how-

ever rather uncertain as discussed later in the paper.
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4. Uncertainties.

4.1. Inhalation

We considered no-reduction factor for inhalation inside the houses.

In Denmark, the ratio of integrated inside concentrations to outside con-

centrations was found to be 0,2 for aerosols and 0.8 for gaseous Iodine

[7], The total dose estimate is not very sensitive to this reduction in

this case, but the phenomenon can be interesting for evaluations near the

source.

4.2. Urban deposition.

The dry deposition velocities are mostly lower in urban areas, due to the

smoother surfaces. In Denmark, a reduction by a factor 3 to 6 was found

for urban areas, after a period of a few days without rain. The surface

contamination in Munich [8] seemed to be about half of that of the sur-

rounding rural area. This effect was assigned to a higher run-off of

impermeable surfaces by rain.

In Belgium most of the surface contamination is due to wet deposition, as

in Bavaria. Measurements with ambulant Ge-detectors might indicate also in

our case a reduced exposure in the agglomerations.

4.3. Prediction of external irradiation levels.

The dose to external irradiation by deposits is calculated by the exper-

imental expression of Gale [9], based on the migration of Caesium. This

model is traditionally used in all safety studies. It assumes that 63 % of

the exposure level disappears, in addition to the radioactive decay, with a

half-life of 224 days and 37 % with 4 half-life of 92 years. It is obvious

that this model is only valid for the conditions of the experiment. It is

to early to test its validity for the Belgian soils for the specific case

of the Chernobyl releases. Future measurements of the vertical migration

of Caesium will be usefull to this purpose.

4.4. Foodchain modelling.

The first input to uncertainty are obviously the consumption hypotheses.

Not only what the quantities are concerned, but to a large extent also what
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the origin of the food is concerned. While we consider only maximum and

average exposures the uncertainty might be limited to a reasonable range,

e.g. a factor 3.

The modelling of transfer to plants, meat and milk beyond the period during

which observations are available is based on default parameters represented

in a time dependent way as discussed in [3]. The variability of those

parameters is one of the living issues of the world of modellisation in

radioprotection.

The contamination subsequent to Chernobyl has" certainly given an unexpected

opportunity to validate the terrestrial transfer models.

On the basis of available uncertainty analyses, particulary the work of

Hoffman et al [10], one can conclude that the doses controlled by the root

uptake of vegetation, which is the major fraction of future exposure, are

distributed by a log-normal function.

The values of table 9 can be considered as the geometric means of those

distributions. The standard deviation is assessed of the order of a factor

10, for all pathways, without considering an uncertainty on the dietary

intakes. This means that there is a probability of about 70 % that real

doses will be in the range of 0.1 to 10 times the values of table 9 for

milk, meat, green and root vegetables. The corresponding range of the
-4

total estimate of the dose for the next 29 years is 1.7 to 5 10 Sv.

The doses beyond the first year are calculated without detailed considera-

tion of agricultural practices. The use of stored feed, harvested during

the summer of 1986 can result in higher doses due to animal products as

those give

next year.

5. Conclusions

The range of committed effective dose equivalents due to the exposure in

Belgium during the first year after the Chernobyl accident is estimated at
-5 -4 -5 -4

3 10 to 1 10 Sv for adults, and 3 10 to 3 10 Sv for young childs.

The collective effective dose equivalent for the Belgian population for the

same exposure is assessed at 400 man Sv. Those figures have to be compared

with an annual exposure level to natural radiation of about 2 10 Sv and a

resulting annual collective dose of about 20 000 man Sv for the Belgian

population.

A first analysis of the Cs body burdens observed at Mol indicates that

those given in table 9. Those doses can be of the order of 10 Sv for
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the assessment is still conservative. Analysis beyond the first year shows
-4

that an additional dose of 1 to 2 10 Sv averaged over the territory, can

be expected over the next thirty years. The analysis showed series of un-

certainties which are not really significant in this specific context, but

can become important in case of assessments for an area surrounding an

installation, enduring a severe accident.
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1 1 3 1I
| 13?Cs
i 134

1 Cs
1 132
j Te106^

Ru
90
Sr

Integrated

Airborne concentrations

(Mol - Bq.d.m" )

30

5

2

20

1.5

0.05

Integrated deposition

(Mol - kBq.m"2)

13

2.1

1.0

4.9 |

1.0 |

0.02 |

1

Table 1 Reference Environment - Integrated concentrations [Bq.d.m ]

and integrated deposition rates [Bq.m j at Mol for the most

important radionuclides.

| inhalation (m .d )

| milk (l.y"1)

| green vegetables (kg.y )

water in (l.d )

meat (muscle) (kg.y )

infant

(i y)

3.8

260

0

0.7

0

child

(10 y)

15

300

55

0.95

40

adult

23

300

55

1.65

40

Table 2 Intake rates of critical individuals.



86-1013 -12-

External exposure

{50 % outdoor)

J Inhalation

1
| Milk

Vegetables

1
Meat

[ Drinking water |

1 1
1

TOTAL |

1

| Young Child

| (1 year)

| 4.4

| 1.6

20

0.07 |

26 |

| Child

| (10 years)

| 4.4

| 2.0

8.5

2.9

2.4

0.03 |

20 |

| Adult

1

1 4-4

1.3 j

3.7 |

1.2 . |

1

1

1.1 |

0.02 |

12 |

1

Table 3 Committed effective dose equivalent (10 Sv)

(May '86 - April '87 - reference critical individuals)
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External exposure

(50 % outdoor)

Inhalation

!

| Milk

1
1
| Vegetables

1
1
| Meat

| Drinking water |

Total |

| Young child

| (1 year)

| 4.4

30

370

1.9

410 |

1 Child

| (10 years)

| 4.4

36

140

64

14

0.8

260 |

] Adult

1

| 4.4

21

52 1

22 |

1
I

5.3 |

0.5 |

110 |

Table 4 Committed thyroid dose equivalents (10 Sv)

(May 1986 - April 1987 - reference critical individuals)
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| External Exposure

| Inhalation

| Milk

Vegetables

Meat

Geographical

factor

1

0.4

1

0.4

0.4

0.4

1 Factor to account

| Distribution and preparation

| Iodine

1

1

0.1

0.1

0.1

| others

1

1

0.5

0.5 |

1

0.1 . |

Table 5 Reduction factors applied to transform reference doses to doses

averaged over the Belgian territory.
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1
1

effective

| thyroid

1

Collective Dose

(man Sv)

400

3100

Young Child

(1 year)

5.5

47

Mean Dose

Child

(10 years)

5.0

48

[10~5 Sv]

Adult

3.7

26

Table 6 Committed collective and mean dose equivalents due to exposure

during the first year for the Belgian population.

| Period

[ May-June

1

| July-August

| WHOLE BODY

COUNTING

RESULTS

(SCK/CH

Mean

40

112

a

25

79

CALCULATED BODY BURDEN

Critical

Adult

407

662

Average Adult

(Belgium)

118

139

| Average Adult

(Mol) j

1
1

214 |

1
292 j

1
1

Table 7 Comparison of whole body counting results (SCK/CEN - MOL) and

calculated body burdens of Cs [Bq].
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Milk (l.y- )

Green vegetables (kg.y )

Meat (kg.y"1)

Root vegetables (kg.y )

| 180

55

40 |

150 |

Table 8 Consumption rates of the average adult for the dose assessment

beyond the first year after the accident.

1 External irradiation

| by deposits

| Milk

I
| Meat

I1
| Green vegetables

| Root vegetables

Total

17

0.4 |

0.2 |

0.4 |

1.3 |

20 |

Table 9 Committed effective dose equivalents due to exposure to the

reference environment from the 2nd to the 30rd year after

the accident (average adult) [10 Sv]




