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SWEDEN

Name or contributor• P^-O, Agnedal
Laboratory or organization; Biological Group, Section for Health and Safety,

AB Atomenergi
Typer of 1 aborat pry _o r_prganization; At Studsvik, the research station of

AB Atomenergi, low-activity waste is released
to Tvaren, a bay on the Baltic^ A biological
group was set up in 1957 "to handle the control
work connected with the disposalo The group
now consists of 2 persons with academic degrees,
3 persons with special training and 2 labora-
tory assistants. The main work has up till
now been a control of activity levels in water
and different biota in Tvaren, Since last
year the work has, however, changed towards
more research in marine radioecologyo As
appears in the following, the work is bound
to the radiological aspects of release of
radioactive waste, mainly in brackish water,
but also in fresh water and marine recipients.
Despite this restriction, some fundamental
principles of transport in the food chain can
be illustrated,,

Address: Studsvik, iJykbping, Sweden
!„ Present research programme

l.lo The research which is going on now is concentrated on a study of
uptake of cobalt, zinc and iron in the food chains in brackish watero
We are following different lines in this work and they can be listed
as follows:

A. A study of accumulation and biological half-life of cobalt (later
zinc and iron) in organisms in brackish water by means of radioactive
isotopes^ v

Bo Analyses of stable elements (Co, Zn and Fe) in water, algae,
evertebrates and fish from different localities in the Baltic and
on the Swedish West Coast,

Io2, The purpose of the two studies is to investigate how much radioactivity
can be disposed of in different water recipients without causing
radiological hazards, especially to man* It is necessary to under-
take such research here because all information in the literature
refers either to fresh—water or marine environments and thus cannot
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-be transferred--to th-e b-rackish x^ator conditions in the Baltic. Only
when we know the accumulation factors in braefcisfe wat-©r; can we
reli-ably-ealcul-ate the capacity of the- Bali-i-e to receive radioactive
waste. The. most important nuclides in the waste frem nuclear power
plants will be corrosion products, e.g. cobalt, iron and, zinc, and not
fission products, as- strontium 'and caesium., which have determined the
choice of nuclides for the investigationsa

1.3. The detailed plans for the investigations

A. A study of accumulation and biological half-life of cobalt (later
•zinc and iron) in organisms-in brackish water by means of radioactive
Isotopes. - --•-•

The two investigations will give comparable data for accumulation
factors,, By using radioactive isotopes there is also a possibility
of studying the half-life of the elements in the organisms.

As said above, it is not only the accumulation of activity in
fish, but also the transport mechanism and the levels of Radioactivity
in the food chain that is important from the radioecological point of
vieWa To study these problems, the following experimental equipment
has been built to provide a littoral zone in an artificial pond.
The basin is made of concrete 10 x 3 m and divided into four equal
sections with depths of 0=5? 1«0, 1.5 a-n(i 2 m. In the openings
between the sections there are frames with fine-mesh nets which make
it possible to keep the animals in each section separate, if desiredo
The concrete is covered with a plastic sheet to avoid contamination of
the basin surface. The work will be done in running water with
constant activity level maintaihed by a dosage pump. So that the
water which is pumped up from the bay to the experiment area is not in
contact with metals, the pump and the pipe line are made of
polyethylene.

There are two G-M tubes, one at the inlet and the other at the
outlet, for the measurement of the gamma activity in the water. The
pulse rate is automatically recorded, as are also the impulses from
five thermistors for water temperature measurements at different
places in the basin. There are also photocells for light measurements
and probes for measuring pH, conductivity and oxygen content in the
water.

The algae and the sediment are placed in wooden boxes on the
bottom. This arrangement makes it easier to take samples as one has
only to lift the whole box above the water. The basin has been in use
during June-November 19̂ 5; and we have found that all arrangements
have worked rather well. We have started with cobalt-60 as the first
nuclide and have used an activity level about 100 pCi/litre.



. The vegetation has been algae, Fucus jresiculosus, Enteromorpha sp.
and Cladophora sp. As representative littoral fauna we have taken
Idothea sp., Gammarus sp, and the molluscs %tilus edulis and
Littorina sp. On the soft bottom sediment we have had Macoma balticaa
Next summer, the experiment will include even fish, roach (Leuciscus
rutilus) and flounder (Plcuronectes flesus). As well as the uptake
through the food chain there is uptake by diffusion through thin
membranes. A study of these physiological mechanisms is also included
in the research programme. This will be performed in small aquariums
in which one can have running water at the desired temperature and
activity levels. Here we intend primarily to work with fish of the
following species, bullhead (Cottus quadricornis), cod (Gadus
callarias) and burbot (Lp_ta_ 1ptajT These species were chosen because
they represent three different biotopes, brackish, sea and fresh
waterj, and all of them are bottom feeders. Furthermore they are easy
to keep in aquariums. Even the excretion of ions in urine and faeces
will probably be studied. The measurement of the activity in the fish
will be done in a whole-body counter, equipped with two Nal-crystals
1.5 x 1=5 in° " ĉ will measure gross gamma activity which is enough
as there are no other measurable' gamma emitters than the isotopes used
in the experiment, except 40g; which is included in. the background.
Analyses of stable elements (Co, Zn and Pe) in water, algae, evertc-
brates and fish from different localities in the Baltic and on the
Swedish West Coast.

The accumulation of various elements in organisms can also be
.studied by analyses of the stable forms of the elements. A preliminary
investigation has shown that the only way to get reliable data on the
content of cobalt, iron and zinc in water and biological material is
by means of neutron activation analyses. The main purpose for this
investigation is to determine the amounts of the above-mentioned
isotopes in fish used for consumption.

The investigations will cover samples from Tvaren and other parts'
of the Swedish coast and also from one of the larger rivers in northern
Sweden. With regard to the seasonal variation of various elements in
water, it is our intention to take water samples onee a month both
from the surface layer and the water below the thermocline. If there
exists a variation it ought to be reflected also in the element
content of the plankton organisms, and therefore we intend to take
monthly samples also of plankton.

Such a variation can also influence the content of the three
elements in plankton-eating fish and thus there are motives for
taking samples at least twice a year of such fishes as Baltic herring
and fishfry, and prey fishes as pike and perch. In addition to the
food chain now mentioned there is another interesting one, namely
water-sediment-molluscs-flounder which is also included in the study.
We have already found in the control work that radioactive cobalt is
easily adsorbed to sediment and as Macorna bal11ca lives in the mud it
is very possible that an accumulation will occur.
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The plan for this investigation is as follows.
I, Investigations in Tvaren

1. Water samples once a month Sep= 1965-Aug. 1966
2<, Plankton samples - " -
3. Pish samples, Oct,,-Nov. 19̂ 5 and May-June 1966
4. Bottom sediment - " -
5« Molluscs - '' -

II. Samples from other places on the east and west coast and in a
river
1. Water, Nov. 1965 and April-Juno 1966
2. Fish - " -

2, Future research programme

Point 1 covers our work for the coming two to three years,

3« Research desired to Jge undertaken lay other̂ j3rgani_zg;ticmL(_sj_
In the study of the uptake of elements in organisms - especially trace

elements — fundamental information is wanted on the physico—chemical state in which
they occur in the water,,

This problem can be divided into several parts: (l) In which form are they
taken up by the organisms'? (2) In which form are they available in the water?
(3) In which form are they discharged from the waste treatment?

The availability is certainly quite different in fresh water, brackish water
and in sea water and the physico-chemical state will not be comparable from
different treatment plants. The investigations have therefore in my opinion to be
undertaken according to the points mentioned above and performed in the same way
with water of different types*

This task cannot be performed in our laboratory but has to be solved by
laboratories working, e»g<, with water chemistry or oceanography and in co-
operation with laboratories dealing with waste treatment.

4° Possibility of co-operation with other laboratory(ics)
4«1« As mentioned above under point 3 there is a need for co-operation

in the study of the physico-chemical states of the isotopes. When
the suggested problems are bettor known, one can calculate the
accumulation factor much better and predict with greater accuracy
how disposal of radioactive waste will influence the recipient.



4°2, International co-operation at our laboratory could best be effected
by economical support either to the existing group or to other
scientists who could make use of the existing facilities in order to
undertake research important to solving problems connected with
disposal of radioactive waste in brackish water.

4° 3° The standardization of sampling techniques, treatment of collected
samples and representation of data is a subject of great interest.

Since the start of our work here we have taken samples of water,
algae, sediments, plankton, littoral fauna and fish. The methods
have been the same the whole time in order to make the results
comparable from year to year<> The treatment of all gross a and
gross & samples follow the same procedure, drying at 100 C and dry
ashing at 450-550 0. All values are related to wet weight <, These
and other procedures ought to be subject to international agreement.
I would further ;,ientien th,/fc our counting room and analytical
laboratory already take part in the IAEA Intercomparison Programme of
Biological Materials,
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