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ABSTRACT

The research station at Studsvik is situated on the Baltic coast
and includes several reactors and laboratories, a waste disposal plant
serving both the station and waste producers outside Studsvik. A storage
plant for irradiated fuel from power reactors has also been built. A to-
tal of 850 people are employed.

The waste disposal plant was designed for a personnel of 900 using
foreign information to correlate waste amounts to personnel. After a
delay production has increased at a rate very close to the one expected.
The composition of the waste is varied and difficult to predict. Minor
amounts of fission products, active corrosion products, and fissile ma-
terials have been detected.

Most of the waste activity is released to a strait leading into the
Bay. Large volumes of water with very low specific activity are re-
leased immediately off the coast.

Hydrological and dispersion data for the bay are quoted from a
paper presented at the symposium mentioned below.

The Baltic has brackish water. Both the chemistry and the biology
are quite different from those of marine or fresh water recipients. A
short description is given of the fauna and flora and important food webs
are discussed.

The different ways in which man is exposed to radioactivity in
waste releases are dependent upon biological accumulation in living
organisms and adsorption to dead materials. Fish consumption is the
type of exposure which is likely to be the most critical, though it is
possible that the exposure from sunbathing and fishing-gear handling
could reach similar significance if conservative calculations are used.
Accumulation factors from water to fish are given for iron, cobalt,and
zinc .

Permissible releases have been calculated using relevant accumu-
lation factors. Fission products and corrosion products seem to be of
similar significance with regard to possible human exposure. Permis-
sion to release liquid waste is granted by water courts in Sweden and
operations inspected by special authorities. As the water court procedure
takes a long time and is very expensive it is suggested that the verdict
should only take hydrology and the formal assumptions as to diet and
behaviour of the exposed categories into account. Biological accumula-
tion factors for different radionuclides should then be fixed by the in-
specting authority and revised when necessary and without a new verdict.

Presented at the IAEA symposium on the Disposal of Radioactive Wastes
into Seas, Oceans and Surface Waters, Vienna 16-20 May, 1966.

Printed and distributed in July, 1966
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INTRODUCTION

Nuclear energy research in Sweden has been concentrated, to the

research station at Studsvik. The facilities at the station are also used

by research workers from other institutions outside AB Atomenergi.

Studsvik is not exclusively used for research, as the company also

deals with services of a more routine character, like waste disposal

and fuel storage for power reactors.

The Studsvik site and research station

The site [1 ] is situated on the Baltic coast, about 80 km south-

west of Stockholm. The country around the station is wooded to a large

extent, and there is an archipelago off the coast with a large number of

islands. The population density is low, especially in the immediate

vicinity of the site.

The main waste-producing facilities are

the R2 materials testing reactor, 30 MWth

the R2-0 low power reactor, 1 MWth

an isotope production plant

a hot metallurgical laboratory (8 cells)

a hot chemistry and plutonium laboratory (for up to
about 200 research workers)

a storage plant for spent power reactor fuel

a waste treatment and disposal plant

Other institutions which do not produce large amounts of waste in-

clude two zero power reactors and two sub-critical assemblies for stud-

ies on reactor physics, a van de Graaff generator and laboratories for

studies on physics, chemistry, thermodynamics, radiation protection

and instrumentation.

Liquid waste production

The waste disposal system and treatment plant were designed

along the lines applied at for instance Harwell. The predictions as to

the volumetric flows of liquid waste turned out to be fairly accurate,

whereas the activity amounts of all the different categories increased
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much more slowly than expected. As the predictions were based upon

per capita figures, this deviation may have been caused by the time

delay between the arrival of a new research worker and the moment

when he starts to produce active waste [2].

As the work at Studsvik includes many different types of research

and is variable from time to time, it will always be difficult to predict

the qualitative composition of the waste. No single radionuclide can

therefore be said to dominate the hazards from the waste releases.

After control and necessary treatment, the liquid waste is re-

leased to the recipient along one of two routes. Small amounts of acti-

vity in large water volumes may be released together with the R2 re-

actor cooling water, about 1 m / s , through a duct leading out 100 m

off the shore at Studsvik. The main part of the activity is pumped

through a pipe-line, cf. figure 1, to a strait, Bergösundet, on the

southern border of the bay Tvären. The pumping capacity is about

0.01 m 3 / s .

THE BAY TVÄREN, GENERAL DESCRIPTION

The main liquid waste recipient for Studsvik is Tvären, an al-

most circular bay, enclosed between the mainland and a chain of is -

lands to the east and south.

Topography and hydrology

A detailed report on the topographical, hydrological and diffusion

characteristics of Tvären is presented in a symposium paper [3]. Some

data will however be summarized below.
3 2

The bay has a volume of 409 M m and a surface area of 17.5 km ,

giving an average depth of about 24 m. The greatest depth is about 80 m.

Along the perimeter, east-to-south, there is a series of inlets connect-

ing the bay with the Baltic. These inlets are more shallow than the bay

itself, having depths not exceeding about 10 m.

The average flow through the bay is 200 - 250 m / s (20 M m /day).

As the total volume above the level of the sills is 140 M m , the average

exchange rate for the surface water in the bay will be once every week.

The main waste release occurs through a multi-nozzle arrange-

ment in Bergösundet, where the average flow is 45 m / s . This flow



- 5 -

'"A

-v5- V < S '-

Tvären

ting*ktfjW

jW Y»MC

slottet

Slottsdjupet

Fig. 1

A - Release of reactor cooling water

B -Pipe-line to Bergösundet
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through the strait is variable as to its direction, but the variations

mostly occur with fairly long period. The release arrangement has

been demonstrated to give a minimum dilution of a factor 3000 - 10000

(ratio between concentration at the release point and maximum con-

centration in the recipient far downstream, where the initial mixing

action has stopped). With the release flow 0.01 m /s this means that

more than the whole flow through Bergösundet may be utilized for dilu-

tion. As only long time averages are relevant for permissible release

calculations, it must also be possible to assume that the release is

dispersed over the entire flow through Tvären, at least 200 m / s , if

averaged over months or a year. This is emphasized by the.fact that

over a considerable fraction of the time the flow direction is out from

the bay, making very large water volumes available for dilution.

Chemistry

The chemical and biological environment in the Baltic, as in all

brackish waters, is very special, and different from both marine and

fresh waters. The salinity increases from nearly zero in the northern

part of the Gulf of Bothnia to around 20 /oo in the southwestern part

of the Baltic. In Tvären it varies between 5 and 7 /oo. In Table I, a

comparison is made between the composition of sea water (average

values from different authors [4, 5 ] ), the water in Tvären and the wa-

ter in the Swedish lake Vättern. The values for Tvären are averages

from 14 vertical series in 1963 and those for lake Vättern are averages

from the investigations of Vättern in 1962 [6].

The variation in the chloride concentration in Tvären at different

depths during six years is shown in figure 2.

The concentrations of iron, cobalt and zinc in Tvären are prelimi-

nary figures from our own radioactivation analyses. The values for ma-

rine water are based upon data from ref. [5]. The strontium value for

Vättern is taken from Stålberg [7]. The concentrations of iron, cobalt

and zinc are not for samples from Vättern but should be representative

values for lake water [8].

The values in Table I support the idea that brackish water has

characteristics of its own and is not just a diluted sea water.
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TABLE I

Chemical composition of different waters , g/l

C l

S O 4

C a

M g

Na

K

S r

Si

Fe

Co

Z n

A

Sea Water

19.35

2.713

0.408

1 .297

10.769

0.387

0.0136

0.004

20xl0" 6

0 .5 - l x iO" 6

5xlO"6

B

Tvären

3.740

0.702

0.095

0.260

2. 103

0.078

0.0018

0.001

280x1 O"6

0. 15xlO~6

90x1 O"6

C

Lake
Vättern

0.0051

0.014

-

-

0.0046

0.0013

43x1 O"6

0.0019

100-500xl0"6

6xlO"6

62xlO"6

B/A

0.19

0.26

0.23

0.20

0.20

0.20

0. 13

0.25

14

0. 15-0.3

18

B/C

730

50

i

460 1

60

4 2 •

0.53

0 .56 -2 .8 !

0.025

1.5

The concentration of nutrients in Tvären is rather low and varies

with the depth and the season. Observations during 1 963 on total phos-

phorus (P) and total nitrogen (N) have given the following values, in \ig

per l i t re :

Surface (0.5 m), maximum

minimum

Bottom (70 m), maximum

minimum

P

35

1 1

236

30

N

150

25

325

130

Averages 42 1 18
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The oxygen concentration in the water is of great importance from

the biological point of view. Normally the concentration is about 60 %

of the saturation value down to 50 m depth and only occasionally has it

been below Z0 % in the deepest layer, 70 m [9]. The concentration may

increase up to 90 % of saturation as far down as 70 m when the stable

stratification breaks down.

Flora

The upper part (0.5 - 4 m) of the vegetation belt in Tvären is dom-

inated by rock-weed, Fucus vesiculosus. This plant is the most common

along the Swedish Baltic coast, but here in the inner parts of a sheltering

archipelago.it grows smaller in size and is less firmly fixed to the sub-

stratum than on open coasts. The red alga Ceramium rubrum and the

green algae Cladophora glomerata, and in some places, Enteromorpha

spp are common. Further down (to 10 m) red algae of the type Furcellaria

and Phyllophora appear. They are either attached directly to the rocks

or entangled in the byssus of Mytilus. A great number of phanerogams,

Phragmites, Potamogeton, Zanichellia and Ruppia are found on sandy

bottoms.

Fauna

The fauna of the Baltic or of any other brackish water in general

is characterized by a small number of species with large numbers of

individuals. Furthermore the growth of animals of marine origin is usu-

ally slower and the maximum size of the same species smaller in brack-

ish water. The common mussel (Mytilus edulis) is a good example of

this phenomenon. On the Swedish west coast it has a maximum size of

12 cm but in the Baltic it does not exceed 4 cm [10].

A large amount of information on the biology of Tvären is now

available. The investigations have included studies on the chemistry of

the water, the primary production (carbon-14 method by Steeman-Mielsen),

a quantitative and qualitative study both of phyto and zooplankton and of

the litoral and bottom fauna, and the species composition of sessile algae.

The results are not yet published, but the primary production values in-

dicate a low productivity of the water.
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The fauna of this part of the Swedish east coast has been de-

scribed by Forsman [l 1 ], who has also analysed the samples of the

bottom fauna taken in Tvären as a consultant to AB Atomenergi.

On soft bottoms, the results show a very strong dominance of

crustacea of the genus Pontoporeia (affinis and femorata) and of the

mollusc Macoma baltica. A density of 2680 individuals per m has

been observed for the former but a normal value is about 60 individ-
2

uals per m . Macoma baltica has a maximum observed density of

about 500 individuals per m .

The most common fish species are pike, (Esox lucius), perch

(Perca fluviatilis), roach (Leuciscus rutilus), burbot (Lota lota) of

fresh origin water, and Baltic herring (Clupea harengus), flounder

(Pleuronectes flesus) of marine origin. In the last five years bull-

head (Cottus quadricornis) has become very common. From econom-

ical point of view the Baltic herring is the most important species

followed by pike and perch.

The stomach content of some fish species has been examined

in connection with the control of the radioactivity levels in different

biota. In this way we have obtained information on various food chains,

such as:

Bottom sediment - mollusc (Macoma baltica) - flounder

(Pleuronectes flesus).

Suspended matter - mollusc (Mytilus edulis) - roach

(Leuciscus rutilus) - pike (Esox lucius).

Plankton - baltic herring (Clupea harengus) - pike (Esox lucius) .

ROUTES OF EXPOSURE

General formulae

Among the different routes by which liquid waste activity may be

transported back to man, some of the more important have been discus-

sed in a publication from the IAEA [12], Under special conditions other

routes may involve greater hazards, but the dominating ones are usually

taken to be
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1 . the fish consumption of a population group living close

to the recipient

2. professional fishermen working close to the release point

3. sun bathers on the shores of the recipient.

The permissible dose in each of the three cases are defined in

the recommendations of the ICRP [13]. For the first group it corre-

sponds to a total body dose rate of 0.5 rem/year, for the second 1 .5

rems/year and for the third 0.5 rem/year.

In the case of fish consumption the requirement will be that the

annual activity intake is kept below 0. I of the intake permissible for

radiological workers. The permissible annual release, Q-p,» according

to this condition will be

_ 31500V-U'q _ . /
Q F = m.A F

 H Ci/year ^

V • U = nominal dilution flow, (V = release flow, m / s ;

U = dilution factor) m / s

q = permissible annual intake,

m = fish consumption, kg/year

Ap, = accumulation factor, water to fish

In the case of fishermen handling contaminated fishing gear one

assumes (according to [12] ) that the activity content of the gear is 0. 1

of that in algae from the recipient. Limiting the contact dose to 1 . 5

rems/year gives then, according to the same reference, a permissible

annual release, Q«, of
(jr

_ 440 V-U- 106 _ . / /9v
QG = E • t -AA

 C l ^ e a r ( 2 )

O A

E = mean energy of radiation per disintegration of the radionuclide

in question, MeV

t-, = fishing gear handling time, hours/year

A. = accumulation factor, water to algae
A
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In the third case it is assumed that the shore material consists

of nothing but algae from the recipient, and that the sun bathers lie

directly upon this material. The same type of calculation as for the

fishing gear handling gives a permissible release, Q^ , of

( 3 ,

t^ = total time spent sunbathing, hours/year.

Radionuclides of special interest in the release

One has to pick out a finite number of radionuclides of principal

interest when investigating the recipient capacity. Choosing these nu-

clides is a difficult matter, as one has to consider not only half-life,

radiotoxicity, physical, chemical and biological transport and concentra-

tion processes in the recipient, but also technical and economical fac-

tors for the plant using the recipient. Such factors may be activity pro-

duction rates, the quality of the containment in each case and the cost

for waste treatment to bring activity levels down to what is permissible.

Fission products like strontium-90, cesium-137 and ruthenium-

106 are produced at high rates in reactor fuel and are all very radio-

toxic. They are, however, well contained in the reactor fuel, whereas

activation products like iron-59, cobalt-60 and zinc-65 are not so well

contained, as they have one barrier less against the environment. Plu-

tonium-239 has fairly low radiotoxicity if ingested (and not inhaled) and

it is usually well contained, like the fission products. Low radiotoxicity

and short half-lives of a large number of radionuclides make it unnes-

sary to study them.

It seems likely that the activation products iron, cobalt and zinc

will cause higher exposures to man from liquid releases than other ra-

dionuclides. They are produced in large volumes of water, are difficult

and expensive to treat, and are often accumulated to a great extent by

organisms. Fission products and plutonium are contained in smaller

volumes, are cheaper to treat or store, and most of them are not bio-

logically concentrated to any high degree. It is not possible to purify

waste from tritiated water, but economical reasons and the rate at which



- 13 -

the nuclide is formed make tritium release negligible in all but the

smallest of recipients. It has only been studied here for comparison.

. Preferred data for the capacity calculations

To make a calculation of the activity amounts which may safely

be released to Tvären the following parameters have to be determined:

1 Accumulation factors,

involved, from water to fish and algae, respectively.

and A. , for the nuclides

3.

4.

The annual fish consumption, m, of the people taking their

fish from the recipient

The time, t^, fishermen handle contaminated gear.

The time, t,.,, spent sunbathing on the shores.

The data for the accumulation factors from water to fish are fair-

ly well known in this type of biotope. Stable strontium has been investi-

gated by Agnedal [14], The accumulation factor for cesium has been

calculated from our fall-out-measurements in Tvären [9]. Preliminary

values for stable iron, cobalt and zinc are available from the investi-

gation mentioned above. Accumulation factors for ruthenium and plu-

tonium, however, have had to be taken from the literature.

The preferred values for accumulation factors are given in Table II.

TABLE II

Data for the radionuclides studied

E

Me V/dis.

-

1.3

2 . 6

1.45

1. 1

1.4

0.85

-

Permissible N
X )

annual intake
UiCi

2400

40

24

80

0 . 3

8

16

4

Radio-
nuclide

3 H

5 9Fe
60Co
65VZn
90Sr

106Ru
137,.,

Cs
239P̂u

70

70

100

1

300

300

30

A A

-

3000

3000

3000

100

3000

300

-

X according to ICRP 1962
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The average fish consumption in Sweden is 13.2 kg/yr --disregard-

ing canned and prepared fish. With these latter categories included the

figure increases to 18.6 kg/yr [15], There are reasons to believe that

the population around Tvären has a higher consumption than the average,

maybe 30 kg/yr. This^per capita figure gives a total consumption by the

fishermen and their families - less than 100 persons - of about 3 t /yr.

Their consumption would then be 1 5 % of the total catch in Tvären,

20 t/yr, which seems to be a reasonable fraction.

The fishermen will at most use 3000 h/yr in contact with their gear.

For Swedish conditions the time spent sunbathing will probably not

exceed 100 h/yr.

PERMISSIBLE RELEASES TO TVÄREN

Using the data in Table II, the formulae (l) - (3) render permis-

sible releases for each route of exposure as shown in Table III.

Note that permissible releases considering handling of fishing gear

on one hand and sunbathing on the other hand will be identical, when

~ are chosen as 3000 and 100 h/yr, respectively.times t_, and

TABLE III

Permissible releases of different radionuclides

Radionuclide

3 H

5 9Fe
60Co
65Zn

90cSr
106DRu
13 7_

C s

239OPu

Permissible ]

fish
consumption

500-106

120000

72000

170000

63000

5600

110000

28000

-eleases, Ci/yr

fishing gear c
IAEA

CO

7700

3800

6900

270000

7100

120000

CO

considering

r sunbathing
GAMMAX)

CO

30000

15000

70000

00

18000

650000

00

x ) cf. "Discussion"
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DISCUSSION

This type of recipient capacity calculation will generally result in

overestimates of the hazards. To stay always below permissible levels,

waste disposal has to be managed so that the average releases are far

below the maximum. Simplification of the release activity determina-

tions usually leads to treating unspecified activity as if it had the most

unfavourable composition. Furthermore, the discussions of critical

routes of exposure include a number of assumptions of conservative

character. They will then apply strictly to a very small group of people,

or maybe only to a hypothetical, non-existent individual.

The diffusion data used in this study are well established, and ver-

ified in several independent series of experiments. Possible errors are

small and certainly on the safe side.

A special problem is the direct release to Tvären, but also here

it has been shown that the initial dilution is satisfactory, especially as

only small amounts of activity are released this way. The exchange of

surface water in the bay, down to 10 metres depth, is fairly rapid too.

It seems therefore that it might even be possible to release the main

part of the activity here instead of at Bergösundet.

Earlier we have tried to calculate the capacity of brackish water

recipients through interpolation between marine and fresh water data.

From Table I it is readily seen that this is not a very satisfactory ap-

proach, an observation which is further emphasized by results from our

studies of accumulation processes in the Baltic. Special data for this

type of biotope are necessary if large safety margins are to be avoided.

No food chains of interest can be found other than the consumption

of a few species of fish. Mussels or other types of seafood from this

recipient are not used as food. The relevant figure for annual fish con-

sumption should probably be lower than has been assumed here, as a

large fraction of the fish catch in Tvären consists of non-stationary fish.

Marking experiments have shown that Baltic herring come into Tvären

for spawning during spring or early summer and stays about three

months, after which they are found in different parts of the southern

Baltic. Other species like flounder and pike move in and out of Tvären

but not over such long distances. The fish catch from Tvären is used
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for direct consumption and no fish industry is based on the harvest from

Tvären. This makes it safe to calculate the accumulation only to fish

muscle tissue and not to bone.

Exposure from the handling of fishing gear and sunbathing on the

beaches has been calculated according to the IAEA method [12], This

approximates these exposures as coming from a semi-infinite source

consisting of contaminated seaweeds, algae or plankton to 100 % for the

beaches, and to 10 % for the fishing gear. The beta contact dose is in-

cluded in these calculations, which does not seem to be relevant for the

total body exposure to which the permissible doses are applicable. Higher

permissible releases are obtained if we instead approximate the sources

as large discs (radius 100 m) from which only the gamma radiation is

considered. The last column "GAMMA", in Table III shows representa-

tive values from these calculations. In these we have assumed 1 kg orga-

nic matter per m fishing gear and 15 kg per m beach. Perpendicular

distances from source to critical organs have been set at 0.5 and 0.05 m,

respectively. Also here safety margins are included - the large size of

the sources assumed, no attenuation of the radiation in air and no self-

absorption in the source.

It should be observed that if 100 hours of sunbathing on a beach

results in a dose of 0. 5 rem, then the dose rate would be as high as

5 rems/h. This is easily detected as it is 500 times higher than the back-

ground in most places.

The accumulation factors for algae and plankton are as yet not very

well known for this type of recipient. This has made it necessary to use

conservative values for A . . The values for the accumulation factors for

iron, cobalt and zinc, given in Table II, are maximum values. The sam-

ples analysed to date have given the following mean values: iron 50, cobalt

30 and zinc 130. Values from Windscale [ l6] give accumulation factors

for iron and cobalt of the same order of magnitude but a higher value for

zinc, 3500. The latter discrepancy may depend on a great difference in

zinc content of the water (cf Table I). It should be observed that the

Windscale values are for total fish and ours refer to muscle tissue only.

Mauchline [17] found an accumulation factor in fish flesh for cesium of

100 and the same for ruthenium. We have determined a factor of 300 for

cesium. As ruthenium appears in particulate form the accumulation will
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probably not exceed that for cesium, so that the use of similar accumu-

lation factors for these two nuclides seems appropriate. Recently

Preston [18] has shown that the accumulation factor in fish flesh for

ruthenium varies between 8 and 80 in Windscale.

The only information on the accumulation of plutonium in fish is

found in an investigation from the Pacific [19] and reported to be only 3.

Ward [20] has reported the same accumulation of plutonium in lobster

flesh. With regard to the very few values found we have applied a safety

factor using the accumulation factor 30.

Concerning the accumulation in algae it is questionable if one

should use the accumulation in plankton or in sessile algae. As it is the

material washed up on the shore where sun bathers will lie which forms

the radiation source it seems more correct to use accumulation in plank-

ton. In order to be conservative we have chosen to take the highest ac-

cumulation factors for either plankton or sessile algae.

One cannot exclude the possibility that some other radionuclide

than the ones studied here might become the critical one. Any rules for

the limitation of permitted releases to the recipient should allow for this

possibility.

CONCLUSION

Releases of liquid waste in Sweden have to be approved by water

courts. This is often a tedious and expensive procedure. The present

verdicts applying to the Studsvik research station are based upon a stu-

dy made in 1956/57. The verdicts specify the activity amounts within

different categories which may be released, Table IV [l ]. In 1957, no

special category' was specified for tritium, which necessitated a new

court procedure in 1965 to amend the verdict in this respect, though

there was no change in the evaluation of the recipient capacity or of the

extent to which this capacity was to be utilized.

Therefore, it seems desirable from several points of view to get

release permits formulated in a slightly different way. This formula-

tion should allow simple control methods at the waste disposal station

when releases are far below permissible figures, using categories like

"total alpha" and "total beta". Rising amounts of activity released should



- 18 -

then correspond to more detailed information on the composition. The

formula should provide release limits for all types of radioi^uclides

where permissible intake and accumulation factors may be defined.

TABLE IV

Release limits for Studsvik waste to Tvären (Bergösundet)

Radionuclide

Tritium

Other beta emitters

including less than

for Ce, Y, rare earths

for Sr, Sr

Alpha emitters

1 965 water court
verdict x '

Ci/yr

72000

396

180

29

2 . 4

Present calculation

Ci/yr

500 • 106

5600 - 106Ru, fish

(3800 - 6°Co, algae)

63000 - vuSr, fish

28000 - Tu , fish

X A safety factor of 10 has been applied.

If several radionuclides occur at significant levels in the release,

one would also have to take into account possible superposition of expo-

sures. This may also have to be considered in the case of individuals

exposed by several routes of exposure.

One would then arrive at a release rule of the type

Q.
2 S

Q
< 1 (4)

ov

where Q is the release in Ci/yr of the radionuclide v, and Q is the

most restrictive value, Q-p, Q r , or Q_, for permissible release of

that nuclide alone, calculated according to equations (l) - (3). The fac-

tor 2 in eq. (4) has been used to safeguard against simultaneous expo-

sure by more than one route.
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Where water court procedures apply, the verdict should not ex-

plicitly include release values for specific nuclides. It should instead

contain formulae of types (l) - (4) and give accepted values for the

nominal dilution flow V» U, for the fish consumption m, and for the

exposure times t_ and t^. Data for the accumulation factors A. and

A-p, for permissible intakes q and for E should only be exemplified

for some radionuclides of interest. The proper values to apply should

instead be determined by competent authorities, who should also have

to revise them in the light of any new information obtained. It would

then be possible to keep the release rules in accordance with the latest

knowledge in the field, and flexible enough to meet changes in the waste

composition, without repeated proceedings.

Finally, it is evident that the accumulation factors A. for various

radionuclides in brackish water have to be better known if eqs. (2) and

(3) are used, as they determine the release limits in many cases. How-

ever, it has been suggested here that more realistic calculations would

give larger permissible releases for these routes of exposure. It would

be of great value, if such more realistic approaches could be universal-

ly accepted. Calculations would then give fish or sea food consumption

as the dominating route of exposure under most circumstances. We find

convincing evidence that this is the case also in reality.
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