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Assessment of the per caput and collective dose from the use of

Danube water in Austria

M.Tschurlovits, K.Buchtela, E.Unfried

Atominstitut der österreichischen Universitäten, Wien, Austria*

1. Introduction

This report is a brief summary of the work carried out in some

six years within the research contract. A number of progress

reports /1,2/ and papers were prepared /3-5/ in this context.

Therefore, the reader is asked to consult these papers for details

and references.

The objective of the contribution of this group to the "Danube

program" of the IAEA was the assessment of both per caput and

collective dose from the use of the water of the Danube river in

different pathways in the Austrian region.

Since no similar program was carried out up to now, both the

conceptual background and the implication for the measuring pro-

gram have to be established in addition to the measurements of

activity concentration in water.

*Schüttelstraße 115, A-1020 Wien, Austria
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2. Conceptual considerations

When drinking water and fish consumption pathway are assumed as

to contribute significantly to the dose, the annual per caput

dose D of radionuclide i can be described as

D = k±I =
-1. (D

-1.where m is the average annual consumption of water [kg.a ),

f. is the concentration factor by fish for the radionuclide i [1]/

mf is the average annual consumption of fish [kg.a" ], c . is

the concentration of the radionuclide i in water [Bg/kg], and I

is the annual intake [Bq.a ].

The consumption of the whole population is the expressed value

multiplied by the number N of concerned people. Since N is usually

not available directly, it can be derived from the total produced

amount and the per caput consumption, both per year.

The annual collective dose due to the radionuclide i is then

given by:

cwiki<W+fiF) (2)

where SG ̂  is the annual collective dose due to the radionuclide i,

E1 is the conversion factor* [Sv.Bq ], W is the total extracted

annual amount of water used for drinking, F is the total amount of

fish obtained from the river and assumed to be consumed.

Usually a treatment process is carried out in extracting water from

*dose per unit intake, where dose means weighted effective dose,

as used by ZCRP (see /5/), but for population



a river system for drinking purposes, and hence a treatment factor

result.

Concentration of radionuclides in fish

For the given purpose, only the concentration of a given radio-

nuclide in the edible fraction of fish is required, whereas other

organs, even with higher concentration factors, are of little

interest for that purpose. Concentration factors are frequently

used to .describe the concentration in fish. However, one must be

aware that a large number of influencing factors, both technical

and conceptual, are leading to rather large uncertainties in that

quantity. The factors used in the following are extracted from a

number of references, mainly from the Danube river. The question

of the actual distribution of this factor, which is mainly follow-

ing a lognormal distribution, cannot be raised here, but is under

consideration.

3. Assessment procedure

The procedure described below is the compromise of a number of

influencing factors, which are described sufficiently in /5/.

3.1 Sampling

Although some conceptual aspects indicate advantages of a continu-

ous sampling procedure, practical difficulties prevented this

application. Therefore, grab samples of about 30 liters of water



were taken at noon of each 25th of a month at Wien. No pretreat-

ment was carried out.

3.2 Concentration procedure

The sample is concentrated with a ROTAVAPOR evaporation unit

(fig.1), with a power of about 2.5 1/h. A water sample of 30 1

is, therefore, evaporated to dryness in about 12 to 14 hours.

After this procedure, the residue of the sample is covering the

inner surface of the evaporation flask and has to be renoved by

putting 10 ml HNO-, HCl and water, respectively, into the flask

and further rotation for some ten minutes. Then the equipment is

opened and the residue is transferred on a polyethylene foil and

dried. The losses of activity are extremely low.

3.3 Gamma spectroscopy

Sample preparation. The dried residue deposited on the plastic

foil is put into a plastic box, where the residue is distributed

as homogeneously as possible. The counting box has the same dia-

meter than the cap of the detector and the remaining space is

filled with plastic material.

Equipment. A Ge(Li)- and a Ge(HP)-detector are used for the mea-

surements either alternatively or parallel. The detectors are

placed in multiple shieldings as shown in fig.2, which shows also

the electronic equipment schematically.
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Figure 1: Evaporation unit

Calibration. As mentioned earlier/ the diameter of the sample

was chosen as to be the same than the detector. Since usually

different types of samples have to be measured, the calibration

has to be carried out for different sample thicknesses. The result

of the calibration procedure and the radionuclides used are shown

in fig.3.

Background and lower limit of detection. The background is in-

fluenced only by suitable selection of shielding material/, and

no anticoincidence operation is necessary. In the present confi-
137guration, a lowest detectable activity of Cs of abox.1 40 mBq

can be reached in a counting time of 1000 minutes, corresponding

to a lowest detectable activity concentration in the order of

1 mBq.l"1 /6/.
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3.4 Assay of 90Sr and 89Sr

Although among the artificial radionuclides Sr is the actual

significant radionuclide in the drinking water pathway, it is
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reasonable to assay Sr also. The procedure is, therefore, direct-

ed to the simultaneous assay of 90Sr, 90Y, and 89Sr, which are all

pure beta emitters. Only the rather time consuming procedure of

chemical separation of Sr from the sample and subsequent low-level

counting is suitable to provide a sufficient lower limit of detec-

tion.

Figure 2: Equipment for gamaa spectroscopy

This technique is used for world-wide assay of 90Sr, but adapt-

ed for particular laboratory requirements. After separation of

the Sr-fraction, a sufficient time interval has to be allotted

for growing up the equilibrium with 90Y. Then Y is separated and

both fractions are counted with a low-level beta counter individually.
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Figure 3: Ge(Li)-detector, efficiency counts per minute per nCi/

parameter sample thickness

A low-level beta counter with a background of 1.0 cpm is used

and as counting interval 100 min were chosen.

These conditions lead to a lower limit of detection of 50 counts per

100 rain. With an efficiency of 0.20, determined with a reference

source, and a sample volume of 30 1, a lower detectable activity
— 1 90 89concentration of 1.5 mBq.l results for Sr. For Sr, due to

double counting, about 3 mBq.l" results, provided measurement is

carried out shortly after sampling.

4. Results

4.1 Activity concentration

4.1.1 Seasonal variation

137,Figure 4 shows the seasonal variation of Cs in 1977 to 1982

«nd fig. 5, as an example, shows the typical seasonal variation
QQ • •

of '0Sr in 1979. The different distribution over Cs and Sr of
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1977

1978

i» i

l r" , H-H-H-f-T
1980

•F-/i 'i»

1962

Figure 4: Seasonal variation of the activity concentration of

Cs. The dotted line is connecting the points rather

than indicating the activity concentration. It can

be seen that a maximum can be found in summer but this

is subject of influence of hydrological conditions

(as 1977 and 1979).
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the year can be explained by different interaction of these sub-

9 Ostances with river sediments. The brosd distribution of Sr in-

dicates also another homogeneous release and hence deposited

number fallout as origin. ~

4.2 Annual average

Table 1 shows the annual average in activity concentration of

the radionuclides found in the whole .Investigation period in the
90water samples, and fig. § shows the time dependence of Sr,

Cs, and K in the the six year period.

rnBa
kg

5 H

2,5-

O

Sr-9o

Cs-137

1977 78 79 80 81 1982

An
Figure 6; Annual average of the activity concentration of Sr,

137Cs, and 40K in Danube water

Note the different scale for 40K (factor of 10).
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Table 1: Annual average of the activity concentration
of the radionuclides determined in the water samples mBq.kg

-1

1977

1978

1979

1980

1981

1982

137Cs

1.9

1.4

< 1.5

" (T. 96

2.7*

1.6

90Sr 89Sr

5.6 1.9

3.9

4.1

3.4

2.7

2.5

95Nb 40K

3.3 56

50

50

68

0.4* 53

72 .

Unat

6

n.a.

5.2

n.a.

n.a.

n.a.

Ra

3

n.a.

1.6

1.7

2.4

4.8

*doubtful figures



4.3 Per caput dose

Table 2 shows the annual per caput dose from the drinking water

pathway and table 3 from the fish consumption pathway. .

4.4 Collective dose

As already indicated the most important question in this assess-

ment is the estimation of the number of the exposed people.

Drinking water pathway

Hater works are keeping records on production rate, and the

average per caput dose consumption is also well known. The ratio

of these figures is then the number of exposed people. In the

Wien region two plants can be considered as to be related to the

Danube river, and the relevant figures are leading to an involv-

ed number of people of about 0.3x10 , corresponding to about

one fifth of the population of Wien.

A similar estimation leads to a total of about 10 people drink-

ing water from the Danube river in Austria.

Fish pathway

A total fish catch of about 2x10 kg per year in Austria is

reported, where about one half can be assumed as to be edible

/4/.

These figures lead to a total collective dose in Austria of

about 2.3 manSv.a in the drinking water and 0.01 manSv.a'

in the fish consumption pathway, respectively. It can be seen

from tables 2 and 3 that about 90% of the dose are from natural

radionuclides, which in turn is a small fraction of activity

ingested by foodstuffs.
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Table 3 : Annual per caput dose from the fish consumption

pathway

radio- average concentration conversion per caput
nuclide activity factor factor dose

concentration Sv/Bq
in water
»Bq/kg

1C"8 Sv

Sr-90

Cs-137

Ra-226

"nat
Nb-95

5.6

1.9

3

6

3

5

500

5

5

500

4.Ox 10

1.4x 10

7.Ox 10

1.3x 10

3.1x 10

-8

-8

-7

-6

-10

0.1

1.3

1.0

4.0

0.05

total 6.4 •'



Regarding the artificial radionuclides, the by far greatest
90fraction is still from Sr in the drinking water pathway.

Both, per caput and collective dose from artificial radionuclides

are decreasing with time, as shown in fig. 5. However, the total

dose in the pathway remains constant due to the dominant fraction

of the natural radionuclides.

5. Conclusions

A monitoring system was developed which fulfills, as a compromise,

a nunber of requirements. These are

- sufficient sensitivity to assess the per caput and collective

dose from water use in the Danube river
-K

- reasonable effort to carry out these measurements.

The dose results mainly from natural radionuclides, although

artificial radionuclides were also detected, and found as to be

more .than two magnitudes lower than the natural external background.

The prigin of the artificial radionuclides was identified clearly

as to be from nuclear fallout, although NPP were at least partly

in operation upstreams in the investigation period. This conclu-

sion is proved by clear seasonal effects and simple constraints,

e.g., the low activity actually released by NPP.

The system can also be useful for assessment of radioecological

parameters, e.g., the concentration of radionuclides in fish.

Although it was by far not. possible to solve all problems in

this investigation period, it can be stated that the interaction

with other scientists was extremely fruithful. Very much which



was sowed here will be hawested later.
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